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OEP octesethylporphin

Py pyridine

Pz pyrazole

8p (2-vinylphenyl)diphenylphosphine, o-CH;:CHCgH,PPhy
THF tetrahydrofuran

tpp PhP (CH,CH,CH,PPh)

ma-TPP meso—tetraphenylporphine

triphos PhP(CH-CH,PPh3) 2

GENERAL AND REVIEWS

Several papers have appeared which attempt to correlate receant structural
results on a wide range of compounds. Thus, Churchill! has commented on C-H
and N-B distances assumed in, and determined from X-ray diffraction studies.
Anomalously short distances ara found for bonds involving hydrogen atoms when
X-ray diffraction methods are used, since the actual parameter determined is
the distance between the centrolds of electron density of the two atoms. From
a survey of X-ray diffraction studies of inorganic molecules reported in
Inorganic Chemistry during 1972, for which the positions of hydrogen atoms have
been meaningfully refined, overall optimasl (X-ray) C-H and N-H distances of 0.95
and 0.877\. respectively, are found.

Consideration of the symmetry and electron occupacy of the appropriate
MO's has enabled a satisfactory rationale to be given2 for the geometries of
bi- and polynuclear metal complexes with bridging ligands (halide, OR, SR, NRjp,
PR,, B and alkyl or aryl). However, detalled calculations of the extent of
invelvement of particular ligand orbitals in the bridge MO system are not yet
possible.

Further volumes of Molecular Structures and Dimensions have been
published3. The bibliography of organic and organometallic crystal structures
has reached 1972 in volume 4, and volume Al is a compilation of bond lengths,
bond angles and torsion angles for structures reported between 1960 and

1965.% Specially prepared stereo diagrams have been used to illustrate the various
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structures. The publication supplements the well-known Chemical Soclety Special
Publication Tables of Interatomic Distances and Configuration in Molecules and
Ions, which covered the literature until the end of 1959.

Reviews appearing since the last summary* include surveys of
five—-coordinate and nitrosyl complexes of transiticm metals,5 and some
account of recent Russian crystal structure determlnations, largely based
on Struchkov's work.® An article on structural organotin chemistry7 lists

tin-metal bond lengths in organotin-transition metal compounds.

METAL CARBONYLS AND RELATED COMPOUNDS

The phosphine ligand in Mn5(CO)q(PMesPh) is attached axlally, with the
two Mn(CO),moleties staggered.8 The AsMe,Ph derivative is isostructural.
The electron diffraction structure of Re;(C0);g shows the molecule has Dyh symmet
(eclipsed) in the gas phase.? The anion in (NEt)s[WoH;(CO)gl(1) contains a
W-W bond bridged by two hydrogen atoms, which were located [W-H, 1.846(67);].10
Crystal data for the mixed cluster carbonyls CoRhy(CO))», CozIrz(C0) )2, and

Co;Rhy(CO) g have been tabulated.!?

The cation in [Ir(CO)3[PMeyPh);]Cl0,; has a trigomal bipyramidal structure,
with phosphines in the axial positions.!! The substituents on the two phosphines

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

"
AS72-2: M.I. Bruce, J.Organometallie Chem., 1973, 58, 153.
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COMPOUNDS CONTAINING METAL-METAL BONDS

(a) Transition metal-Main Group metal bonds. Reaction of cycloheptatrienes with
[Ru(CD),(SiMe3) 1> affords the binuclear complexes [Rup(CO)5(SiMe3)(C7HgR)1; a
minor product obtained from C;Hg contains the C;HgSiMej ligand (2).13 The
structure of (acac),SnCo5(CO)5(3) consists of two Co(CO); moieties joined by

a Co-Co bond, and bridged by CO and Sn(acac), groups.l% The anion in

NMe, [Pt (GeCl3)s] is a distorted trigonal bipyramid, with four Pt-Ge bonds
having an average value of 2.406(8);, with the fifth(equatorial) bond at
2.480(3)3. The geometry about platinum differs from that in [Pt(SnCl3)5137,
which is nearly regular trigonal-bipyramidal. The germanium atoms are also

distorted from tetrahedral geometries.!l®
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Irradiation of the arsenic-bridged complex Me2As[Fe(C0),][Mn(CO)g5] affords

the trinuclear cluster MeZAsFeHn(CO)e(4)!6 In the molecule, the iron and
manganese atoms are indistinguishable. The complex [Cl,Sb{Fe(C0)5(CsHs) }51SbaCly
contains a very distorted tetrahedral antimony atom in the cation (5), while

the anions form SbyCl;,2~ groupings via Sb-Cl contacts; the Sb and Cl atoms can

o
be considered to form infinite chains if short contacts to 3.55A are considered.l?

(b) Metal clusters. Cyclcheptatriene reacts with Ru3(C0);» affording the
fluxional complex Ru3(CO)g(C7H7)(C7Hg) (6), in which the C;H; ring bridges
two of the metal atoms, while the C;Bg group is attached to the third

ruthenium as an AS5-cycloheptadienyl ligand.l® 1Im 0s3(C0)7(CoPho) (CuPhy) (7)),
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Cl
4)
(5)

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

cluster, while the C,0s (osmacyclopentadiene) ring interacts with the other

two metal atoms.l9

(7) CO groups omitted

In Coy{CO),4(SEL)g(8), the four metal atoms form a planar rectangular
array, with pairs of atoms bridged by two mercapto groups.20 Although the
CoySg core would have an idealised tetragonal geometry, the formation of

two short [2.498(5)A] and strong Co-Co bonds results in the gsevere distortion

found. Comparisons are made with the structurally analogous [Ru (NO)CLl(PPh,)1l,,

E

and with the structurally related Fe,(CO)g(SEt), complexes. The X-ray structures
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of [(CsH5)Rh]3(C0) (CaRy) [R=Ph(9); CgF5(1l0)) have been reported briefly in

connection with NMR studies.?! The major difference lies in the position

of the CO group. 1In (9), it is bridging two rhodium atoms and interacting less

strongly with the third, while in (10), it bridges only two metal atoms.
Reduction of Ni(NO0)(CgHs) with LiAlH,/AlCl3 affords the tetranuclear

cluster [(CsHs)Nil4H3(11).22 The three hydrogens form ns-bridges across

three tetrahedral faces, as deduced from deviations from tetrahedral symmetry.

7
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11)

The cation in [Aug{P(p-tol)3}g](BPhy), (12) is a centrosymmetric octahedron.
which is deformed by squeezing along a three-fold axis passing through the centres

of the two larger faces.?3 Two sets of Au-Au distances are found: two
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opposite faces [2.932(2)-2.990(2)A], and the remaining edges [3.043(2)-3.091(2)A]

with a mean Au-Au distance of 3.019A.

(c) Metal-mztal bond lengths reporied during 1973
Table 1 summarises metal-metal bound lengths determined throughout 1973,

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

COMPLEXES CONTAINING METAL-CARBON o BONDS

(2) A4lkyls, aryls and related compounds. 1In TaCl,Me;(bipy)(13), tantalum has
distorted capped trigomal prismatic coordination.Z% The geometry 1Is ratiomalise
in terms of ligand-ligand repulsions, and the bite of the bidentate ligand.

The coordination about chromium in Cr(CHpCMz,Ph), is slightly distorted
tetrahedral, in agreement with EPR results.?3 The octahedral cation in
[Cr(Ca,SiMe3)o(bipy)2 ]I has the same Cr-C distance as found in two related aryl
complexes. The Cr-N bonds rrams to N [2.103(7);] are shorter than those trams
to (:[2.]_'56(7)3].26 Full details of the structure of WMe,[ON(M2)NO], have been
published.?? The coordination geometry 1s intermediate between square

antiprismatic and dodecahedral.

e

\ Re\
7 TS VAN
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/
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(13) X=disordered Ci, Me (14)

The structure of ReBrMe(C0),(CgHg)(14) shows that the two CO groups are
trans; a strong tfrans effect of the methyl group results in a lengthened Re-Br
distance (2.7693; sum of covalent radii, 2.65;;).28 Addition of tetracyamoethylene
to (CgsHs)Fe(00),CHyCMe=CH, affords the o-cyclopentyl derivative (15). The
crystal contains two independent molecules, which differ only in conformation,
caused by rotation of the og-bonded ligand about the Fe-C bond. The hydrogen

o
atoms were successfully refined, and the l-"e-C(sp3) distance [2.0977(23)A] was



223

Me N Ph

: ol

N I N
e C Me \ Me
o<y Cn ‘\75—T7?;—Me

C
o N Ph Me Me
(15) (16)

determined accurately for the first time.29

In trarns-NiBr(CgFs) (PMePhy),, the Ni~-CgFg distance of 1.880(4); can be
compared to values found in trans-Ni(CgFs)2(PMePhjy)o [1.939(3)2] and in
trans-Ni(CgFs) (C,Cls) (PMePhy) 5 [1.978(10);], while the intra-ring angles of the
CgFs group show the marked deviations characteristic of the o-bonded tramsition
metal aryls.3°

The struxture of [PtMez(rac-diars)]i(l6) provides several new parameters
for platinum(IV) complexes; the mean Pt-M2 bond length is 2.112, and the irams
effect of the methyl groun on the Pt-As and Pt-I bonds is about 0.1;. The

chelate ring has a distorted envelope conformation.3!

A minor product isolated
from the reaction between Pt{stilbene)(PPh3)» and (CF3),CN, was shown to be
cig-PrF[CH(CF3) 21(PPh3) 2 (17).32 The Pt-F bond distance is 2.03(1);, and the
two Pt-P distances differ significantly: that {rans to F is 2.218(7);, which

is among the shortest recorded. That i{rans to the hexafluoroisopropyl
-]
group is 2.310(7)A.

Ny~
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F

(17) Phgroups omitted

The trans influence of R in trane-PtClR(PEtyPh), has only low sensitivity
to hybridisation at carbon. The structures of complexes with R = CH=CH, (18).
or C=CPh (19) reveal33 pPt-Cl distances of 2.398(4) and 2.407(6)A, respectively,

o
which may be compared to a value of 2.415(5)A found for R=CH,SiMe3.3 1In (18),
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PEtoPh TEt2P“
PEt,Ph PEt,Ph en
{(18) showing disordered vinyl group (19)

the vinyl group is disordered about the C; axis through Pt and Cl. The Pt-C=C
angle in (19) is 162(3)°.

Other acetylides which have been studied are U{CzPh)(CszHg) 3(20) amnd
Fep(CPh) (CO)g(PPhp) (21). In the former compound the U-C3C angle is 175(2)°,
and the U-C bond length is 2.33(2);.35 The binuclear iron complex, which results
from a reaction between Fep(C0)g and PhC2PPhy, contains a FeCpPh moiety n-bonded
to the second iron group. The Fe-Fe bond is also supported by a bridging

PPh, group.3®
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(20) (21)

The 2:1 adduct obtained from ethynyldicarbadodecaborane(l2) and
trans-IrCl(CO) (PPh3)> contains both substituted acetylide and vinyl groups
(22). Oxddative addition of the acetylene affords a hydrido-acetylide, which

reacts with the second acetylene to give the vinyl acetylide.37
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Trimethylsilylmethylcopper(I)(studied at -40°) is a tetramer (23), contain
ing a square plane of copper atoms, the edges being bridged by the methylenc
carbons, which are also in the plane.38 Metal-metal bonding is relatively
mimportant. In square-planar gold(ILI) complezes, such as AuClzPh(SPrg), the
o-phenyl group has a strong trans influence. The two Au-Cl bonds are 2.27(1)

trans to S) and 2.38(1)A (trans to CgFs) .39

The monoprotonated cobaloxime [EtCo(dmg) (dmgH)C1].H,0 (24) crystallises
as centrosymmetrically related pairs of wmolecules bridged via hydrogen-bonds to
the water of crystallisation.*? The two dimethylglyoxime O-H——O separations
are different as a result of protonation of one oxygen, which then
hydrogen-bonds to the water. The pyridine ligand in cobaloxime (25) is
coordinated via a Co-C o bond.*! The major structural effect is on the C-C-C
angle at the o-bonded carbon, which decreases nearly 3°, while angles at

adjacent carbons increase by 1.5°, both compared with N-coordinated pyridine.

CH, Bu
Hzc/ Bu \\P/ Bu
o{ """ \'o\ Me
N -~ oO---1---0
Me \OJ ______ o Me N N Me
7 /
_Q.Cl /Co
crom Me”™ n N7 Me
N e Me Onmie e o

H,C” N
(24) (25)
These changes probably result from contacts between the equatorial ligands acd

the pyridine ligand.

(b) Othzr metal-carbon o-bonded complexes. The product of the reaction
between CO, and RuH,(PPh3), has been shown to be the formato complex (26)

and does not contaln any Ru-C o bond."2 Both monoclinic and triclinic
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modificarions exist. The methoxalyl complex #rans-FdC1{COCO,Me) (PPh3)},(27)
contains the methoxalyl ligand in the g-irars plaear conformation.%3

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

the methoxycarbonyl complex. The product from oxidative addition of

ClC(5)NMe; to Pd[P(0OMe)3l, is the dimeric {PdCL(CSNMejy) [P(OMe)3]1}; (238), in which
the two palladium atoms by

bridging dimethylthiocarbamoyl groups link

coordination through C and s. b

l;\/le
Me—N\
c—S N/Me
{ e Me Ph
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—P Pd Pd
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cl /
Cl F’\—
/ Cl—
(28) OMe groups omitted (29) Halt of dimer

The reaction between HgPh, and PdCl,(ubd) affords the endo-3-phenyl-
norbornen~2-yl-endo-palladium complex (29), probably wvia an intermediate
o-phenylpalladium complex which subsequently undergoes "cis-imsertion".%>
(c) Merallocyclic complexes. Aa area in which there 1s increasing interest
as more examples are discovered, is the chemistry of complexes which contain a
metallocyclic molety. The complex PtCl,(C3H,Phs)py2(30), derived from

1,2-diphenylcyclopropane, contains a platinacyclobutane ring, although the
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attachment of the C3 unit to the metal is best rationalised using a four—centre
localised MO scheme.“® There are two independent molecules: significant
differences are found in the geometries. In one, the N-Pt-N angle is 92(1)°,
with the plane of one of the Ph rings being perpendicular to the C3 plane;

in the second, the N-Pt-N angle is 82(1)°, with the planes of the C3 and GCg
rings not being mutually perpendicular. Reaction of 1,4-dilithiobutane with
cis-PtClp(PPhj3) > afforded the platinacyclopentane (31). The C,Pt ring is
puckered asymmetrically, a feature which is discussed in terms of possible

intermediates in the olefin metathesis reaction."7?

P
H
cH PhyP c?
Ph—c” NcH, I\ ~cHa
/ /Pt ‘I:
Pt Php” e CH
/ \ Ho
py Py
(30) (31)

Rhodacyclopentane complexes have been obtained from allene and
Rh(acac) (CoH,)o; addition of pyridine to the unstable yellow complex gso formed
affords (32), which contains a chelating CH,C(=CH;)C(=CH,)CH; group attached
via o bonds to the metal.#8 The first formed complex is unstable, and solutions
slowly deposit an orange-red polymeric complex, which with PPh3 affords the
dimeric derivative (33). This complex contains a RhI(acac)(PPh3) group bonded to
the two exocyclic methylene double bouds of the allene dimer unit which is o bonded
to the RhIII(acac)(PPh3) wmit. The latter also interacts with the electrom

pair on the central carbon atom of the RhI(acac) group. Full details of the

structure of RhCL(H,0)(AsMe3);[CL(CF3)4] (34) have appeared.®® The fluorocarbon

Me
es
| omda N oL
_____ v
py—RhZ__ o=>—Me —Rh Rh Rh~ "\ .~CF3
Pn.p N\ R _~ C
50 Lo Ha0" / \C___.):
% \§~Me As ; CcF,
Mehde Me M33 CF3
(32) (33) (34)

References p. 259



228

moiety exerts a strong trans influence on the Rh-Cl and Rh-0 bonds. A
hetarocyclic five-membered metallo-ring complex of rhodium (35) has been
obtained from the stepwise reaction between (CgHg)Rh(PPhj3)z and Cs(COoMe)s,
followed by CS,.50 Subsequent treatment of the product with iodomethane
affords the wethiodide, the structure of which was determined to confirm the
presence of tha RhSCj3 ring.

The reaction of 1,7-cyclododecadiyne with Fe(CO)s affords a major product,
Ci2HjgFe5(C0)g, originally formulated as (36),5! but shown by X-ray diffraction

has occurred

studies to be (362).52 In this, a major skeletal rearrangement/ involving fission
of C-C bonds in a reaction probably related to the olefin metathesis reaction.
Oce feature of interest in the structure is the CO group asymmetrically bridging

the two iron atoms.

S—Me
EtO,C

EtO,C 4
PhyP~_pf

(35}

S A

(36 a)

The structure of [{CsHg)INI(CF3C2CF3)14(37) [one of the products obtained
from Ni(CsHg)2 and C3(CF3)5] reveals the presence of four chemically distinct

nickel atoms, and of k!, 42, %3, % and #5 carbon donor ucits.53 Unusual aspects

of the structure include the bonding of a cyclohexene ring to a [N1(CsHg) ], moiet

(CsHg)y

Ni(CHg)

w AN
17 >NIHCgHE)

(37) R=CFy
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via a n~olefin and two C-Ni o bouds, and the 1,2-addition of a CyNi unit to a

cyclopentadienyl group.

(d) Compounds containing chelating a-bondad groups

The reactlon between acetylenes and palladium complexes continues to be
a source of complexes containing wnusual structural features. Thus, the
product from PdCl;(PhCN), and C(COyMe);, derivatised using acetylacetonate, has
structure (38), in which the acetylene has oligomerised to a Cg ring, chelated to
the metal by a Pd-C o bond, and the ester CO grouwp.’" A Cg ring is also found
in the product from PdCl;(NCPh)z, 2-butyne ard HgPhz or Hg(p-~tol)z; the
structure of the p-tolyl product, agaln as the acetylacetonate (39), reveals
chelation of the CsgMesCH(p-tol)CHy group via a double bond and a Pd—C ¢ bond.33

Metallation of 2,2"-bis(diphenylpheosphino)stilbene occurs on reactiom
with halide derivatives of nickel, palladium or platinum, with eliminatioe of
HX. The chloroplatinum complex has structure (40), in which the ligana is

metallated at an olefinic carbom atom.>®

' en
- Ph | ]
E
Me =P M C~ /70
The —y O
;O S Y Me
e
Me R
(38) E=CO,Me (39) (40)

The stable iron(0) complex Fe(CO)2(sp)2(41l) contains a chelating olefinic
phosphine 1ligand, together with a second bonded through the phosphorus atom
only.37 Both phosphorus atoms occupy axial sites, the vinyl group being in
an equatorial position. A related ligand, P(CgH,Vi-0)3, acts as a tetradentate
ligand in the rhodium complex (42); here also, the phosphorus atom occuples an
axial site, with the three olefinic groups in equatorial posit:iom;.58

Crystal data for 3,6~CgHo(CHoNEt;),[Pd(acac)]12(43) have been reported.S®

References p. 259



(41) (42)

OLEFIN AND ACETYLENE COMPLEXES
In the system palladium-dibenzylideneacetone (dba), three complexes have
been detected in the equilibria

Pd,(dba) 3 i: Pd(dba)z% Pd(dba) 3
The structure of the binuclear complex was reported earlier (see Part 1), and
that of the tris compound (44) later in the year.59 Each dienone ligand is
attached via one olefinic group, resultiug in essentially trigonal coordinatiom
about the palladium.

The 4-methylpenta-1,3-diene complex [RhC1(MeCsHz)2]> (45), contains the
diene attached to rhodium by only one of the two double bonds in each ligand,
namely the less substituted one.®l! The RihCl;Rh bridge is non-planar, as found
for the complex [RhC1(C;Hy)>]>. The Rh-Rh separation is 3.090(3);, consistent

with a weak interaction.

(@)
(J\\\v’ Me Me
/ '—'\ = )::\¢ Cl Me ',/

N ARV Me 3 .
~ o~ .~ ,
Rd 'Rh/--- -- }Rf‘
: phenyl N “
O 1 . Me
' groups . Me ClI -
== z=C omitted S
== Me Me
(44) (45)

In Fe(CO),(C2Fy)(46), determined by gas-phase electron diffraction, the

iron has distorted octahedral geometry, with the tetrafluoro ethylene occupying
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two adjacent equatorial sites 62 fThe C-C [1.530(15);] and Fe-C [1.989(10);]
bond lengths, the angles involving tbe olefiniec carbons [FCF, 111.3(1.1)°;
CFeC, 104.2(1.4)°], and the supplement to the angle CCX(X-midpoint of
vieinal F atoms) [41.6(1.1)°] all support a o character for the Fe—-C bonds.
The C-C bond involved in bonding to the nickel in Ni(C2BjgH10) (PPh3)2(47),

o -]
is shorter [at 1.57(3)A] than the 1.64-1.67A found in other g-carborare

R
|

derivatives.5?

F |
X e o

N /CO N /

F\\ Fe NI————?\\\
|\C / Ph ~Ph
c ©
o Ph-—-/P
£ PR\
Ph
(46) (47)

The anion in PPhq{PtCl3[Me2C(0H)CZC(OB)Me2]} has the expected square—planar
structure, with the alkyne coordicated via the triple bond. The C and O atoms
could not be distinguished. but there is no possible interaction betwesen the

OH groups and either the Pt or Cl atoms.5"

The o-tetraflvorophenylene complex CgFyFe5(C0)g(48) has been shown to be

best formulated in this way, i.e. with two Fe-C bonds, and the FeyCg bicyclic

F F

(a8)
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system coplanar, rather than the tetrafluorobenzyne derivative analogous to

(C2R3)Co0,(C0)g complexes.65

ALLYLIC AND DIENYL COMPLEXES
Two forms of di-p-acetatobis[(2-methallyl-3-norbornyl)nickel] have been

isolated and structurally characterised.5675% The orthorhomwbic form (49) 1is
isostructural with the corresponding palladium complex,5% and may be considered
to be the transoid form, while the monoclinic crystal contains the cisoid isomer
(50). As a result of the {rans Infiuence of the o-bonded carbon, one of the acet
groups In (50) is less strongly bonded.

The wnit cell of the aminoacid complex Pd(CyH7)(gly) (51) contains two
independent molecules differing only in the conformation of the glycinato
molety, which I8 planar in ome, but twisted in the other.’? The product of
insertion of norbornadiene into the Pd-allyl bond of Pd{(CyH)(dbms) has structure

(52), in which the 2-methylallylnorbornenyl ligand chelates via the olefin

and a Pd-C g bond.7!

Vo

Ouzs-22 Me

Me \l/

Me

(50)

HZN
\o )
(51) (52)

Nucleophilic attack of the anion (CO,Et),CH  on [Mn(C0);(CeH) ¥ affards

the exo-gubstituted cyclohexadienyl complex (53). The Cg ring is folded by 41°
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Mn
e -—/cC
ot/ ©

C
o
(53)
CO,Et groups omitted

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

CYCLOBUTADIENE COMPLEXES
Dimeric [MoBr(CO)»{C,Ph,)]> has structure (54), and contains a Mp-Mo
bond, bridged by the two bromine atoms; the MoBroMo bridge umit is non-planar.73
Dimethylacetylene reacts with [Pt(CF3)(PMesPh)3]’ to zive the
cyclobutadiene derivative, [Pt(CF3)(CyMe,)(PMesPh);]SbFg(55). The complex has
a half-sandwich structure, with the C, ring being tilted away from the bulky
phosphine ligands, and is best considered to be a platinum(ll) complex with a

distorted tetrahedral geomcry.w'

P /Ph
h Ph M
e\P
Br Me

SMe
Ph Ph Me / Me
?57///,/ \\\ , T F!
Ph T\ T \""Ph
Me

o [ e
Ph Me g

CYCLOPENTADIENYL. COMPLEXES

Full details of the structure of [ScCl(CgHg)21, have been reported; two

Sc(CsHg)z groups are licked by chlorine bridges.”?5

Raferences p. 259
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The structures of several cyclopentadienyl derivatives of titanium
have been described. Green Zn[Cl,Ti(CsHg)2],, which forms a bis-benzene
solvate, has structure (56), in which a central ZnCl, tetrahedron is linked
along common Cl-Cl edges to two TiCla(CsHsg)p tetrahedra, all somewhat

d.i.scorted.76 In the mixed complex TiCl3(Cglg) (CsMeg), the rings are staggered??,

although structural parameters are virtually the same as found in TiCIZ(C5H5)2.78
The aluminotitanium hydrides [(CsHs)Ti],(H) (HpALEtp)(CjgRg)(57) and
[(CgH,)TiHALEt]5(C gHg) (58) both contain bridging & °-CgHy~/:5-CsH, ligands;

the latter also contains an k]:ks—csﬂq ligand linking both titanium atoms.??
The Ti-Ti distance (2.910;) and the diamagnetism of (58) indicate the presence

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

(which 1s produced by hydrolysis), suggests a plausible structure for this

T Zn Ti’
G I
(56) (57)

(58> (59)



compound to be (59), as proposed originally by Brintzinger and Bercaw.®0

Ralated complexes containing molybdenum have been characterised recently.
Excess AlMe3 reacts with MoHo(CsHg)p to give initially [(CsHg) (CgHy)MoHAlMep ];A1Me
(60), and after prolonged refluszing, [(CsH,)oMo(AlMe,)(AlMe)]s (61).8! In both
compounds, a planar Al-Me skeleton is bondad to two Mo(CgHn), groups. In (60),
two of the Cg groups are bridged by aluminium, while in (61), all Cgs ligands
are so bridged. Such groups are formulated as CgHy. Covalent Al-Mo bonds are
also present. Using LiBu® in place of AlMe; in the initial reactiom with
MoH2(CsHg)» afforded tetrameric [(CgHg)Mo(H)L1i]1y(62), which rontains an
eight-membered (MoLi)y ring.BZ The geometry of the Mo(CsHs), groups
[Mo~Cp, 1.91;; CpMoCp angle, 148°, compared with usual values of 1.96—1.99; and
ca 133°, respectively] is unusual, and the hydrogen atoms (not located, but

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

molybdenum atom.

(60) (61) (62)

Iatramolecular ligand scrambling in solutions of Moj(CO)5(CNMe) (Cgiig),
has been studied83; in the solid state, only the trans rotamer of the zrams
form (63) is found. Most structural features resemble those found in the

unsubstituted [Mo(CO)3(CsHs5)]2-




A detailed comparison of solution and solid state structural properties
of the three isocelectronic complexes [(CsHg)Cr(NO)o2la, [(CsHs)Mn(CO)(NO)]> and
[(CsH5)Fe(C0); 1, was rendered possible by the structure determination of the
rmanganese derivative (64).8% Both bridging and terminal CO and NO ligands
are disordered; the Cg rings are trans. In the series, as the metal covalent
radius increases, the M-M distance decreases [Cr, 2.615(1); Mn, 2.571(l1);

Fe, 2.534(2)Al.

The two cyclopentadienyl groups in Fe,(CO0),(CsHy)>SiMe, (65) are
linked by a silicon atom, which is displaced from the Fe;(C0)z(terminal) plane.85
The Fe-Fe bond is bridged by two CO groups, with the FejC; ring being folded

along the Fe-Fe axis at ca 160°.

o 7P
@ r
hﬁn hd\ Fe
Il \ Fe—
o cf
(64) X =disordered C,N (65)

The structure of the cation in [(CgHg)Fe(CO)3]PFg has been determined. 86
Comparisons show that Fe-C distances are longer, and C-O distances are shorter,
than in neutral species, and that C-0 distances are also shorter than in the
isoelectronic (CgHg)Mn(CO)3. There is a 12° rotation of the M(CO)3; moiety
about the M(CgHg) axis, relative to the C; ring. The cation in
{I(CsBg)Fe(CO)5]21}1BFy, (66) contains conventional Fe(CO)5(CgHg) groups
bonded to iodine [Fe-I distance, 2.5884; angle FelFe, 110.8(1)°]. The
large angle probably results from the steric demands of the bulky iron complex
groups in opposition to the tendency of iodine to form bonds at 90°, thereby
maximising p character in its bonding orbitals®?. Full details of the
preparation and structure of [Fe(CO)(u-COAlEt3)(CsHg) ] are now available.88

Sm2ll yields of the dinuclear pentacarbonyl (67) were obtained from



O O
(66) (67)

(68)

Fe,(CO)g and 6-dimethylaminofulvene.8? The complex contains a metal-metal

bond; the two metal atoms are linked to an #3-Cs ring, and an e.scyclic

allylic group. Photolysis of MeyP[Fe(CO),][Fe(CO),(CsHs)] affords the pentacarbonyl

(68), in which the Fe-Fe bond is bridged by €0 and PMe, groups.?0

ARENE COMPLEXES

Another contribution to the long-standing controversy over the symmetry
of the complexed benzene ring in arene-chromium complexes 1s the report of
the low temperature (78K) X-ray and neutron diffraction study of Cr(CO0)3(CgHg)
by Rees and Coppens.®! Although the symmetry of the isolated molecule is Cj,
that of the benzene ring was dztermined to be Dgh in a room-temperature study.
In Cr(CgHg)p, the symmetry of the benzene rings was also finally determined
to be Dgnp by 2 variety of physico-chemlcal studies (X-ray diffraction, electron
diffraction, i.r., thermodynamic studies).

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

i1lustrated (69), and clearly the symmetry of the benzane is C3,. Bonds

intersecting the projections of the Cr-C-0 bonds on the benzene plane (cis)
o o
are longer (av. 1.423A) than these which do not (¢trans)(av. 1.406A). The

cis bonds do not differ significantly from those found in Cr(CgHg)z, while

References p. 269
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(69) Bond lengths at 78°K, corrected for thermal motion

the ¢{ransbonds are 0.007; longer than those in uncomplexed benzene. The
hydrogen atoms are displaced by 0.03:\ from the Cg ring plame towards
chromium. X-ray-neutron (X-N) difference density coatours revealed overlap
densities in the Cr-C,C-C,C-0 and C-H bounds, and also the oxygen lone pairs;
the Cr-C(0) peaks are nearer the carbon atoms, as predicted by theory. 1In
addition, large residual demsity features near the metal nucleus are found,
but camnot be explained at present.

An unusual exzample of a substituted benzene-chromium carbonyl complex
is [Cr(C0),(75-CgH5)PPh,],(70), in which the two chromium atoms are bridged
by the two PPhj lzlgemds.g2 Each is involved in P~bonding to one chromium,
with one CgHg group being h%-bonded to the second metal atom.

Reactions of Cr(00)3(NCMe); with dehydro[l4]annulene afford the
Cr(C0)3 complexes of the valence isomer, 1,4-dihydrophenanthrene (71), and of
phenanthrene (72).93 The latter formed a monoclinic polymorph, also described
by Deuschl and Hoppe,gl‘b and compared with the orthorhombic form.25 Bonding
to the central ring in (71) is presumably a result of concentration of electron
density in the C(9)-C(10) and C(11)-C(12) bonds by the cyclohexadiene fragment.
The valence isomer of [14] annulene, trans-6a,12a-dihydrooctalene, is obtained
coordinated to two Cr(C0); moieties (73) when the annulene reacts with

Cr(C0)3(NH3) 3. The chromium ig bonded asymmetrically to the sixzx carbon atoms.
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A systematic error apparently contributes to the central C-C bond length of
1.24;: the vibration-corrected value is 1.48(4);.

The structure of Ru(CgHg) (CgMeg) illustrates a description of a general
Fourier prograrme for X-ray crystal structure analysis utilising the Cooley-Tukey
algorithm.%® The unsubstituted Cg ring is symmetrically bonded (%), while

the hexamethylbenzene is attached in the 1,2,3,4-A" mode.

SOME NICKEL COMPLEXES FROM THE MULHEIM GROUP
In the Rarl Ziegler memorial issue of JAngswandte Chemie, several articles

by members of the Wilke's group at the MPI, Miilheim, contain structural diagrams
of relevant nickel complexes. These contain a variety of interesting and
unusual structural features, some of which are described below.
(3) Di-p-hydridobis[trimethylenebis(dicyclohexylphosphine)nickel](74): contains

a Ni-Ni bond bridged by twohydrogens (located during the analysis).97
(b) Ethylene[ethyl(vinyl)borylpropyldicyclohexylphosphinelnickel(75): formed

in a reaction between Ni(cdt), CoHy,, and Et2B(CH3)3PCys, via Ni(CsoHy)a,

Rafarances n 7RQ
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which reacts in a synchronous process whereby a hydrogen of a complexed

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

B-vinyl sysr_em.98

(c) Tris(bicycloheptene)nickel (76): related to the Ni(CpH,)3 intermediate
(above), in which the nickel is attached 2xo to the bicycloheptene double
bond.998

(d) Tricyclohexylphesphine(allyl)nickel-u-chloro-methyldichloroaluminium (77):
related to catalysts used in asymmetric syntheses, although the allyl
groups are lost in the first stages of the reactions. 100

(e) Methyl(l-methyl-2-butenyl)-(-)-dimenthyl (methyl)phosphine nickel (78):
the absolute configuration of this optically active complex was used to
attempt a correlation between the absolute configuration of the phosphine
and the optically active product (vinylnorbornane) from the norbornene-

ethylene codimerisation reaction.ll!

Cy
\ .
= Cy—pP Nt
.: Me
_*':“\ Cy X\ Me !\“'—"P
/
X
(76) (77) (78)

X =Cl,Me disordered



IRON AND RUTHENTIUM COMPLEXES CONTAINING UNSATURATED LIGANDS

The structures of two of the products from reactions between Fe,(CO)q
and cis-bicyclo[6.2.0]deca-2,4,6-triene (79) have been reported in detail.
The first, [(CjgH11)Fe(C0);]> (80), contains hS-tricyclo[6.2.0.02:6)deca-2,4-
dien—6-yl ligands.i92 Structural parameters are nearly identical with those
found for trans-[(CsHg)Fe(CO)sl,. The second product, (CjgH12)Fes(CO0)g (81),
has an unusual structure containing a diene-Fe(CO)3 group, an allyl-Fe(CO)j3
group and an Fe~. o bond resulting from rearrangement and C-C bond cleavage in
the origipal hydrocarbon.!03 No metal-metal bond is formed. The Fe(CO)3
adduct of trlcyc.lo[6.3.\).02’7]Lmdaca-3,5—diene tas structure (82), and is
essentially a substituted 1,3-butadiene-Fe(CO)3; eleven related structures
containing this unit are compared.!?" The rings are fused cis, while the
5- and 6-membered rings have an anti relationship relative to the central

planar 4-membered ring.

Fe-----
/o
c
(79) (80)
QO
N\ F/
------ e
~—co
AN
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The mechanisms of cycloaddition to (CgHg)Fe(CO)3 have often been
postulated on the basis of unproven structures. For example, tetracyaunocethylene
variously

was/ supposed to react via 1,2—-, 1,3~ or 1,4-addition. The structure of the
adduct (83) shows that in fact l,3-addition has occurred, giving a product in
which the organic ligand is attached via h3—ally1 and h l-carbon o bonds.
In contrast, addition of chlorosulphonyl isocyanate occurs 1,4, and after
dechlorosulphonylation (PhSH and pyridine in cold acetone), the dieme-Fe(CO)3
complex (84) is obtained. Both products result from stereospecific attack of
(CgHg)Fa(CO)3 from its less hindered side.105

! Bis(pentalenyl)iron(85) has a ferrocene-type structure, in which the
two 71 5-cyclopentadienyl rings are bridged by two carbon atoms, dimerisation of
pentalene via l-¢ndo, 1'-endo carbon-carbon bond formation having occurred.!?6
The short bridge bond [although significantly lomnger tham a mormal C(ap3)-cC(sp3)
bond, at 1.568(7);] results in tilting of the cyclopentadienyl rings
(dihedral angle, 23.6°). The rotational angle is ~10°, i.e. the ferrocene
moiety is closer to eclipsed than staggered conformation. Reaction of
cis-Ru(GeMe 3),{C0), with cyclooctatetraene affords the pentalene complex (86),
in which the bicyclic hydrocarbon is non-planar, and the Ge-Ru-Ru-Ge sequence
is non-linear. The pentalene is attached to the two ruthenium atoms via two

h3-a11y1 units, and a four-electron multicentre Interaction.!97

(o] O
Me c c Me
Ge~ —Ge
Me h{e @ MI \
¢ e Me
Co CO
(86)

7-BONDED HETEROATOM LIGANDS

(a) Acyclic grouwps. The unusual complex (CsHg)Nb(PH3)[HCPh(CPh)3C(:NE)Me](87) has
been isolated from the photochemical reaction of (CgHg)Nb(CO)(CyPhy), with

acetonitrile. 28 The acyclic ligand is formed by condensation of two CaPhy
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(87) (88)

molecules with MeCN, and is a six-electromn donor, formulated as an
azaallylallyl ligand. The PH3 1s supposed to arise from the action of water
on technical grade P30g.

Benzylideneacetone reacts with Ru(C0) 3(cod) to give the binuclear
bydrido-complex RusH(CO)g(CygHqO0) (88), in which the organic ligand is a
5-electron donor; the central C=C.C=0 portion of the molecule is attached to
one ruthenium via a n-olefinic bond, and to the other by am Ru-C o bond, and
an Ru-0 dative ¢ bond.109

A simiiar interaction of an enone with manganese is found in the
oxapropenyl complex (89) obtained from MnMe(CO)s and o-ViCgH,PPhy.110
The formation of (89) results from attack of an acylmanganese intermediate
at the vinyl group of the phosphorus ligand, aecompanied by hydride migration,

A detailed comparison of the geometries of n-allyl and n-oxapropenyl systems

is included.

Opening of the thiete (thiacyclobutame) ring occurs cn reaction with

Fes(CO)q affording the thioacrolein derivative [(C3H;S)Fe(CO)3]s, which with

References p. 259
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PPh3 gives the monomeric complex (90)111:112 The planar sulphur ligand acts as
a four-electron donor (heterodiene).
(b) n-Complexed heiterocycles. The metallocarborane (B3CoH7)Fe(CO)3 (91),
studied at -160°, contains a formally dianionic carborane ligand bonded to
a dipositive Fe(CO0)3 moiety.l!3 The anion in PPh3Me[(BgCyHg)Mn{(CO)3]1(92)
contains an Mn(C0)3 group bonded to the BgC, cage; the geometry of the MnBgC,
fragment is a tricapped trigonal prism.!!* Stabilisaticn of dihydropyridines
by complex formation with Cr(CO) 3 groups hagjzzhieved, and the structures of the
J-ethyl- and 5-ethyl derivatives have been reported in detail.l15 In both, the
chromium interacts with the ring via the nitrogen lone pair, and the two
double bonds. The major difference between the two structures in the location
of the terminat ethyl carbon, either on the same side (3-isomer) or the opposite
(5-isomer) to the chromium atom [see diagrams (76) and (77), AS 73-1].
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The reactions of CZ‘CP3)2 with I&(m)qscspsjz aad (CSﬂs)co‘PP3)z have

afforded the heterocyclic complexes (93) and (94), respectively.l16 1In both,
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the heterocyclic rings have envelope conformations, the four carbon atoms in
each being coplanar. Formally, the manganese complex is a sulphonium
derivative [zwitterion structure (93a)]. The oxygen atoms in (94) result

from hydrolysis of the (CyFg)oPFy derivative initially formed.

THREE- AND FIVE-MEMBERED RINGS

The full detalls of the structure of [PbS(SCNPr%)(Sz(:NPr%)]Z. in which
one dithiocarbamate ligand has been cleaved to give a thiocarbozamide group,
are available.l!7 The short Mo-C bond (2.069:\) suggests a Mo~C interaction
related to that in Pt(CS,)(PPh3),. A strong Mo-Mo bond is also present.

Comparisons of the structure of Ni(PhyNy)[P(P-tol)3], with the analogous
t-butyl isocyanide complex indicate the NiN; interaction is weaker in the
phosphine complexz.!18 Although the two N=N distances do not differ
significantly [1.371(6); (phosphine) , 1.385(5)3 (isocyanide) ], the dihedral
between the two C(Ph)NN planes is less in the phosphine derivative [23.5(3)°
vs 26.8(4)°].

The ketenimine complex Ni[Bu®N=C=C(CN),](CNBu®), (95) is probably formed
via a metal-assisted carbene addition to coordinated isocyanide from che
diazodicyanomethane complex, Hi[Nzc(CN)z,](CNBut)z- The ketenimine is
coordinated via the N=C(CN)2 bond, resulting in the cummlene system being

non-linear [angle N=C=C, 144.2(4)°].11%

But
/
IN Ph
c Ph \__Ph
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/ N ,C’ \/ Pn
Bu'___N-—-C_Ni\ /C N\N/Pt\
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7 AN {
N C c 7\
| N Ph=Y, PP pn
But
(95) (96)

The dibenzoylhydrazine complex Prt(PhCONNCOPh) (PPh3), (95) contains a

Y N 120
five-memhered PtOCNN ring, with an envelope conformation, instead of the
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symmetrically bonded diaroyldiazene ligand originally proposed?] The N-N
o
bond distance [1.401(9)A] is.indicative of a single bond, although comparison
o
with the bond length in a copper(l) complex (1,.436A) suggests that some degree

of multiple bond character still remains.

COMPLEYES CONTAINING OTHER DONOR-ATOM LIGANDS
(a) Carbere complexes

The complex (CsHg)Mo[C=C(CN)5][P{OMe)3],Cl (97) contains a terminal
dicyanovinylidene (or dicyanomethylene carbene) ligand, related to CO by
substitution of oxygen by C(CN),. The two phosphite ligands occupy mutually
trans positions in the tetragonal plane. The Mo-C(carbene) bond lermgth
[1.833(6);] supports the idea that this ligand is a stronger 7n-acceptor than
€O (typical distances, 1.93—1.992).122

Several platinum-carbene complexes have been studied. The cation in
trans-[PtMe {CHe (OMe) } (PMe,Ph) 5 ]JPPg contains square-planar platinum, with the
carbene ligand in the tranas configuration.123 The carbene is disordered, two
1igands related by a 180° rotation about an axis Pt-C(Me). Chlorination of

trans—-[PtCl{C(NHMe) (NHPh) } (PEt3);]C10, affords the intermally metallated complex

(98)_124
Et Et
~N
Et—P
ci
E Me-—zH pt/
NC N‘O HN/ Cl
e F R
C/ (l\ﬂeO)3 (om)j Et/p_EC
N “t E/t
(97) (98)

The acylimino complex trans-PtI[C(Me)=NCgH,Cl-pl(PEt3), (99), formed
by “insertion" of isocyanide into the Pt-Me bond, has the four-coordinate
structure shown, there being no interaction of the imine lone-pair with the

meta". 125
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The unusual carbyne complex Erans-WI(CO0).,(CPh)(100) has a pseudo-octahedral

a
structure.!26 The W-C(carbyne) and W-CO distances are 1.88(10) and 2.14(10)4,

respectively.
Et3P I
\ 7/
Pt
Me—C PEt; OC g

N \ /

s %
ci
(99) (100)

(b) Other Group IV donor ligands

A linear Co-I-Co bridge has been found in the diamagnetic form of
Col, (CNPh)y, which proves to contain the dimeric cation (101).127 The Co-I
distances are unusually long: terminal, 2.766(3); bridging, 2.890(2);
sun of covalent radii, 2.657\.

The di-t-butylstannylene complex Bus(py)SnCr(CO)s (102) contains unusually
coordinated tin.l128 The Sn-C distances are long (at 2.24;) compared to

o
Me3SoMn(CO) 5, and the Sn-Cr bond length is 2.654(3)A. The bond angles
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correspond to a situation intermediate between a planar SnCrCp; group (with

pyridine perpendicular) and a tetrahedral SnCrC,N group.

(c) Nitrogen-domor ligands

Porphyrin derivatives. In Ru(CO)(py)(TPP)(103), the metal arom lies
0.0794 out of the porphyrin plane on the CO side.l!?9 The trans effect of the
CO group results in a long Ru-N distance [2.193(4);], compared to the Ru-N{(porphy
bond [2.052(9);]. Structural parameters for the porphyrin ring agree with those
found for Ru(CO)(Etos) (TPP).130

The nitrosylcobalt porphyrin, Co(NO)(TPP) (104), has a square pyramidal
structure, with a bent NO group [angle Co-N-O, 135.2(8)°]. The molecule is
disordered in the crystal. Th= metal atom is estimated to lie 0.096(52);
above the porphyrin pl::'.ne.131

The dinuclear u-OEP[Rh(CO)3], (1053) contains the two metal atoms above
and below the porphyrin plane, both having square-planar coordination.
Oxidation in CHClj; affords the rhodium(III) complex, in which only one metal

atom is associated with the porphyrin.]32

Ph
Ph

Ph
Ph

Ph

(104)
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Poly(pyrazoilyllborate complexzes. The structure of
Mo [Et>B(pz) 3 1(CaHs) (CO) 2 (Bpz) (106) was determined during attempts to study
Mo[Et,B(p2)2](C3Hs)(C0)5.133 The uncoordinated pyrazole nitrogen lies on the
pyrazolylborate side of the molecule; the two CO groups are trans to the two
pyrazolylborate nitrogens. The MoNoBN; ring has a distorted chair conformatiom,
in contrast to examples previously studied. No wmusual features were found in
the structures of Mo[HB(pz) 31(C0)5(CyH7) (107);13% in Mo[B(pz),}(CO)2(CsHs) (108),
two of the four pyrazolyl rings are uncoordinated.!35 1o both cases, the CO
groups lie trans to coordinated nitrogens. The results of the present study of

(107) correct a previous assignment of C and N atoms in one ring.136

< ‘ o

Et ; \,C c —
(=) L N\ i
\B/N,.N\ _co Mo AN M

nng) (107) (108)

The mixed sandwich cation {(CgHg)RulB(pz)4]}PFg (109) contains an
h6-benzene ligand, while the B(pz)y group is only tridentate.}37 The hydrocarbon

ring is fully staggered with respect to the pyrazolylborate group.

N—p < N N c=0
0 e
g ©
Me
(109) (110)
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The structures of the cobalt derivatives, Co[H2B(pz)212 (distorted
tetrahedral)”8 and Co[HB(pz)3], (trigonally-distorted octahedral)139 have been
determined, and are of interest insofar as they represent examples of complexes
containing pyrazolylborate ligands.

Miccellancous. The geometry of the parent pyrazolinme ligand is not
altered on corplexation to an Fe(CO), moiety in (110), where it occupies an

apical position.1%0

(d) Phosphorus-donor ligands

The structure determinationl“! of 2,4,6~triphenylphosphorin-Cr(C0)s (111)
complements that of the n-bonded tricarbonyl reported earlier.l%2 The Cr-P
bond is snort [2.372(4);], and is inclined to the ring plane by 8°.
The phosphorin ring is planar.

The eight-membered phosphonitrilic ligand in PyN,(NMe,)gW(CO), (112)
1s coordinated via a ring nitrogen and an exocyclic N-NMe; nitrogen in cts
positions to a distorted octahedral tungsten atom. Coordination results in

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

Me
() € ,/ Me
()
Ph OC—W/Me N N Me TMe
cC C \
\/ ©
Ph P Cr —CO ‘ Me N
/ Me—nN—P N e
c C Me N- \ Me
o O / }““—hde
Ph Me Me
(111) (112)

consisting of twonearly planar segments, with umequal ring bonds.143

Reactions between arylcoppers and bis(diphenylphosphino)methane afford
the arerne and an wnusual copper-phosphine complex, characterised structurally
as [Cu(PhpPCHPPh,)]1; (113).1%"* 1In this, one copper is attached to the

methine carbons of two ligands which bridge the other two copper atoms by
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conventional P-Cu o donor bonds. The three metal atoms thus form an isosceles
triangle [basal Cu-Cu, 2.836(4); side Cu-Cu, 3.146(3) and 3.112(4)A). The
structural non-equivalence of the copper atoms suggests a formulation
[Cu(PhaPCHPPh3) 5.Cuz (PhpPCHPPh3) ], containing formally bi~ and half-valent copper
atoms. The complex can also be obtained from CuBr and LiCH(PPhjy);.

Pyrolysis of hydrido-iridium phosphine complexes in dimethylformamide
affords [Ir{(CO)(PPhj3)(PPhy)], (114), in which the Ir-Ir bond [2.551(1);] has
a formal order of two.l%3* The structure is related to that of
[Ru(NO) (PMaPh5) (PPh;) 15, full details of which have now been published,!%6
and in which the Ru~Ru bond distance [2.629(2);] is also consistent with a
double-bond. In [Ir(NO),(PPh3)]» (115), the Ir-Ir bend has a normal single
bond length [2.717(1);].1“7 Apart from the shorter Ir-P distance in (115),
all other structural parameters are comparable with those found in

[Ir(NO),(PPh3),] . 148

Ph e
AR =Roe o PPh;
o \fen i/ \or c Ph, /
T T \\\lr:::ft:::lr
I \ //// T~p— \\\
__P P Pha c
Ph™ /N~ ph PPh3 o
Ph S ph
(113) (114)
o
Ph N O
\ ;’h
——p—1r
Ph , \I{ p— Ph
Ph 2; /
4 Ph
o]
(115)

Comparison of the structures of [M(CO),(PEt3)], (116; M=Mo or W) reveals

* See also the earlier repcrt: R. Mason, L Sétofte, S.D. Robinson and M.F. Uttley,
J.Organometallic Chem., 46 (1972) Cél.
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similar structural paraméters for the M;P, rings, with metal-metal bond
lengths of ca. 3.05A.149
A complex originally described as Fe,H(CO)g[P(p~tol)s] has been shown to
¢.._ain a bridging hydroxy group (117), with an overall geometry typical of
Fe2(C0)gX> complexes.150 The two Fe-0 distances are 1.969(6) and 1.974(6)A.
Two isomers of Br{CO);Mn(triphos)Cr(CO)g [triphos = PhP(CH,CH5PPhy) 2]
result from the phenyl riang attached to the central phosphorus atom being
trans [a,(118) ] or ¢isiB8,(119)] to the bromine relative to the five-membered
chelate PCCPMn ring. The chromium is bonded to the -CH,PPh, group in both

complexes. 151

7
O\ C
C\I °
Et c—
/
O_-~-M R
\P/c \ =t H I
Et/ \! P/ OC o P~ ©
R
— 1\ Fe Fe
o—C e Et 4 /\\
c” C C
CIZ o o o) C (o]
o
(116) (117) R = p-tol
Oc /CO OC -
O CO OC—>G<CO Br—Mn-CO
Co
}M/,Br H,C— P pn—f P en,
oc ~Ph N \ Ph
p/ _ \ ph” c- HoC /
Ph— P CH, ph H, He o P
AN CJ _co
Hg_CHz OC"'\C
c O
(118;a) (119;,6) ©

The structure of Co(CO),(NO)(AsPh3) has been reportedlsz; the cobalt
is approximately tetrahedrally coordinated, and the NO and CO groups are

disordered. The complex catiom in [MoCl(CO),(diars),]I3 (120) forms a
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capped trigonal prism, with Cl in the capping position, and four arsines
occupying the capped quadrilateral face.l!53 Some comparisons with the
coordination geometry in [Ho(CN'But)GI]+ are made.
Me 0 M
e
A I As
74

™M /\ Me

s/
e
\As
\ Cl
Me hﬂe
(120)

(e) Group VI donor ligands

The hydrolysis product of the complex obtained from W(CO)5(THF) and
Ph3P:C:PPh3 contains the Ph3PCHP(0)Ph, ligand bonded to tumgsten through
oxygen (121).15% The multiple bond is equally distributed cver the two P-C
bonds [1.690(10)2], resulting in a longer P-O0 bond [1.523(8);] than in Ph3PO.
The W-0 bond distance is 2.199(7);.

In (CgHg)2TiS,(CH)> (122), the TiS, plane is folded out from the
S,CoHy plane by 46.1°. The C5 rings are staggered, with their planes
intersecting at an angle of 51.2°.!55 In the tungsten complex (CgHg)WCCgHy

(123), the sulphur ligand is folded by 8°.156

Ph
\\\P//’
»~ Ph
o 7
o T HE
e
OC’W\\O’I\Ph
[ <o Ph
C
o
(121) (122) (123)

The complex [(CsHs)Fe(SEt)S]l, (124) has been considered as a model
compound for ferredoxin. The two iron atoms are joined by a planar Fe-S-S-Fe

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

References p. 269



254

S—Fe
Et\z S \
s
S\l S~Et
/

Fe

(124)

The Me3PS ligand in Cr(CO)s5(SPMe3) acts as a simple S o-dounor 1igand,
with a Cr-S distance of 2.510(2);; its trans influence 1s reflected in the
Cr-CO(trans) and Cr-CO0(cis) bond lengths of 1.815(8) and 1.900(4);
respectively.l138

Sulphur dioxide complezes. The reaction between S0, and NaFe(CO);(CsHs)
affords two complexes containing sulphur dioxide bridging irom atoms. 1In
{(CsH5)Fe(C0) 51,50, (125), the SO, has "inserted” symmetrically between the two
iron atoms.’3? The minor product (CsHg)aFes(C0)3(S03) (126) contains two

CgHg) Fe(CO) groups linked by an Fe-Fe bond, bridged by one CO and the SOp
1.'lga::1d.15‘0 The cyclopentadienyl groups are c¢is. The Fe-Fe bond distances in

the two indepent molecules differ by 0.0137 (or c4. 9¢), and are rather longer

than those fourd in related molecules.

o (o)
? ] QA
-G cO ~ /‘o\ »
:

_Fe e “Fa -
o€ \ \ I\
C C c
C ‘G O O o)
o
(125) (126)

The complex Pd3(502)2(CNBut)5 (127), obtained from excess SO, and
Pd(cNBuc)z, contains a triangular Pd; cluster, two sides of which are
bridged by SO, ligands. 1Two of the isocyanides are nearly in a bridging
conformation, which may offer an explanation for the solution n.m.r.

behaviour (equivalent isocyanides) of the complex.l6l The platinum
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(127)

derivative Pt(S03)(PPh3)3 is a trigonal pyramid, with an apical SO, ligand.
The absence of significant n-bonding is indicated by the long Pt-S bond

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

metal, e.g. by dioxygen.162

FERROCENE AND BENCHROTRENE DERIVATIVES

Recent structural investigations have been devoted to studies of
absolute configurations of various optically active derivatives of the parent
ferrocene and benzene-Cr(CQ)3; molecules. Homoannular cyclisation of
ferrocenyl(methyl)butyric acids has given methylated ferrocenocyclohexenones;
(-)-2,3-ferroceno-5—2xo~methylcyclohex-2~en~1-one (128) has the absolute
configuration 2R¢55¢.36%3 The two diastereomeric (racemic forms) ethylphenyl-o-

methylbenchrotrenylmethanols have structures (129; m.p. 89°) (lrp, Re + 1Sp, Sc)

(128) (129) mp. 89°

and (130; w.p. 163°) (1Rp,Sc + 1Sp, Re)16% and one racemic diastereoisomer of
methylethyl-0 -methylbenchrotrenylmethanol (m.p. 66°) has the configuration (131)

(RpSc + SpRc); the isomer, m.p. 82°, is thus (SpSe + HApRe). These structures
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OC\ Co
Et
N
~ '
Ph™ &4 %
Me
(130) m.p 163° (131) mp 66°

confirm the major conclusions of an extensive discussion on asymmetric

induction ia the benchroirene series.165

BEYDRIDE COMPLEXES

The coordination geometry in HyMo(PMePhj): is a distorted dodecahedrom,
the bhydrogen atoms (which were located) forming an elongated tetrahedron, while
the four phosphorus atoms form a flattened tetrahedron, midway between the
ideal tetrahedron and square planar. Two Mo-P distances [2.433(2) and 2.503(8);
were found, and the average Mo—H bond length is 1.70(3):\.155 A structure for
Refig(PPhy) 3 (132) has also beea proposed, based on the location of the four

heavy atoms; the rhenium lies 0.49A out of the P3 plane. The hydrogen atoms

were not located.i%7 Both complexes are fluxional in solution.

NITROSYLS, ARYLDIAZO COMPLEXES, AND RELATED COMPOUNDS

A further contribution to the discussion centred around the bonding
of linear and bent transition metal nitrosyl complexes appeared recently.l68
The energetics of distortion are apparently determined to a large extent by
the energies of only two MO's, and suggested energy level schemes for M(NO)Xn

(n=3 and 4) are given. From these, intermediate geometries (between 120° and
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180°) appear unlikely for five-coordinate d8 nitrosyls, whereas for
four-coordinate complexes, the activation enargy for interconversion is very
low, giving the possibility of intermediate geomatries. Such have been found,
e.g. between 153 and 166° for some Co, Ir and Ni complexes. The importance of
the low-1lying n* orbital in NO (unlike CO or Nj) in relation to this discussion
is emphasised. In the review previously mentioned, eight complexes (out of 52)
have M-N-O angles between 120 and 128°.

Several nitrosyl complexss have been mentioned previously in the above
survey. In some of these, the NO group is linear [{Ru(NO)(PMePh,)(PPhs)},, 174°;
Co(C0) 2(NO) (AsPh3) (disordered with CO0)] whereas in Co(NO) (TPP)(104), the angle
Co-N-0 1s 135°, gnd in [Ir(NO)2(PPh3)],, it is 167°. 1In barium nitroprusside,
Ba[Fe (CN) 5(NO) ].2H50, the anion forms a highly distorted octahedron, with an
Fe-N-O angle of 166(4)°.169

The analogies between N0+ (1inear M-N-Q) and Aer+, and between NO
(M-N-O angle cz. 120°) and ArN, have prompted structural studies of several
aryldiazo complexes. Until 1973, the few examples of such complexes had linear
M-N-N(Ar) groups [ReCl,(NoPh)(PMesPh) 3,170 Mo(N,Ph) (CO),{HB(pz)3}l7! and
RuCL3(N>CgHyMe) (PPh3)5172), or bent as part of a five-membered chelate ring
[ {IrCl(NENCgH3F)(CO) (PPh3)217173]. The structural parameters of the aryldiazo-
metal molety are summarised in Table 2. The first example of a bent M-N-N(Ar)
group has been found in the cation [RhCL(N,Ph)(tpp)l’ (133)

[tpp = PhP{(CH,)3PPhs}s], where the angle at the nitrogen atoms are 119° (NPh)

and 125° (MRh).17%

Ph
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A further example of a three-electron nitrogen domor ligand is the
dialkylmethyienamino group. In (c5H5)HO(C0)2(N=CBU§) (134), the short
Mo~N bond [1.8%92{5)A} supports the idea of considerable back-bonding, as does

the Mo-N-C angle [171.8(4)°], which indicates formal sp hybridisation.!?5

DINITROGEN COMPLEXES
A linear dinitrogen bridge between two different transition metals has
been counfirmed in [(PhMe,P),ClReNoMoCly(QMe) ] (135), prepared from
ReC1(Ny) (Pte,Ph); and MoClu(THF), in methanol. The lengthening of the N-N
bond (1.212) aticipated from the low v(NN) value of 1660 cm~! is accompanied
by shortening of the Re-N and Mo-N bonds (1.79 and 1.89;, respectively).1?8
Although most dinitrogen complexes contain a linear M-N:=N moiety,
side-bonded complexes have been assumed in the natural nitrogen fixation process.
Suck compounds would involve the nitrogen lone-pair in the formation of
olefin-like complexes. The pnew complex [(PhLi)gNiyN,(OEt2)2], (136), obtained
from all-trang-1,5,9-cyclododecatrienenickel with phenyllithium and dinitrogen,177
has been found to process a a-dinitrogen ligand. The Ni-~Mi bond is bridged by
the Ny molecules, which are linked via two lithium atoms to form a
six-membered LiN»LiN»> ring; the two halves of the complex are linked via phenyl
groups bridging lithium atons. Each pickel atom is bonded to two phenyl

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

(135) P =PMe,Ph (136) Internal LI-Ni-N, skeleton



(-]
from nickel to the dinitrogen molecule, which is lengthened to 1.35A.

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

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

atoms.!78
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TABLE 1 Metal-metal bond length dztermirations (1973)

Bond Length(;) Complex Reference*

Ti-Si 2.159(13) [¢CsHs5)2T1(SiH3) 1o 1-8

Ti-Ti 2.910 [(CgH,)TL(B)ALEL, ]o 2-79

V-V 2.462(2) (CgHg) 2Vo(C0) 5 1-17

Nb-Nb 3.115(3) [(CsHs) (CgHy,INBH], 1-82

Cr-Sn 2.654(3) (py)Bu3SnCr(co) 5 2-128

Cr-Re 3.435(1) HCrRe (CO) 1o Cr-H-Re 1-19

Mo-Li 2.70(av.) [(CsH5)Mo(HILi], 2-82

Mo-Al 2.65-2.69 [(CsHsg) (CsHy )Mo (H) AlMe, JAlMe 2-81
2.65-2.69 [ (CsHy) oMo (AlMe ;) (AlMe) 1, 2-81

* Reference nurbers relate to Parts 1 and 2, as denoted by prefix.
Part 1 J. Orcranometal. Chen., 75(1974)335-39kL,



Mo-T1

Ho-Mo

Mn-As

Mn—-Mn

Mn-Fe

Re-Re

Fe-As

Fe-Sb

Fe-Fe

2.965(av.)
2.705(2)
2.954(1)
3.057(6)
3.230(1)
3.017(1)
3.05(1)
3.329
2.402(2)
2.564(6)
2.350(3)
2.571(1)
2.871(2)
2.904
2.971(2)
2.848(4)
2.760(4)
2.799(5)}

3.04(05)

2.348(2) (av.)

2.356(3)
2.440(2)
2.34

2.462(3)
2.491(8)
2.500(3)
2.511(2)
2.512(3)
2.516(2)
2.525(3)

T1[Mo(C0)3(CsHs) 13
[HoS(SCNPr%)(SZCNPr%)]z
[MoBr(C0)2(CyPhy) 12
[Mo(CD) 4 (PELZ) ]2
Mo2(COD) 5(CiMe) (CsHs) 2
(NEty,) > [HoW2(CO) 6]
[W(C0) 4 (PEL2) ],

HW; (C0) g (NO) W-H-4
Mn (CD) g(SiPh3)
Mn[Si(SiMe3)3]1(CO)s
(MeoAs)FeMn{(CO) g

[Mn (CO) (NO) (CsHs) 12

Mn, (CO) g(SiPhy) 2

Mn, (CO) g (PMePh)
Mnz(CO) g(fy fars)
(MeoAs) FeMn(CO) g

(terpy)Cd[Mn(CO)s5ls

Re,(CO) g

As,[Fe(C0D)3];3
(Me5As) FeMn (CO) g
{C1,Sb[Fe(C0)5(CsHg) ]21SbaCly
[FeoH3(triphos),]PFg
(C12H16)Fez(C0)¢g

[Fe (CO) (u-COALEL 3) (CsHs) 12
Cy, (0S1Me 3) yFe, (CO) g

Fe, (CO) ¢ (OH) [P(p-tol),]
Fe2(C0) 4 (CsHy ) 2SiMe,
[PhSFe (CO) 315

(C5H2Bry)Fes(CO) g

1-138, 2-149

1-18

2-150
2-85
1-147
1-63



Fe-N1

Fe-Au

Re-Si

Ru-Ge

Ru-Ku

2.553(2)
2.597(2)
2.597(1)
2.615(2)

2.62

2.623(4)
2.638(2)
2.739(3)
2.767(4)
2.786(2)
2.797(1)
2.869(1)
3.062(4)
2.440(2)
2.818(9)
2.456(4)
2.49
2.629(2)
2.741(1) (av.)
2.794(2)
2.836, 2.840
2.86 }
2.862(3)
2.937(2)
2.944(5) (av.)
3.05

2.680(2)
2,731
2.744(2)
2.757

[(CioB11)Fe(0)2 12
Fe, (CoPh) (C0) 5 (PPh))
Fe, (C0) 3(S03) (CsHs) 2

(HEzP)F22(CO)5(C535) molecule 1

C(OMe ) CH. CH(:CPh,) C(OMe) Fe (C0) ¢
As,[Fe(C0) 313

(Me2P) Fe2 (CO) 5(CsHs) molecule 2
Fe, (CO) 5 [Me ,NCH. CgH 3CH. CgHy, ]
[Fe2{S2Ca(CF3) 2}y ]~

(Ci10H 2)Fe3(C0)¢g

(CgFy)Fep(CO) g

(f,asp) Fe,(CO)y

[Fe,(SMe) 3(C0) 61"
(CsHg)Ni1(PPh3) Fe (CO) 3(C2Ph3)

[FcAu, (PPh3) 2 IBF,

Rup (€0) 5 (SiMe3) (C7HESIMe 3)

(CgHg) [Ru(C0) 2(GeMe3) 12

[Ru(NO) (PMePh,) (PPh3) I

(az)Ru3(C0) COo-bridged
Ru3(C0) o (HC2Bu®)

Ru3(C0)g(C7H7) (C7Hg)

Ru,H({C0) ¢ (C3gHq0)
Ruj (C0) 5 (SiMe 3) (C7HgSiMe 3)
(az)Ru3z(CO) 7

(Cglg) [Ru(CO) 2(GeMe 3) 12

083(C0) 7(C5Ph5) (CyPhy) 0s(1)-08(3)

095(00)13 050—050

053(m)7(C2Ph2)(C|‘Ph|‘) 0s(2)-0s(3)
I I

0sg(C0) 8 0s -0s
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Co-In

Co-5Sn

Ru-C

Rh-Rh

Ir-Ir

Ni-Li

Ni-Ni

2.793
2.80
2.801
2.814
2.820
2.89, 2.92
2.594(3)
2.542(2)(av.)
2.564(3)
2.591(3)}
2.602(6)
2.216(av.)
2.256(av.)}
2.498(5)
2.504(2)
2.626(4)
3.172(5)
-295(¢av.)
3.330(5)
2.134(6)
2.630(1)
2.776(3)
2.817(2)}
2.9064(10)
3.090(3)
2.551(1)
2.717(1)
2.58-2.79
2.370, 2.466
2,388(1)
2.444

Osg(C0) )18

H;0s3(CCH3) (CO)q
Osg(CO) ;g

0s3(C0) 7(CzPhz) (Cy4Phy)
0sg(C0) 18

H,0s 3(CCH,) (C0) g
Ln[Co(C0)y]3

[Co(CO) (SnMe3) (CsHs) ]2

(acac)2SnCo» (C0) 7

BrSnfCo(C0)y]3

CoyPy(CsHs)y

Co, (C0) 4 (SEt) g
CoyuP(CsHsg)y
(acac) 25nCo2(C0) 7
[C°u59(0535)31+
Co,S4(CsHsg)y
[CoySy(CsHs)y "
[RhgC(C0) 1512~
[Rh(CO) (PPR3)>5 1>

[RhgC(CO) 3512~

[ {CsMes)RhC1],HCL
[RhC1(MeCsH2) 2 1o
[Ir(co) (PPh3) (PPhy) I,
[Ir(NO)2(PPh3) )2

[ (PhLi) gNisN, (OELs) 1o
iNi(CyFg) (C5Hs) 1y
[N1(CoH,) (PCy2) 1>

Ha [NL(PCy2)2(CH3) 3]

Os " —0s
0s(1)-0s(2)

osl-0s7!

bond order 0.5

non-bonding

basal

1-12
2-14

1-11

1-30

1-32
1-32
1-29

1-21

1-22
2-61
2-142
2-147
2-178
2-53
1-33
2-97



2.46(av.) H3[Ni(CsHs5) 1y 2-22
2.687 [ (PhLi)gNioN2(OEt2) Jo 2-1/8
Pd-Pd 2.639(1) [Pd(CsHs) 1,C2Phy 1-44
2.734(4) Pd3(S0,) 5 (CNBub) 5 S0,-bridged 2-161
2.760(3)}
Pt-Si 2.317(4) (+)-PtCL[SiMe(nap)Ph] (PM5Ph) 5 1-13
Pr-Ge 2.391(3)-2.424(3)) Nue,[Pt(GeCl3)sl 2-15
2.480(3) }

Pt-Pb 2.698(9) PtPh(PbPh3) (PPh1)5 1-14
Pt-Pc 2.944(2) Pt (0Ac) g (NO) > 1-175
3. 311(2)} non-bonding
Cu-Cu 2.417 [CuQ,SiMes) 1a 2-38

2.836(4) [Cu(Ph,PCHPPh,) 13 basal 2-144
3.112(4), 3.146(33 side
Au-Au 2.768(3) [FcAup(PPh3) 5 IBF, 1-159

2.932(2)-2.990(2)} {Aug[P(p-tol)3}g}(BPhu),

3.043(2)-3.091(2)

TABLE 2 Geomztries of aryldiazo groups in metal complezes

Complex Aryldiazo group Reference

1.825 _ 1.211
N 171
Mo (¥=NPh) (€O) , [HB(pz) 3] Mo =N

174° 121:\\Ph

1.80 2

1.23
NPh)C1 Ph ge -1:80 N 170

Re(N= )Clp(PMegFh) 3 S K/\

172° 118° “pPh

1.796 . 1.144

Ru(N=Ntol-p)Cl 5(PPh R N 172
3 ( [-] p) 3( 3)2 u &D \

171.2° 135.9%tol
{Rh(N2Ph) C1[PhP(CH,) 3PPha 11" Rh 174

125° .17

N,




