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ABBREVIATTIONS

Ph=~phenyl

Vy—~vinyl

TCNE~-~tetracyanocethylene

Me=wmethyl

THF--tetrahydrofuran

Bt-wethyl
triphos-—bis(2-diphenylphosphinoethyl)phenylphosphine
iPr-—isopropyl

tBu-—tertiary butyl

NRy-~-normal butyl

Ac--acyl

Cp--T-CsHs

Dy--pyridine

bipy--2,2!'-bipyridine

diphos--1,2-bis (diphenylphosphino )ethane
diars--1,2-bis(dipHenylarsino Jethane
phen--1,10-phenanthroline

pPZ~-pyrazolyl

Ar-~aryl

Introduction

The increasing volume of work in organometallic chemis-~
try has necessitated the reduction of overlap in coverage in

Annual Surveys. Accordingly, as has been the case in the

past few years, structural determinations for Group VIB orga-~
nometallic compounds will not be dealt with in this review.

In addition, duplication of material covered in the section,
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"Organic Reactions of Selected T-Complexes”" will be minimized.
The reader is referred to the review, "Organometallic Struc-

ture-Transition Metals" elsewhere in Annual Surveys for struc-

tural determinations of Group VIB organometallic compounds.
Doctoral dissertations are listed separately in this

survey and were reviewed by abstract only.

i

Dissertations w\ﬁ

Doctoral dissertations which have déalt wholly or in
part with topics falling within the scope of this review may
be ordered from University Microfilms, 300 North Zeeb Road,
Ann Arbor, Michigan, 48106; the microfilm order number for
each dissertation is included in the bibliography.

Bondl has investigated the mass spectra and bonding in
Group VIB metal pentacarbonyl compounds of the form M(CO)sL
(where M = Cr, Mo, W znd L = trivalent compounds of N, P, As
and Sb, or pyridine). Approximate molecular orbital calcula-
tions on large, low symmetry transition metal complexes of
the type M(cO),_,L.  (where M = Cr, L =C1, Br, I and x =1
and 2) were carried out by Hall . The electrochemical re-
duction of Cr(CO)es to produce the Cr2(00)9—4 anion has been
studied by Halma, while Schlientz4 has investigated reactions
of Group VI metal dinuclear carbonyl dianions, MZ(CO)10= (M =
Cr, Mo, W) with mercury and silver salts. Myrotts has exam-
ined the °*P nmr spectrum of W(CO)5;(QP), where QP = (o~CeHg~
PPh, )sP. Infrared studies of Group VI metal carbonyl deriva-
tives of the type IM(CO)s and (L-L)M(CO). have been investi-
gated in both the CO and metal-carbon stretching regions by

8
Brown. Kinetic and vibrational spectral measurements have
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been carried out on a variety of Group VIB metal carbonyls
by Jernigan.7 The reactlons of electrophiles with M(CO)4L2
(M = Mo, W; Lp = 2,2'-bipyridine, 1,10-phenanthroline) and

- Mo(c0)2(diphos), (diphos = 1,2-bis(diphenylphosphino)ethane)
have been reported by McDonald.e Benedict9 has reported the
synthesis and characterization for a number of new cyclo-
pentedienylmetal cations, including T-CsHsM(CO)a (L)(L')T,

(M = Mo, W; L and L' = CO, CNCHs, P(CeHs)s and P(OCH3)s).
The results of the reactions of these cations with the nu-
cleophiles CgFsli and NaBH, were also reported. Transition
metal complexes of heptafulvene, including attempts gt the
preparation of a heptafulvenechrominum tricarbonyl complex,
are described by Ehntholt.10 Adcockll has reported the pre-
paration and characterization by i.r., nmr and uv-visible
spectra of tricarbonylchromium(0) complexes of hexamethyl-
borazine, B-monophenylpentamethylborazine, B-monoethylpenta-
methylborazine, and N-triethyl~B-trimethylborazine. The
chemistry and ligative capacitlies of a number of inorganic
cage molecules [P.Sa, P4SzI», AS4Sa, Ass(NCHs)e, Ps(NCHa)e
and PsSezIl-] with Group VIB metal carbonyls have been in-
vestigated by Willingham.12 MacInnesla has reported reac-
tions of a new compound 1,2,3,4,5,6-hexaphenyl-1,4-diphos~
phacyclohexa-2,5-diene (L) (prepared from (PhPLi)x and cis-
1,2-dichloroethylene) with Cr(CO)s to yield Cr{(co)sL. Reac-
tions of derivatives of phenarsazine c¢hloride with Cr(C0)se
and Mo(CO)g have been exsmined by Hunt. Sigma-allyl
analogs of transition metal carbonyls, including MeZVyEM(CO)x
(E = Sn, Ge and M(CO), = (7-CsHs)Mo(CO)s, (m-CsHs)Mo(CO)z-

(PPhs ), and others), were synthesized and investigated by
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1s 18
Job. Su has reported reactions of TCNE with several

alkyl, alkenyl, and alkynyl complexes of substituted molyb-
denum carbonyls to form addition products. Stanclift17 has
described the preparation and spectral properties of transi-
tion metal carbonyl complexes of constrained bicyclic phos-
phite esters, including M(CO)e_xIx (x = 1-3, M = Cr, Mo, W,
and L = P(OCHz )3CR where R = CHsz, CpHs, or CsH;), w-CsHs-—

Mo (CO)oLX and 7-CsHsMo(CO)LoX (X = Cl, Br, I). The synthesis
and structural characterization of some novel organcmclybdenum
sulfur cluster complexes have been reported by Vergamini.ls
Chan19 has studlied the crystal and molecular structure of
(m=CsHs )oCrz (NO )2 (NH2) in which the two chromium atoms are
linked by a Cr-Cr bond and bridging nitrosyl and amido groups.
The crystal structure of benzocyclobutadiene chromium tri-
carbonyl triphenylphosphine has been determined by single
crystal x-ray diffraction techniques by Oliver.20 The crys-
tal and molecular structure of m-allyl-dihydrobis-(3,5-di-~
methyl-l—pyrazolyl)boratodicarbonylmolybdenum has been re-
ported by Kosby.21 The crystal structure of MoHB(pz)as(CO)a-
N=Ph has been solved by Nemiroff.22 The x-ray structure
determination of metal-cage complexes, including ,[(CeHg)aNT]a-
[Fe (1,7-BoHoCHPCr (CO)s )2 1, is contained in a thesis by Reis. .
Ple.sta.s24 has reported the crystal and molecular structures

of pentacarbonyl (triphenylphosphite Jchromium(0) and penta-
carbonyl (triphenylphosphine Jechromium(0).

Preparative

Lewis base and related derivatives. Again this year the

literature contains numerous papers which have dealt with
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the direct or indirect synthesis and subsequent characteriza-
tion of simple substitution products of the Group VIB metal
carbonyls. A specific synthesls of monosubstituted deriva-
tives of the Group VI metal carbonyls (IM(CO)s, L = NHa, NCMe,
PHs;, PMes, Me-NCH-CH-NMeo (monodentate) and MezPCH-CH.PMes
(monodentate); M = Cr, Mo, W) has been reported.25 The high
vield (~ 80 %) synthesis consists of reaction of halopenta-
carbonyimetallates with L in CH-CY; and in the presence of a
Lewls acld such as Etz0BF4. The photochemical preparation
and 14N, 1H-NM?R and IR spectra of the pentacarbonyl complexes
of Cr, Mo and W with isothiazole (I), 1,2-benzisoxazole {IT)
and 2-methylbenzoxazoles, -thiazoles and -selenazoles (1I1)
have been reported.zs Linkage isomers of 2-methylbenzthia-

zole with chromium, 2-methylhenzselenazole with tungsten,

and 1isothiazole with molybdenum were observed.

o N
N
M(CO)5N© M(CO)y @/N M(CO)g @[ \>CH3
X

S
I IT 11

(M=Cr,Mo,W) (M=wW) (M=Cr,W and X=0,S,Se;
M=Mo and X=0)

-

The thermal and photochemlical preparation of several
Group VIB penta- and tetracarbonyl complexes of simple and
conjugated P-triphenylphosphorus ylides have been reported

27
by tom Dieck and co-workers (eqns. 1-3).

PhaP=CHR + M(CO)s — M(C0]}s(PhaP=CHR) + CO (1)

(M =Cr, Mo, W, R = Ph; M = Cr, R = CH=CHCHa;
M = Mo, R = CH=CH,, CH=CHCH5;, CH=CHPh)
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2PhaP=CHPh + M(CO)e -
cis~-M(CO )4 (PhaP=CHPh}, + 2CO (2)

(M = Mo, W)

PhaP=CH-CR=CH> + Mo{CO)e —
(Phe P=CH-CR=CH2 )Mo (CO ). + 2CO (3)
(R = H’ CHS)

A variety of organometalarsine Group VIB metal penta-
carbonyl complexes have been prepared photochemically in THF
at room temperature from the organometalarsine and the hexa-
carbonyls.28 Prepared in this manner were the complexes
f(cHs)sM]2AsM' (CO)s, where M! = Cr, Mo, W and M = C, Si, Ge,
and Sn. Monosubstituted derivatives of M(CO)s containing the
novel 1igand [Ph,PlsP are obtained elther by irradiating THF
solutions of M(Co)e in presence of the ligand or according

28
to eqg. 4.

[MezSn1zP-M(CO)s + 3Ph,PCl =
[PhaPlaP-M(CO)s + 3MeaSnCl (4)

The yellow, crystalline complexes M(CO)sttz (where
M = Cr, Mo, W, and ttz = thiazolidine-2-thione) (IV) have
been prepared by u.v. irradlation of toluene solutions of
M{(cO)s and ttz.ao These complexes were characterized by
mass~-spectra, i.r. and nmr which indicated that the metal-
ligand bond tekes place through the sulfur atom of the thio-~
ketonic group. Quantum yileld studies carried out on these
systems indlicated a SNl—type mechanism for these processes,
first-order in M(CO)g and zero-order in thiazolidine-2-
thilone.
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31
Mathieu and Poilblanc have reported the preparation

of penta~ and hexasubstituted derivatives of Group VIB metal
hexacarbonyls. The following complexes were prepared by ex-
tensive irradiation of pentane solutions of the carbonyls with
excess of ligand; MLg(M = Cr, Mo, W and L = n-CzH,0PF- and
P(OCHs)=F), Mo[P(OCHs)sle, M(CO)Ls (M = Cr, Mo, W and L =
P(OCHs )5 and CHaP(OCHa)z, and Cr(CO)[CH3OP(CHs)21ls. Infra-
red and nmr data were reported for these complexes. The
degree of substitution was discussed in terms of the elec-~
tronic and steric properties of the phosphine llgands.
Photochemical substitution reaction of M(CO)SL com-
pounds with Lewis bases (eq. 5) (where M = Cr, Mo, W; L =
an amine or phosphine; L' = an amine, phosphine, or 13CO)
have been studied by Schwenzer, Darensbourg and Darens-
bourg.32 The preparation of new mixed phosphine-amine li-
gand compounds of molybdenum and tungsten was achleved in

good yield by this procedure.
hv
M(CO)sL + L' —+ M(CO)4LL' + CO (5)

The cis-disubstituted products obtained from irradiation of
13
the pentacarbonyl phosphine complexes, based on CO sub-

stitution and trans = cls studles, were proposed to result
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from initial formation of the trans isomer followed by a

trans — cis photochemical isomerization.

2-Substituted 1,3%,2-benzodioxaphosphole derivatives of
#W{C0)s have been prepared from reactions of the appropriate
ligands (V) with the W(CO)sTHF complex.33 Attempts to pre-
pare other derivatives (e. g. X = NCO, NSC, SCegHs, SCHz, and

OCHs) of CgH40-P(X) led to unstable compounds.

Todd and Beer34 have reported the preparation of novel
Group VI metal carbonyl derivatives of substituted phospha-
and arsacarboranes mw-bonded to iron. The stoichiometry of
the complexes of proposed structure (VI) is [1,7-BgHgCHE-
M(co)s ]oFe™ where E = P or As and M = Cr, Mo, W. In addition
neutral complexes such as 7,8-BgH, (3-bromopyridine JCHP-Cr(CO )5
have been prepared.

Bowden and Colton35 have investigated reactions of o-,
m- and p-tritolylphosphine with M(CO)e (M = Cr, Mo, W) under
a variety of conditions of temperature, u.v, irradiation, and
molary ratio. Products of the general formulae M(CO)SL and

cis- and trans—M(C0)4L2 were prepared. A novel series of
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derivatives with tri(gftolyl)phosphine (L') were isolated
‘which on the basis of i.r., nmr, and mass spectral data were
formulated as m-L'M(CO)a derivatives. The nature of the reac-
tions and the properties of the products obtained were ex-
plained In terms of steric effects. In addition, reactions
of M(CO)sX> (M = Mo, W; X = Cl, Br, I) with o-, m- and p-
tritolylphosphine have led to formation of products of the
types M(CO)alaXa, M(CO)aLaXa, [IHI[M(CO)sLIs].” The oxide-
tion of trans-M(C0)4(PPhs)> with halogens and the reaction
of’ PPhas with M(CO)4I2 have been reinvestigasted along with a
study of the corresponding reactions with tritolylphos-
phines.

. Reactions of the potentially bidentate ditertiaryarsine
ligand, (PhpAs}>CHp (dam) with M(CO)e (M = Cr, Mo, W) have
been studied.37 The complexes where dam is acting as & mono-
dertate ligand M(CO)s(dem), M(CO)4(dam)2, and M(CO)s(dam)a
and a bidentate 1ligand, M(c0),(dam) have been prepared.
Another complex of the -formula M(CO),(dam) (M = Cr, Mo) has
been prepared. The results of i.r., nmr and mass spectra
could only be explained on the assumption that dam was bound
to the metal by an arene 7 linkage and by one As atom. This
novel structure was conflrmed by single crystal x-ray d4dif-
fraction studies on the chromium compound.

wW(CcO)s has been found to react with azoles to form
1w (CO0)s and L.W(CO), complexes, where I = benzoxazole,
benzothiazole, 2-methylbenzothiazoles, l-phenyltetrazole,
l-methyl-, l-ethyl-, 1,2-dimethyl- or 3,5-dimethylimida.zole.sa
The complexes were prepared by u.v. irradiation of W(CO)e in

the presence of L. Dipole moments of the 3,5-dimethylpyrazole
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derivatives were determined to be 6.8-9.3 D for ILW(CO)s and
>10 D for I-W{CO)s. A cis geometry was therefore assigned

to the I.W(CO), species. Similarly, I4(CO)s and L=M(CO),

(M = Cr, W; L = l-methylimidazole, 3,5-dimethylpyrazole,
1l-phenyltetrazole or (VII) where R = Me or H; X = EtN, MeN,
PhCH;N, S, or 0) were prepared from M(Co)s and L.s-e The com-
plexes were characterized by dipole moment measurements and
infrared spectra. The ligands L were bonded to the metal

via o-N bonds.

SRS

VIII

PM(CO)g

(M=Cr,Mo, W)

The monosubstituted products (VIIT) of the Group VIB
metal hexacarbonyl with triferrocenylphosphine (TFP) have
been prepared from M(CO)s (M = Cr, Mo, W) and TFP in re-
fluxing.diglyme.éo From the calculated Cotton-Kraihanzel
CO stretching force constants, TFP was concluded to be a
better donor ligand tnan triphenylphosphine.

The displacement of THF from the photochemically gen-
erated M(CO)sTHF moiety (M = Cr, Mo, W) by EtoNPF, has af-
forded M(CO)sPFaNEtz complexes.41 The oxidation of
Cra(CO)u;.m2 with HgCle in THF has also afforded Cr{(CO)sPFz-
NEtz. The M(CO )sPFoNEt, derivatives were found to react with
HBr to give the M(CO)sPFzBr derivatives.

The reaction of mercuric mercaptides with Ms(CO0)ig

(where M = Cr, Mo, and W) has been shown to be the best
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method for the preparation of derivatives of the type
M(CO)SSR‘.42 Complexes prepared in this manner were: M(CO)s-
SCFz~ (M = Cr, Mo, W), and W(cO0)sSR™ (R = CHs, CgHs, and

(CHs )sn(CHa)3). All the monoculear mercaptide derivatives
were isolated using the bis(triphenylphosphiniminium) cation.
Cis bis-substituted products were obtained from irradiation
of W(CO)sSR™ salts in THF with PhsP (R = CHa or CFz). Infra-
red, nmr and conductance measurements were carried out on
2ll complexes.

Perfluoropropenyl anionic derivatives of Group VI metal
carbonyls were prepared by utilizing the following redox re-
action:

M. (CO)io ~ + 2 trans-AgC.Fr —

2M(00)sCeF7™ + 2 Az (s)

(M = Cr, Mo, W)

ile
F nmr spectra of the three complex anions were nearly iden-

tical to that for trans-AgC,F, indicating retention of the
trans conflguration of the propenyl group.43 The utility
of eq, 6 is further illustrated by preparations of bis(tri-
phenylphosphine )iminium salts of metal carbonyl carbon-
ylates, [RCO=M{CO)s]™ (M = Cr, Mo, W; R = H, CHs, CFa, CzFs,
CeFs) under similar mild conditions (-10°).°  Silver(I) or
mercury (IT) carboxylates were used as oxidants. Physical and
chemical properties of the carboxylate complexes are dis-
cussed.

The reactions of Mo(CO)e and W(CO)s with 1,4-cyclo-
octadiene (1,4-COD) to yield Mo(C0)4(1,5-COD)and an uniden=-
S

tifiable yellow oil respectively have been reported.4

Several deprotonation and subsequent alkylation reac-
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tions of phosphine-metal carbonyl complexes have been re-~
ported.46 M(CO)sL. (M = Cr, Mo, W and L = P(CegHs)2H) and cis-
Mo(C0)sI- were found to react with n-butyllithium to form the
lithio compounds which further reacted in situ with methyl
jodide to yield the appropriate methylphenylphosphine metal
carbonyl complexes.

The trivalent tautomer of dimethyl- and diphenylphos-

a7

phinous acids may be stabilized by molybdenum pentacarbonyl.
The new compounds may be prepared by either route 7 or 8.
Carbonyl complexes containing the unique bridging ligand
systems, diphosphoxanes, were prepared by reaction of the

amine salt of IX with the chlorophosphine complex thus yield-

[C1R-P]Mo(CO)s + HzO (7)
— Mo(CO)sPR2 (OH)
RoP(0)H + Mo(CO)e (8)

(R = Ph, Me) (IX)

ing complexes of the type (CO)sMo-i-~[PROFR>IMo(CO)s. The
compounds (C1RoP)(CO)sMo (R = CHa or CgHs) were also found
to react with a variety of nucleophilic reagents leadlng to
the formation of new (R=PX)(CO)sMo complexes.48 (RzFOR')-
(co)sMo, [R2P(NR"R"!)](CO)sMo and (R2PSCaHs){(CO)sMo were ob-
tained in good yields from the reaction with R'OH (R' = CHg,
CzHs, n-CaHy, 1-CaHy), R'R"'NH(R" = H, R" = R"'! = CHs, and
R" = H with R"! = CHs), and C-HsSH, respectively. HaS and
(C2Hs )aN were observed to react with the chlorophosphine
complexes to give [(CHz)oPSHIMo(CO)s and (CoHs )aNHT[(CgHsg )a=
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PO](CO)SMO—. In addition the latter complex reacted with
(CH3)381C1 to give [(CgHs )2P(0Si(CHz)a)1(CO)sMo. 'H nmr ana
infrared spectral properties of all new complexes were re-
ported.

The stannylphosphine-metal pentacarbonyls {co)sMPPh, -
SnMes (M = Cr, Mo, W) have been found to methylate BCls to
yield the monochlor6 compounds (CO)SMPPhESnMeZCI.49 However,
up to two of the methyl groups were replaced durlng the
methylation of BBrs, yielding (CO)sMPPhoSnMepsBr and (CO)s-
MPPh,SnMeBr,. The complexes were characterized by elemen-
tal analysis and infrared, 1H and alP nmr spectral measure-
ments.

The Group VIB metal hexacarbong@s have been found to
react with tri-tert-butylphosphine, tris (trimethylgermyl)-
phosphine and tris (trimethylstannyl)phosphine in THF at room
temperapure with uv-irradiation to yield the monosubstituted
derivatives, (CO)sMP[M'(CHg)s]s (where M = Cr, Mo, W and M' =
¢, Ge, 5n).” At higher reaction temperature (60°) with
irradistion the bis-phosphine tetracarbonyl derivatives were
obtained, (CO).M[P[M' (CHa)als]a (where M = Cr, Mo, W, and
M! = C, Ge, Sn).

The reactions of bis(diarylstibino)methane, (R2Sb).CHa,
with M(C0)s has led to the formation of the monosubstituted
complexes, M(CO)s(RzSb)2CHz (M = Cr, Mo, W; R = CgHs, p-CHga-
CeHs), whereas bis(dimethylstibino)methane gave the complexes
‘[M(c0)s 12 [(CH3)2Sb]-CH2 (M = Mo, w).'51 From molecular weight,
“H nmr and infrared data, 1t was concluded that bis(diaryl-
stibino)methane behaves as a monodentate ligand and bis(di-

methylstibino)methane as a bridging ligand in these complexes.
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Photochemical reactions of M(CO)e (M = Cr, Mo, W) in THF
with (CHs)2P-P(CHs). were found to afford (CO)sM-P(CHa)z-P-
(CHs )~ complexes. These reacted with another mole of M!'{CO)s
(M' = Ccr, Mo, W) to produce the dinuclear complexes
(CO)sM-P(CHs )2~P(CHz )2 (CO)s. - Pyrolysis of these di-
nuclear species in benzene at 250° resulted in loss of CO
and cleavage of the P-P bond with formation of complexes
of the types (C0).M[P(CHs)z12M'(CO)s which are proposed to
contain Cr-Mo, Cr-W, and Mo-W bonds.

The alr-stable complexes (CO)sW~E(CHgz)2-X-E(CHz)z-
Ww(co)s (E = P, As; X =0, S, NCHs, PCeHs) have been pre-
pared from (CO)sW~E(CHs)oCl and HpX or from (CHg)zE-X-E-
{(CHa)> or (CO)sWPCeHs[E(CHs)z]- and W(CO)STHF.SG The pro-
ducts where X = 0 or S were observed to be thermally fairly
stable, whereas when X = NCHz or PCgHs disproportionation
into simpler carbonyl complexes resulting upon heatingf e.
g. (C0)sW-P(CHs)2~NCH3-P(CH3)2-W(CO)s — W(CO)s + CHaN-
[P(CHs )2 IW(CO)..

M(CO)s (M = Mo and W) were found to react with sodium
pyrazolate in diglyme to yield the pyrazolate bridged tetra-
carbonyl species [(CO)@&LZD'I(CO)‘-,]--2 (X).s4 In addition the
S5~substituted tetrazolate ions (RCN4)-, where R = CFs; and
CH3S, yield the monomeric anionic pentacarbonyl metalates
(M(co)sL]l- (M = Cr, Mo, W). The i.r. and nmr spectra of
these complexes were discussed.

A variety of compounds of the general formula (R4N)a-
[(co)sMxsM(CO)s] (M = Cr, Mo, W; X = F, Cl, Br, I, OH, SCN,
Nz, OCzHs) (XI) have been prepared from areneM(CO)s and

S5S
tetraalkylammoniumhalides and pseudohsglides. Two-member
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bridged complexes with the formula (ReN)z[(CO)sMX2M(CO)sl

(R = C2Hs, M = Mo, X = I and Cl) (XII) were also prepared.
The structures indicated were primarily suggested from con-
ductivity measurements. These reactions were taken to demon-
strate the strong Lewis acid properties of arene~-M(CO); and
provide further support for the contention that areneM(CO)s
complexes serve as effective catalysts in Friedel-Crafts

reactions by promoting ionic type reactions.

o) ®) -3
oc_ § N(——\lN ¢ co Oc X c©
M ™M OC—MZ—X—=M—CO
: @)
s & ¢
X X1

U.v. irradiation of W(CO)s and SizIs in pentane has
afforded the dimeric pentacarbonyl(dilodosilylene)tungsten(0)
complex, [(CO)sWSiI»]». Infrared and mass spectra results are
consistent with a structure (XIII) in which the iodine stoms

serve as bridging ligands between the Si atoms.56

-2

Sc x c® Fooy
~ TN T NG
—M M—CO —Si Si—~W(CO)
Og/ \%/,\\C mmﬂll\”/,l 5
O (@)
XII XI11I

Tetrahydrofuran opens the halogen bridges by coordingtion to

the Si atoms (eq. 9).
[(CO)sWS1Io1o + 20C4Hs + 2(CO)sWS1iIo+-0C4Hg (9)

57
Bencze has synthesized halo~metal carbonyls by re-
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ductive carbonylation of halides and oxyhalides of Mo and W.
Reaction of WOCl, with EtAlCl: in chlorobenzene under 1 atm
of CO resulted in the formation of W(CO)e in 30 % yield. Halo
carbonyl complexes were also formed which reacted with PhzP
to give W(CO)3(PPhg)2Clz. The corresponding AsPh, derivative
was also prepared by this manner. The method was employed as
well in the preparation of the molybdenum analogs. M(C0)4Cl»
(M = Mo, W) complexes are presumed to be the initially formed
species which react with L to form ML»(CO)aCl, complexes.
Speclal fluorinated, silanated, chlorinated, etec.,
diagrsine ligands have been synthesized in order to study
conformational preferences of chelate rings in solution.58
Compounds of the type Cr(CO), (AsMesCUX-GpABMes ) where X = H,
¥, SiMesz, SiCls, C1 or CN, have been prepared and their nmr
spectra analysed in detalil with particular emphasis on vici-

18 2
P~ H coupling.

11
nal H- H and
gigfbis(Trifluoromethylphosphine) complexes of the
Group VIB metal carbonyls have been prepared by reaction of
the respective metal tetracarbonyl norbornadiene complexes
with excess of the phosphine ligand (eans. 10 and 11) at

59
room temperature.

2(CF3)2FR + (C,HgMo(CO)y ~—
cis-[{CFz)2PR]=Mo(CO)}s + C-Ha (10)
(R = ¢c1, Br, T, NMeo, NCS and H).

CFaPQz + (CsHg)M(CO)s —
cis—~{CF5PQ212M(CO),s + C-Hg - (11)
(M = Mo, @ =C1, Br, H; M =Cr, @ = H).

References p. 394
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¥ -3 1
F and H nmr data are presented and discussed.

M(co)s (M = Cr, Mo, W) have been reported to react with
the terdentate nitrogen donor ligands, T, to give fac-M(CO)aT
derivatives (where T = bis(2-pyridylmethyl)amine, bis(2-
pyridylmethyl )methylamine and E(Q—pyridylethyl )ami.ne) . e
Mo(CO0)s(cycloheptatriene) and W(CO)a(acetonitrile)s have
also been used to prepare the molybdenum and tungsten deriva-
tives where T = Q;gfe-pyridylmethyl)methylamine. The fac-

Mo (CO)aT and fac-W(CO)sT derivatives were shown to react with
jodine to form seven coordinate divalent compounds of the
type [M(CO)s(T)TITT .

The methods of preparation, properties, infrared, elec-
tronic and mass spectra of tetracarbonyl(pyridine-2-carbalde-
hydeimine)M ccmplexes (M = Cr, Mo, W) have been reported (XlV).Gl
These complexes react with PPhs in refluxing toluene to form
the tricarbonyltriphenylphosphine (pyridine-2-carbaldehyde-
imine) complexes in which the PPhs; ligand has been shown by

nmr to be cis to the azomethine~chelate ligand.

| N
mZ R (R=CHs, i-C3H, CgHyq. CsHg. 2and OH)

M(c0)e (M = Mo and W) when reacted with methylenetriphenyl-
phosphorane in THF resulted in the formation of 1:1 metal

carbonyl-phosphorus ylide adducts (XV) and (XVI), with struc-
az
ture XV being the minor isomer.
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H c 49-\\\0 (C6H5)3P ~c f.q\\o
-~ H~
(CgHg),P
(COM™H™3 THF (COIM™H™3THF
Xv XVI

The structures were assumed to be that of an oxonium salt,
formed by the shift of one proton from the ylide group to
tetrahydrofuran. In additlion allylidenetriphenylphosphorane
reacted with Mo(CO)e and W(CO)e to yield (CO)sM[(CeHs)sP=CH-
CH=CHz lg. Preliminary x-ray analysis of the molybdenum com-

plex revealed the complex to have structure XVII.

P

M P(C6H5)3
HQC < l

MO(CO)4
XVII

It was possible to replace one of the CO ligands in this com-
plex with PhaP in hot benzene ylelding (CO)aMo[P(CeHs)s]-
[ (CeHs )3 P=CHCH=CHz ].

syn-7=Alkoxynorborn-2-enes were found to react with
cr(co)e in di-n-butyl ether-cyclohexane at 140° to afford
complexes of the type (alkoxynorbornene)Cr(Co), (XVIII, XIX,
and x%).°° Similarly, M(CO), (M = Mo, Cr) and Fe(CO)s

R'. OR?
t
%cﬂcm4 @ﬂcucm4 OBu
(R=H,OMe) (R'=n,R2=Bu") C'"‘CO)“
(R'=0OMe, R2=Me)
XVIII XIX

References p. 394
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derivatives of anti-7,8-benzotricyclo Q.e.o.oajs]deca-3,7,9-
triene (XXI) have been prepared in good yilelds and charac-
terized.64 The metal is simultaneously bound to the two
double bonds in all cases.

IT(CO)n

= |

@ral
XXI

(Butadiene)Cr(CO)4 has been prepared by co-condensation
of metal atoms evaporated by COz laser with CH>=CHCH=CH. at
liguid nitrogen temperatures and subsequent treatment with
CO.es This complex decomposes above 0°. Complexes such as
this have been postulated as intermediates in the photochemi-~
cal hydrogenation of 1,3-dienes with Cr(CO)s and Ho but could
not be isolated for reasons which can now be appreciated.

Reaction of molybdenum hexacarbonyl with potentially
tetradentate Schiff's bases gave the complexes dicarbonyl-
NN'-ethylenebis (salicylylaminato Jmolybdenum(II) (from NN'-
ethylenebis (salicylideneimine) and also NN!'~ethylene-blis-
(s2licylylamine)), dicarbonylaminobls-N-ethylenesalicylyl-
aminato Jmolybdenum (II )hydrochloride (from aminobis (N~ethylene-
salicylideneimine )hydrochioride), and hexacarbonyltrisf[bis-
(acetylacetone Jethylenediimine Jdimolybdenum(0) (from bis-
(acetylacetone)ethylenediimine).ee The latter complex was
shown to be binuclear with cis-(CO)s groups (XXII) whereas
the other two complexes were mononuclear, distorted octa-
hedral with 2357(00)2 groups. Attempts to use these com-
plexes as catalysts for the fixation of N> (at atmospheric
pressure and 1500 p.s.i.) failed.
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Tellurophene chromlumtricarbonyl has been prepared from
reaction of (CHzCN)aCr(CO)s and tellurophene in dibutyl ether
at 50 =~ 60°.67 The infrared spectrum shows three v(CO) ab-
sorptions at 1967 (A.)} and 1895, 1872 cm-l (E mode spiit).
The i.r., u.v., and hmr spectral properties, as well as the
dipole moment of this new complex were compared with those
of the thiophene-~, selenophene- and pyrrolechromium tricar-
bonyl derivatives.

Octamethylcyclotetraphosphonitrile and decamethyl-
cyclopentaphosphonitrile were found to react with M(CO)e
(M = Mo or W) to give IM(CO)s complexes.se The coordina-
tion was postulated as occurring through the nitrogen atoms.
The octadimethylamido-derivative, NiP,(NMes,)s, was shown to
form a tetracarbonyl complex. [N4P4Me9]+I' reacted with
M(CO)e (M = Cr, Mo) to give the salts [NgPsMes1¥[M(CO)sI] .
In the compound N 4P, (NMes)aW(CO), the phosphonitrile ligand
was shown by X-ray diffraction studies to be acting as a

bidentate o-ligand, through one ring nitrogen atom and one

a9
exocyclic nitrogen group.

References p. 394
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Tricarbonylhexachlorocyclotriphosphazenechromium,
(PNC1,)3Cr(CO)s, has been obtained as a bright yellow, sub-
limable erystalline solid from hexachlorocyclotriphosphazene
and (MeCN)sCr(cO)s in THF or Et20.7° The composition of the
new complex was established by elemental analysis and mass
spectrometry.

Two isomeric forms of a novel hetero-blmetallic species,
Br (€O )sMn (triphos )cr{C0O)s, have been prepared from Mn(CO)sz-
(triphos }Br and Cr(CO)sTHF in THF.71 The three-dimensionsal
crystal structure of one of the isomeric forms was determined
by x~ray diffraction methods and shown to exist as a facial
arrangement of carbonyl ligands with two of the phosphorus
atoms of triphos coordinated to Mn and the third attached to
cr(co)s.

The photochemical preparations of C;HgCr(CO)2P(Cels)a
and C,HgCr(CO)>P(0CgHs)s from the corresponding tricarbonyl
derivative with P(CsHs)a and P(0CeHs )s have been reported by
Anderson and co-workers.72 The mass spectra of these com-
plexes were observed and compared with those of C;HgCr(CO)s
and CgHaeCr(CO)2P(CgHs)a.

Reactions of T-C,HzMo(CO)2I (M = Mo, W) with phos-
phines and phosphites have afforded complexes of the type
T~C7H,M(CO)LI, where L = P(0OCgHs)s, P(OCHz)s, P(0CzHs)a,
P(1~0C3Hy)s, P(CeHs)s, P(n-CsHs)s, M = Mo; and L = P(0CzEs)s
and P(1-0CgH,)s, and M = W.'> Infrared and nmr spectral
data were reported for these new T~cOomplexes.

The preparation of a series of isonitrile complexes
[(co)e-xM{(CNR),] (x = 1-3; M = Cr, Mo; R = Me, Et, i-Pr,
hexyl, t~Bu, p-tolyl, Ph, p=~ClCeH.) has been reported.74
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Extensive spectroscdpie data (i.r., u.v., mass, and nmr) and
electrochemical measurements are reported and discussed.

The data are interpreted as indicating that (d-m¥) back
bonding is negligible in these type complexes. Reactions of
the weak nucleophiles (amines, alcohols) with the (ryC)cr-
(CO)s complexes were not observed.

Mn{CNCHs )e' is found to be substantially easier to
oxidize than analogous manganese aryl isocyanide complexes.
Unlike the manganese systems which exhibit two one-electron
oxidation processes (+lL — 42 and +2 — +3, the latter at con=~
siderally higher potential), similar aryl isocyanide com~
plexes of Cr undergo only one oxidation process (0 — +1) how-
ever a reduction process (0 — -1) is observed at small nega-
tive potent:i.als.-’s

The compound Mo(CNR)eI», R = t-butyl, has been prepared
from the reaction of AgsMo(CN)g and E—butyliodide.—rs A sin-
gle-crystal x-ray diffraction study on this red-orange pro-

duct has shown the correct structure to be [Mo(CNR)eI]I.

Carbene and related complexes. Several new carbene com-

Plexes have been prepared from the reaction of metal carbonyls
oxr substituted metal carbonyls with organolithium reagents
followed by alkylation with various alkylating agents. The
preparation of a series of carbene complexes [(CO)sMC(Fe)x]

(M = Cr, W3 Fe = ferrocenyl; X = 0"MMe,t, OMe, OEt, NH., NMea,
NC.Hg) has been reported.77 The ferrocenyl group was shown
to be a strbng electron donor on the basis of i.r., nmr and
electronic spectral measurements. The preparation of phenyl-

phenoxycarbenepentacarbonylchromium(0) from (CO)sCrc(0Li)CeHs

References p. 394 .
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and [CgHsN>1BF. in benzene/water has been reported by Fischer
and Kalbfus.78 Infrared and mass spectral results were ob-
tained on this new carbene complex. Other new carbene com-
plexes have been formed by employing dicyclopentadienyl-
titanjumdichloride as alkylating agent.79 Thus (co)scrc-
(OLi)Me reacts with (E}—CsHs)aTiCIE yielding (co)scCrC(0Ti-
(h' -CsHs)2C1)Me (47 %) and (CO)sCrC(CHs )OTi(CsHs )20 (CHa )~
cer(co)s (28 %).

Fischer and co-workers80 have reported the preparation
of two new bis carbene complexes of chromium and tungsten
carbonyls, (C0).M[C(0C2Hs )P(CH3)21> (M = Cr and W), from the
reactions of M(CO)e with lithium dimethylphosphide in ether
in CHxCl,.

followed by successive ethylstion with Et30+BF4
The cis structures of these complexes were ascertalned by
means of infrared and nmr spectral measurements.

Ultraviolet irradiation of cyclopentadienylmolybdenum-
carbonylnitrosyl carbene complexes of the type r—CsHsMo(CO)-
(No)c(R)CeHs (R = OCHs, OCzHs, N(CHs)=) in benzene in the
presence of Fe(CO)s has been shown to yield carbene complexes
of the form (CO)sFeC(R)CoHs.

Phenylacetyleneethoxycarbene (PhC=C-C(0Et)}) derivatives
of tungsten- and chromiumpentacarbonyl have been prepared by
Fischer's in situ reaction of Et307BFs~ with the corresponding
lithium metalcarbonylacylate.82 The enthalpy of activation,
determined from low temperature 1H nmr studles, for the ro-
tation process about the carbene carbon-oxygen bond was found
to be <8 kecal/mole, a value less than that for phenyl- or
alkylaslkoxycarbene complexes. PhC=C(Et0)CW(CO)s reacts with
2 moles of MepNH to give compound XXITIT.
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A new type of cevbene complex stabilized by 6m-electron

delocalization has resulted from reaction of the cyclopro-
penylidene complexes of chromium and molybdenum with pyri-
dinum ylides (eq. 12).

on Ph
S e\ . Fh
M(CO)s + RCOCH-N —_— |
PR RO~ MI(CO)g
(M=Cr,Mo) (R=0OEt,OMe, Ph,NHEt and N

Some reactions of these complexes were also discussed.

[MeoNCHC1]7C1~ has been found to oxidatively add to
Nao[Cr(CO)s] to produce the carbene complex (CO)}sCrcC(H)NMex
in which the hydrogen atom attached to C(carbene) is de-
shielded (T = -0.86), characteristic of an electrophilic
¢(carbene).””

Fischer, Leupold, Kreiter and Mulleras have found that
(methylmethoxycarbene )pentacarbonylchromium(o), (phenyl-
methoxycarbene)pentacarbonylchromium(o), end (methylmethoxy=~
carbene )pentacarbonyltungsten(0) react with thiols (HSR') at
room temperature to form thiocarbenepentacarbonyl complexes
of the form (CO)sMC(SR')R (where M = Cr, W3 R = CHs, CeHs3
R' = CHz, CoHs, CgHs). From the CO stretching frequencies,

the energy barrier for rotation about the carbene carbon-

323

(12)

0)

sulfur bond, the ionization potentials, and the dipole moments

of the thiocarbene complexes it was concluded that the thio-

References p. 394
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carbene ligands are Intermediate between the alkoxy- and
aminocarbene ligands in their electron donating ability to-
wards the M(CO)s moieties.

The reaction of (CO)sCrC(OCHs)CeHs with ammonia and the
amines HNRR' (CHaNHz, (CHa)zNH, CzHsNH., pyrrolidine, CgHs-
NH», RfCH3008H4NH2) has been used to prepare the correspond-
ing [amino(phenyl)carbene]pentacarbonylchromium complexes
(CO)SCrC(NRR')CeHs.86 The i.r., 'H nmr, and u.v. spectra of
these amino carbene complexes were discussed. Treatment of
(CO)sCrC(NH2 )CeHs with carbon monoxide (100 atm) in benzene
at 155° resulted in formation of Cr(CO)s, CgHsCN and CgHzCHo-
NHz, whereas, similar treatment of (CO)sCrC(NHCHs;)CeHs Te-
sulted in formation of Cr(C0)e and CeHgCH=NCHs by hydrogen
migration.

The reactions of amines with alkoxycarbene complexes
yielding aminocarbene complexes have been extended to ali-
phatic and aromatic diamines.87 Aliphatic diamines react
with (CO)scrc(oMe)Me to give the bridged diaminocarbene com-
plexes, (CO)sCrC (Me JNHRN (CHs )CCr (CO)s whereas the aromatic
diamines, benzidine and o-tolidine give the mononuclear
aminocarbene complexes only.

Connor and Rosee8 have shown that the displacement of
the sminocarbene ligsend from complexes of the type [(CO)s-
CrC(R)NHR'] (R = Phy R' = Ph, NHPh; R = Me, R' = 2-(3-
indolyl)ethyl) with pyridine yields the corresponding imine,
RCH=NR', and (CsHsN)aCr(CO)s as a result of intramolecular
hydrogen transfer. The reaction of Cr(CO)sC(OEt)Ph with hy-

.drazine to form (CO)sCrNCPh was shown to proceed via the hy-
drazine-carbene complex, [(CO)sCrc(Ph)NHNHPh].
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Reactions similar to those reported by Connor (J. A.
Connor and P. D. Rose, J. Organometal. Chem., 24 (1970) C45)
in which metal carbonyl carbene complexes are used as &a
source of carbene fragments for insertion into Si-H bonds
have been reported. Thus (C0)sCrC{OMe)Ph reacts thermally
with diphenylsilane ylelding Ph,SiHCH(OMe )Ph and Cr(CO)e.Bs
Thermal reactions of the carbene complex In diphenyl-methane
or cyclohexasne do not yield insertion products however; de-
composition of the carbene complex yields Cr(CO)e and cis-
and trans-a,a!-dimethoxystilbene.

Addition of MeoPH to (CO)sCrC (0Me)Ph in pentane at-50°
forms a phosphorus ylide complex, MeoHFC(OMe)(Ph)Cr(CO)s
(XX.'!IV).Qo The nmr spectra of this complex are consistent
with a phosphorus—carbene carbon bond and two magnetically non-
equivalent P-methyl groups. Whereas, (CO)sCrC(OMe)Me was
found to resct with PRs (R = Et, i-Pr, n-Bu, CeHii, n-CgHiz)
in hexane, benzene, or THF solvent at 60° to afford mixtures
of cis- and _13_1_‘255_—01-(00)4(PRs)C(OMe)Me.91 Rate constants
were measured for the isomerization of Cr(CO),(PEts)C(OMe)Me
and the conversion of geometricsal 1isomers was observed to
occur according to a flrst-order rate law. Activation para-

meters were determined for both c¢is =~ <trans and trans =

cls reactions. The isomerization was concluded to occur via

intramolecular rearrangement without bond fission.

H Me
\ /
P—Me
l OMe
-
CO).Cr—C
(s ~Ph

XX1v
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Trensition metal carbene complex anions have been genef-
ated at low temperatures by the deprotonation of a carbon o
to the carbene carbon atom in (0C)sMn-Mn(CO).-COCH-CH-CHz and
W(CO)SC(OMe)Me.sa Thus treatment of elther carbene complex
produces anions @ +o the carbene carbon which have been
deuterated by DBr and alkylated by methyl fluorosulfonate.
Products due to addition of RLiI to a carbonyl group are not
observed. Other reactions of the anions are discussed.

The thermal decomposition of ClzCCOzNa in diglyme 1in
the presence of (m-CsHs)=WHz has been shown to yield
(wncsHs)EWHCHcla.sa This complex results from insertion of
the carbene :CCly Into a tungsten~hydrogen bond. The new
complex was characterized by elemental anslysis, nmr, infra-
red and mass spectral data.

The use of metal carbene complexes as carbene precur-
sors in organic synthesis has met with limited success.
Casey94 has however reported faclle reactions of phenyl-
methoxycarbenepentacarbonyltungsten(0) with Wittlg reagents
in ether at room temperature to give enol ethers in high

vields (eq. 13). A 1:1 mixture of methyl cis~ and trangel-

MeO  R(H)

(0e)sw-c” T+ o)
0C)sW-C + C=PPhg — c=C
“oMe H” Ph”  “H(R)

+ PhaPW(CO)s (13)
phenylpropenyl ether was obtained for R = Me. Production of
W(co)s during the course of the reaction was verified by
addition of tri-p-tolylphosphine to the reaction mixture with
subsequent isolation of (p-CHsCeHs)sPW(CO)s.

The synthesis of cyclopropane derivatives from &,P-un-



CHROMIUM, MOLYBDENUM AND TUNGSTEN ' 327 .

saturated alkyl carboxylates with the a2id of transition metal
carbene complexes has been accomplished by Dotz and Fischer.gs
Thus, (CO)sCrC(OMe)Ph reacts stereospecifically with trans-
methyl cinnamate, diethyl fumarate and diethylmaleate to give
the corresponding methyl- and diethyl[methoxy(phenyl)eyclo~
propane Jcarboxylates resulting from the transfer of the car-
bene ligand. A dependence of the ratio of the cyclopropane
isomers on the nature of the metal atom was noted goling from
Cr to Mo to W.

In related experiments, (CO)sCrC(OMe)Ph was found to
react with ethylvinyl ether and isobutylvinyl ether to glve

L8a
mainly c-methoxystyrene {eq. 14), In contrast, under a

_OCH3z H3C0
(co)scr-c + CHp=CH-OR ~ Cr(CO0)e + _C=CHz +
CeHs CaHs
(14)
HaCO\
_C=CHz
(cO)aCrCets

(R = Et and i-butyl)

pressure of CO, reaction 14 results in syn and anti dialkoxy-
cyclopropane deriveatives (XXV A)and XXV B).

CgHsg OCH4
HAH HH
) [
3 ORrR :
7 ben, B gy OF
XXV A XXV B
fanti) {syn)

As observed before, the distribution of isomers were depen-

dent on the particular metal derivative (Cr, Mo, W) of
(co )sMc (OMe ) Pn.
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m=-Cyclopentadlienyl complexes. The compounds T-CsHs-
Mo(C0)=(L)Sn(CHs)s (L = P(CeHs)a, P(CeHs)(CHa)2, P(OCHz)s-
CCHgz, As(CgHs)g, Sb(CeHs)s) have been prepared from [r-CzHz=~
o7
Mo{C0)2L]~ with (CHa)aSnCl. The triphenylphosphine deriv-

ative was also prepared by direct reaction of m-CsHsMo(CO)s-
Sn(CH3z)s and P(CeHs)a. All of these derivatives were found
to liberate Sn(CHs)s at 200° and the other product was char-
acterized to be [7=-CsHsMo(CO)2L)oSn(CHz)> for L = P(CeHs)s

and P(OCHZ)CCHs. The trans configuration was suggested for
2ll new compounds by way of Infrared and proton nmr studies.

Davidson and Sharpse have reported the synthesis of
trifluoromethylthio-metal derivatives from the photochemical
reaction of bis(trifluoromethyl)disulfide and low oxidation
state transition metsal complexes. New complexes prepared by
this route include (7~CgHs)Mo(CO)aSCFas and (m-CsHs)W(CO)a=
SCFs. The dimer [(m-CsHs)Mo(CO)2SCFals was readily formed
by decarbonylation of (mw-CsHs)Mo{CO)sSCFs, however, it was
not possible to prepare the corresponding tungsten dimer in
a similar menner.

Treichel and Dean99 have reported that reactlion of
elther (m-CsHs)Mo(CO)3™ or (m-CsHs)Mo(CO)2PPhs™ with ClCSNMeo
in THF glves a red~brown crystalline dicarbonyl complex
(xxv1), (m=-CsHs)Mo(CO)2CSNMez.

S
NG
/¢C Ci‘
o T—ﬂme
Me

XXVI
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(T-CsHs )Mo (CO)2CSNMez, was found to react with [MegsO1BF. to
give [(7w-CsHs)Mo(CO)>C(SMe)NMes]t which was isolated as the
PFg salt. '
The reaction of 7-CsHsM(CO)aCHs (M = Mo, W) with KCN
in methanol has afforded the corresponding cyano anions
[(v—CsHs)M(CO)z(COCHa)CN]‘.1°O‘ Methylation of (m-CsHs)-
Mo (C0 )= (COCH5 )CN with MeI resulted in information of the
neutral isonitrile complex (m-CsHs )Mo (CO)» (COCH3) (CNCHs).
It was shown that the carbonyl insertion reaction of m-CgHs~
Mo (CO)aCHs with KCN proceeded stereospecifically to the cis-

complex which then isomerized to the trans-isomer (eq. 15).

& e

Mo
—
oC C-CH, o=C Co"
o CHs

The reaction of Schiff bases of pyridine-2-carbaldehyde
with (7-CsHs)M(C0)sC1l (M = Mo, W) has been found to yield

1015102
cationlc complexes with asymmetric metal atoms (XxXvII).

(M = Mo, W; X~ =C1~ or FFe ; R = CHs, 1-CsHr, CeHii, CeHs,

CH3CH(CeHs )).

References p. 394



330 ' D.J. DARENSBOURG

'Highly stable optically active complexes (XXVIII A and B)
have been obtained by fractional crystallization of the
diastereoisomers obtained with (-)-l-phenylethylamine as the

amine component in the azomethine complexes.

<

s i

2 A AN
\

O~ M\ ST
[J L7
______ /N/C\H
C---H
A\
CeHs
XXVIII A XXVIII B

103
King and Kapoor have reported the preparations of a

large variety of metal complexes of the phosphine-diarsine
[ (CeHs )2ASCH2CH» 1=P(CeHs ) (abbreviated as Asf-Pf-Asf). In-
cluded in this study were the preparations of biligate mono-
metallic complexes of the form (Asf-Pr-Asf)M(CO}. (M = Cr
and Mo) and [T=CsHsMo({CO)2Asf-PFf-Asf)][PFs] and triligate
monometallic complexes of the form (Asf-Pf-Asf)Mo(CO)s (M =
Cr and Mo). The reaction of CHaMo(CO)sCsHs with Asf-Pf-Asf
or (CeHs)2ASCH2CH-P(CeHs )> (Asf-Pf) in acetonitrile at room
temperature led to the formation of the monoligate mono-
metallie complexes (Asf-Pf-Asf)Mo(CO)s(COCHa) (CsHs) (XXIX)
and (Asf-Pf)Mo(CO)> (COCHs ) (CsHs ), respectively.

Polycyanovinyl transition metal derivatives of struc-
tural type XXX have been produced by reaction of the metal
carbonyl anions (CsHs)M(CO)s™ (M = Mo and W) with dicysno-
vinyl chorides such as (NC)»C=CHC1l, (NC)2C=CClp and
(vc)ac=c(cN)cL,
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CH.CH,A /Cets AN
Mo ) s —M—=C=C
ocy el NCeHs oCTZV [ en
O‘C\ CO CgHg o O %

CHs XXX

XXIX

(M = Mo, W3 X =H, CN, C1).

Reactions of the l-chloro-2,2-dicyanovinyl derivaetives
(Nc)20=C(C1)M(CO)5CsHs (M = Mo, W) with phosphines and re-
lated ligands were found to result In migration of the chlo-
rine from carbon to the transition metal with concomitant
formation of products of the type T-CsHsMLs[C=C(CN)z]Ci (M =
Mo, W3 L = PhzP, PhaAs, PhsSb, (Me0)sP, (EtO)aP, and (PhO)aP)
which contain a terminal dicyanomethylene carbene ligand.105
These products are formulated as mixtures of the two lsomers
XXXI and XXXII. On the other hand, reaction of PhP(CH-CH--
PPhs )z with (NC)a2C=C(C1)Mo(C0)sCsHs resulted in formation of

the salt XXXTITIT in which all CO groups are replaced.

— —+
L \~c et/ L Mo._
Q SR P\/P/ \p CQC/CN
/C\CN F~cn - en
CN CN L _
XXXI XXXII XXXIII

19
The synthesis, i.r., pmr, and F nmr spectra of m- and
106

p-fluorophenyl complexes of Mo and W have been reported.

s
o° and o, Taft constants for the compounds, h -CsHsM(CO)2-
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L(CgH4F~-m- or -p), had negative values and were interpreted
a8 follows: increase in electron density at the metal atom,
caused by changing L from CO to PPhs is transferred to the
phenyl ring via inductive o-bond polarization of the W-CgHsF
bond and w-interaction with the phenyl ring is unchanged.
The synthesis of cyclopentenone m-complexes by cycll-
zation of O=-7 allenic intermediates has been achieved.107
(7-CsHs )M(CO )s (CHz )2CR:C:CHR, prepared from (m-CsHs)M(CO)s™-
Na+ and Br(CH:)>CR:C:CHR, when heated at 50° for 48hrs gave
the cyclopentenone complexes (xx1V) via the intermediate
(xxxv) which was produced by heating (m-CsHs)M(CO)s(CHz)z-
CR:C:CHR at 30° for 2 hrs. The structure of XXXIV was con-

firmed by i.r. and nmr.

O
E% RCH L
(CO—M— } (CORM—C]
o

I /CHQ
RCH:C=C—CH
(M=Mo;R=H,Me;M=W,R=H) ‘e 2
XXXIV XXXV

The synthesis and acylation of o-benzyl-m-(CsHs)(CO)sW
have been reported.108 (r=CsHs )W(CO)sNa reacted with PhCHo-C1
in THF at 20° to give (7-CsHs)W(CO)aCHoPh which reacts with
AcCl and AlCls "in CHoClz to give (7T-CsHs)W(CO)3CH>CeHg4AC-p
and (m-CsHs)w{cO)sC1.

The synthesis of the benzoyl derivatives, 7-CsHsM(CO)s-
COCeHs (M = Mo and W), and the investigation of their decar-
ponylation to the respectlive phenyl compounds have been car-

109
ried out by Nesmeyanov and co-workers. The decarbonylation
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reaction proceeds easily to the product [(CeHs)CsHsiMo(CO)zlz
in quantitative yileld in which the phenyl group has migrated
to the CsHs ring. The reaction of m-CsHsW(CO)aCOCegHs with
P(CeHs )s and P(0CeHs)s was found to yield m-CsHsW(CO)o-
[P(CeHs )= ]1COCeHs and m-CsHsW(CO )2 [P(OCeHs )31C0CeHs complexes,
however, m-CsHsMo (CO)sCOCeHs reacted with P(CeHs)s and P(OCeHs)a
to yield [P(CeHs)slaMo(CO), and [P(OCeHs)slaMo(CO)s, respec-
tively.

Treichel, Dean and Douglasllo have studled reactions
of various metal carbonyl derivatives with diphenylphos-
phine(L) or phenylphosphine(L'). The reaction of m-CgHg~-
Mo(CO)sX (X = C1 or Br) and L led to the formation of m-CsHs-
Mo(C0)- (L)X; but in the presence of aluminum chloride the
cationic species [W-CsH5Mo(CO)3L]A1X4 was formed. Reactions
of L' with Cr(C0)s(NCCHs)s and with (norbornadiene)Mo(CO).
gave cis-Cr(CO0)4L'> and fac-Mo(CO)sLi, respectively. [m-CsHs-
Mo(CO)aL]PFe was deprotonated with methoxide ion to gilve
T=CsHgMo (CO )aP(CgHs )2 which then decomposed with no dinucle-
ar complex, [W-CSHBMO(CO)zP(CsHS)z]2, being formed. Depro-
tonation of the complex, m-CsHsMo(CC)-[P(CeHs)2HIBr, with
n-BuLi led to the hydride bridged species (CsHsMo)=(CO)s=
[P(CeHs )2 JH. Irradiation of M(CO)sPRoH and M(CO)sPRzL1 spe-
clies (M = Cr, Mo, W3 R = CgHs) led to dimerization with
accompanying oxidetion to give M (CO)s{PRz)- and M(CO).-
(PR=H)=.

King and c:o-workersL11 have described several reactions
of dialkylaminodifluorophosphines with cyclopentadienylmetal
carbonyl derivatives. (7-CsHs)Mo(CO)3CHs was found to react

with (CHs)-NPF, in acetonitrile to give (m-CsHs)Mo(CO)z-
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{COCH3 ) [PF2N(CHaz )2 ], whereas, reaction with CsH,oNPF- gave
cis-(CsH1oNPF2 )sMo(CO)2. U.v. irradiation of {m-CsHs)Mo(CO)a-
(CaHs) with (CzHs)2NPFs gave the yellow derivative (m-CsHs)-
Mo (CO ) (CaHs ) [PF2N(CoHs )2 ] which was assigned structure XXXVI
on the basis of H nmr spectral data. Reactions of (m-CsHg)-
Mo(C0)sCl with RoNPF2 in boiling benzene gave (m-CsHs)Mo{CO)z-
(PF2NRz )C1 and/or (w=CsHs )Mo (CO) (PF2NR2)2C1l depending on the
mole ratio of reactants. The seven coordinate product,
(m-CsHs )Mo (CO) [PFaN (CHs )2 J[P(CeHs )3 JC1, was obtained from
(m-CsHs )Mo (CO ) [PFoN(CHz )2 12C1 with P(CeHs)a in boiling ben-~
zene. The tungsten derivative, (m-CsHs)W(CO), (PFaNCsHio)T,

was also reported.

XKXXVI

112
Nesmeyanov and co-workers have reported upon the

insertion of Hg at the metal-halogen bond in (7-CsHs )M(CO)sX
(M = Mo, W and X = I, Br) to yield the complexes (m-CsHs)-
M(CO)zHgI (M = Mo, W) and (7-CsHs )Mo(CO)zHegBr and [(r-CsHs)-
Mo(CO)s3]-Hg. In addition insertion of Hg at the M-Cl or
metal-metal bonds in [(m-CsHs)M(C0)2Cl] or [ (w-CsHsIM(CO)sl-
afforded [(w=CgHs )M(CO)s]oHg complexes., (7m=CsHs)W(CO)sBr
and (7-CsHs )Mo (CO )z (PPhg )T were found not to undergo inser-
tion reactions with mercury.

Complexes containing mercury-transition metal bonds

have also been prepared by the reaction of CgFsHgBr with the
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sodium salts of organometallic transition metal anions in
THF. ~ Thus ceFSHgMo(co)zL(f-csns) (L = co, PPhs, P(OPh)s),
CeFsHgFe (CO)2 (gs-csns'), and CgFsHgMn(CO)s are reported to be
thermally stable to 100°.

Nesmeyanov and co-workers114 have reported the reac-
tion of GeIr, in refluxing CeHe with [(m-CsHs)M(CO)s]-Hg (M =
Mo, W) to give the corresponding [(m-CsHs)M(CO)sGeIo]o com-
plexes in 10 and 22 % ylelds respectlvely.

Diphenylmercury has been shown to react with Cr{C0)e
in a boiling diglyme/octane mixture to result in formation
of Q}gﬂphenyltricarbonylchromium)Hg in 70 % yield.115
[(CO)aCrCeHs ]oHg was found to react with mercuric chloride,
lodine, HC1l and LiAlH, to produce (phenyltricarbonylchromium)-
mercury chloride, iodobenzenechromlum tricarbonyl and ben-
zenechromium tricarbonyl, respectively.

Cleavage reactions of compounds of the type RzSnM-
(p_s-csHs)(co)a, M = W and Mo; R = Me, CH>=CHCHz, have been
studied.116 Thus I- and HgBr. cleave the metal-metal bond
of the trimethyltin derivatives; HgBro on the other hand re-
acts with the triellyltin derivatives cleaving the tin-carbon
bond. MeHgCl reacts with the trimethyltin compound to give
the products, MepzHg and Hg[Mo(E?—CsHs)(CO)sla.

[(m-CsHs M(CO0)3l2Hg (M = Cr, Mo, W) react with RoNC-
(s)s-S(S)CNRz to yield metal-mercury bonded dithiocarbamate
complexes of the type (m-CsHs)(CO)3M-Hg(SaCNRz) (R = Me,
Et).117 I.r. and nmr sprectral data were presented for these
complexes. The Hg-metal bond in these type species was
thought to be stronger than that in the [(m-CsHs)M(CO)sl-Hg

compounds,
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Conder and Robinson118 have studled the reaction of
. HglCo(C0)s 1z and neutral orgenometallic Lewis bases. In~
cluded in this study was (mesitylene)Mo(CO)s which was not
observed to undergo reaction with HglCo(CcO0).l-. Amines, hal-
ides, Co{C0)s~, or HziMn(CO)s]> were also found not to react
with Hegl[ (7-CsHs )Mo (CO)zla.

The synthesls of air- and moisture-gensitive transition-
metal carbonyl derivatives of magnesium, including B Mg~
[ (r-CsHs Mo (CO)=L] (where L = €O, alkyl or aryl phosphines,
and B = THF or py), has been achieved by the reductive cleav~
age of dimeric transition metal carbonyl complexes with mag-
nesium amalagam in the presence of a Lewis base.118

Hackett and Mamning have studied the insertion of
tin(II) halides, SnX. (X = ¥, Ci, Br, or I), into the metal-
metal bonés of the dimers [(w-CsHs)M(CO)zlr (M = Cr, Mo, W).lao
The products obtained were [(w-CsHs)M(CO)s]2SnX- derivatives
as well as (m-CsHs)M(CO)sX and (m-CsHs)M(CO)sSnXs compounds.
The results were thought to be consistent with two reaction
pathways; "“direct"™ and "indirect® insertion, the latter pro-
ceeding via the (7-CsHs)M(CO)3SnXs; compounds. The impor-
tance of the "indirect" route increases along the series
Cr <Mo~W and F< Cl <« Br<c I. The reactions between
[ (m=CsHs )Mo (CO)aSnXs] and [(r-CsHs)M'(CO)sle (X = C1, Br, or
I, and M, M' = Cr, Mo, W) were used to prepare [(7-CsHs )M~
(C0)a L (m=CsHs IM' (CO)s18nXa. [ (7-CsHs)Pe(CO)z ) {m-CsHs )M~
(C0)sIsnX, was prepared in a similar manner. _

Reaction of the trialkylacetylides (MezSn(C=CPh)) with
[7~CsHsMo(CO)s ] in refluxing diglyme has led to the produc-

21
tion of T=CsHsMo(CO)sSnMes plus unidentified products.
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Tetrameric transition metal carbonyl zinc alkoxldes
have been reported from the alcoholysis reactions of transi-
tion metal carbonyl derivatives of zinc.122 In this manner,
[CH30ZnMo (CO )3CsHs J4 and [C-Hs0ZnMo(CO)aCsHs 1, were prepared
from Zn[Mo(CO)aCsHs] with methanol and ethanol, respectively.
Methanol was found to be more reactive than ethanol in the
alcoholysis process. The observed order of reactlivity for
various transition metal specles with a given alcohol was
found to parallel the pKy values of the corresponding metal
carbonyl hydrides.

Several new complexes containing Mo-In and W-In bonds
have been reported.123 These include [7-~CsHs (CO)aMlaIn (M =
Mo, W), [m-CsHs(CO)aMol-InX (X = C1, Br), [m-CsHs(CO)aW]=InCl
and m-CsHs (CO)zMoInCls. A comparative study of the relative
utility of the various methods available for the preparation
of such complexes was carried out.

MeoT1[Mo (r-CsHs ) (CO)s] has been prepared from MesTl and
(r=-CsHsg )M {CO)zH in CHpCl, at —78°.124 The complex was char-
acterlzed by infrared, nmr, and mass spectral analyses. The
analogous tungsten derivative was prepared but was not fully
characterized.

Mono- and di-~halogen disilanyl compounds react with
transition metal complex anlions to glve the disilanyl deriv-
ativgs.las Included in the list of new complexes are the
following: Cp(CO)sMoSiMe-SiMes, Cp(CO)sWSiMeoSiMexCl, and
Cp(CO)aFeSiMe,SiMe,Br. No disilanyl bridge complexes were
reported.

Reactions of CpMo(CO)>PPhg™ and CpMo (CO).(PPhs)H to~

12
wards fluorocarbon substrates have been described. New
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mixed metal cluster anions have been prepared by reac%ipn of
CpMo(CO)a~ or cpw(co)s~ with Fes (CO )_9.127 Thus air-sensi-
tivé—tetramethylammonium salts of stoichiometry [MesN]z~
[Cp=MaFen (€CO)10] were isolated. On the basis of the ob-
served infrared spectra the authors suggest a tetrahedral

arrangement of metal atoms as shown below (XXxXVII).

co_ (COX,
™M
Co_ \
Pl Fe(CO)s
oy’ T~
(CON
XXXVII

Complexes of formula gé-csHs(C0)3M—8n012R, where M =
Mo, W and R = SpCNMeo, SzCNEtz have been prepared by react-
ing the corresponding trichlorotincyclopentadienyl metal
carbonyl derivative with sodium dithiocarbamate.128 Compli-
cated i.r. spectra 1In the CO stretching region lead Glass
and Shiels to suggest the presence of rotamers XXXVIII A and
B due to hindered rotation about the metal-tin bond. lH nmr

spectra show no evidence for this isomerism.

oc'\'?{co o 1 o
R i
XAXVIIT A XXXV B

The preparation of (w-CsHs)2M(SnXs)X, where M = Mo or
128
W and X = C1 or Br, has been reported. These were found

t0 react with Cls or Brs to yield the salts [(7-CsHs)a-
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MX2]+SnX3-. Analogous metathetic reactions of (w-CsHs )aMXo

— 2 -
with SO. , S20s3 and OH were found to produce the com-

plexes shown in the scheme below (eq. 18).

@ 52 G @
/ N sZ ~3203° (- CgHg,MX, ——%em S04
A N
Sry OoH"

X
/

@\”‘ ©F
/,Sn
X

(v-CsHs)M(CO)acl (M = Mo or W) complexes were found to
react with (Eftolyl)20=NLi to yield three types of complexes,
[ (r=CsHs )M(CO )oNC (p-tolyl)z] (8), [(w-CsHs)M(CO)2{(p-tolyl)a-
CNC(p-tolyl)=}1 (B), and [('n’-CsHs)M(CO)a{(E—tolyl)ZCNC(E-
tolyl)z} (p~-tolyl)sco] (g_).130 Complex B apparently can
exist in two isomeric forms in the solid state which become
interconverted in solution. (C dissociates in solution to
form B and free (tholyl)gco. The complexes falled to under-
go substitution reactions with PhsP. I.r. and nmr data are
reported for the respective complexes.

The carboxamido complexes (CpM{(CO)aC(O)NR-, M = Mo or
W) formed from reaction of cationic complexes CpM(CO)4+ with
secondary emines are converted into CpM(CO)s~ and urea upon
further reaction with excess amine.lal This latter reaction
is proposed to go through a deprotonation of the carboxamido
NH proton by the excess amine leaving a complex which decome-
poses to the metal carbonyl anion and the corresponding iso-
cyanate. Further reaction of the RNCO with amine yields the

observed urea. Evidence of thils mechanism 1s based on the
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fact that a carboxamido derivative may be formed on reaction
of 0pw(co)an with MeNCO, 1. e., the MeNCO Iinserts into the
W-H bond.

The silyl metal complexes (7-CsHs)(CO)sMSiRR*R® (M =
Mo, W; R = H, Me, halogen; R' = Me, halogen; R® = Me, halo-
gen) have been prepared by reaction of [(r=CsHs)(CO)aMINa with
excess halosilanes.132 These complexes decompose in solution
with M-S1 bond cleavage to yield [(m-CsHs)(CO)aMl. complexes.
Replacement of the trimethylsilyl group in (7-CsHs)(CO)sM-
SiMes; (M = Mo, W) with heterosiloxanes occurred (eq. 17).

(r-CsHs ) (CO )sM=-SiMes + MesXOSiMes =~ (17)
(T-Csﬁs) (CO)sM—}CMea + MesSiOSiMes

(X = Ge, Sn)

Formgtion of <y-sultones of iron and molybdenum using
SO has been observed. . (m-CsHs)Mo(CO)sCH2C=CR (R = H, Me,
Ph) when treated with SO0s in dioxane gave the sultones XXXIX.
In addition, sulfur trloxide is found to react with transition
metal-2-2lkynyls to yleld vinyl-sultone complexes,

(o)
(o=,
502
XXXIX

— 1 S
M-C=C(R)-5S(0)2~CH. (M = h -CsHsFe(CC)>, R = Me and Ph; M =
5 134
h -CsHsMo{(CO)s, R = Phy M = Mn{CO)s, R = Me and Ph).
The green, paramagnetic complex (7-CsHs)2Nb(SMe)o-
Mo(C0)s has been prepared from (w-CsHs)oNb(SMe), and CoHg-
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138
Mo(co); in toluene. The e.s.r. spectrum of this complex

showed the ten expected lines arising from coupling with the
93Nb nucleus, I=9/2.

Dinuclear metal carbonyl complexes containing a single
methylthlobridge, w-CsHs(CO)-Fe~SCHa-M(CO)s, T-CsHs(CO)a-
Mo~SCHg=M(CO)s, 7-CsHs (CO)aW-SCHa-M(CO)s, (CeHs)aPAu-SCHa-
M(CO)s (M = Cr, W) and m-CsHs (CO)sM'Mn(CO)z (m=-CsHs) (M' = Mo,
W), were prepared: (a) from the ‘n'-CsHs(CO)nM-SCH; complexes
and (THF)M! (CO)s or (b) from the methylthiostannane deriva-
tives (CHs)aSn-SCHs-M!(CO)s and (v-csﬁs)(co)nm-c:L.136 The
complexes are 2ll highly colored, air stable, crystelline
sollds. Infrared and nmr spectral results were reported.

Reaction of [(7-CsHs)Mo(NO)X-] (X = Br or I) with RSH
(R = Me, Et, Pr, Bu', Bu or CHoPh) gave [(m-CsHs )Mo (1O )X~
(SR)Z].137 The H nmr spectra of the complexes where R =
CHzPh or Pr' (X = Br or I) could not distinguish between the
two isomers XL A and B. Reduction of [(m-CsHs )Mo (NO)Br(SR)I-
with zinc dust afforded [(m-CsHs)Mo(NO)SR]» which appears to

exist as a mixture of isomers XL C and D, whereas treatment

[::k\ c ch
2 _INnox [:k\ 2 NO
- /} PR Ve

o *Mo MoT——=Mo
XNO{// oN” Nge”
CH2 CHp
Ph
A c
Ph
Ph
CHp e
S s,
o Mol Mo Hp=Mo
ON/ \S/ N X oN"" \s'/ ~NO
CH,  NO
Ph
B D
XL A and B XL Cand D
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~of [(7=CsHs Mo (¥0)%21> with NaSBu" (X = Br) gave :[{m-CsHs )~ ‘
‘Mo (80) (SPr)21» and with NasPrl (X = I) gave both [(m-CsHs)-
Mo (N0 ) (sPri) 1s and [ (w=CsHs )Mo (N0 ) (SPr1)2]2. The mess, nmr,
i.r., and electronic spectra of these compounds are described.
The reactions of [(m=CsHs)Mo(NO)(CO)-] with Clz or Bra
have afforded [(w-CSHs)Mo(NO)Xa]Z (x = c1 or Br).laB These
species react with Lewis bases L (L = PPhs, AsPhs, PMeyPh,
py or bipy) or halide ion (X = Cl1 or Br) to give [(r—-CsHs)-
Mo (NO )XoL], [ (7-CsHs )Mo (NO)Br (FMeaPh)a 1Br, [(w-CsHs )Mo (NO)C1-
(bipy)lcl and [(7m-CsHs )Mo (NO)X5]~. Nmr and infrared spectral
properties of these complexes are dlscussed.
Several perfluocro-l-methylpropenyl derivatives of
metal carbonyls and metal cyclopentadienyls have been re-
ported. -~ The reaction of (T-CsHs )Cr(NO)-C1 with C4F-Ag to
give (m-CsHs)Cr(NO)2C4F7 was included in this study.
Photolysis of m-CsHsCr{CO)-NO in cyclooctene has been
shown to eliminate CO and result in the formation of the cy-
clooctene complex, W-CSHSCr(CO)(NO)(C5H14).14° The m-bonded
eyeloolefin complex, T=CsHsCr(Co)(NO)(CgH14), was found to
react via replacement of cyclooctene wilith various monoolefins
and alkynes in benzene to form the complexes, m-CsHsCr(Co)(NO)L
(where L = ethylene, acetylene, acetylenedicarboxylic di-
methylester, acenaphthylene, norbornene, and malic anhydride).
Attempts at preparing molybdenocene have resulted in
the isolation of [(CsHs)aMoly, x = 2 or greater, from the re-
action of (CsHs)zMoCl: with sodium emalgem in THF. = Also
isolated from the reaction mixture was (Csﬁs)zMon. During
the course_of studying reactions of the coordinastively un-

saturated molybdenocene believed to be present initially,
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the " rnovel compounds (CsHs)ZMo(CO) and (Csﬁs)aMo(Na) were
also prepared.

Giannotti and Green have observed that irradiation of
,(v—csﬂs)ZWHé in benzene solutions results in formation of
the phenyl hydride complex (T-CsHs)oWHPh in high yield.
When deuteriobenzene was used (m-CsHs)aWD(CeDs) was ob-
tained. On the basis of this result, in conjunction with a
lack of exchange observed between (T-CsHs)oWHPh and CeDs,
it was proposed that irradiation causes loss of hydrogen
from the dihydride followed by insertion of the "carbene-
like" species W(w-CsHs )z into the aromatic C-H bond.

In an effort to more clearly describe correlations
beitween heterogeneocus and homogeneous catelysis a compre-
hensive study of the reactions of dihydridobis(cyclopenta-
dienyl )molybdenum with olefins and acetylenes has been

143
done. In particular the conditlions necessary for reac-

tion via route 18 or 19 were under investigation. Electron-
poor acetylenes such as hexafluoro~-2-butyne and acetyiene-

dicarboxylate follow eq. 18; diphenylacetylene follows eq. 19

CpaMo (18)
H

-

Cp=MoH_,
AA
%
A S

. szr-m(A + HAAH (19)

(20)
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vielding exclusively the cis isomer of stilbene at 25°.
Structure and chemical properties of the reaction products
are discussed. The third pathway, eq. 20, for formatlon of
an olefin complex was observed in the thermal decomposition
of the hydrido-0-alkenyl complex CpzMoH[o-C(COoCHg)=CHCO-CHs].
Thils latter reaction exhibited geometrical isomerizatlon of
the alkene.

Deprotonation of the cations [(w-csHs)aMH(CaHsR)]+
(M=Mo, R=H; M=%, R =H and CH3) formed from reaction
of (7=CsHs )aMCl, with excess ethylaluminum dichloride or
isopropylmagnesium bromide has provided a convenient route
to divalent complexes of the type (7-CsHs)2M(CaHaR) in near
quantitative yields.144 This procedure was extended to the
preparation of (7-CsHs )aMo(CO) from the corresponding cation,
[ (w-CsHs )2MoH(C0)1T. Further reactions of these divalent
complexes are discussed.

Ring exchange reactions involving Li(CsDs) with Cr(w-
CsHs )2 in THF and Ni(#-CsHs )z with Cr(w=-CsHs)z in heptane
have been reported by Switzer and Rettig.145 The half-life
for this exchange process was observed to be considerably
faster for Cr(w-CsHs)z with Li1(CsDs) as compared with
Ni(w-CsDs )z-

An interesting use of organometallic reagents as an
ald to equilibrium studies in organic chemlstry has been
presented by Cotton and Deganello.146 Metal carbonyl moieties
(Mo{C0)s and Fe(CO)s) have been used to influence the posii
tion of equilibrium of derivatives of mono- and blecyclic
tautomers of CgHio and to allow 1lsolatlon of 1someric ole-

fins.
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VIn further evidence of tﬁe similarity of the CO and
PFs ligands, Ni(PFs)s has been used as a source of PFy, i.e.,
a trifluorophosphinating agent, in the preparation of metal-
trifluorophosphine complexes.147 Among the complexes pre-
pared were CpMoz(CO)sPFa, [CpMo(CO)aPFzla, MeMol{co)a (PFs)Cp,
and MeW(Co)z (PFs)Cp.

Further details of the reaction between acetylpenta-
methylcyclopentadiene and various metal carbonyls have been
presented by King and Efraty.“e Based on observed products
such as [gf-Mescsm(co)aJa (M = cr, Mo, W), Mem(co)a(gf-Mescs)
(M =W, Mo), and (Qf-Mescsc(O)Me)Fe(CO)g a four-step scheme
is proposed for the reactlion. This scheme would include an
acetyl migration from the initially metal-bound pentadiene
ring onto the metal with subsequent decarbonylation of the
monohaptoacetylderivative. Subsequent homolytic clevage of
the metal-methyl ¢ bond would lead to the dimer products of
the type observed. M-M triple bonds are proposed for the
Group VI dimers.

The reaction of (7-CsHs)(CO)sMo-CH2C=CH with methanol
has been shown to yield the vinyl carbonyl complex XLI, where-
as reactions of (m-CsHs)(CO)sMo=-CH2C=CR with a variety of

CH3

7\

(T—C.H_ ) (CO),Mo—C
5 '5 2 ‘\O C—H

X
()

/

OCHg
XLI

alcohols have resulted in formation of w-~allylie complexes

1498
according to eg. 21.
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R'OH
(r-CsHs) (CO)3Mo-CH2C=CR — w

(r-CsHs ) (CO)aMo €—

cooR’ (1)

(R = CHz, R' = H; R = CHz, R! = CHs; R = CHgz, R!' =
CzHss; and R = CgHs, R' = CHs). -

Substituted allyl bromides react with (7T-cyclopenta-
dienylmolybdenumtricarbonyl)sodium to yield anti- and syn-
forms of m-allyl complexes (XLIIA through XLIIIB).150
Reaction of the molybdenum anion with l-bromo-%-methylpent-

3-ene results in the o~bonded organometallic, XLIV.

H %y
H;Ca B H
5 y “ 5 v
h -CsHsMo e—:}‘ h ~CsHsMO ~— H
H " H
H
(Xxxxx A} (anti) (xzII B) (syn)
» u
s H,E N ' 5 ”}C N
h ~05H5M0<— ’ H h ~CgHsMO €— ; H
H o,
ch, 5 ®
(XLIII A) (syn-anti) (XLIIT B) (anti-anti)

CHs

5
h -CsHsMo (C0)s-(CHz )2 -HC=C]
CHs

(XLIV)
The effect of a2 metal carbonyl meiety [Cr(CO0)s] on the

chemistry of the olefinic and acetylenic groups in (co)aCr-
. 152
(CeHsCH=CHa ) and (CO)sCr(CeHsC=CH) has been studied. Cat-
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ionic, anionic and free radical agents were ineffective as
polymerization initiators towards the styrene complexes.
Phenyllithium added to the B-carbon of the styrene complex
and yilelded, after hydrolysis, the tricarbonyl complex of
bibenzyl. Other reactions are presented.

Through the use of infrared spectroscopy, protonation
of the arenechromium dicarbonyl triphenylphosphine complexes,
XCeHsCr(CO)2PPhs (X = CHR00C, H, CHs, CHg0 and (CHs)aN) and
(CHs )2CeHaCr (CO)2PPhs, in trifluorocacetic acid has been shown
to occur at the metal atom.152 The ease of protonation ap-
peared to increase with the introduction of increasing elec-
tron~releasing substituents into the m-bonded aromatic ring.
Similarly, from 1H nmr studies, it has been shown that CgHg-
Cr(Co)a, CH3CeHsCr(CO)s, CH30CeHsCr(CO)s and 1,3,5-(CHs)s~
CeHaCr(CO)s protonate at the chromium atom in a mixture of
BFa.H-0 and CFacOOH.153 The arene—Cr(CO)s complexes were
however found to be less basic than their monosubstituted
PPhs analogs,

The mechanism for the proton exchange in cations of
the type(CaHsR)Cr(H)(CO)3+ has also been investigated by
Tillya and Sahatjian.

The resctions of (C6H3)2Cr+'with strong bases yield,
in addition to diamagnetic products, a paramagnetic species
for which the structure (w-CgHg)Crt(w-CegHe)™ was suggested
on the basis of e.s.r. spectroscopilc evidence.155

The base catalyzed deuteration of (arene)cr(co)s
(arene = anisole, ethylbenzoate, N,N-dimethylaniline)} has

sé

1
been studied by Ashraf. Ortho-substitution was found to

be predominate in the anisole complex whereas random substi-
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tutlon was observed for ethylbenzoate. No exchange was ob-
served for the N,N-dimethylaniline derivative.
Tricarbonylchromium v—complexes of PB-tetraphenylporphin
(TPP), where M = Co(II), Ni(II), Cu(II) and Mn(IIT)Cl, have
been reported (XI;V’).157 Zn(TPP)i{Cr(C0)s]> was also reported.
From a study of the CO stretching vibrations it was concluded

that there was no appreciable interactions between the two

metals.

The effects of organometallic fragments on organic re-
actions are further demonstrated in the increased facility A
of base-catalysed hydrogen-deuterium exchange of benzylic
protons upon complexation of alkylbenzenes to tricarbonyl-
chromium(o).158 In addition, exclusive exchange of protons
anti to the cr(co)s moiety in indane complexes such as XLVI

has been observed.

H
H D
H KOBut
H DMSO-dg
H D
Cr(CO)3 Cr(CO)s

XLVI
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1S5¢9
Gogan and Davies report the synthesis of Cr(C0)s and

Mn (CO)a complexes of 2-benzylpyrrole and 2-phenylpyrrole.
The Cr(CO)s; moiety is in both cases bound to the phenyl ring
and the Mn(CO)g, to the pyrrolyl ring. The mixed meté.l complex,

(XIvII), has also been prepared and isolated.

H\C/"' Cr(CO)s

N
Mn(COl3

XLVII

The reaction of aldehyde (XILVIII) and ketone (XLIX)
derivatives of ortho- and meta-substituted benzenechromium
tricarbonyls with RMgX or KBH. respectively to form asym-
metric alcohol derivatives have been studied by Meyer and
Da:ba.rd.l'ao In general the two different routes to the syn-
thesis of assymmetric alcohols led to different mixtures of
diastereomers with the Grignard reagent procedure being some~

what more stereospecific.

R, H
&<
OH
AR ' AN N
@CHO RMgX ocC 8 CcO KBHg4 @_CO_R
cr Cr
ocC é co Rq 'og oc (clj. co
XLVII \H XLIX
Cr,
[
o L co
O
(R]_ = 9_, m-CHg, -0OCHg, (Rl = 2; m-CHa, -OCHa,
~0CzHs, -C1). -0CzHs and R = CHg),
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Cycloheptatrienyl(1,3-cycloheptadiene Jehromium (L) has
been obtained from the reaction of CrClg, cycloheptatriene,
1,3~cyecloheptadiene and isopropyl Grigand in ether.lel The
€.s.r. spectrum of this complex in n-hexane shows one signal
wlth a g value of 1.998. Mass spectral data are also

presented for this complex.

D@

Thermal reactions of Cr{C0)s with cycloheptathiophenes
yield the tricarbonyl thiophene chromium(o) derivatives.lsz
Compounds LI A and LI B in which the Cr(C0)s; molety is at-
tached via the thiophene ring or the cycloheptatriene ring
were obtalned from the respective thiophene derivatives. The
salt LT C was obtalned by reaction of the corresponding com-

plex LT B with tropylium perchlorate.

R
Cr(CQ)q cr(CcO)3
LI A LI B

Several new heptafulvene complexes have been prepared
by the route shown in reaction 22.163 Unlike the tricar-
bonyliron asnalogs, which coordinate through the butadiene
unit, the chromium complexes resemble free heptafulvenes,
showing a greater reactivity to electrophiles at the

exocyclic double bond.
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CHRR' :
CHRR' CHRR
170° (CH3CN)Cr(CO), 7
oy 22— -
\ / 8-—12 hr o i
CF(CO)3 <
' Ph,CBF,
RR CHRR' 3T
+
Cr{cO)
Cr(CO)3 r( 3 (22)

(R = R! =Me; R = R! = Phy R =R! =H; R = H, R' = Phj

Cyclooctyne was observed to react with Mo(CO)s in the
dark at room temperature to give v» 100 % of triscycloocteno-
benzene (LII).l64 In the presence of u.v. irradiation, the
reactlon gave 13 % biscyclooctanohydroquinone (LIII), 1 %
biscyclooctanoquinone (LIV), 3 % carbonyltris(cyclooctyne)-

molybdenum and 20 % LII.

()ig;’_l() m
OoH O
LII LI LIV

cr(co)s was shown to condense with the benzene ring of
indenothiophene (LV) and indenothiophenones (IVI) and (LVII)
to give the corresponding indenothiophene and indenothio-
phenone chromium tricarbonyl <:omp1.exes.165 Fluorenone was

found to react with Cr(CO)e¢ to give the Cr(CO)s complex as
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well as dimer IVIIT. However, INI and W(CO)s gave the dimer
LIX but no W(CO)s complex.

l LV Q=H,
l LVI Q=0

1,2-dicarba-g;ggggdodecaboréne has been reported to
undergo a 2-electron reduction with Na-THF to form
(B1oC2Hi2) 2 which serves as a ligand in the formation of
transition metal com.plexes.186 Included in the list of com~

2 (M = Mo, W). A

pounds prepared are (7=B1 oCoHaz M(CO)a
glgggfpolyhedral structure is proposed for these complexes
with the metzal atom located at one of the three vertexes.

A modified Unterzaucher procedure for the determination
of the total oxygen in organometgllic compounds, including
several Group VIB arenemetaltricarbonyl derivatives, has

187
been reported.

High speed column liquid chromatography has been used
to separate organometallic complexes of very similar physical
properties.168 Isomers of (2,3-dimethylnaphthalene)tricar—
bonylchromium in which the Cr(C0)s; molety is bound to the
methylated or to the unmethylated ring have been effectively

separated and quantitatively analysed by this method.
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Metal-alkyl and =-aryl complexes. An increasing number

of papers have dealt with the preparation and propertles of
metal-alkyl or metal-aryl complexes of the Group VIB metals.
The red solid, W(CHs;)s, was obtained by interaction of tung-
sten hexachloride with methyllithium in ether.169 It was
found to be extremely volatile and to sublime in vacuum at
room temperature. The mass spectrum did not show the parent
iony the highest abundant species seen was W(CHz)s'. The

1H nmr spectrum had a2 single resonance at 7 = 8.18 with
J(Wlaa-H) = 3.0 Hz. LiW(CeFs)s-2Et-0 may be prepared by
reaction of (pentafluorophenyl)lithium with WClg in ether

at -10°.170 The bright green crystelline compound may be
stored under an inert atmosphere for months at -10°. Ther-
mal decomposition of the etherate glves low ylelds of the
sublimable W(CaFs)s.

Reactions of various chlorides of Cr, Mo, and W with
lithium or Grignard reagents derived from (CHs)sSiCH-C1
produce thermally stable alkyls of the formula Cr{(CH.SiMes),
and Mz (CHzSiMes)s (M = Mo or w).lTl I.r., Raman, electronic,
€.5.T. and nmr spectral data are presented and discussed.

PhpGCHCxClz *2THF reacts with two moles of PhIi to give
PhoCHCrPhe. = From a solution of PhaCHCrPhz the new Cr(IT)
compounds CrPhy*2bipy and LiaCrPh,°4THF were prepared by
addition of 2,2'-bipyridyl or 2 moles of PhlLil respectively.

A series of monoalkylchromium complexes, RCrCls (THF)s
where R = Me, Et, n~Pr and 1-Bu, have been prepared by the
reactions of CrCls and the corresponding organoaluminum com-
pounds.l73 The thermal stabilities of the complexes were
found to decrease 1n the order CHz = CpHs > CaH, > C4Hs, with

alkanes, alkenes, dimeric alkanes and THF being released
References p. 394



354 D.J. DARENSBOURG..

during the thermal decomposition process. Stable pyridihe
alkylchromium complexes were prepared by ligand exchange re-
actions of RCrCl, (THF)s with pyridine. The alkylchromium
complexes were found to catalyze the polymerization of
ethylene under mild conditlons with catalytic activity de-
creasing in the order: Me >Et > i-Bu.

Kruse has prepared tetra-t-butyichromium from t-butyl-

174
1ithium and CrClas+3THF or Cr{OR). (R = t-butyl). This

complex was 1solated by sublimation and characterized by
epr, u.v., visible and i.r. speciral measurements. The
following compounds were not isolated in this study but were
characterized in solution by their epr spectra: tetramethyl-
chromium, tetraisopropylchromium, tetra=-sec-butylchromium,
tetra-n-butylchromium, tetra->-pentylchromium, and tetra-
kis (cyclohexylmethyl )chromium.

Tetrahedral chromium(IV) compounds containing carbon
as ligand in the form of alkyl groups chosen to avoid hydride
transfer and alkene elimination have been prepared.175
Ccr(CHzCMes )y, Cr(CHzCMeoPh),, and Cr(CH-CPhs), are intensely
colored erystalline solids with melting points > 110°.

(Diphenylmethyl)chromium dichloride, PhoCHCrCl,*2THF,
has been prepared by the reaction of CrClz with PhpCHLi-2-
{(dioxane) in THF at —50°.176 The observed magnetic moment
of this complex was 3.92 YB. PhpCHCrCly-2THF reacted in the
presence of hexane, benzene, or Etz0 to afford 2CrCls-2THF
and PhoCHCHPh, and with donors MeOCHoCHoOMe, pyridine and
2,2'-dipyridyl to give 2CrClz+donor and Ph-CHCHPh-.

Nitric oxlide was found to insert into WMes to yield

yellow elongated prisms of the air-~sensltive complex, WMe,-
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[ON (Me )NO 1=. Structure LX was established by x~ray struc-

. 177
tural analysis.

The phosphine adducts, PhsCr-2PPhR, (R =Et, Bu), have
been prepared in 80 - 65 % yield from the reaction of PhsCr-
3THF and RoPPh in THF.178 The complex was purified by re-
cerystallijization from hexane at -70°.

Reactions of tris(2-,3-, or 4-methoxyphenyl)chromium(III)
with 2~butyne have been investigated.179 Major products of
the (0-MeOCgH,.)aCr reaction with 2-butyne were MeOPh, o~
MeOCgHs substituted butenes, hexamethylbenzene and methoxyl-
free 1,2,3,4-tetramethylnaphthalene. The methoxyl-free
naphthalene formation is particular to the ortho-anisyl-
chromium compound. Postulated mechanisms for the naphthalene

formation involve a cis-vinylchromium intermediate (IXI)

and/or a chromocycle (IXII).

OMe Cr
R Ve
RQ
Cr R
LXI LXII
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Cohen and Meyerstein have determined the specific rates
of reactions of the radicals (éHacoéH, CH-OH, CHaCHOH,
(CHs }2COH, and CHsCHOCHa2CHs;) with Cr(H20)e™® to form chro-
mlum~carbon bonds;180 The order of reactants was found to
be: CHzCO2H > CH20H > CHsCHOH > (CHs)2COH > CHaCHOCH2CHa
which correlates with thé unpaired electron density on the
reacting carbon atom as determined by e.s.r. measurements.

The epr spectra of Cr(IV) in the tetrakis-alkylehro-
mium compounds CrRg (R = CHoCHaCH2CHs, C(CHa)a, CH2C{CHa)a,
norbornyl, CHzC(CaHs)s, and CH2C(CHsz ). (CsHs)) have been ob=-
served at 4+25° and -196°.181 In general, the +425° spectra
of these compounds conslsts of a single intense peak
{v 3270 gauss) for which the calibrated area was consistent
with 2 d_ Cr(IV) species. At ~186° a second weak absorption
peak was observed at 1500 - 1850 gauss and was assigned to

the "forbidden" Am = 2 transition in cr(IVv).

Molecular nitrogen and nitrosyl complexes. Dinitrogen

complexes of molybdenum contalning arsine ligends have been
reported by George and Seibold. - Mo (Nz)2Llz (L = 1~di-
phenylarsino~2~diphenylphosphinocethane or bis(1,2-diphenyl-
ars;no)ethane) were prepared by reduction of MoCls (THF)s
with Na amalgam in THF in the presence of 2 equivalents of
the appropriaste ligand (L) under N». The trans configura-
tion for these complexes was established via infrared spec-
traoscopy.

Dinitrogen complexes of molybdenum have been prepared
according to eq. 23.183 The yield of the most 1likely poly-

nuclear dinitrogen complex 1ls decidedly influenced by both
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toluene
MQ(&C&C)S + PPhs <+ A]—Ra + Ng -

(23)
Mo (N2 ) (PPhg )2 CeHsCHa

the nature of R in AIRa and the ratio of PPha to the parent
molybdenum complex. Other monodentate ligands such as
P(grBu)s, P(CeH4-EjCH3)3 or PEtPha do not yield a N. complex.
Chelating diphosphine ligands such as Pth(Cﬂz)nPth, n=1,
2, Or 3, yielded a new series of complexes, E!ggngO(N2)2~
PPhp (CHz ) PPha. Structure and chemical properties of the
complexes are discussed. No reduction of coordinated Nz to
NHy was observed upon treatment of the complexes with NaBH,.

George has reported the preparation of a dinltrogen
complex of molybdenum(I).184 Addition of Mo(Na)a(diphos)z
to a methanolic solution of I produces the red, sir-stable
{Mo (N2 )= (diphos)a21'Ta™.

The reaction of trans-Mo (N2 )z (diphos)z with carbon
monoxide under photochemical conditions gave 50 % conversion
to cis-Mo(C0)2(diphos)> in 15 min. of reaction time. %"
Thermally thils reaction has been reported to occur during =z
L4 day reaction period.183

The reduction of trans-{WC1l4(PRs)z2] by sodium amalgam
in THF under N, Hz and CO0 to yileld hydrido, dinitrogen, and
carbonyl complexes has been reported by Chatt and co-workers.188
WClg (PMesPn)z and WCl,s(diphos)s reacted with N, in the presence
of excess phosphines under these conditions to form cis-
W(Nz )z (PMeaPh)s and trans~-W (N ){diphos)z. The reduction of
WCl, (FMezPh). with H» yilelded [WHeg{PMezPh)z]. 1In the presence

of CO the reduction of WCl,(PRa)s resulted in the formation
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of a variety of polycarbonyls, ineluding fac- and mer-tri-
carbonyl derivatives,

The species CrN> has been identified in a low~tempera-
ture matrix by infrared spectroscopy.le7 The 1.r. spectra
of N> chemlisorbed on metal clusters of chromium have also
been obtained. The relative lowering of the CO stretching
force constant in CrCO versus free CO0 was shown to be larger
than the comparable lowering in going from Nz to CrNz. It
was suggested that the lack of observation of metal-N> com=-
plexes beyond the big-adduct is due to the large positive
charge created on the metal atom when bound to the N, ligand.

Synthesis of the dinitrogen complex, (m-CeHe)Cr(CO)aNa,
has been achieved by treatment of the hydrazlne complex
(T-CeHe )Cr (CO JoNaHs with Hp0a/Cu2 in THF at -10°. o © Alter-
natively, the complex results from the elimination of 2H:
from (m-CaHg)Cr(CO)oN-H: at 20° under high vacuum condi-
tions. In addition (hexamethylbenzene)Cr(CO)-THF reacts
with Nz to form (HMB)Cr(CO)aN» or (HMB)Cr(CO)zN=N(CO)}Cr (EMB)
(IXITI). {Mesitylene)Cr(CO)-N- has also been prepared from
(mesitylene)Cr (CO )oNoHe with HpOn/Cut2 in THF at ~78° or from

189
{mesitylene)cr (CO)-THF and Nz.

O
C .o
/<
/Cr—NEN-Cr
o</
c
Q
L XIII

The crystal and molecular structure of di-p-thio-n-
butyl(bis—v~cyclopentadienylmolybdenum)irondichloride, a

model compound of the nitrogenase system, has been deter-
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mined by Cameron and Prout.lso The Fe-Mo separation in the
bent S bridge was found to be 3.660 & and there was no metal-
metal bond observed.

Nitrosyl halides of molybdenum(II) and tungsten(II)
of the form M(NO)>IXr, and M(NO)»I=Xz, where X = Cl1, Br, I
and I = CHz(ASPhy)> (dam) and CHo(PPhs)z (dpm), have been
prepared from [M(NO)2X2}, (obtained from M(CO)4Xz and NO)
and dam or dpm respectively.191 The differences between
nitrosyl hallde derivatives and the corresponding carbonyl
halide complexes were interpreted on the basis of steric
effects.

Treatment of Mo(MeCN)a(CO)s with NOPFe in acetonitrile
affords the complex glgf[Mo(No)z(MeCN)4]+a[PFG]'E, whereas,
the corresponding tungsten complex affords g}gf[w(No)z(CO)-
(MeCN)a1™2[PFe]™= (IXIV A and B). . Reactions of these
derivatives with sodium diethyldithiocarbamate gave the
known complexes cis-[M(NO):(S2CNEtz)>] (M = Mo or W), where-
as, reaction with acetylacetone-NasC0Oas gave the new com-

pounds cis-[M(NO)z(acac)=] (M = Mo or W) (IXV).

2+ 24
L (|:O NO co '1’ NO
>w/ 2 PRy ~wZl 2 PES
L7 1 >No L~ 1 SNO
L L
LXIV A LXIV B
H
C—=CMe
TN
MeCi ?
o) NO
Mol
o | “NO
Me C7~ o)
Ci=CMe
LXV

References p. 394



360 D.J. DARENSBOURG

Nitrosylchloride adds to (CO)sM(CHaCN)s (M = Mo or W)
in THF in the presence of Lewls base to give non-ionic com-
pounds of the type M(CO):(NO)(L)Cl where L is a bidentate
ligand such as diphos, bipyridyl, or phena.nthroline.193
Further reaction of W(CO)=(NO) (bipy)cl with NOCl gives
W{(N0 )=C1, (bipy). NOC1l was also observed to react with
M2(C0)gCls (M = Mo or W) at -U0O° to yield the green-black
complexes [M(NO)2Clz], and [M(NO)'Cla]n.194 The mononitrosyl
polymeric complexes react with PhsP, PhgFO, 2,2'-dlpyridyl,
or sodium N,N*-dialkyldithlocarbamates to yield the deriva=-
tives, M(NO)Cls(PhsPO)z, M(NO)Clgs(dipy), or M(NO)(Sz2CNRz)s
which have all been fully characterized. In contrast NOBr
reacts with the Ma(CQ)BBr4 complexes to yield only the
[M(No)aBrg]m complexes. Infrared spectral data on the new
complexes are reported.

Organoclanthanides have been used as Lewils acids to-
wards mT-CsHsCr(NO)-C1 in which the lanthanide element inter-
acts with the oxygen atom of the nitrosyl ligands to form
isonitrosyl linkages.195 Upon complex formation both NO
stretehing frequencies were lowered (e. g. 1818 to 1786 and
1712 to 1686 cm = for CpsYb). The extent of complexation
was found to be dependent upon the metal. The organo-
lanthanides employed in this study were: (MeCp)sSm, CpsEr,
CpaYb, CpoYbCl and (MeCp)aYbCl.

A number of new cationic nitrosyl complexes which are
isoelectronic with known neutral species have been iso-~
lated. °° Included in the series are [w (N0 ) (CO )adiphos JPFe,
[Mo (N0 ) (CO ) adiphos JPFs, [Ni(NO)(PPhg)s]PFs, and [Co(NO)z-
(PPns )=z 1PFs.
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cr(No). (T4 structure) has been synthesized by the

irradiation of hydrocarbon solutions (pentane, hexadecane

or benzene) of Cr(CO)g while a slow stream of NO. 1s drawn

through the solution.197 Recarbonylation of cr(NO)s by CO

gas was not achieved in this study.

The effect of substituents on phosphorus in phosphines
and phosphites contained in low spin nitrosyl complexes of
cr(I) nas been studied using e.s.r. spectroscopy.198 The
phosphorus derivatives investigated were PRs (R = MeO, EtO,
i-Pr0, n-Pr0, n-BuO, and EtS). Changes in substituents were
found to affect the hyperfine structure of the e.s.r. spec-
tra. This phenomena was discussed in light of the structure

and bonding in these complexes.

Miscellaneous studies. Cotton and Jeremic have re-

ported the preparation and properties of some tungsten car-
boxylates from W(Co)e.189 W(CO)e and benzyl alcohol were
found to react in an evacuated tube at 130-5° or 185-9° to
give [W(0Bz)z21x. [W(02CR)21; (R = p-MeCgHs, CeHs, Pr, CaFs)
were also prepared. W(CO)s was also found to react with a
HOAc-Acz0 mixture in an evacuated tube at 150-5° to give
W3 (0OAc)g0. The complexes were characterized by thelr i.r.
and nmr spectra. .

Mo (CO)e has been observed to react with PhCSCH.COPh
(HL) and the disulfide derivative of HL in refluxing snhydrous
pyridine to give MOL4.2oo

The reaction of Et0-CCN (CFE) with carbonyl derivatives
of Mo, W, Mn, and Fe glves complexes in which the C:N linkage

201
is coordinated laterally with the metal. Mo(CO)s in re-
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fluxing heptane solution with a slight excess of CFE résults
in liberation of 8 moles of CO and precipitation of [Mo-
(CFE)a]n. Other complexes which were formed similarly in-
clude; Mo(CFE)s, W(CFE)a, W(CO)s(CFE)s among others of Mn and
Fe.

Cr(III) chelates of 2-écylpyrroles have been prepared
from Cr(CO)s and RCOC4HaNH (R = H, CHa, CeHs). U.v., i.r.,
and mess spectral data were interpreted in terms of a
structure in which both pyrrolato N and the oxygen car-
bonyl group are complexed to the metal to form a 5-membered

202
chelate ring (IXVI).

(R = H, Me, Ph)

The thermodynamic analysis of the decomposition of
Ww(co)e has been carried out.203 In order to prepare pure W
coatings, films or powders, temperatures > 900°K and pres-
sures << 1 torr were necessary to avoid carbide and oxide
formation.

The AH°f for Cr(CO)e and Mo(CO)s have been determined
to be -223.5 + 3 and -229.5 + 3 kecal/mole respectively via
high t-omperature microcalorimetry studies.204 The AH"f

values were not correctved for thermal effects due to CO ad-

sorption on metal surfaces. In addition, the behavior of
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the Group VIB hexacarbonyls under polythermal conditions bhave
been studied and the order of thermal stability was found to
be Cr{co)e< Mo(C0)e< W(CO)e.

BaNaMeg-M{(CO)s (M = Cr, Mo, W)systems have been studied
by dlifferential thermal analysis.zos Compounds of the com-
position 3BaNgMeg-M(CO)es (m.p. 121, 120, 124° for Cr, Mo, and
W respectively) were found in the system.

Tensimetric studies in binary systems of M(CO)e (M =
Cr, Mo, W) with Ni(CO). have been carried out. ' The vapor
pressures of Ni(co)4 mixtures in the presence of the solid
carbonyls were determined experimentally and calculated by
the graphic relation, log P = f (l/T°K) in which the tempera-
ture T was increased in small intervals from 1.70 to 43.98°,

A gas generator that could be restored after the bed
had cooled to «~» room temperature was achieved by contacting
a hydrazine or methylhydrazine monopropellant with a mixture
of an oxidizer (HIOz, KMnO; or I=Os) and a metal carbonyl
(e. g. €r(Co)g) on an inert support to simultaneously ignite
and combust the propellant.aoe

The production of Cr(C0)e electrolytically using Cr(III)
complexes at moderate CO pressures (80 -~ 180 atm) has been
studled. = Yields up to 85 % of Cr(CO)s can be obtained
by carbonylaetion of CrClsz(py)s in pyridine at 85° and 60 atm
of CO pressure.

Bombardment of Cr(CO)g with 4 keV *®unt 1ons has 1ea
to the formation of -Mn(CO)s and -Mn(CO), in small yields
( <1 %)-210 .

Kineties and catelysis. Dobson and Rettenmsier have
examined the kinetics of the reactions of (P-en)Mo(CO),
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(P-en = ethylenediphosphine, HpPC,H4FPHz) with phosphines and
phosphites (L) in mesitylene at 108 - 135°.211 Three com- N
peting mechanisms were proposed for these substitution
processes which are dependent upon the particular Lewls base
employed. These were: (a) rate-determining dissociation of
Cc0; (b) nucleophilic attack of L on (P-en)Mo(CO)s: and
{c) reversible dissociation of one end of the P-en ligand,
followed by attack of I on the resulting five-coordinate
intermediate. When L = P(OCgHs )s mechanisms (a) and (c)
were operative, whereas, P(0CzHs) and P(n-CsHg)s were ob-
served to react principally via paths (c) and (b) respective-
ly. The rate of reaction via path (b) was examined in terms
of the nature of the interactlon in the activated complex
for these processes. TFurther discussions of the ligand-
dependent mechanism (b) in terms of electrophilic attack of
the incoming ligand (L) at the metal.site in substitution
reactions of this type have been put forth by Dobson.212
Oxidative elimination reactions of (5-X-phen)Mo(CO0).
complexes (X = H, CHs, Cl, and NOz) with HgCl, in acetone to
give (X-phen)Mo(CO)s(CI)HgCl have been investigated employing
stopped-flow techniques.213 The kinetic data determined sup-

port a mechanism as shown in eqns. 2% - 26. The rate con-

—

(5~X-phen )Mo (CO ), + HgCla 4-1 (5-X-phen)Mo(CO)4-HgClo (24%)
k-l

. ko
(5-X-phen )Mo (CO);-HgCl, + HgClp — (5-X-phen)Mo(CO).2HgCls (25)

fast
{5-X-phen)Mo (CO ). -2HgCl: —  (5-X-phen)Mo(CO)s-

(c1)HeCl + CO + HgClo
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stants, ki, were observed to increase as the charge-releasing
ebilities of the X-substituents lncreased., This trend is op-
posite to that observed for reactions of (X-phen)Mo(CO)s; com-
plexes with P(OCHa)scCHs.214 These latter reactions are there-
fore suggested to proceed with some interaction of the filled
metallic d, orbitals with the vacant 4, orbitals on phosphorus
(i. e. the P(OCH2)3CCHs; ligand is behaving more as an electro-
philic than as a nucleophilice reagent).

The kinetics of the thermal decomposition reactlions of
M(CO)samine compounds (where M = Cr, Mo, and W) to form M(CO)e
products have been investigated for a varlety of amines.als
The rate of reaction was shown to follow the first-order rate
law: rate = k,[M(CO)samine]. The rate constant k), for a
particular metal, was found to decrease as the pKa of the
amine increased. This is consistent with the proposed dis-~
sociative mechanism which involves the cleavage of the metal-
nitrogen bond in the rate-determining step. Compounds con-
taining unsaturated amines, such as pyridines, were observed
to be more stable than their pKa values would indicate. This
was Interpreted as resulting from a small amount of metal-
nltrogen "back-bonding". No correlation was observed bet-
ween the nature of the metal-nitrogen bond, as indicated by
the rate constant (ki) or pKa for the smine group, and the
calculagted CO stretching force constants.

The kineties of the reaction of scetonitrile with Group
VIB metal hexacarbonyls to form cis-M(CO)s;(CHsCN)as has been
s‘budied.213 The rate law observed for M = Cr and Mo was:
rate = k; [M(CO)e] + k=I[M(CO)e](CHaCN]. The reaction was shown

by infrared spectral changes to occur vie a stepwise process
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(eqns. 27 ~ 29), where kb:2> k, and kc > k,. Similar conclu~

sions appear to hold for W(C0)e.

k
M(CO)e + CHaCN —~  M(co)s(CHsCN) + CO (27)
M(CO)s (CHsCN) + CHaCN P M(Co )4 (CHACN)z + CO (28)
kC .
M(CO ), (CH3CN)> + CHaCN — M(CO0)s(CHsCN}s + CO (29)

Paxson and Dobson have investigated the kinetics of
the reaction of methyliithlum with Group VIB carbonyls by
stopped-~flow techniques.217 The complexes studled included
M(co)e (M = Ccr, Mo, W) and IW(CO)s (L = PhaP, PhaAs, and
{Pno )SP). The rate expression observed was: rate = k[substrate]-
[CHaLi]1 4, The rates for the hexacarbonyls varied W > Mo>
Cr and for W(CO)}sL, €O => P(OPh)s> AsPhs > PPhs. The rates
for the hexacarbonyls were approximately two orders of magnitude
greater than those for W(CO)sL.

Decarbonylation of Qf-csﬁSMo(co)a(L)cocns is first or=
der in acetyl complex concentration and unaffected by ligand
concentration or Qs-csHsMo (Co)sMe thus suggesting the mecha-~

218
nism in eq. 30.

Q -CO I o) CH, migration l

o Mo, 4 Mo 7 ~Mo,
OC L/ \CC\CH3 . OC ‘ C\CH3 OC-“/ \"'lnc H3
Q L L CO
(30
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The reaction is found to depend on séeric factors with
rates decreasing in the order P(c~CgHii)s > PPho (1-CzH,) >
PPhs > PPhpMe > P(n-Bu)s >> PPhMey, as well as electronic fac-
tors as is demonstrated by the series PPhs > P(p-MeCgHs)s>

P(p-OMeCgH4)s. Values of K, for eq. 31 exhibit the same

q

ligand dependence as kdecarb'

S S
h -CsHsMo(CO ). (L)COCHs = h -CsHsMo(CO)aCHs + L (31)

The very interesting olefin complex, tungstenpentacar-
bonylsemibullvalene has been synthesized by Moriarty and co-
workers.219 TLow temperature nmr studies indicate the activa-
tion energy for the Cope rearrangement of semibullvalene
bound to W(CO)s to be 12 + 1 keal/mole. The AFF for semi-
bullvalene itself has not been experimentally measured but
is calculated to be 3.6 kecal/moles by the MINDO/2 method.

The Cr(C0)s; moiety is found to strongly enhance the
rate of HY elimination from p-X-CgH4CH-CH-Y, X = Br or OTs,
over that of the uncomplexed form.220 The p-NOz uncomplexed
compounds hbwever eliminate much more readily than the
Cr(Co)s derivatives. The increase in rate of the p-~NO»
derivatives are shown to be due to a lower AH' while the
increase in rate of the Cr{C0)s derivatives are due to a
lesé negative AS*, AH* being very similar to that of the
unsubstituted compounds.

Kursanof and co-workersaz_1 have shown that hydrogen
atoms wlll readily undergo isotopic exchange under condlitlions
of protophilic substitution in the presence of bases (eq. 32).

The first-order rate constant for (CeHg)zCr was found

s 1
to be 8.35 (+ 0.14) x 10 = sec at 45°, When R = Me and Et,
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H H D D
H H D D
EtCH)4—E1Cf3
Ccr Cr
EtOH + £to®
H H D D
H H D D
(R=H,Me, Et) (32)

both w-aromatic ring hydrogens and side chain hydrogen en-
tered into exchange reactions. Under the conditions employed
in this study the aromatic hydrocarbons do not undergo ex-
change reactions of thils type. The [Argcr]+I' specles were
found to also exchange hydrogens under even milder conditlons
than neutral species.

Organometallic molybdenum and tungsten compounds have
been used as catalyst for the stereospecific polymerization
and copolymerization of unsaturated hydrocarbans.222 The
complexes used especially for the preparation of polybuta-
diene were of the general structure [(Ha_nxn)ccozm(co)m-
(R)p(L)qL,(where X = halogen, containing at least one F, n =
1, 2, or 3; M = Mo or W3 R = H or alkyl, alkenyl, ete.; L. =
Lewls base, containing at least 1 ether and/or alcohol and/
or ketone group; m = 1, 2, 3, or 43 p and g = 1 or 2 and
r =1 or 2).

Organometallic catalysts containing metal-metal bonds,
R2A1-M(CO )5 (7-CsHs) (R = Me, Et, 1-Bu; M = Mo, W) or their
complexes with dioxane, PPhs or EtsN, which are useful for
hydrogenation, dimerization, polymerization and oxo type re-

actlons have been prepared from the Group VIB trensition metal
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223
complexes and organoaluminum compounds. For example,

2 mmoles of 1-BupAlH and 2 mmoles of HMo (CO )5 (7m-CsHs ) react
in CgHe to give 1-BupAl-Mo(CO)s(m-CsHs) which polymerized
propylene at 80°.

The reactions of methyl trichloroacetate with olefins
were found to “be catalyzed by metal. carbonyl derivatives.224
The [ (w-CsHs )Mo(C0)al- complex was éﬁgerved to be an active
catalyst for this process.

Metal-metal bond complexes have been investigated and
found to be useful as liquid-phase olefin disproportionation
catalysts operating at ambient ternperatures.225 These in-
clude A, [(CO)sM-M' (CO)sI?” with MeAlCl, as activator and
BugsNCl as cocatalyst for M-M!' = Mo-Mo with n =2 and A =
Bu.N or Na; W-W with n = 2 and A = BuglN; Mo-Re with n =1
and A = Na or Et.N; and Mo-Mn with n = 1 and A = Bu,N. Mo-Mo
system showed the highest catalytic activity.

[ (m=CsHs )Mo (7=CgHs )C1 ]2 in the presence of EtAlCly has
been shown to be an effective catalyst for the conversion of
mono-olefing into diene complexes and paraffins.zas

Transalkylation of aromatic hydrocarbons by a metathesis
catalyst (WCle-CzH5A1012) has been studied by Hocks and co-
workers.az7 Whereas A1C1l.(C.Hs) gives mixtures of mono-,

di- and higher alkylated products, WCle/AlCl:(CoHs) promotes
formatlion of mono-alkylated derivatives. When mixtures of
mono~- and polyalkylated benzenes were treated with WCle/AlCla-
(CoHs ), the di- and polyalkylated products disappeared to

give exclusively mono-alkylated products.

Supporting evidence for a metallocyclic intermediate

in the tungsten-catalysed olefin metathesis reaction is based
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on the reaction of 1,4~dilithicbutane or 1,4-dilithio-2,3~
‘dideuteriobutane with WClg in ‘benzene.228 Production of
ethylene occurred immediately upon mixing either of the di-
lithio reagents with WClg. Furthermore, 12 % of the ethylene
obtained from the deuterated reagent resulted from a re-
arranged intermediate, i. e., 88 % was Dy ethylene, 8 % Do
and 6 % D».

Organolithium reduced tungsten hexachloride reagents
have been very effective for deoxygenation of aldehydes, ke~
tones, and epoxides ylelding olefiné.229 While a mixture of
WClg-BuMgI has been found to be an active homogeneous catalyst
for converting hept-2-ene 1nt6 butene and dec~S5~ene Into ben-
zene at room temperature.zao The catalytic activity was
effectively destroyed by the zddition of ether or THF.

The hydridic reagents I1.1A1H, and NaBH. have been found
to form active catalysts for metathesis of olefins with WCls
and comparable in activity with those derived from alkyl-
lithium or Grignard reagents.231 For example, pent-2-ene
waé converted into its equilibrium mixture of but-2-ene in
hex-2~ene in less than 3 hours employing WClg and an excess
of LiAlH, (W : olefin = 1 : 100).

Metathesis reactions of methyl oleate and methyl
elaidate with WCle/{CHs)a.Sn under mild conditlons were found
to give as products octadec-9~ene and the dimethyl ester of
cctadec-9-~enedioic acid.232 Other metathesis reaction obser-
vations, primarily of the high ratio of C; to Cz found in
the metathesis of propylene on Mo(C0)e/Al205 catalyst, have
led workers to suggest the possibility of w-allylic complex

formation and/or metal methylene intermediates as was for-
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merly proposed b& Pettit. (G. S. Lewandos and R. Pettit,
Tetrahedron Lett., 789 (1971)).

A new synthesis of olefins by the reductive deoxy-
genation of viecinal dialkoxyalkanes with W1’ halide
derivatives has been reported.z34

Activities of the commercial cobalt molybdate catalyst
for disproportionation of propene have been observed to par-
211el the activities of this catalyst for converting diazo-~-
methane into N and ethylene.235 These results suggest that
the sltes on molybdate catalysts which disproportionate ole-
fins also selectively convert adsorbed methylenes into ethyl-

ene.,

1,5=-0ctadiene and 1l,6-octadiene have been prepared by
selective hydrogenation of 1,3,7-octatriene over a chromlum
carbonyl catalyst, (methylbenzoate)chromium tricarbonyl.236

Mo (CO)e has been employed as a catalyst for the prep-
aration of amlne oxides from tertlary amines by treatment
with ozonides.zs? For exemple, pyridine in pentane was
treated with 3-methyl-5-ethyl-1,2,4-trioxolane and Mo(CO)e
to glve 50 % pyridine l-oxide. Triethylamine oxide and
Ci10-~Cis-2lkyldimethylamine oxides were also prepared.

A patent for the hydroformylation of l-hexene with
M(CO)sPBus (M = Cr, Mo, W) as a catalyst snd HCo(CO), as 2
cocatalyst has been obtained which gives conversion to lin-
ear glcohols and aldehydes.238

The kinetics and mechanism of the disproportionation
of 2-pentene to C4Hg and CeHiz in the presence of W(CO)s-~
a9

2
PPhs and alkylaluminum has been investigated.

A patent has been obtained for the use of (1,5-cyclo-
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octadiene)tungsten tetracarbonyl as a catalyst for the iso-
merization of alkenes.z40
| A varlety of metal halide complexes, including MClg
(M = Mo, W), have been shown to rapidly catalyze at room
temperature exchange of the aromatlic hydrogens between two
molecules such as perdeuterlobenzene and toluene.241

The chemistry of initiation reactions between Mo(CO)s

and €Cl, in methyl methacrylate and Mo(CO)s and CBr, in

242
ethyl acetate have been studled by e.s.r.

Carbene metal complexes of the types, R(R!')C:M(C0)s
(M = W, Mo; R = Et0, MeO; R' = Me, Ph) or Claz(PhaP)Pd:C(OMe)-
NHPh, and a Lewls acid (e. g. EtAlCls or AlCls) have been
found to be useful compounds for polymerization, dispropor-
tionatlion or tetramerization of olefins.243

Catalysts for the polymerization of cycloalkenes have
been based on transition metal w-allyl complexes, e. g. tetra-
kis(‘lr-crotyl)w.z44 Polymerization by either ring or double
bonding opening were found to be dependent on the nature of
the transition metal and number and type of ligands. For
example, Mo and W catalysts were found to suppress double
bond opening, while Zr and Cr catalysts allowed both types
of polymerization to occurr. In addition, the polymerization
kinetics of 1,1,3,3-tetramethyl-1l,3~-disilacyclobutane cat-
alyzed by di-w~crotyldichlorodinickel has been studied, as
well ag the aetivity of other T-complexes of Ni and Cr.245
Tri-mr-erotylchromium was found to be inactive.

Polymers for general use in the rubber industry have
been prepared using organometallic compounds of Group Ia, IT,
ITIA and w-allyl complexes of tungsten or molybdenum as a

246
catalyst mixture.
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Tetraallyldichromium has been used as a catalyst for
the polymerization of ethylene.247

The tetrakis(bicycloheptyl)Cr complex (IXVII) has been
used as a cabtalyst for polymerization of l-olefins.24s
Tetrakis (l-camphyl )Cr was also employed as a catalyst in

place of IXVII.

Cr

4
LXVII

A mixture of a turpentine solution of chromlum octanoate,
EtsAl in benzene when heated under argon for 1 hr at 60° and
then shaken for 10 hrs at 60° with epichlorohydrin produces
poly(epichlorohydrin).249

Polybutadiene of controlled molecular weight and vinyl
configuration have been prepared in the presence of hydrogen
and catalysts containing chromium phosphine complexes, tri-
butylaluminium and HCOzH, HaPO, or water.250

The molecular weight distribution and impact resistance
of polyethylene prepared with an oxide-supported bis(cyclo-
pentadienyl Jehromium(II) catalyst were found to be increased
when the catalyst was pretreated with an ether or disil-
oxane.251

Polyvalkenamer graft copolymers have been prepared by
the ring opening polymerization of a cycloolefin cn a diene
polymer in the presence of a catalyst contalning a W, Ta, or
52

2
Mo halide and an aluminum alkyl derivative.

Vinyl compounds have been polymerized by interaction
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with a transition metal carbonyl (Cr(C0)e) and an activator
containing covalently bound halogen (CCl4).253 The molecu-
lar welght of the polymer obtained could be controlled by
the proportion of activator.

Tetra-tert-butylchromium or tetraneopentylchromium,
organic aluminum compounds, and light or triethylborane were
employed as a polymerization catalyst in the preparation of
polyethylene and polypropylene.zS4

Cyclopentene was polymerized in the liguid phase over
1 - 100 hrs at =50 - 150° in the presence of an oxygen-con-
taining Mo or W halide, an organic Group I, II, or IIIA metal
halide and a C;._ascamine ternary caﬂ:a’.\_ys*t:.a55 .
Linear polymers of allcyclic polyolefins (e. g. poly-

trans, trans, cis-1,5,9-cyclododecatriene) which are useful

ag rubber compounds have been pfepared by polymerization
without induction periods-in orgaenic solvents over the cata-
lyst tetra-m-crotyl-tungsten and aluminum bromide.256
Elastomeric copolymers of ceyclic monoolefins and cyclic
polyoclefins have been prepared by polymerization of a Cs.io
cyclic monoolefin with a non-conjugated cyeclic polyene or
W=-a21kenyl cycloolefin in the presence of an alkylaluminum
halide and a Group VIB metal compound.257 Thus polymeriza-
tion of a mixture of cyclopentene, cyclopentadiene, molybde-~
num trichloride dilaurate, Al(Et)zcl, and PhMe for 4 hrs at

5° gave 47 % cyclopentadiene-cyclopentene copolymer.

Spectroscopy and Theory

. Vibrational and electronic spectra. Brown and Dobson

have observed the infrared spectra of a large variety of
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iM(cO0)s (L = Lewis base; M = Cr, Mo, W) compounds in the
regiong 2100 - 1800 and 700 ~ 300 em .07 These workers
found that the ¥ (MC) vibration were lowest for the "hard"
bases (oxygen and nitrogen) and highest for the "soft" bases
{phosphorus, arsenic, antimony and bismuth) with sulfur being
intermediaste between these two extremes. Although the above
results are contrary to inferences made employing v(co),

i. e. lower v(CO) results infer higher v(MC), within a se-
ries of derivatives of ligands containing the same donor
atom however, the “reciprocal relationship" between v (CO)
and v (MC) was observed. These results were discussed with
respect to reactivity via rate-determining dissociation of
CO0 and current bonding theories. These workers have also
observed the M-C stretching vibrations in CH-Cl- solution in
cis-M(CO), (bidentate) complexes (M = Cr, Mo, W; bidentate =
bidentate chelating through N, P, As, or S donor atoms).259
The positions of the bands were considered with respect to
observed reactivities of cis-(bidentate)M(CO)}; complexes via
a path involving rate determining dissociation of CO and with
respect to positions of other assigned M-C stretches in
1(CO)sL and trans-M(CO).I- complexes. The By v(M-C) mode
for a given metal was strongly dependent on the donor atoms
end was observed to decrease along the series Pw As > N.

The carbonyl stretching spectra of = large number of
cis-L;M(CO), complexes (L = bidentate chelating ligand
bonding through N, P, As or S donor atoms; M = Cr, Mo, W)
have been observed.260 The two carbonyl stretching force
constants (ki and kz) and the three CO-CO interaction con-

stants were determined from the four observable v(CO) using
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an iterative procedure which g_priori'assumed no relationship
between the interaction constants. The results were shown
to be in good agreement with force constants calculated em-
ploying 13CO enrichment data. An approach was presented to
separate the O-donor and w-acceptor properties of the sub-
stituted chelating ligands which related charges in the CO
stretching force constants to the direct ligand (N, P, As,

5) interaction with the 7 orbitals of the adjacent CO groups
and the metal-to-CO 7T bonding.

CO stretching frequencles and force constants for the
complexes {C0)sWP{CgHs )2CH-CH2P{CeHs )z, (CO)sWP(CgHs)2CHa-
P(CeHs )2, [(CO)sWP(CeHs)2CH2CH2P (CaHs )2CH2CeHs J[PFe” ], and
[(CO)5WP(C5H5)2CH2P+(CGH5)ECHs][I—] have been determined in
order to test the effect of a positive charge on a non metal-

281

bound phosphorus atom on v,y and F The v or F

“Cco* Cco Cco
values (Cotton-Kraihanzel) obtained in these complexes were
all very similar indicating little, if any, effect of the
remote positive charge on Voo OT FCO'

I.r., nmr and mass spectral data are reported for the
phosphorus coordinated (RoNPPh,)Mo(CO)s (R = Et, Pr, Bu) and
cis- and trans-(R=NPPh2).Mo(CO), (R = Me, Et, Pr, Bu).
CO stretchlng frequencies of these new complexes are sub-
stantially the same as analogous PPhi complexes, indicating
the P to be little affected by bonding to N.

Metal-metal stretching frequencies have been reported
for the complexes trans-PtL»[Mo{CO)s(m-CsHs)] (L = py and
3-Mepy), trans-Pdpy=[Mo(C0)s(m-CsHs)]> and trans-Ptpy»Cl-

2e3
[Mo (cO)a (7-CsHs ) ]. The asymmetric metal-metal vibrations

1
were observed to occur between 144 - 134 ecm . Force con-
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stants for the metal-metal bond were estimated on the basis
of a linear triatomic model and were compared with the cor-
responding force constant in Hg{Mo(CO)s(7~CsHs) Iz.

Further experiments investigating the nature of cr(co)s,
the coordinately unsaturated intermediste photochemically
produced in solid matrices, have been carried out.254 Pho-
tolysis of Cr(CO)e in methane at 20°K produces a species with
U.V.-vis bands at 237 nm (the same as in Ar at 20°K) and at
o2 nm (542 nm in Ar and approximately the same as in hydro-
carbon glasses at 77°K). Turner, et al., suggest the dis-
crepancy of the latter bands 1ls due to the presence of Cuy
cr(co0)sS (S = methane or in other experiments, hydrocarbon
solvent). Weak bands formerly assigned to small concentra-
tions of Dap M(CO)s structures are found to be dilution de-
pendent and thought to be due to polymer formation of M(CO)s
and M(CO)s.

Breeze and Turner have presented infrared spectroscopic
evidence for the presence of Cr(CO)s- anion obtained by co-
condensation at 20°K of sodium atoms with Cr(CO)e in an ar-
gon matrix-zjs The observed band pattern {1855 (E mode) and
1838 em (All mode)) are believed to be consistent with a
Cay Or (00)3— structure although the low intensity high fre-
quency Alz band was not observed. Only small frequency
shifts were noted (w2 cm-l) in changing the alkalil metal
from sodium to potassium. Similar results were obtained for
cocondensation of sodium and W(CO)s/Ar.

Darling and Ogden have discussed a general method for
characterizing simple binary carbonyls produced under matrix

268
isolation techniques by i.r. spectroscopy. In particular
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it was shown that when C O and C O are used in the synthesis
of carbonyl compounds, the species M(CO), M(CO)2, M(CO)s
(Dsh), M(CO)s (Dap, or Ty) and M(cO)s (0;) would each give
rise to a characteristic frequency and intensity patterns.

The appropriate Cotton-Kraihanzel force constants were deter-
mined for these species.

A linear correlatlion was established between the VNZ
end the absolute infrared intensity of the dinitrogen ligand
in isoelectronic transition metal compounds.267 The complexes
involved in this study include 0s(II), Re(I) and W(0) di-
nitrogen specles. The infrared intensities were shown to
increase as the nuclear charge decreased with a concomlitant
decrease in the N> stretching frequencies.

Kettle and co-work.ers268 have applied a Wolkenstein
bond polarizability approach (relates molecular properties
to bond properties) to Raman intensities of the terminal CO
stretching vibrations in metal carbonyl complexes, including
M(co)e (M = Cr, Mo, W) and areneCr{(CO)s. The reversal of
intensity of the totally symmetric and non-totally symmetric
modes in the Raman effect, the latter being more intense,
was presumed to be assoclated with the M=-C=0 bonding.

The dlamagnetic, nonelectrolytic complexes M(CN).(CNR).
(M = Mo, W; R = Me, Et, n-Pr, 1-Pr, t-Bu, or CFhg) gave re=
markably simple Iinfrared spectra which consisted of a single
‘band attributable to C-=N stretchling and a more intense band

aes
at hlgher frequency assigned to the C~NR stretching modes.

On the basis of x-ray data for Mo(CN).(CNMe)., 211 the com-
plexes were presumed to have dodecahedral configurations.

A complete set of symmetry coordinates based on con-
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ventional valence coordinates of a Cay model of (CeHs)Cr(CO)s
has been presented by Brunvell and co—workers.270 Another
set of symmetry coordinates are described which preserves

the identity of the benzene ligand. This set of symmetry
coordinates were then used in a normal coordinate analysis
of (CeHa)Cr(CO)s.

The Raman spectrum of (CeHe)Cr(CO)s in both the solid
state and in solution (CSz and CeHg) has been reported.272
The vibrational spectra of (CeDe)Cr(CO0)s and (CgHe)Cr(CO)s
(infrared and Raman) have also been recorded at low tem-
perature by Hyams and Lippincott.273

Shriver and Alich '~ have observed that Mo (L-L) [P~
(CeHs )212(C0)2 (L-L = phen, and 5-6-dimethylphen) and Mo-
(phen)=(co)- interact with 2 moles of trialkylaluminum to
form complexes containing Mo-CO-Al bridges (IXVIII). The
assigned@ Mo (CO)- ~ phen charge-~transfer transition was found
to undergo a large blue shift upon adduct formation. Changes
in this transitional energy upon adduct formation were dis-
cussed in terms of a molecular orbital treatment. It was
concluded that these blue shifts were due to an increase in

Mo-CO 7 backbonding upon adduct formation. These shifts were

employed to infer the electron-palr acceptor strength:

Al (CoHs )3 > Al(_i_._—cf.Hs)a > Ga(CHa)a-

PPh3

N
phen( \Mo/
N
PPhg
LXVIII

COAIR;

COAIR;
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The emission lifetimes of tungsten carbonyl complexes
of the type W(CO)sX, where X is a Lewis base containing ni-

trogen or oxygen donor atoms, have been investigated by
27s

=

Stable complexes of molybdenum carbonyls and substituted

carbonyl derivatives with 1,4-dlheterobutadienes (DHB) such

as glyoxal or biacetyl diimines and camphorquinone mono-
imines of the type (DHB)Mo(CO)s, fac~-(DHB)(PhsP)Mo(CO);, and
gigr(DHB)(PPhs)ZMo(CO)g have been prepared.278 The solvent
dependence of the electronic spectra of a large variety of
these complexes has provided information concerning the oxi-
dation state of the metal and ligand, the direction of the
low energy electronic transition, and the importance of w-
backbonding. Irregularities in the camphorgquinone deriva-

tives were understood in term of changes in the coordination

geometry as shown below (IXTX A and B). In order to further

study the extent of w-backbonding in these complexes, po-
larographic reduction potentials of (DHB)(PPhs)Mo{(CO)s and
{DHB ) (PPhs )oMo (CO )2 have been measured and compared with
that of free DHB and (DHB)Mo(CO)s.
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The luminescence spectra of (2,2'-bipyridyl)M(cO).

(M = cr, Mo, W) and the related methyl substituted complexes
have been measured.278 The luminescence arises from the
lowest "metal-to-bipyridine!" charge transfer triplet ex-
cited without dissociation of CO.

The solvent variation of the maximum absorption for
intramolecular charge-transfer spectra of M(LL){(co). (M = Mo,
W3 LL = phen, bipy) in mixed solvents has also been report-

279
ed.

(2,2 -Bipyridyi)M(co)s (M = Cr, Mo, W) anions, formed
by reduction of (2,2'-bipyridyl)M(CO); with sodium in THF,
have been studied by electronic and e.s.r. spectroscopy.280
These complexes were concluded to involve the coordination

of z2 mononegative ion of bipyridine in which the electron

was trapped in a 7 orbital of bipyridine.

Mzss spectra. The mass spectra of metal carbonyl com-

plexes of tris(dimethylamino )phosphine (TDP), including
(tpP)M(CO)s and (TDP)=M(CC), (M = Cr, Mo, W) have been ob=-
te.ined.281 The data reported included fragmentation patterns
as well as ionization and appearance potential measurements.
The average bond dissociation energies of the metal-carbonyl
bond in these complexes were obtained from the ionization
and appearance potential measurements.

Methane chemical lonlzation mass spectra of chromium,
molybdenum, and tungsten hexacarbonyls have been reported by
Hunt and co-workers.282 These spectra were relatively un-
informative when compared with conventional electron impact

mass spectra. The M + 1 ion (M = Cr, Mo, W) was observed to
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be the base peak In. each case and was accompanied by a
relatively low abundance of MY (10 - %0 %) and (M + 1 - CO)
(4 - 20 #) ions. Dimeric ions corresponding to Ms(CO)i-HT
and Ma (CO);1HT were also observed (< 2 %).

Hsieh has reported the mass spectra of some halomercury
derivatives of transition metal carbonyls.283 Included in
this study was the report of the mass spectrum of (v-CsHs)—
(CO)sMoHgI. The observed meta-stable transitions indicate
fragmentation of the molecular ion occurs by loss of CO
groups, Hg atom, halogen atom or halomercury group (HgX).

Ionization potentials of W(CO)sL (L = 2,6~dimethyl-~
pyridine, 34-methylpyridine, pyridine, and 2-cyanopyridine)
and Cr(co)sL (L = S(CHz)4, SOMez, SO{OCHz) )and the corre-
sponding free ligands have been measured.284 A gcod linear
correlation was found between the complex and ligand (L)
ionization potentials. The results were discussed in terms

of dative ¢ and 7 back bonding.

Substituent effects in bimolecular ion-molecule reac-
tions (eq. 33) involving arenechromium tricarbonyls which
occur in a mass spectrometer have been studied by Gilbert,

285
Leach and Miller. The composite rate constant (k') was
farcr(co)s]* + Arcr(co)s — [ArzCra(co0)alt +3c0  (33)

obtained from plots of concentration of [Ar20r2(00)3]+'35
concentration of {[ArCr(CO)3]+}2. An excellent correlation
was obServed by applying the Hammett treatment to these data,
i. e., 1og(k'/k6) vs. op values for the ring substituent

Yielded & straight-line with a large negative slope.

The decomposition of organometallic complexes In a mass
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spectrometer has been discussed by Mueller.286 This report
covers g number of general rules for decomposition of organo-
metallic complexes upon electron impact. The classification
into decomposition types which were presented and illustrated
includes (1) cleavage of M-L bonds, (2) simple cleavage of
bonds within the ligands, and (3) fragmentation reactions

with rearrangement.

Nuclear magnetic resonance, photoelectron spectra and

theory. Carbon-13 nuclear magnetic resonance studies have
been applied to organometallic complexes. The effect of
changes in the electronic environmment of the sp2 hybridized
carbene carbon atom in complexes of the type (CO)sMCXY M =
Cr or W3 X =OR or NRlRa, and Y is an organic group) have
been discussed with the aid of 130 nmy data.287 Changing
the nature of the heteroatom X was shown to have the most
important influence on the chemlcal shift of the carbene car-
bon atom. The low-field chemical shift was thought to re-
sult from the electron-deficient character of the carbene
carbon together with parsmagnetic shielding and/or AE. The
data were taken to suggest that the carbene complexes of
transition metals can best be thought of as metal-stabilized
carbonium ions. The ~C nmr chemical shifts in (CO)sMC(X)Y
(M=Cr, X =0Me, Y =Me, Phj M = W, X = OMe, SMe, and NHMe,
Y = Me) carbene complexes have also been reported.zaa lac
nmr shows the carbene carbon atom to be extremely deshielded.
A discussion of the utility of 13C—H satellite PMR
spectral analysis as a criterion for distinguishing 7- and o-

2es
structures of metal cyclopentadienyls has been presented.
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‘ Unequivocal assignment from nmr data as to 7 or o-bound cy- ,
clopeﬂtadienyl is not possible for bent sandwich struct‘ures
or for compounds whose symmetry is distorted by ligand inter-
action or by substituents in the cyclopentadienyl ring. Among
the compounds discussed are the following: w-CsHsFe (co )2-0-
CsHs; CsHsMo(CO)aCzHss (CsHs)2Sn, (CsHs)aTiCly and CsHsAu-
P(CeHs )a. '

Two new compounds containing the novel polypyrazolyl-
borate ligand have been structurally investigated. — TInfra-
red and H nmr dats are consistent with the conformational
isomers A and B existing for the complexes [HB(pz)3}(CsHs)-
(co)zMo and [Et2B(pz)21(CsHs)(CO)=Mo (eq. 34).

N

Ra Cp N

x u [ n—n)
B Mo =—CO R ! Cp
R -~ \ / \ Q_————__.> 2\ B/ \MO/
N N R, 8

(34)

Studies on the structure of [B(pz)s;](CsHs)(CO)zMo have
shown that the B(pz). ligand is bidentate, while the eyclo-
pentadienyl ligand is gentaha.gto.agl The BNgMo ring was
shown by infrared and temperature dependent lH nmr to exist
in two conformers (LXX A and B) in solution which intercon-

vert with an activation energy of approximately 10 kcal/mole.

Pz Cp N N
I I / N —N \
B Moo= CO Pz 7 AN /Cp
pz” \\N—N// e _ ~B _Mo
O | ot l
N N Pz C
O

LXX A LXX B
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Calderon, Cotton and Shaverzga’zsahave studied solution
structure of [HzB(3,5-Me2pz)21(C7H7)(CO)2Mo (A) and [EtoB-
(pz)21(C7H,)(CO)2Mo (B) by infrared and 'H nmr spectral meas-
urement, The presence of two slites in these molecules for
fluxionality can led to a varlety of possible structures for
these compounds. Compound A shows only one doublet in the
v (go) region whereas compound B shows a set of 4} doublets.
In compound A the BN.Mo ring and the Q?-C7H7 ring do not com-
bine their two conformations each in solution to generate a
set of 4 conformers. Instead one conformer was observed to
be highly favored due to a stablllized Mo...H-B interaction
and restrictive motion of E?-C,H, caused by the bulkiness of
the HZB(Meapz)a ligand. However, A does exist as enantiomers
(IXXI and LXXII) which were found to interconvert at 120° by
an intramolecular motion. In compound B however four con-

formers were observed in solution in varying ratios.

——
—_—
LXXI L XXII
183 31
W- P spin-spin coupling interactions in (P¥,)W(CO)s

284
complexes have been determined for X = Cl1, Br and I.

good correlation between J(W-P) and the electronegativity of
the X atom bound to phosphorus was observed which differed
from the correlation between J(W-P) and aryl- and alkyl-phos-

phines and phosphite substituents electronegativities.
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Tungsten-183-phosphorus-31l coupling constants have also
been measured in order to determine the effect of a positive"
charge on a trivalent phosphorusligand.295 This data would
suggest that the —CHZCH2P+(27Bu)Ph2 group is only slightly
more electronegative than the -CHoCHzPPhp group in compounds
of the type (OC)sWPPhoCH-CH-PPh, and its n-Bu cationic deriva-
tive. W-P coupling through three bonds is observed in the
former complex, however such coupling is eliminated in its
n~Bu cationlc derivative.

NMR spectroscopy has been employed to demonstrate that
the acyl complexes, RCOMo (CO)-[CeHsP(CHa)21(7-CsHs) (R = CHa
and CoHs), exist in solution exclusively in the trans form

. 2986
(IxxIII). The lack of interconversion between cis and

@

Mo
R NL
o o

LXXIII

trans acyl complexes as compared with the cis-trans intercon-
version of alkyl derivatives was taken to further substan-
tizate bond breaking of the alkyl-metal bond in this isomeri-
zation process.

The temperature-dependent "H nmr of m-CsHsCr(CO)(NO)-
(C2H2) has been shown to indicate intramolecular rotation of
the w-bohded acetylene ligand in solution.297 While the
acetylene ligand appears to assume a favored rotameric posi-

tion in the complex at low temperature (-50°), at room tem-

perature rotation about the metal-CoHr bond takes place. The
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free energy of activation (46*) for the rotation of acetylene
was found to be slightly solvent dependent, ranging from

13.8 kecal/mole in hexane to 12.1 kcal/mole in tetradeutero-
furan.

Temperature-dependent lH nmr for T-a2llylmolybdenum
pyrazolylborates of the type RiB(pz)aMo(CO),-m-CH2C(R2 )CHz
have been quantitatively analysed according to an intra-
moleclar fluxional model.298 The equillibration of the
pyrazolyl protons is attributed to a rotation of the tri-
dentate ligand about a2 Mo-B axis, a process analogous to the
Baila» twist. Activation parameters for the process were
calculated.

The isonitrile complex [(Q?-CsHs)Mo(CO)3-MO(CO)2-
(CNCHS)(ES-CSHS)] exhibits a single CsHs and a single CHa
lH nmr resonance at +60°.299 Upon cooling to -43° both
resonances are resolved, Rapld isomerization of the iso-
nitrile ligand at the higher temperature ls belleved to occur
via an isonitrile bridging group.

Variable-temperature 1H nmr studies of the complexes
[ (m-CsHs )M(CO)2 § (p~tolyl)2CNC (p-tolyl)d] (M = Mo or W) have
shown the molecules to be :f‘luxional.aoo Further nmr studies
on [(m-CsHs)M(CO)z§ (p-CFsCeH, )2C0NC (p~CFaCel, )}l (M = Mo, W)
gave values for the energy of activation of 11.6 and 6.8 kecal

respectively for this process (eq. 35).

R 2N~ _Ra Ra Ny Re
A el —_— S /e e
R3 M R, R3 M R

Dessy and co-workers report nmr studies of neutral bi-

pk-phosphido-dimetallic species of types IXXIV and ILXXV and
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301 -
their electrochemically reduced dianions. - Arguments for

an increase of the M-P-M bond angle and a concurrent decrease
of the C-P~C bond angle upon reduction to the dianion are .
presented. Activation parameters for the conformationally
fluxional iron contzining neutral and dianion systems have

also been determined.

H
o CHy o CH; CHy
O c é ¢ CO Ct F CO
C\ I oy | _~ \ CH3 CHy J/
M- “chy H'N1 - __épé__nAH
c | (1 ¢ oCy \CO
o P o c .
s 1.5 o - “o
O CHy
LXXIV (M:CQMO,W) LXXV (M=F€,RU)

The mesityl group has been used as a probe for ring
current in transition metal 1,2-diimine chelates.302
Chelates with mesityl substituents were synthesized in which
deviations between chemical shifts of two equivalent o-methyl
groups above and below the plane of the c¢helate ring and the
p-methyl group whieh aets as an internel standard afford a

means of detecting ring currents. The molybdenum derivative

(IXXVI) was prepared and studied. Studies of this type in-

Me Me

—C
” &1 Me

/
Me” “mdco),

LXXVI

dicate that the mesityl group represents a probe for ring

current effects and also for varying the electron densitles

in ring systems.
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Rare earth shift reagents are shown to interact with
basic sites in transition metal organometallic complexes such
as t_x_s-CSHE)yHZ, (phen) (PPhg )oMo (CO)2, p_s-CSHsMo(co)aGethﬂ
and several of the more basic p_s-csHs iron carbonyl deriva-
tives.303 PMR chemical shifts are considerably expanded
permitting detectlon of spin-épin coupling hitherto nnt ob-
served.

NMR spectral studies show the amine proton of meta-
and para-substituted anilinetricarbonylchromium(0) to be
less sensitive to electronic changes in the aromatic ring
induced by the substituents than of uncomplexed substituted
anilines.” ~ Plots of chemical shifts vs Hammett sub-
stituent constants are linear, however the slope of the
plot of the uncomplexed compounds is greater than that of
the complexed compounds.

Aromatic solvent-induced shift effects of polar metal
complexes of the type (CO)SCrLl, 3157(00)4M0L;, (CO)SMOL1
and (CO)4FeL2; nonpolar trans complexes of the type (CO)s-
MLz (M = Cr, Mo, W), (co)aFeL;_, (c0)sFela, (CO).CrLa and
NiLi in benzene and hexafluorobenzene have been studled by
Verkade and co-workers.305 The ligands involved were: L1 =

2 3
(IXXvII), I. = P(OMe)sz and I, = (IXXVIII). The ASIS effects

e o
/ /
p-Re Me p~ Et
\\O
Me
LXVII LXVIIT
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at the protons in the walst of ligand dipoles (NCH, in IXXVII
and OCHs in IXXVIII) were consistent with ligand dipole en-
hancement upon complexing which zltermates in the trans com-
plexes,

Mezkin, Muettertlies and Jesson have made another con-~
tribution to the topic of intramolecular rearrangement
mechanism.aoe Specifically, the pseudotetrahedral form of
HML. complexes (H on a T, face of ML.) is recognized as a
regular 5-coordinate polytopal form and a new intramolecular
rearrangement mechanism is proposed which recognizes this
ground state geometry. Although the complexes studied are
211 5-coordinate the topic is pertinent to this review in
view of the 5-coordinate intermediates present in many reac-~
tion processes of organometallic Group VI complexes,

Several tungsten tetrahydrides, WHy(PRs)s (FRs =
PMePh, PMePh,) and WH, (PhaPCH»CH»PPhs )z, have been pre-
pared by the reduction of the corresponding WClg (PRa)» com-
plexes with NaBH. in alcoholic solution in the presence of

o7
In contrast to the MoHs(PRas)s deriva-

excess phosphine.a
tives which have non-rigid structures at room temperature,

the tungsten tetrahydride complexes were found to exhibit a
rigld structure. In addition, [WHe(FMeoPh)s] was prepared
from reduction of trans-[WCls(PMezPh)»], trans-[WBr.(PepPh):]
or [WCl,(PMesPh)s;] with sodium borohydride and was shown by

os

nmr to be fluxional. Impure [WHg(PEtzPh)a] was prepared
in a similar manner.

The nitrogen ls binding energles for a variety of
transition metal nitrosyl complexes, including MoCls (NO)a=-

(éiars), trans-[CrCl(N0)(diars).1F, Kslcr(No)(cN)s] and
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[r-CsHsCr(NO )2 ]», have been determined by Finn and Jolly.
It was concluded that a definite correlation exists between

the nitrogen 1s binding energy of NO and the electron den-

e

ow b'3 nd "

sity on that g ing en
gies and linear nitrosyls have either low or high binding
energies, depending on the extent of 7 back bonding from the
metal.

Measurements of the core binding energies and calcula-
tions of the charge distributions in CO, Cr(cO)es and Cr(CO)s—
NHs have shown that the o framework of the CO ligand, which
is drastically altered on formation of Cr(CO)s, remains un-
altered essentially upon substitution of NH; for CO.310 An
increase in the CO ligand electron density and an associated
decrease in C and O ls binding energies are a result of an
increase in population of C and 0 2p7 orbitals. The formal
charge distribution on Cr was essentially unchanged by sub-
stitution of NH5; for CO.

The photoelectron spectrum of WMeg exhibits narrow bands
at 10.00 (intermediate intensity), 10.35 (strongest) and
10.8 (weakest) eV which were assigned to the eg, tiy, and
ai1g W-C o bonding levels, respectively and a broad band
(11.5 - 16 eV) with a maximum at 12.8 eV which was assigned
to C-H bonding levels derived from C 2p orbfi.tals.a11 Assign-
ment of the narrow bands was based on the premise that the
intensity of the bands are related to the electron content
of the corresponding orbital. The eleciron transition re-
sponsible for the red color of this compound is attributed
to the symmetry allowed (T.,) transition, (tlu)e - (tlu)s—
(tzg)l. The binding energy of the vacant tag W 5d level was

estimated to be 7.4 ev.
References p. 394
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.- X-ray photoelectroh,spéctréufor an olefin dispropor- _aﬂf
tionafion‘catalystrprepared by condensing molybdenum hexa-”
carbonyl on to Y-alumina indicate tnét the molybdenum in an
activated disproportionation catalyst does not exist as hexa-
éa.rbonyl but is displaced to higher binding energies, i. e,
molybdenum entities have an oxidation number greater than
zero.312 The loss of activity of these catalysts on expo-
" sure to air was shown to be due to oxidation of the molyb-
denum.

A molecular orbital bonding model for bent EEET(V'
cyclopentadienyl)metai compounds of the type (7-CsHs )oMoHz
has been dliscussed by Prout and co-workers.313

An approximate molecular orbital approach (effects of
211l overlap terms and of the charge distribution on all
neighboring atoms included) has been carried out on several
metal carbonyls, including Cr(co0)sCl= and Cr(CO)sBr'.314
From the derived electronic structure of these molecules the
GO stretching force constants have been correlated with the
calculated occupancies of the o-donor and w-acceptor orbitals
on the carbonyl ligands. The result indicate the both
d;-pq backbonding and o donor bonding have important effects
on the carbonyl's force constant. In addition the calcula-
tions point out the importance of direct donatlon of electron
density from the halogen's o orbltal to the cis carbonyl's
27w orbiteal.

Skeletal electron counting in clusters has been gener-
alized by Wade.als’sle‘ Bonding electrons contributed by
various units were discussed, including M{(co), M(CO)»,
M(m-CsHs) (M = Cr, Mo, W) and several metal-hydrocarbon 7~

complexes.
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The applicatlon of orbltal symmetry rules for unimolec—

ular reaction to the olefin disproportlonation reaction cata-

lysed by transition metal complexes has been discussed by

317
Pearson.
318 .
Mingos has discussed symmetry arguments which sug-

gest that metal electronic confliguration can influence the
activation energy for metal-carbon homolytic bond dissocia-‘
tion, while Braterman319 has recently critically discussed
this theoretical explanation.

Braterman and Crossa20 have discussed the stability
of transition metal-carbon bonds in terms of possible path-
ways for metal-carbon bond cleavage, both concerted and non-
concerted pathways. The decomposition of (CDg )T (THF)s to
give CDgH was suggested to be an example of non-concerted
promotional bond cleavage, i. e. to involve an oxidation of
the ligand from formally R~ to é with concomitant reduction
of the metal. §,1 substitution reactions of M(co)s (M = Cr,
Mo, W) were discussed as exambles of non-concerted non-promo-
tional bon& cleavage, i. e., the excited states of the prod-
ucts correlate with the excited states of the reactions.

A discussijon of [1,3] vs [1,2] sigmatropic shifts in
the 5-membered ring of indenyl organometallic complexes has
been presented by Dalton and McAul:Lffe.321

A topologlcal treatment of polyhedral metal clusters
and boron hydrides has been presented by King.322 Summariza-
tion and comparisons of actual structures of transition
metal clusters with the generated polyhedral possibilities
indicate that transition metal clusters avoid using poly-

hedra with vertices of order five or higher. Such high order
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polyhedra would lead to excessive angular strain or a very
high coordination number. In contrast, polyhedra with ver-
tices of order four or five are the preferred structures for
closed boron hydride or carborane cages. This paper presents

a good summary of known types of metal atom clusters.
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