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- STRUCTURES OF ORGANO-TRANSITION METAL COMPLEXES
ANNUAL SURVEY COVERING THE YEAR 1973 (PART 1)
M.I. BRUCE

‘Department of Inorganic Chemistry, The University, Bristcl BS8 1TS

Abbreviations

acac acetylacétonate

bipy 2,2'-bipyridyl

bzac benzoylacetonate

cod cycloocta-1,5-diene

Cy cyclohexyl

dba dibenzylideneacetone

dbm dibenzoylﬁethanate

DCP dicyclopentadiene

diglyme (MeOCHZCHZ)ZO

dppe thPCHZCHZPPhj

dppp Ph,P(CH,) ,PPh,

f4as? : ER2 = PPhZ ‘o FZ :::H AsMe2
f4fars ER2 = AsMe2 Fz | ERZ
ind indenyl

nbd norbornadiene

PY pyridine

Pz pyrazolyl

sp : ngH2=CHCGH4PPhé

terpy 2,2',2" ' ~terpyridyl
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“tol . Vﬁolyl

‘PP f‘,tetraphenylporphln

" triphos - ,Mec(ca PPh,)

VA ~vinyl ‘alcohol
‘Introduction

This review of stru;tures of organo-transition metal
complexeé determined by X-ray, neutron, or electron diffraction methods
follows the pattern of la;t year’s survey, and isrpregenteé’in two
parts.  The continued rapid‘growth in this area (undoubtedly caused by
tﬂe general increase in availability of suitable automated four-circle
diffractoqeters and associated computing facilities) ié shéwn by the

number of structures reported below, which approaches 170.

Simple metal carbonyl derivatives

In HMn(CO)3(PMe?h2)2 (1), the two phosphine ligands are
Ezggi.l In the planar Mn(CO)3 portion, the trans CO groups are ‘bent
towafds the hydrogen atom [?ngle C-Mn—-C, 1530}, so that the MnC3P2
fragment forms a distorted trigonal bipyramid. The geometry of the
&EE(CO)A]- anion (2) has begn determined2 in its (Ph3P)2N+ salt, and
is a distorted trigonal bipyramid, the three equa;orial CO groups being
bent towards fhe axial ﬂydrogen. The Fe-H distance is 1.57(12)2. The
geOmetry of the isoelectronic HCo{CO)A is probably similar.

The reaction between Re (CO) and ReF6 in anhydrous HF
has afforded two complexes, Re(CO).F. ReF (3) and [Re(CO)G] [Re 11]~.3
In the.fprmer, the two octahedrally—coordinated rhenium atoms are linked
b? é bent fluorine bridgé; Discrete [Re‘CO)G]+ and [ReZFil]” ions are presen
iq fhé éecond comﬁlex; in_the cation, mean distances are: Re-C,
2".01(74);‘ c-0, 1.13¢3)A. ' | '

o ' Sulphur dlcfanlde reacts w1th Vaska s complex wlth

'cleavage of an S—C bond, to glve IrCl(CN)(NCS)(CO)(PPh )2, contalnlng
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S-bonded thiocyanate; on recrystallisation, isomerisation to the

N-bonded isomer (4) occurs.4 The CO group is disordered with trans
Cl, and CN with the NC of the thiocyanate group.

Complexes containing metal-metal bonds (a) To Main Group elements

In (terpy)Cd[Mn(CO)s]2 (5), both the trigonal bipyramidal
(Cd) and octahedral (Mn) enviroﬁments of the metals are considerably
distorted.S The two bd—Mn bond lengths differ [2.760(4), 2.799(5)2}
probably due to packing forces; the angle Mn—Cd-Mn is 132.4(2)0.

The suggested trigonal planar structure for In[Co(CO)4}3
(6) is confirmed by the structure determingtion.6 The In-Co bond
length [2.594(3)2] does mot suggest any dﬂ_pﬂ bonding interaction,
although the bond is shorter than the sum of the single~bond éovalent
radii. Comparisons of the éoyalent radii of metals indicate that these

vary considerably (0.07—0.232) with substituent. Some interaction of

the empty In Ezorbital and filled in—plame equatorial carbonyl-C p
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_orbltals is suggested;: An average Tl—Mo bond length of 2 965A is found7
in- TI[MQ(CO) (C—H )]3 (7), although 1nd1v1dua1 values differ . ‘
‘51gn1f1cant1y [tange, 2 938(2) 3. 001(3)AJ No other metal-metal
1nteract10ns were founa.r o ' A )
The reaction between (C5H5)2T1C12 and KSiH3 affordé

[(C5 5)2T1(S:.H )] (8), in which the. two tltapium atoms are bridgéd by

N . o
two Sle g:oups, with Ti-Si bonds lengths of 2.159(13)A.8
C%:

7 g,
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The structure of (Me Si)‘SiMn(CO). {9) shows no
unexpected features; the Si-Mn bond length [2 564(6)3J suggests that
any electronlc effects resultlng from (d-d)w bonding are outweighed, or
at least balanced, by the necessity to minimise steric repulsions

between SiMe, and CO gfoupsg. Such interactions also lead to

3
lengthening‘of the Si-Si bonds [2,374(5) vs. 2.352(3)2 in Si(SiMe3)4].
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The- complexes ~un2(co)8(9ith2)23xio)'cpgtains a planar Mn,Si, rhombus.
in ﬁhich fhe-formétion of a strong Mn-Mn bond is evidéhcéd both by o
the acute Mn—-Si-Mn angles [73 4(1)0] and' the short Mn—Mn ‘distance of
2.571(2)4.1° |

.Ihe structure of: BrSn[Co(CO)4]3 (11) confirms the absence
of any Co-Co bonds; the relative bulk of the Co(CO)4 groups results in
a reduction in symmetry to C3, minimising interactions between CO
groups.11 The complex [G}Iezsn)Co(Csﬂs)(co)]2 (12) contains a Co,Sn,
"rings, with angles at cobalt and tin of 78 and 102°, respectively.1
By comparison witﬁ the related complex [ﬂeZSnFe(C0)3]2, in which the
Fe-Sn bond length is 2.642, there must be considerable m-character

(multiple bonding) in the cobalt-tin complex, in which the Co-Sn bond

o
length is 2.54(2)A.
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The optically active complex (+)-PtCi[SiMe(1-C )Ph](PMe Ph)

10 7
has structure (13) with absolute configuration (S), corresponding to
that of the (R)(+)—Me(1—C10H7)PhSiH from which it was obtained.13
Oxidative addition of Pb,P

i ive addition o b2 h6 to Pt(PPh3)4 affords Pt(EbPh3)2(PPh3)2

which in dichloromethane slowly decomposes to cis—PtPh(PbPh3)(PEh (14).

372
This complex can also be obtained directly from LiPh and Pt(PbPh3)2(PPhj)2-
The cis configuration is found by an X-ray study, which reveals

.0
Pt-Ph ‘and Pt-Pb bond lengths of 2.055(3) and-2.698(9)A, respectively.l4

: Rgfexences P. 385
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The nea cluster complex As [Fe(CO) 3] (15), obtalned from ;
" AsF and Fe(CO) at 120 5- ex:.sts in- the crystal 1n two Otlentatlons

(each w:.th one—half occupancy), d:.str:.buted randomly. —Baszcally,--the
struéture consz.sts of a tr:.angular Fe (CO) cluster, with the- two'
f-arsem.c atoms actlng as trlply-brldglng 11gands, lying above and below

- the Fe3 plane.~ :

Nie Ph Ph
Si \ Ph
I
Me l Ph7 P\pt Pb
\ Pt Ph

Ph Ph
13 19)
/Mé
As\ o o< \C
Oc ‘ O c
N 3/ NS \O
Fe—Fe—Fe—CO
NN s

one CO 'hidden'by Fe?
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Mecal exchange between magnesxum and Hg[(C )Mo(CO) ] .
in THF, followed by recrystalllsatlon of the p*oduct from pyridine, -
afforded [(h —C H )MO(CO)3]2Mg(py)£ (16).1_In this complex, the_:A‘.‘
magnesium is O-bonded to thé Mo~CO grdups,16 the fifst example to a
Main Group metal other than aluminium.

(b) To Transition Metals

The structure of (C/Hg),V,(CO), (17) ‘Teveals a (G H,)V(CO)
moiety attached to a (CSHS)V(CO)2 group via a‘metal—métal bond and two
highly asymmetric bridging CG groups [V—CO, 1.94(1); V'-co, 2.42(1)2].
However, two . points are not clear at present; (a) the order of tﬁe v-v
bond, and (b) the precise nature of. the bridging CO—group.17 ‘

The new nitrosyl-carbonyl hydride HWZ(CO)g(NO) (18)
staggered equatorial HL4 groups; the hydride probably bridges the long
W-W bond; and intersection of the two axial W-CO bonds gives a W-H-W
angle of 159°. 18 A single hydrogen atom also bridges the two metal
atoms in HReCr{CO)lO (19). The Re~Cr distance is 3.435(1)2, and
although not directly iocated, the hydrogen is considered to be
colinear with the metal acoms.19

The reaction between diphenylacetylene and

(C5H5)Ni(CO)(PPh2)Fe(CO)3 results in replacement of.the bridging CO

group, and insertion into the Ni~P bond to give the unusual complex

(20).%°
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X = CO or NO .
H lies between W atoms
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- > The fu11 deta1ls of the structure of dlchloromethane-
solvated [Rh(CO)(PPh3)2] have been g1ven.21 The complex is characterlsed
,by the nresence of a: Rh-Rh bond [2 630(1)A], bridging CO groups whlch may

; i 1qtgract,w1th-the ;olvent.vlara,C-O-—-KfCHCIZ'hydrogen bond, and an '

ﬁéﬂ;@al fi§e—bo§;aination géometrykfor the metal.atoms. >The homo—

,iggéngoﬁs é;ﬁr?ggﬁatiph'catalyst [(CSMeS)RhCIJZHCI (21)7é9ntains bridging
ﬁ}ﬁtogeh éna éhl&fiﬁe acoqs?’both of which were refined.’”  The RhHCIRh

“unit is_piénar;-with :hé'Rﬁ—H—Bh linkage best described as a three-centre,

;wd—electron bond. fhe Rh—Rﬁ distance of 2.9054(10)2 suggests some

meiél—meﬁal interaction, which is supported by the Rh-C1-Rh angle of

: T - o
73.20(6)°. The Rh-H bond length is. 1.849(47)A,

Ph Me
-/ o Ne Me Me
Ph\c¢c\ L Me \ HL_ )
e Nj— £/>,<Ph \\ ///‘
7 \C ‘ ca’ a
Ph o) Me \Me
(20) 21

(c) Cluster complexes

A complex Ru3(C0)9(ButC2H), obtained from the acetylene
127 has structure (22), in which the acetylene interacts
with two metal atoms with a p~type bond, and with the third by a o-type

and Ru3(CO)

bond.23.ﬂFull’detailscf_tbe structure determination of (azulene)Rua(CO)7
(23) Habe’beep given.24 The. bicyclic hydrocarbon is attached to omne
ﬁetal;atom via an éssentially symmetric w-cyclopentadiényl group, and
'viaﬂa de1oca1ised bond between the remaining five carbons in the C7
riﬁg’aﬁd’ihe d;her wo metal'atoms. An analogous situation has been

déécribgd,in,Bis(pen;adienyl)dinickel,25
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"Preliﬁinary crystallographic data;.incluqiqg'the
dimensions.of the central cluster, have been given for HZOs(CCHz)(CQ)é

(24), ‘derived- from a reaction between ,053((3‘0)'12' and ethylene.”
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Interestingly, the complex is asymmetric;

are different (n.m.r.), and the two vinylideme protons exchange.
Of the many unusual condensation products obtained by

pyrolysis of 033(C0)12,27 the structure of 056(C0)18 (25) has now been

reported.28 The central metal cluster is based on an Os4 tetrahedron,
two faces of which are capped by the other metal atoms. The various

e}
0s-0s bond lengths [range 2.732-2.836(1)A] reflect the coordination

number and formal oxidation state of the metal atoms. A brief

comparison of MO with polyhedron skeletal electron pair theories is
made, and predictions of structures of 057(C0)22 and 058(C0)_23 are

and substantiated in the former case.

made,
e e
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the two metal-hydrogen atoms



' V S A tr1gona1 prlsmatlc metal cluster has - been -found® 29 in
Vi:jthe new carb1do complex Dmﬂe (CH Ph)j [Rh C(CO)15] (26) Each‘edge:
Vyrof the prlsm is’ brldged by a CO group, each. metal: atom also- hav1ng one
‘termlnal co group.eiThe carbide carbon is at the centre of the prlsm.-'
The Rh;Rh Beads are of'two types, within the basal triangles [2.776(3)3];k
éhd Betweee tﬂem [2t817(2)gj. VTﬁe'prismatic_geometry'results‘from the
impecslbiiity of accommodating thebéd outer valence electrons in_aa

 oétahedral cluster (maximum 86), and an interpretatiom of the structure

_in terms of the polyhedral- skeletal electron-pair theory is given.

~—— .
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(26) o (27)

The direct reaction between phosphorus and (CSHS)C°(CO)2
afforded a low yield of [Co 4CsHg) P, (27), in which a tetragonally-

dlstorted Co4P4 cube ls found. The distortiop results ffop there being
two types of Co—Co distances: two at 2.504(2)3, correspondingfto a
two'eleCCron bonding intenaction, and four at 3.630(av)2, which are non—
bbndihg.r Comfarisons'ate made with‘the,isoelectrcnic [FeA(CSHS)ASAJ
cluster, and the sulphur—cobalt analogue [Co (C H )454]. - In the latter,
wh1ch does not ‘have any net metal-metal interaction (see below), the
4electron dlfferences are reflected in chemical equlvalent Co—Co

dlstances and cublc Td geometry found in the latter, together w1:h

long S-S contacts [compared with relatlvely short P=P contacts found‘

in (27)]
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Comparison of. the geometries of the clusters [004(0 H,) Sl‘]' :
and-its monocation (28) gave information about-the'antibonding' s
character ‘of . the unmpaired electron. The neutral cluster. dqeé not

contain any Co—-Co electron.pailr bonds, - and the - Co core -hasrcubic T,d i

585
.symmetry,' with Co-Co distances of 3.295(av)g. The cation is tetra-
gonally distorted (idealised DZd) with: two long {non-bonding) Co—Co
distances of 3.330(5)2, and four shorter ones of 3.172(5)2. On the
basis of a matal clus;:er MO model, Vthe observed distorctiom aﬁd
shortening reflects an increase in individual Co-Cq bond order frém o

to 0.125, with a. total limiting Co-Co valence bond order of 0.5.

Olefin complexes

A comparison has been made between the structures of
nickel-olefin complexes LNi[P(0-o-tol),], (29) (L = CH,:CHCN and

C2H4)32. In the former, the acrylonitrile is more strongly bonded to

S— Neutral Cation

/ Vo - S°  a 223020 22217

/JS\\CES Co b 2.2302) 2215(5)
“'CO\S/ AN c .

3 N \ : c 2232(2) 2.217(7)
O~ N . R ;
L2155 b\ > SR~ d 3315Q2) 3.3300)

S\-.’\ / ey \ .
S R e 3236(1) 3.172(5)
\ AN
\
N
N
AYRY
3
(28) t co
N _
c” S Cy Qv
& Ha .
: :; : & 7\ CII'HZ
Ni ) Ni ---Ni —Ni--}-
(o-tol)_3P . F’(o-tol)3 (o-toh;P M3 % C,Hz’
Cy Cy_
(29)
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::nlckel -tnan is ethylene, and 1n addltlon the - geometry_1s altered to.
max1mlse the 1nteract10n dfthe CN group with- the- N1—ole£1n bond.' Thls:
.1s thought - to be an.electron1c effect: resu1t1ng from the stab111satlon-

‘ of the'olef1n F*,Otbltal by the CN gtoup; -and is- con51stent with the

f10;f;(Deeét-chat;—npncansou) idea of metal—qlefln bondlng. A similar
effect is found.in'the‘complex (CH2=CHCﬁ)Fe(CO)4. A comparison of C=¢
bond distances in 24 olefinfmetal compiexes (of Nio, Pto, PtII, RhI, IrT

Vand ¥e®) is also given.

The complex BNi(PCyz)(Czﬂa)]é (30) contains a nickel-
nickel-bend [2.388(1)ZJ bridged by the two phosphido groups; the two
olefins are coplanar with the central N].2 group.33 The angle at
phosphorus is 67.6 .

The composition of dibenzylideneacetone (dba) complexes of
pallzadium(Q) depends on solvent,‘and when isolated from dichloro—

- methane or chloroform, the composition is sz(dba)ysolvent.% The
CHZCI2 adduct has structure- (31). Each palladium is trigonally
cpordinated to three double bonds in bridging dba ligands; one of the
ligands has the eymmetric syn,syn conformation, while the other two
are in the Elﬁ? trans- form.

Vinyl alcohol(VA) can be stabilised (with respect to

conversion to acetaldehyde) by complexing to metals. The structure of
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‘[PﬁC1(acac)(vA)]v(32) contains the alcohol bonded in a manner inter-
mediate between a ﬂ—oleﬁinic and q—aldehyae;'consistentiwith-NMR '

evidence of a rapid:solutipn'equilibrium:

c 0
‘ F
M~emm- " = u—cuc? o+ w
2\
i

35

and explained by a bonding model (32a) intermediate between the 2 extremes. -

Structural data for twelve olefin-platinum(II) m-complexes zre compared.

N&i Me hQ? Me
po o Me/c/ N
AN /
/T N—S8
- i
\/é\ pt—C!
H W a— |
1
H2C='=CH
(32) (32a) (33)
The reaction between EPtC C,H )] and di-t-butylsulphurdiimine affords

a complex (33) containing N-bonded sulphurdiimipe, trans to the ethylene.

Diene complexes

Bond distances and angles in Fe(CO)(CA 6 2 (34) are. 51m11ar
to those in the related cyclohexa-l,B-diene complex37; the two diene
units are planar but not parallel.38 The structure of IfCl(CAHG)Z
(35)39 is not significantly different from the rhodium,aﬂalogue.bo
Some Ir-Cl distances in other (Unpublished) structures [trans—
'>IrC1(C234) (py), IrCl(C 4] aré also given. ' 7

- The absolute conf1gurat10n -of the dissymetric olefin endo-
dicyclbpentadiehe (endo-DCP) has been detetmined via the molecular - -

Ref_exegms B 3§5



(36)

{(37)

‘structure of (+)-[PtClé(endo-DCP)J (36).41 A product from the reaction
between crotyl alcohol and K,PtCl, is the ether complex
cis-PtC12[(CH2=CHCHMe)2Q] (37). The ether is coordinated as a diolefinj;

during its formation, isomerisation of the original crotyl group occurs.

Acetylene derivatives

The photocheﬁical reaction between CZPhZ and (C H )W(CO) Ph

affords the cafbonyl—free WOPh(CSHS)(CZPhZ) (38), containing a T-bonded
acetylene.43 The formal electron deficiency of this molecule is reflected
in W-Ph, W—-CZPh2 and W-0 bonds sﬁorter than normally found.

The unprecedented formation of a m-cyclopentadienyl ligaqd
from diﬁhenylacetyleﬁéris found in the reaction of the latter Qith
Pd(OAc)2 in methanol; also formed is PhC(OMe)3.44 VThevme;al-containing
product, férmed—quanticacively, is Ph2C2[Pd(C5Ph5)]2 (39), which is
‘sttdctutaLl? analogous to tﬁe long-known nickel complex, Ph C [Nl(C )]2

i ' o The complex anion in K[PtCl {Et C(OH)CECC(OH)Et }] has
‘the’ expected square planar st*ucture (40). 43 The CEC bond length is
1 18(3)3, i.e. not s1gn1f1cant1y lower than an uncoordinated acetylene,

<a1though the angles ‘of -the acetylenlc carbons, C_C- >, average 160




Ph ‘\ /

(38)

The location of the hydroxyl groups makes it unlikely that any
significant stab.ili'sation of complexes of hydroxyacgt}rlenés is achieved
via hydrogen bonding, although oxygen-potassium interaction may be
important in this respect.

Complexes derived from electron—deficient olefins and acetylenes

The structure of Ir[C(CN)=CH(CW)] (cO) [C,(CN),] (PPh,), (41)
has been determined.“’ Of interest are the bond lengths of the central
C-C portions of the CZ(CN)2 and C{CN)=CH(CN) moieties, which are equal
ﬂ.ZQ(Z)X].. Both cyanocarbon fragments lie in the trigonal plane.. As
expected, the dicyanocacetylene ligand is no longer 1inea;:, with the
average angle CZC-CN 139.5(13)0. This interesting paper concludes
with an extensive discussion of the bonding of vinyl and acetylene

groups to metals.

PO » | | Ph  _Ph
\ Ph ~_ .7
P —p— RR_F
H\C’CN : /\ C
C ~ Ph - /,N'\C\
NC 0N P SOV
C-—-C\ - HCLE P—Ph
Nne” | TN e \'CH/ \
P .- Ph T2 . Pn
P | TPh '
Ph

(41) o @2)
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: The COmplex Ni(c F‘)(tfiphbs) (42) does not react w1th
r.éxcess CZF4 to g1ve a f1ve—membered r1ng complex; the'structure, S
Vdetermlnat;on reveals that there is no vacant- coordlnatlon s1te, a11
three phosphorus atoms being coo:dlnated to the metal. 47 The bondlng
of the CZF4 11gand is similar to those found prev1ously, but in the
olefin, each CFZ‘plane has been bemnt back by‘42 . A nickel der;vatlve

of Gz(CF3)2 has been shown48 to contain the seven—-membered C_Ni.ring,

6

in which there is a significant cross-ring w-interaction between the
metal and the double bond (43). The structure may be compared with

e ————
that of Rh(C PhZ)Z 6 4PPhZ(PPh3).

The product from hexafluorobut-~2-yne and Pt(PEt contains

3)3
a C6(CF3)6 moiecule bonded to platinum via only one double bord (44);

the metal is sited underneath the ring plane. In solution, the

molecule exhibits fluxional behaviour:.l'8

(44)

Complexes containihg allylic groups, and other extended acyclic

T-systems

An X-ray studyso of Ho(FO)A(PhBP:CBHA)(CGHG) [6htained
from Mo(CO) and Ph,P:CHCH:CH,] ,rg}:galed that the crystals are a
cléthrate ofjbenzene and complex (45). The phosphorane is coordinated
vi&jthe‘a}lyliC»groub;'resultingAin arzvittéf—ionic complex .which may
be repgesenfed‘as in (453},[éfl the organophosphonium acetylide complex,

'Ph

3

B3 S
PC M.n(CO) 4§r -
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The complex Ru(C[‘H?)z[P(OMe)z];, (46) (monoclinic form)
has a similar st:ruct:ures2 to that of Ru(C3H5)2(PPh3)2 reported last

year.53 The bonding of the 2-methallyl groups is asymmetric, with Ru~C

distances of 2.38(2) (trams to P) and 2.18(2)R (trams to C). The
methyl group is bent out of the allyl plame by 12° away from the metal
atom, in contrast to other methallyl complexes studied. Crystal data for
an orthorhombic form are given.

(Dihydropentalenylene)dilithium and [(C3H§\h'.C1]2 afford
the binuclear complex (47), ‘in which the two Ni(CBHS) units have a
transoid ccnfiguraticn.SQ They are closest to the non~bridged carbons

of the bieyclic ligand, which is nearly planar.

7).

Complexes containing cyclic C3 and CZ; systems

. + - : o :
Addition of C Ph, ,PF6 to Pt(CZHk) (PPh3)2 afffards ‘the
new cyclopropenyl complex [Pt(C3Ph3-)’(PPh3) 2]PF6 €48), containing a .
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Olocallsed cyclopropenyl rlng asymmetrlcally bonded to the metal. »t Tﬁo )
_;P:-C d1stances are 2 09(1)A vh11e the th1rd is 2 48(1)A, suggestlng .
ii:hat the complex is best descrlbed as 1nvolv1ng bondlng from a

rlocallsed double-bond 1n the C rlng..,J

~In {nchHB)Rh(n-chPhh) (49), the phenyl groupsare twisted .~

(a8) . v (49)

‘relative to the C& ring, and bent away from the metal at:om.56 The

plans of the C4 and C. rings are intersect at an angle of 2.4°.

5

Iron carbonyl derivatives of unsaturated hydrocarbons

The structure of the unsolvated 1,4—diphenylbutadiene (L)
complex (50) has been determined;57 The first—formed of the two
complexes obtained from 1,4-diphenylbutadiene and Fez(CO)9 has been

shown to be the "solvated"” complex L.Fe(C0)3.£L;58

Comparisons between
the two structures show few differences. The Fe(CO)3 derivative of
1-éarbéthoxy—-1lH-diazepine has structure (51), in which the iromn is

bonded to the c, diene unit of the ring.5

OC—e ot
Fe
CZ N
o %
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The 1,6,7, 8-h4 isomer’ of (heptafuIVene)Fe(CO) (52)
conflrms the proposed structure as-a trlmethylenemethane derlvat:.ve.6
10 12Fe (CO) (C10H12 = cis-

blcyclo[G 2. o]deca—z 4 6—tr1ene) has structure (53), in which one iromn

- The fluxional molecule.C

atom is attached to three adJacent carbons, and to the second metal atom, -
.Whlchvls bon¢ed to the other carbons not involved in the C4 r;ng.SI

'The structure is similar to those 9f (CBHB)RuZ(CO) and (C8H10;Fe2(CO)6
An interesting communication62 reports the outline stfuctures of four
more complexes, out of a totai of eight, isoléted from reéc'tions between
Fez(CO)9 and this hydrocarbon (54-57). Some of these were completei&
identified directly by X-ray crystallographic methods, without

recourse to spectroscopic methods; in the case of fluxional molecules,

ar of the more complex structures encountered here, conventional
spectroscopic data would be unlikely to reveal the actual structures.

It is reported that ''the working time, total elapsad time, and direct

cost are all as good or better than they would be in a classical

approach”.

—_—Fe -
(CO), 2
(54) (55)
=
(OC
LA
2 :
1
Fe -
- A (CO)y
(56) » : - (57
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' Irradlatlon of a,2- CZHZBrz)Fe(CO) in solucion'éffdrded4

; the blnuclear complex C2H23r2Fe2(C0)6, shown to: have structure (58)
'The ‘two Fe(CO) m01et1es are linked by a metal—metal bond (2. 5252)
; bridged,by bromlne, and a ﬂ-bromQV1ny1 group, although the bonding of

lihe latter suggests formation of a l1-ferra-w—allyl system.

(58) . (59)

The interac;ion of Me3SiI with NazFe(CO)4 has given a
complex inicially formulated asV[(Me3Si)2Fe(CO)4]2, but shown to be
the ferrole compiex C (0SiMe ),Fe (CO) (59) by an X-ray study.64 The
structural features are similar to those found earlier in c, (OH) HezFez(CO)
One of.the products obtained from this ferrole complex and diphenyl-
diazomethane has structure (60),66 analogous to the product from
chiofamine T and the ferrole. The diagrams (Figures 1 and 3) in this
paper actually relate to the isomeric product also isolated from the

reaction, and described in a previous paper (J.G.S.Daltom, 1972, 2169).

Dr. Jeffréys has kindly supplied the correct diagram, which is given here.

65



Cyclopentadlenyl comg;exes

In Sc(C_H_ ). - (61), each metal atom is coordlnated ‘to two

5 573
5 . . e
h -C5H5 groups, and to two others via essentially E}—CSHS ‘groups,
resulting in a polymeric arrangement containing both bridging and
C .. 67 ' ;
terminal C_ units. The presence of the former is taken as an

indication of some degree of covalency in the appropriate Sc—C bonds.

Some comparison with the structure of Sm(C is made.68 In tri-

sts) 3

indenylsamarium (62),69 the metal is symmetrically bonded to the C5

portions of the ligands, with the angles between the normals
approacﬁing 120°. The electron-rich C1 position of the indenyl group
is not preferentially bonded in fhis (unsolvated) complex, as has been
suggested for Sm(ind),(0C,H.). 70

The structure of Ucl(c H,6CH Ph) (63) (the substituent

42

was chosen to secure a well-ordered crystal, with minimum electronic

perturbation of the C_ group) reveals approximate tetrahedral

S
. . . 71 . .
coordination of uranium. The C5 ligands are symmetrically bonded;
individual carbon positions im the previousiy studied UC1(6575)3 were

a\sC/Q ' ;

: —--sm
\ : \\\\
’ ©3)
(61) ©2)

(64)
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not. féfined}?g Tetracyclopentadlenyluranxum (64) has P tetrahedrallylf;:"
jicoordlnated uranium atom bonded to four hs—cyclopentadlenyl groups.7

- Paramagnetlc trls(cyclopentadlenyl)t1tan1um (65) has two .

) -pentaﬂazto—cyclopentad1eny1 groups bonded- to the metal,-as found in.

. tmany bent (h -C_H_),TiX,

5572 2 5

two adjaéenc,ca;bqns, although it is suggesfed that this- ligand acts’

systems; . the third C ring is at;ached by .
as’' a three-electron donor, with the titanium adopting a 17-electron
édnfiguration, AnvM.O.—pictpre is presented.74 The structure of

,TiC12(1:3—?h C_H)) (66) shows. no unuéual features, although the-

2757372
phenylcyclopentadienyl meieties are not planar.75 The neutron
diffraction study76 of [C H (CHZ)BCSHQ]TiCIZ (67) reveals a slight

displacement of the ring hydrogens towards the metal atom [cf. the

similar effect found with the methyl groups in U(CBHaMea)é}' Other

] a—T—Ct
LTia '
- S~ LT
OF h Ph S Pn
(

S
g

©5) (66) 67)

©8)
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fé;fures, with the excép;tion of the exbectedly 1arger‘ring C-C distances,
are in agreement with»the*e&rlier X—tay»study.77' Teéfacycldpeﬁt;f - :
rdienylha‘fnium-i c.om:ains two hs,—csﬂs and.t:v.ro‘hl-csﬂ5 ligands (68)',?8
‘and is thus similar to the analogous titanium compiex;‘ e

The-olefip polymerisation catalyst formpiated79, as
[(CSHS) 2TiA1£;2]2 has been shown®® to be the hydride complex
[(CSHS)(CSHA)TiHAIEt2]2 (69), anotherrmémber of the bridging cyclo-
pentadienyl complexes also found in (C5H5)(CO)MO(C5H4)MB(CO); 81 and
[(CSHS)(CSHA)NbHJZ’SZ the SOfcalled niobocene dimer. This is actually
a hydride complex containing a E?—cyclopentadienyl group also
attached to the other metal atom (70). Other features of the niobium
complex include Nb-H [1.70(3)3J and Nb-Nb [3.105(6)2] bonds.

Comparisons with 21 selected complexes containing (CSHS)ZM groups,

particularly with respect to the angle CSHS—M—CSHS, are made. .

(69)

In the hydride (CSHS)ZNb(CO)H (71), the Cs—ring dihedral
angle 1is 370, and the rings are essentially "eclipsed".83 The Nb-H
- o
distance was assumed to be 1.5A. The ccmplex [(ﬂ—CSHS)V(C4H30C02)2]2
(72) is dimeric via bridging carboxylate groups, as previously found in

the trifluoroacetate, with a V---V separation of 3.6258.8%
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70) - - 71

Complexes éonﬁaining cyclic C61—97 and C8 systems

Iﬂrthe complex C6ﬂécuSO3CF3 (73); two copper atoms are

T-bonded to each ring; ~ the CuSOBCF3 forms infinite chains, cross—

-

linked by the arene molecules.83
-In ’(C H,)Ti(C,H,), the carbons of the planar C and C,
rlngs are respect1ve1y 2 32 ‘and 2. 19A from the metal atom, the latter

1s unusually short.,a6 The full deta1ls of the structure of

[(C7H )Mo(co)3]BF4 (74) have appeared87 the molecule has a conventional

»plano—stool conf1guration, with a plauar C7 ring attached to.an Mo(CO)




, . 859
moiety. A comparisbn of Mo-CO distances in some iS'complexés sﬁpqs .
that only that in Mo(CO) is longér than those found‘in (74).
Further details of h8~cyclooctatetraene der1vat1ves have . .~
appeared. - The ion—-pair salt K(dlglyme)[pe(c )é] has structure (75),
in which the cation is.coordinated on one side by the ether, amd on the

other by one of the G.H_ rings,88 The latter are planar, and attached

2
88

to the cerium atom so that the molecular symmetry of the anion is D8d

B
> 3
s
A
z sinee OC g‘) CO Me\ /K \O /lVle
- L&
(73) (74) (75)

- (staggered rings). Full crystallographic and structural data for

89

U(C H Me are now available, Iin bqth independent molecules, the

4)
uranium is bonded to plamar CSHQMe4 2 rings. The two molecules differ
in the relation of the methyl group, one being staggered, the other
eclipsed; the methyl.groups are bent towards the metal atom, for

which phenomenon two hypotheses are proposed.

Complexes containing m—complexed heterocycles

The mixture of 1,2- and 1 6-dihydtopyridines obtainéd'

by NaBH reductlon of N—methyl 3—ethy1pyrldln1um Lodlde reacts w1th

4
Cr(C0)3(HeCN) ‘to glve the 1somer1c complexes (76) and (77) as stable
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‘ﬁhpsé e#pecﬁéd fof:élkene'ahdVa;ﬁﬁétié:systé@s,';ﬁdi;Héxchroﬁihm* 
iﬁte;écgéié{th Ewé;douﬁle bonds aﬁd:;he'ﬁitrogen lone ﬁair wiéh a
distortéﬁréctaﬁearal éoo;ﬂinaﬁiﬁh;‘ -

" " The Mn(Cojs dérivatigé'of,Ph4C4As readily loses CQ oﬁ

7 héating of ifradiatioﬁ to giﬁe the tricarbonyl;gl fhisrhas sfruﬁture'
(78),‘aﬁa contains a new example—of'a w=-bonded heteroaromaticrsystemﬁ
incorporation of the relatively large arsenic atom into the planar

'beterocycle causes large angular distortions e.g. CAsC, 84.9(4)0, and

ccc averaée 114°.

(77) 78)

The structureof a cyclohepta[c}thiophene complex (79)
coﬂtaining‘a Cr(CO)3 moiety attached to the thiophene ring has been
deécribed.?z, In céntrast with the free ligand, the tropilidene ring
has the b@at,confofmation. Details of the structures of the two
complexes (80 and 81) obtained from a cycloheptz[b]thiophene have been

'given.g3 In both,cases, ﬁhe'Ct(CO)3 group is attached'tq the C7 ring,
the bond distances indicating two different conformatioﬁs; and
suggesting hé-attachments in these complexes. -Duriné therreaction
isomerisation of the ligand (by hydrogen migrationm) occurs, and.the
sftpcturg§7of these complexes help the interpretation of thé

mechanism of the reaction. -



(79) | (80) @)

Complexes containing metal-carbon ¢ bonds (a) Simple alkyls and aryls

The structure of [Cr(CHZSiMe3)Z(bipy)Z]I (82) has been

compared with those of related aryls.g4

The Cr—C(s_g3)'bond length
[2.107(9)3] is not significantly different from the Cr—-C(sP_z) bonds
found in the aryls. The structure of [Crth(bipy)ZJI (83) is similar

to that of the analogous 2-methoxyphenyl derivative, with a Cr-C bond

length of 2.087(4)8.9°

\

7
7z

Q“SC “ @ (@,

(82) _ (83)
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; 7 o Tﬁé »stereochemicalrlAyfnorn-riv'gird' '¢om§1éx IrMev(Csﬂ:lz) (‘dﬁp'e')

(84) 'hasv‘ a dﬂistor_ted 'trigonai%—bipyramidal "coo'fdination about _the mei:ai,
VwighAEHé methyl group occupyihg an a'xialvposit;ioﬁ.g6 The structuré is

97

compared ‘with that of IrMe(C )(PMezPh)é, reported in1972.°’ The

812
observed differences correlate with differences in the rates of

me nt nve n, and wit
rotation mechanism for thlS process.g8 Compai:ison can also be made
with IrMe(Csﬁlé(dppP) (85) In these three complexes, the P-Ir-P
angles are 101.5(2) (PHezPh), 93.4(1) (dppp) and 84.9(2)o (dppe),
which cofrelate directly with the rates of the sterecisemeric inter-

conversions (cf. values for free enmergies of activation, AG , which are

16.3, 13.4 and <9.2 keal mol-l, respectively).

F
PPh F\ H
. 3 .
F\ /
2 oOC —ir? CtL C
Ph\ Yy I\//}D . P P/ \ PPhy
Ph Ph O\C / Ct
g |
e N 1
F—)F c
) Cl
(55) ' (86) 87)

The reaction between sodium chlorodifluorocacetate and
Vaska's coﬁplex affords initially the complex IxCl (OCOCFZCI) (CHI:‘Z) (co) (IfPh3)2
(86), while prolonged reaction gives IrClz(CHFZ)(CO)(PPh3)2 (87).
In the latter, thg chloride trans to the CHF2 group originateg from the

trihaloacetate, perhaps via the cyclic tramsitiom state




) ) - 363
The—fullfaccountlo1 of the structure of :Eggng;Mé(PPh3)éISOZ:
(88) contains a comparison of.fhis adduct‘ﬁith similsr add@cts:of 302“, ‘
with amines, e.g. Hg3N.SOZ, and other metal compléxes,’such as Vaské's
complex. Indeed, reaction between IrI(CO)(PPhj)Z'énd 502 afforgs the

bis—adduct Ir(CO)(PPhs)ZISOZ(SOZ).

Ph ,
\b,,’ph : Th
Me ~Ph
\Pt/ Ph- /’P\C‘HQ
Pt
VRN o GCHy
»pA\\Ph \\g Ph/c__C T
(88) (89)

The complex Pt(Céﬁg)(CHZCOPh)(dppe) (89), obtained from

the reaction between Pt(cyclohexyne) (dppe) and acetophenone, contains

. (o] .
a relatively long Pt—CH,COPh bond [2.175(10)A.].1°2 This and other

structural data suggest that this bond has some ionic character, with

a contribution from the form

Pt’---—CH, ===<CPh====0

The bond angle at the appropriate carbon atom does not indicate any

rehybridisation, however.

(b) Complexes formed by nucleophilic attack on coordinated olefinmes

The structure of a palladium hydroxycyclooctenyl complex
(90) has been reported.m3 The CB ligand is boat—shaped, and ag
expected, is Sonded via oband ™ bond;. The absolute configuration of
one dias:ereoisoﬁeric form of-complex (91) (Eu] —42.3{ c 172, CHCl3)
4 and the absolute

has been determined from the X-ray structure,

configurations can be assigned to the two chiral centres, as shown.
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Addltlon of dlethvlamlne to oleflnro1at1num comnlexes affords a

105

zw1tter—1on1c complex.; The product from NHEtZ,and trans—

'[PtCI (C )(NHEt )] has structure (92) The particular’ c‘onfofma:ion
probably results from the formatlon .of an N-H—~C1. hydrogen bond as

shown, whlch,may stablllse the complex. The two amines differ: the

coordinated NHEtZ has the all—trans confdrmation, while the NHZEt2+

grbup' is gauche.

‘(e) Products obtained by so-called "insertion" reactions

The reaction between hexafluoroacetone and (w—csﬁs)Ru(PPh3)2—
EJ-CZ(C02Me)2H] gives a 1:1 édduqt (93), containing as novel features

(a) the C_. ring attached to a C(CF3)20H moiety, and (b) intramolecular

5

hydrogen bond to an ester carbonyl group.lo6 The structure of the

product of insertion of norbornadiene into the Pd-C bond in

[(Caﬂ7)Pd01]2 {derivatised as the acetate) (94) has been further
107

refined. This confirms the asymmetry of the T-vinyl coordination

. %
(probably as a result of substituent effects on the w orbital), and a

Cl
<
Me&N
Pd
OH \'HZN \C/——M e
_-————-pd~__‘ H.C / (s)
2
. CHa Ph
(i}}:H
o -
) Me
(90) (on
Et Et Et
\ i N
NH ¢t HN
ét//"if\\s{( .l
’ - 7 ~ - CHz
Ct. C .
o - Hy,
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g o ]
) F \\"//P\ Me
P NV Au Me
A o0 = ~Me. < 7 \
/. F Me
0—C E - Me
Me \\‘(I Au—~__ /
Ve \.— P\na_
E [od \ wie
Me
(949) (95)

demonstration of the higher trans influence of the O-bonded carbon

relative to the m-vinyl group. Hexafluorobut-2-yne reacts with MeAuL

(L = tertiary phosphine) to give intermediates, (MeAuL)ZCAFG, which

break down to give either EigfLAuC(CF3):C(CF3)Me (the insertion product),

or EigfLAuC(CF3):C(CF3)AuL (with elimination of ethane). The inter-

mediate (L = PMeB) has structure (95), and contains Au(I) and Au(iII),
108 ’

and a reaction mechanism is proposed.

(b) Complexes containing internally-metallated ligands

The structures of two ortho-metallated complexes containing

manganese, derived from benéylideneaniline and N,N—-dimethylbenzylamine,

6 4
five-membered chelate ring is formed, with equal. Mn—C and Mn—-N

- 1
have been described. In the former, PhN=CHC_H Mn(CO)4 (96), a planar

276 4

chelate ring is now puckered, resulting from the presence of saturated

. 109 f 1
distances. In the second complex, MeZNCH Cc H Mn(CO)a (97), the

N and C atoms.110 Trends in Mn—-CO distances in both complexes are
discussed, the shortest being trans to ﬁitrogen.
One product from the reaction between ETFC6H4N2BFA and

Vaska's complex is the ortho-metallated aryl diimide derivative (98).111
Dimensions within the five-membered CZNZII ring are similar to thoée
reported for related comp}exés. A

V Rapid intramolecular hydride addition at the free vinyl
group in HHn(CO)&(sp)-affords two isomeric cdmpiexes, one of which is

———— - : .
(MeCHC6H4PPh2)Mn(CO)4 (99). The complex contains a small amount of the
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PE—JD——-ph

| ‘NgNH .
AN\

7 Phip/ \Co

~_cH
= Ph’
QO N—FPF

C
- Mn
(o]

_Oc/c'\co

P\
| 7 Ph
- (96) (98) -

secbndrisome: (anti—Markownikoff addition) which probably gives rise

to about 20 symmetry forbidden reflections.112

One of the many products obtained from the reaction

between éthCG

2 hr) is the unusﬁalrtricyclic complex (i00), in which the metallated

H En(CO)4 and cis-MeMn(C0)4(PPh3) (refluxing toluene,
phosphiue phenyl group in the initial complex has undergomne CO-

insertion, and a second metallation has occurred, with the donor atom

in this case being the carbonyl oxygen.113

Three iridium complexes containing internally metallated
. ) : .« ,114 —1
phosphines have been studied H IrC6H4PPhZ(PPh3)(CZH4),
IrC_H Pfh (PPh,) (CO d IrCiMeCH,_PP i PP i c H Thi di i
rCq 4 E, (P 3) ) and Ir eCH,, ?2( r3)( 2 4). e coordination
about iridium is similar in all three complexes and is shown in (101);
metallation of the i—pfopyl group.  occurs at the B carbon atom. The

"structures of three isomeric. complexes containing metallated

EBut(éftol)zligands have been determinedlls; one (102) contains the

~|L/
- P

|

T
/It_\P{—
C
- “~C\ )

won




first example of a dimetallated tridentate ligand. On heating
isomerisation to the bis—monometallated complex occurs, formed as cis
and trans isomers (103, 104).

(e) Metallocyclic derivatives

The structure of Ir(acac)(nbd)3 (105) [derived from
[IrCl(cod)]2 and norbornadiene] reveals that two of the hydrocarbons

have combined with the iridium to form a metallocycle.116 This complex

o)
o
Pt
(PPh,),

(105) ‘ . (106)
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gls-éénsidefé&.tgube:;nAinéefme&iate in,;hé'métai—br;ﬁété&ir2+2]"
7cyc1§-d1merlsat10n of norbornadlene to the éxo—crans-exo dlmer, Whlch
—can be 1solated by reflux1ng Ir(nbd) Cl with excess PPh3 »
Two conformers of a platlna—cyclopentened1one (106) have
been obtalned from Pt(PPh3)4 apd.1,Z—benzocyclobutadlenequlnone, v;a
an unsymmetrxcal opening of the four-membered r‘ing.ll-i The two isomers
(deép_fed‘and deep;blué in colourj are intercon&eftible; ;hé former is
the n;ore stable.  The méjor structural differem-:e 1ie§ in the twiét

angles of the two CO groups about the connecting C-C bond.

Metallocarboranes and related polyhedral borane derivatives

1 (107) reveals a

The structure of NMeA[Nl(B 2H11)2

. . . . . JIT LTI
symmetrical sandwich-type anion, and completes the series of Ni~ , Ni

and NiIv st:l':t.u:t:l‘.lres.118 Bond distances (Ni-B and Ni-C) éuggest that it
is the latter which accommodate electronic differences between the three
complexes. However, intercage non-bonded interactions are also important
in determining the stereochemistry of this type of complex. A full
account of thé s'tn'xcture‘d'et:ermination of the asymmetric metallocarborane

) - 119
comple‘: N'Eta[(Bg 9 11)Co(38CZH10py)] has been given. The metal atom

- Carbon :
o7y - (108)
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is saﬁdﬁiéﬁe& between the'mufﬁally é;éggetedYCaybqraﬁe aﬁicns; 'ﬁﬁe\ﬁséz
ion 15 liﬁ}céd to rcobait:v via a.rl 'o'per_x CB3 face. - -
"‘Crystallographic véfificatibn df'tﬁe ekistehce of "triple—
decker" éandwichicompounds has been obtained in the case of (CSHS)COB
[3-Me~(1,7)-2,3-¢,B.1,]Co(CH,) (108).%° The rings are all planar,

but not parallels relétive to the C_B_ plane, the C_ rings-are tipped

273 5
by 4.6 and 5.5°. One C5 ring eclipses the CZB3 group, while the other

is staggered.

" A product from reactions between Mn(CO)sBr and BgHM"
in tecrahydrofuran121 is Mn(C0)3[B9H12(OC4H8)] (109). - In this complex,
the B9 cage acts as a tridentate five—electron donor to the metal, by

*a single Mn-B bond [2.196(6)2J, and two three—centre two-electron

Mo-H-B bonds. The zwitterion Mn(CO),[Bgh, ,{0(cH,) MEr,}] (110) is

12
formed from.Mn(CQ)3[B9H12(OC4Héﬂ by a complex rearrangement, involving

cleavage of the THF group, and a shift of the bond to oxygen from B(2)
2

to B(10).'?

/L !
(109) (110)

cl
Pt

Ct

(1)
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‘ The structure of trans—PtCl (B_ H_-)-_(lll). obtalned from

:Zelse s salt and B6H10’ and determlned at —170 ,. Teveals that the " two

—'boron 11gands are coordmated v1a the centres -of the B(4)—B(5) vectors, »

whlch are’ lengthened from 1. 6A (1n free Bsﬂlo) to 1. 82(5)A a value

:typlcal of trlangulated polyhedral boranes.lzs

Complexes co1ta1n1n5 onor—atom ligands (a) Carbon (isocyanides, carbenes

,and related llgands)

v 7 The complex MnBr(CO) (CNMe) (112) is nearly octahedral,
and bond length data, coupled. w1th MO calculations, indicate that back-—
bo1d1ng to the 1socyan1de ligands occurs even when CO, a much stronger
T—acceptor llgand,rls present.124 Several structural studies, summarlsgd
-in this paper, indicate that M-CNMe (methyl isocyanide) distances are

close to expected H—CN,(cyanide) distances.

Me__ 8r
N\C l / O'—'l\\/ln O—Mn O— Mn
~ /’/ 6 -
. Mo : ‘\\
C/l ~c ¢ Z Yo Sor
—
N
Me”” Ci?
Me
O (113
\N———CFl )
(112) / \
H,B OC—Fe—=
/hl——
Me
(114)

The acetyldihydrofuranyl complex (113) has a structure
in which the C(2)-C(3) and C(3)-C(6) bonds have nearly the same
iength.lzs' This and other features have been explained in terms of the
resonance strﬁcﬁurgs (}133-c); in pérticular, the short C(2)-0 boﬁd,
and_the near plaﬁarityrof the MnC(5)0C(2)C(3) system support form (113c)

(éarbonyl groups omitted).



The Fe‘lé'znzvﬁz ring in'_(n-csﬂs)re(m) [(CHNM?)ZBHZJ (14); £6rmed by. -
.‘acvlail,tiont of bordhydr?'.dé to th'eA dat;’.onid isocyanide‘complex, has a boat :
conformatioh; é planar ring is precluded by the geometrical
requiremen'fs of the constituefit atqms.126

Reaction of methylhydrazine with [Pt(CNMe)4] 2.+. fe’sults in
the formation of a chelate ligand by addition of the hydrazine to tﬁd
isocyanide molecules, as in ' (115). In this complex one nitrolgenbhas,

lost a proton; addition of HCl results in protomation of this nitrogen

atom. The complex ligand can be regarded as a chelating dicarbene

moiety.127 Addition of EtSH to the [Pt(CNMe)A]2+ cation affords the
Me M\e Et
Me N——N H N \
\N g s Me—QN\ - /S
N
T P
e
N / e\
C C S \, HN—Me
N/ N \ N\
J N Et Me
Me Me
(115) “116)
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:imethylamlno(thloethoxy)carbene complex (116) Coinpai‘i'soﬁ df SthCCﬁi:aI
,'_’parameters for a number of related plat1num complexes supporta -the " idea
;,chac carbenes ‘are strongly o—bondlng Ilgands dlth a Egggg'lnfluence by
s1m11ar to chac of cerc1ary ptmsptu.nes.l,z.8 7

' 7 Adduct:s-are formed between silver salts and metal
écetviaqetdngtéé; and the structufe of Fe(ac;c)j.AgCth.(117), with an
'AngH(aqéc) bond 0572.322, indicates an inferaction of'Ag+ with the
electron pair on the-methylene'carbon.lzg"A similar feature is f;und
130

in Ag3(N03)2Ni(aéac)3.

(b) Nitrogen
The monocarbonyl (118) has been obtained from the reaction
of the free macrocyclic ligand with iren(II) in the presence of CO.131

' In this compléx the iron atom has & similar environment to that in CO
adducts of heme proteins.
The system Rus(CO)12—tetrapheny1porphine (TPP) has been

reexamined.132 Initially, the lability of the RuII complexes formed

o
C Me Me
N l NN N
AN N N e/ \
e
N/ l \ \ N/ N\ _
N M Me
N-py
ms)

Prenyl groups omitted
{(119)
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was . interpreted on the basis of a ready association of ligands with =~

the five—;dordiﬁate monocarbonyl Ru(CO) (TPP) (EtOH) (I). More recentli"

tﬁee AS7Z/1: j;Organometal.Chem., 53-(1§73)'162], complex(I) was -
reformulated as fﬁe dicarbonyl Ru(co)z(TPP), with markedly bent (154°)L
Ru~C-0 bonds. A detailed.investigation reveals that the products are
monocarbonyls, and that the supposed dicarbonyl is in fact- the
previously proposed ethanol -adduct Ru(CO) (TPP) (EtOH) (119), in which
the CO and EtOH groups are disordered.

Full details .of the structure of Mo[HzB(Me2p2)2](E?-C7H7)(C0)2

(120) are now available.133

In this complex, the molybdenum attains

the favoured 18-electron configuration by forming a two-electron, three-
centre B~H~Mo bridge bond. The six~membered chelate ring is markedly
bent to accommodate this feature. In the solid state, the complex
[HB(P2)3]Fe(CO)2(COMe) has structure (121), in which the acetyl group

is skewed relative to the rest of the molecule.134 The Fe—N bond trans
to acetyl is significantly longer than that trams to CO, probably as a
result of the operation of a ¢ trams effect. In solution, the

multiplicity of the v(CO) bands indicates the presence of rotamers.

(c) Phosphorus or arsemnic

Three phosphine (PH;) complexes of chromium have been
examined. The molecule cis—Cr(C0)3(PH3)3 is octahedral, with a mean

Cr-P distance of 2.346(3)A. The monophosphine complex, Cr(GO) 5 (PH,)

. Q
C
S et OC()\'L/CO

,QEfSE;/C§) \\wa_/;,—’<:’

Et

(121) o o - 122)
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;Hasﬁ&éry”éimiiar ée1i,diméﬁsiqns_5ﬁd'§tiu¢:ufal parameter51£05thosg of
fty . 135 0 - o § o ; - . - :
positions. - The structure of,cls-Cr(CO)4(PH3)2 shows .a -near-octahedral
. ) 16 B

th(CO)G;ViphefPH group is disdrdered over _three mutvally cis -

;ébordinatibn:of the metaill Dériféa,hydrogénVPOSitions‘correspond,
-Stétistiéaliyrto twé confofmations fotatéd'609'about'thé tf—P axis ta
’mdnimise inframolecularjépntacts. -Cdmparisons of Cr-P bond distances'
iﬁdicéfelfhg reiative ?-acéeptor strengthsﬁ P(th)s >»PH3.>‘PPh3.
' ' » Comparisoﬁs'of‘sfructural parameters in the complexes -
>Cvr(C0‘)5L [L = PPh, or P(OPh),], which have the expected C, symmetry,
héé given information.concerning the relative T—acceptor power of the
'ligands.137 _Tﬁus, theVCr—P‘bonds are 2.422 and 2.3093,-while the |
Cr—C.bonﬁs trans to the ligand are 1.845 and 1.8612, respectively.
iheée values are those expected if P(OPh)3 is a better T-acceptor than
PPhB, as,indicated by earlier i.r. and n.m.r. studies. '

The central WP, group in [W(CO),PEt,], (122) is planer,

with a W-W bond [3.05(1)2], and the angle at phosphorus decreased to

76.5(4)°. 138

Irradiation of (f4asp)Fe2(C0)6 with excess ligand for a

prolonged period affords the unusual complex (féasp)zFez(CO)a (123).

-Ph




which a ligand -of this type has been 'shown to chelate.  The second - -

iron is bonded to three CO groups and an.elongated [1.‘476(8)A] C=C of -~

oné' ligand _ch. the uncoordinated ‘doubl-e—bond length of 1.326(8)3];
the fifth coordination position is occupied by the metal-metal bona-
.4 low-temperature (—1500) detemination'of the structure
of the diarsine complex (124) reveals Cr-CO bond distqmes’ of 1.841(4) -
(trans) and 1.885(4)3 (cis to As), reflecting the superior w—accéptor
character of the CO group.uo The cyclobutane ringris non—planar.
Although the two conformers of Cr(CO)AL [L = 1,3-bis(dimethylarsino)-—

ropane, Me_ As(C AsMe are equivalent, the related complex fac—
prop 3eTegd are = -

2
MnCl(CO) L exists as only one conformer (125), probably as a result of
3 >4

steric repulsion between the axial Me groups on the metal (ligand in

Cl Me
0 l Me , \
]

A
O\

C\M
/
r C ~—
N4 | e e
o As Me ¢ \
o)

S
l Me Me
Me
(124) (125)
Q
C
\ Me
CO
o \ cO
C A n/_/,__-As ——Me
NC__ /—-—— \ F
oCc—Mn c
o F
F‘
C
) As
~Me S
Me
(126)
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equator1al p051t10n).7 The reaction betneen Mn (CO) and foars
affords the blnuclear complex Mn (CO) (f fars)ﬂ(126), 1n.wh1ch the
.1>11gand brldges the-two metal atoms; in splte ef thls feature, Ehe two u

Mn(CO)AAs groups are almost perfectly staggered.ll'2

7 (u) _515__ » .

. The~a§etato complgx,Mn(MeCOZ)(CO)é(PPh3)2 (127); contains
;.symmetfiqal bidentatsbcarboxylate ligand, functioning primarily as a

‘G-donof.143 Bond distance calculations suggest that some hydrogen

bonding may occur between the acetate oxygens and two ortho-~hydrogens,

one from each PPhérgroup.

Ph
Ph / e o
~—/ _—pPn
£ ph \b Cﬂ) @) ¢ Me
Oc\ /\ —Ph oc———-Re\o/ l
////hﬁn—”” 2 Ph \I //C) C' HQ!
o€ N LT e P ct | HO
O ‘ C”Re b C“-Re X
Ph\p @) é\ h / CO
Ph e} o Me
Ph
(127) : : (128) - (129)

The reaction between Re(CO) Ci and B-diketones affords

. Re(CO) ClL and Re (CO) (L) (L = B-diketonate). The dibenzoylmethane
complex (L = dbm) has structure (128), in which one oxygen from each
dbﬁ ligand a;ymmetrically bridges the two metal at;ms. No mecal—metal
bond is present.144 AUsiﬂg Senzoylacetone, a third Lype of complex,
[Re(co) Cl(bzacﬂ)]2 (129) was obtaxned, and shown to contain a mono-
dencapg ngu;ral B-ketoenol’ 11gand. The two Re(CO)argroups are brldged
by.haiogén,‘and the B-ketoénoi’is bondéd via the keto group.,145 .
The structure de témination' of (m-methylallyl) [2~(R,S)-a~

phéﬁylethylimino-3¥penteh-4—olato]palladium (130) clearly distinguishes
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singlé and doubie bonds, and confirms the structure of the ketoimine

ligand as shov.m.u'6

(e) Sulphur
The structure of [:I’hSFe(C0)3]2 (131) is similar to those

of other related compounds, with the two phenyl groups being bent as
147 o

shown (anti).

The supposed cluster complex obtained from reactions

) 148
between Fez(C0)6(SMe)2 and 52C2(CF3 2 has been shown to be the salt

[FeZ(SMe)B(CO)GJ[FeZ{SZCZ(CF3)2}4]' The structure is an interesting
example (in fact, only the second such) of one solved by direct methods

in the generai space group Pi. The cation (132) consists of two Fe(CO)3

X
Me—tn e o
l “ Oc\/ /c
N e Ee
\ / € e—
\ ! \CCO Ph
o /// //,S (e}
Ph
Me
(130) (1371

groups bridged by three SMe groups, with an Fe-Fe distance of 3.062(4)3,
implying essentially no metal-metal interaction. Im contrast, the two
metal atoms in the anion are separated by 2.767(4)2, dimerisation
occurring through the fbrmacion of two Fe—S bonds. Other structural
features are similar to those found in other metal dithiolene dimers.
Both the orange and violet isomers of Ru(CO)(PPh3)2[SZCZ(CF3)2] (133)
have a square—pyrémidal_five—coordina:e structure.14 In the orange
form, the CO gtouﬁ is at the apex,‘wheteas in the violet isomer, one

of the phosphines occupies this position.. The forﬁer is most favoured

rénd,is_also.the most sterically hindered.
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‘ Ry c” [
OC’—Fe———'S/ \\ RU\; " U s
- CO ’ \\ \\'\S 1'4.—’\5.
*}C§; m\ . S’ : -

' . Me - ‘ o a33).
132) - Bases of square pyramids indicated
S—;ﬁe
I\
\‘ ~
Fe
134)

The complex ['_-(Tr—CSI'IS)I:‘e(SEt)S]2 -(134) contains a planar
FeSSFe bridge, and thg structure suggests that of the three resonance
forms
S—5 eS====§ S==s
F3t Fe3+“__?Fe'2+ Fe3* o o relt Fa2t
I IiI 111
fofm iz prgdominates for this diamagnetic <7:ompound.150 Strong
magnetic coupling between the FeIII centres occurs via the bridge
sulphu%raﬁo@s.ﬁ Possible relationships to structures of ferredoxins
'Gith two iroms and two labile s'uiphuré are discussed. Although the
complex ani0nV[?e454(SR)4]2{S not- an organometallic derivative, the
paper1$1adeécribing ?hi$:s;ruéture*inc1ﬁdes a comparison of other‘
tetrahﬂéieé:ﬂcluster sysféms'with_a cupane-tfpe structure, of which
mapY'organpméEallic.exampleé have now been described. It is of

44

intérést,that;the Fe,S, (SR), core is an analogue of the active sites .
of clostridial Fe-S proteins [see also the description-of complex (28)].
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Ferrocene and benchrotrene derivatives

"The tetra-t-butylferrocene obtained from ferrocene and.

152

Bu®Cl in the ‘presence of an A1C13—LiA1H mixture has been shown ~~ to

4
be the 1,1",3,3"—isomer (135). To relieve steric. s_traixi, the rings
have a 7°.dihedra1, and the rotation of the rings is 15 and 18°
respectively in the two independent molecules. Stereospecific addition
of ferrocenylcarbonium ions to cyclopentadiene gives a single cyclo-
addition product.153 That obtained from FcCMez+ has structure (136),

with eclipsed C_. rings. in the ferroceme unit, and suggests that the

5
diene adds to the cation in a formal (6m+47) manner.

Full details of the synthesis and structure of (S,R,S)-
2-(Bjmethoxyphenyl)hydroxymethyl—N,N-dimethyl—l-ferrocenylethylamine
(137) .are reported, and as mentioned previously EAS 72/1; 168], this

result enables unequivocal structure assignments for a large number of

Me

=4

*

¢
)

(135 (136)

optically active ferrocene derivatives to be made.154

A complete discussion of the structure of 1,12-dimethyl-
[1.1]fetrocehophane (138) has been givenlss; a prelimipary account
appeared in 1967.156 In this molecule, the angles of twist lie almost

midway between the eclipsed and Staggergd positions. The relative

configuration of the bridged ferrocene alcohol ([3]ferrocenophanol). (139),
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-..%1._...
..-..r-[;’]....-

|

(137) - (138)

(139)

m.p. 1220, has been determined,157 and is the same as that predicted by
NMR methods. The moleéular structure of the bridged ferrocenyl ketone
(}40) has been illustrated, but no other details are yet availal::le.158
An ionic complex, obtained from FcAuPPh3 and HBF4, with
the composition [FcAuz(PPh3)2 BF4, has the unusual structure (141), in

159

which the metal atoms from an Fe—Au—Au chain. The two gold atoms

are bridged by one carbon of a cyclopentadienyl group, and this
complex is also the first structurally characterised example of a

ferrocene derivative with a direct Fe-M bond.




Me
o

Ga2) - (143)
Carbonyl groups omitted

The difference of stereoselectivity in some reactions
between o-hydroxy— and o-methoxyacetylbenchrotrenes (142 and "143) has
been explained160 on the basis of their structures. In partigular,
the two complexes are ''quasienantiomeric', with the hydroxyl group
hydrogen-bonded to the acetyl oxygen, while in the methoxy derivative,
the acetyl oxygen points away from the alkoxy group. The projections
also show a difference in the orientation of the Cr(CO)3 groups
(relative to acetyl).

Metal hydrides and related complexes

The stereochemically nonrigid hydride H4M0(PMePh2)4 (144)
contaims a DZ& dodecahedral metal—-ligand coordination sphere with
triangular faces.161 The four hydride ligands form an elongated
tetrahedron which penetrates the flattened tetrahedron formed by the
phosphine ligands. The temperature-dependent 4 and 2'r R spectra
are related to the structure.

The unusual complex cation [Fe2H3(triphos)é]+ [triphos =
MeC(CHzPPh2)3] has been obtained from iron(I1) halides and the
triphosphine in the presence of NaBBa.162 The structure of tﬁe hexa—'
fluorophosphate salt is shown (145). The two iron atoms are bridged
by three ﬁydrogens, and also joined by a metal-metal Bond (2.3425. |

Thé hydride Rgnz(gph R ,4-', obtained frqg,nu(csns)(c_:sng)

and PPh3,'contains the four phosphines arranged- approximately tetra-

*"References p. 385
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/\ P'

P= PMePh,

(144) .

hedrally about the meiai [angles P-Ru-P, 104.2—116.4(2)0].

MeC(CHZPPh2)3

(145

(146)

163 Although

the hydrogen atoms were mot located, the H-Ru-H angle is calculated at 98

The ruthenium coordination in trana;ﬁuﬂa[PPh(OEt)a]a (146) consists of

a flattened RuP,

- tetrahedron, with axial hydride ligands, which

however, is much closer to octahedral than found in cis—FeHz[Pth(OEt)zla,

which is closer. to tetrahedral.

larger RuII radius, and the larger number of P-M-P 90°

164

idealised cis (5) than in trans (4).

These differences are related to the

angles in

* - The strong trans—-influence of hydrogen is indicated in the

structure of trans-PdHCl(PEt3)2
o
2.427(5)A (cf. PdC14

An X-ray diffraction study166

of U(BH4)4

, Where the Pd-Cl bond length is

o
sum of covalent radii, 2.30A).

165

(147) revealed a polymeric

structufe made up of interlocking helical chains in which a fourfold

'screw axis relates individual units.

six BH, ‘groups (four bridging, two terminal).

4

Each uranium atom is linked to

The structure has been

further elucidated by a neutron-diffraction study, which enabled the

hydrogens to‘belloc‘a'ted.16

-Four BH

4

groups are attached via two

hyorogens to one-metal atom, bridging neighbouring uraniums with the

others;'iTHe other two (cis) BH

4

groups are attached byvthree hydrogens,

resultlng 1u au overall coord1uat10n number of 14 for the uranium atom,

a capped hexagonal antlprlsm is the ldeal reference polyhedron. .

Comparlsons wlth othet M-BH, complexes show that the MPB dlstance can

be correlated Vlth the mode of attachmeut of the. BH4 group.
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-(147) (148)

In (h°-C.H.)

sHs 2TiBH4 (148), coordination of the tetrahydro-

borate group cccurs-via bridging hydrogen atoms, as found in (PhBP)ZCﬁBHA,
and with which comparison is made.168 Disorder was found in the 05 rings.
Nitrosyls

Recent structural results on metal-nitrosyl complexes have disclosed the
existence of two types, in which the M-N-0 moiety is either linear or
bent. These observations have been correlated with coordination of
nitric oxide as NO' or NO , respectively. In the complexes CoClZ(CO)L2

(L = tertiary phosphine), IR, ﬁMR, and X-ray photoelectron spectra
suggest the existence of conformational isomers._l69 One (A) has
trigonal-bipyramidal geometry with a linear NO group, while the second

(B) is thought to be square—pyramidal, with a bent NO at the apex. The
structure of CoClg(NO)(pMePhg)2 (149) reveals a distorted trigonal
bipyramid, with no evidence for isomer B. An extended discussion on' the
scope and limitations of the various spectroscopic methods. fails to
conclusively resolve this bent vs. linear nitrosyl situation, and

furfher experiments are needed to clafify the earlier results which
indicated the existence of a dynamic intramolecular redox equilibrium.

The nitrosyl Ho(NO)(SZCNBulg)3 (150)'ha§ pentagonal

1ﬁipyrémiaal ‘coordination about molybdenum, with an NO group occupying

170

an axial position. The latter is almost linear‘[angle Mo—-N-O,
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Ph\\F’/Ph R L s.o
: :rél;C{)/ o B\: V \ / N/Bu
_'M'e\p/ N 'BF/J', \\sé.-\s\ N B
m” Pn ©
a4 | 1so-

173.2(7)01, iéxdicratring coordination as NOT.

' ' ~ The compound previously described as (NH4)2[RU(N0)C14(0H)]
on the basis of an electron density projection171 has been shown to
have :he'com;;osition (NH, ) 2[Ru(NO)C1 o)] c1 H20 , with an’
almosﬁ linear Ru-N-O group.172 The chloride ions ars attached to the

octahedral complex anion via O-H---Cl hydrogen bonds (151).

@]
e |
ct
__RuT N
Cl: ! \
Ct
'H"O*"H-\_Cl P Ru——P
cr. H / / \

(151) _ (152)

.In [Ru(NO) (dppe) Z]Bphl; (152), the equatorial NO group is
>,1_ipear,_ corresponding. to a formally 38 Ru® complex of NO*.  An MO

picture of the bonding of NO ‘to metals in five-coordinate complexes is

‘also discussed.lz?" Comparlsons ‘'of the structures of the nitrosyl
[RhCIL(NO)] (PF ). uxth the parent conplex [RnClL] [I.
-PhP(CH CHZCHZPPh ) 2] have been made. 174

env:u.ronment occur, and ‘the: s1xth potent1al site is- crowded,—'. in both

M:.n:.mal changes in the RhL



complexes, all three phosphorus atoms are coordinated. The Rh-NO
rlinkagé i; bent [}31(1)°J, and is interpre#ed as‘éoofdination~infthe
sense RhIII-NOf. ;

Full details of the structure of Pt4t0Ac)6(NO)é have been
publisheci;l75 the tetramer is sélvated_with two molecules of acetic
acid. In this complex the nitrosyl group is formulated as NO . Ibe
two Pt-Pt distances [3.311 and 2.9442J suggest that a metal-metal
interaction occurs in the shorter separation.

Two isomers, red and black, of the [Co(NH3)5(NO)]2+ cation
have been prepared.176 The structure of the black chloride revealed
the presence of a bent Co-N-O group (120°). The red isomer is binuclear,
and a study of the mixed bromide—nitrate salt shows that it is not a
true’ nitrosyl complex, but that the two cobalt atoms are bridged by a

hyponitrite group in the manner: Co—O-N—-N(O)--Co.177
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