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Introduction

The survey this year was done in much the same manner
as those of previous years. We have covered the primary
literature directly from the respective journals from
January 1, 1973 to December 31, 1973. However some of the
less avallable journals as well as all patents were covered
from Chemical Abstracts over the same time period. There-
fore, the survey contalns some late 1972 papers obtained in
this manner and similarly excludes until next year late
1973 papers.

Doctoral dissertations are listed separately in this

survey and were reviewed by abstract only.

Digsertations

Doctoral dissertations which have dealt 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 1s included in the bibliography.

Lewls acid-base reactions at the oxygen atom in Mo(I)
and Mo(o) carbonyl complexes with a variety of Group III Lewis
aclds have been examined by Alich.1 An investigation of organo-
metallic carbonyl magnesium compounds has been carried out by
Ulmer.? Included in this study was Mg[Mo(CO)s (w-CsHs)lz(py)s
which was established by an X-ray structure study to contaln

Mo~C-0~Mg bonding. Compounds of the type M[(w-CsHs )Mo(CO)s]s
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(where M = In and T1) have been prepared and characterized
in a thesis by Schussler,a whereas the synthesis of
M[ (T-CsHs )Mo (CO)s)2 (M = Zn and Cd) has been reported by Hayes.*
Durney® has studied the preparation of erbium transition metal
carbonyl complexes, e.g., Er[(w—cng)Mo(CO)als. Germanium
dibromide was reported to undergo an insertion reaction with
[(T-CsHs )Mo (CO)s]o by Scibelli.® Jacobson” has carried out
kineti¢ studies of SO, insertion into transition metal-carbon
sigma bonds in such species as T-CsHsMo(CO)sR (R = alkyl or
aryl group), while Covey® has reported a kinetic study of amine
substitution in Mo(CO)s(amine) complexes. A study of the solvo-
lytic reactivity of [7-(aryl)ehromiumtricarbonyl Jalkyl deriva-
tives and related analogs has been carried out by Albert.®

Hoxmeier'® has examined the reaction of (w-CsHs)2MHo
(M = W or Mo) with CHsMn(CO)s which lead to complexes of the
type (m-CsHs)(CO)M-F-CsH,-Mn(CO), as indicated by X-ray struc-
tural studles on the specles where M = Mo. Oxldation and photo-
chemical reactions of [(w-CsHs)Mo(CO)sl. have been examined by
Burkett.11 The synthesls and chemistry of the metallocarborane
derivatives [(m-ByoCaHi2)M(C0)a]™2 (M = Mo and W) have been
reported by Dustin.?

New dilalkylaminodifluorophosphine and perfluoro-l-methyl-
propenyl complexes of chromium, molybdenum and tungsten have

1'* has reported

been prepared by Zipperer,13 while Korenowsk
new metal carbonyl complexes of tris(dimethylamino)phosphine
and tris(dimethylamino)arsine. The preparation and spectral
characterization of complexes of eleven and twelve atom carboranes
containing a phosphorus or arsenic atom in the cage and Group VIB

metal carbonyls are reported by Beer.t A number of monosubsti-

tuted complexes of the types, M(CO)sL (M = Cr, Mo) and trans-
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M(CO)4Le (M = Cr, Mo, W) have been prepared by Kraus,'® where
L = tris(2-cyanoethyl)phosphine, bis(2-cyanoethyl)phenylphosphine,
and 2-cyanoethyldiphenylphosphine. Reactions of (CFaP) with
M(CO)Q M = cr, W) in refluxing THF to form unstable species of
the forms (CFsP)M(CO)s(THF) and (CFsP)oM(CO),(THF) are discussed
in a thesis by Hill.lT Coordination compounds of the unsymmetrical
bidentate phosphine ligands PhyPCH>CHoPPhR (R = Me, Et, 1-Pr)
of the Group VIB carbonyls have been prepared by Gaudio.®
Seibold*® nas reported on the preparation and characterization
of a large variety of dinitrogen complexes of molybdenum.
MoserZ?° has inveatigated the preparation of pentacarbonylmetal
carbene complexes of chromium and tungsten employing pentachloro-~
phenylliithium and ferrocenyllithium as well as other preparative
reactions of chromium carbonyl derivatives. Reactions of phos-
phine ligands coordinated to molybdenum carbonyl derivatives
have been studied by Bartish.®' Conformational studies of some
ditertiary arsine chelate complexes derived from the Group VIB
hexacarbonyls have been reported by Ward.22 White®® has studied
the use of Group VIB metal arene tricarbonyl derivatives as
Friedel-Crafts catalysts. The reaction of SCN~ with CT(H20)5R+2
(R = CH2Cl, CHClz) to form Cr(Ha0)(R(NCS)™ has been investigated
by Bushey.Z®*

Mass spectral studles of the Group VIB hexacarbonyls as
well as reactions of Mo(CO)e With substituted cyclopentadienes

2%  Bodner2® has investigated the

have been reported by Conville.
13¢ nmr spectra of a large variety of Group VIB transition metal
organometallic compounds, while the 130 nmr spectra of several
series of ring-substituted phenyl amino and methoxy carbene’
complexes of Group VIB metal carbonyle have been observed by

Kahl.27
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Preparative R

lewis base derivatives of metal carbonyls. This year as

in previous years the literature has many contributions dealing
with the direct or indirect synthesis and characterization of
substitution products of the Group VIB metal carbonyls. The
synthesis and characterization of metal carbonyl complexes
containing phosphorous-nitrogen donor bidentate ligands 1is
described by Angelici.*® Thus M(CO), (M = Cr, Mo, W) deriva-
tives of PhpPCHpCHzNMen, PhpoPCHaCHoNEtp, PhoPCHoCsH.N, etc.,
were reported. A variety of Group VIB metal carbonyl deriva-
tives of unsymmetrical bis tertiary phosphine ligands,

(Colls )2 PCH2CHzP(CeHs )R (R = Me, Et, Pr ), have been reported

® fThe use of *'P nmr was demonstrated

by Grim and coworkers.?
to be extremely valuable in assigning structures to the possible
species  [(CeHs)2PCHaCHoP(CeHs )RIM(CO),, M(CO)s [P(CeHs )oCHpCHa-
(CoHs ) (R)PIM(CO)s, and [P(CeHe)oCHaCH2P(CoHs)RIM(CO)s. In the
case of the latter specles where & choice of ligands (diphenyl
or (R)phenyl) might be attached to the metal it was concluded
that the predominant factor, in determining which end was bound,
1s sterlc, e.g., for R = Me, the diphenyl end is free whereas
for R = isopropyl, the isopropylphenyl end is free.

Complexes of ditertiary stibines of the types M(CO)s(Dpsm),
M(co),(Dpsm), [M(CO).(Dpsm)])z, and Mo(CO)s(Dpsm)z (where M = Cr,
Mo, W; Dpsm = (CeHs)2SbCHeSb(CeHs)2) have been prepared from
thermal reactions of M(CO)e, M(CO)((NBD) and Mo(CO)s{cyclohepta~
triene) with Dpsm, respectively.ao These complexes were charac-
terized by nmr and ir spectral measurements as well as molecular
weight determinations. Similarly, tetracarbonyl complexes of
bis(dlarylstibino)alkane, (ReSb)z(CHg), (n = 1; R = CeHs,
P-CHaCeH¢ and n = 3; R = CqHs) in which the ligand acts as a
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bildentate ligand have been prepared.31 Dimeric complexes of the
form {M(00)s[(ReSb)2CHe )J2 (I) (M = Cr, Mo; R = Cels, D-CHsCeHs)
were obtained from substitution reactions of M{(CO).(diene)
(diene = 1,5-cyclooctadiene or 2,5-norbornadiene) with these
ligands in chloroform. On the other hand, 1,3-bis(diphenyl-
stibino)propene afforded the monomeric complexes M(CO),-
{[(ceHs)asb)a (CHa)s] (M = Cr, Mo, and W) in which

[(CeHs)28b)2(CHz)s binds to the metal as & chelating ligand.

Formation of the fluorophosphine complexes, W(CO)s[P(CFs)2F]
and [W(CO)(P{(CFa)z]z (II) was accomplished from a prolonged sealed
tube reaction of W{CO)e and a equimolar quantity of (CFs).Pz at
175°.%2 Ir, °F nmr and mass spectral data for these complexes
were reported and discussed.

(CFy)
p 32

(ocuw'<i£z;:222>vwcou
P

(CF,3),
(m

The carbonyl-phosphine complexes of the Group VIB metal
carbonyls, Cr(CO)sPHoCRROH, (III) and (IV) have been prepared
by treating mono- and diketones with Cr(CO)sPHs, M(CO).(PHs)z,
and Cr(C0)4-n(PHs)n4e, respectively in the preseénce of Hg0 or

base.32
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H H HO R T R OH
\/ !
M/Pﬂ |
(OC)4 \P (CHz), Cﬁ%:ﬁr——@Ha%
/\ i
H H HO R QH R OH
(II) (1)

(M = cr, Mo, W)

The complexes cis-(CO)M[As(CHg)2C1]. and cis-(CO) M-
[P(CeHs)2C1]: (M = Cr, Mo) have been prepared from the corre-
sponding Lewis bases and the M(CO),(NED) derivatives.®*® The
arsine derivatives react with NaMn(CO)s to afford the cis-
M(c0)[As(CH3)2-Mn(CO)s ] complexes. Upon heating the chromium
derivative to 110° in toluene the trans isomer was formed,
whereas the molybdenum analog produced rearrangement products
([(cO0)4Mn-a8(CHa)2]> and (CO)sMo-As(CHs)2Mn(CO)s). Photolysis
of (CO)4Fe-AsMep-M' (M' = Mo(C0)aCp, W(CO)aCp, Mn(CO)s, etc.)
proceeds with loss of CO and formation of iron-metal bonds,

e.g., (CO) Pe[t-AsMes Mo(CO)aCp, ete.®® The arsenic-bridged
dinuclear starting complexes were prepared by reaction of

(CO) Fe*AsMeoCl with the appropriate metalcarbonylates, NaM'.ae
Similar (CO)sCr-AsMep-M' complexes were also reported.>’

Reactions of the binuclear CO-bridged species [Mo{CO)a(bipy) ]2
and [Mo(CO)s(phen)]s with multidentate phosphorus ligands have
been studlied by Behrens and coworkers.®® Reactlons of these
species in benzene solution with excess phosphorus ligands (L)

(L = PhoPPPho, PhpoP(CH2),PPh, (n = 1-3), PhoP(CH2)2-N(C2Hs)- and
CHaC(CHz2PPhz )s) form Mo(CO)s(bipy)L and Mo (CO)s(phen)L complexes.
On the other hand reactions employing 1/1 stoichiometric quantities
of L and the binuclear species led to production of complexes of

the type (bipy)(CO)sMoIMo(CO)s(bipy). Both the mononuclear and

References p 407
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binuclear phosphorus substituted species were shown to exist as
the facial isomers on the basis of v{(C0), v(MoC) and &(MoCO)
spectral measurements. These workers have further studied the
reactions of these binuclear CO-bridged molybdenum complexes
with bidentate N-ligands, L.%® For a reaction ratio of 1/1,
where L = p~phenylenediamine and aliphatic diamines, binuclear
complexes of the type [Mo(CO)s(bipy)lzL (V) were produced;
whereas, when L was employed in excess (reaction ratio of 1/2)
facial mononuclear complexes of the type Mo(CO)s(bipy)L (L = o-,

mn-, p-phenylenediamine) were formed.

o)
|
N N‘\ o S
C‘\~ e \‘~| ’,f'c’/o
o/c/ MO\H/ Hz)"\u/ T'°\N
((_I; 2 2 N./

(3D

Complexes in which naphthyridine donors function as both
mono- and bildentate ligends have been reported.‘o Complexes of
the types M(CO)s (N-N), M(CO)((N-N), and M(CO)s(N-N)2 (M = Cr,
Mo, W and N-N = 1,8-naphthyridine(napy), 2-methyl-1,8-naphthyri-
dine, or trans-decahydro-l,8-naphthyr1dine) were prepared and
characterized by ir and *H nmr spectroscopy. In addition
complexes of the type Mo(CO)s(N'-N')(napy) were prepared and
characterized where N'-N' = 1,l10-phenanthroline, 2,2'-bipyridine,
2,9~-dimethyl-1,10-phenanthroline, or 2,7-dimethyl-1l,8-naphthyri-
dine.

When used as a simple ligand aziridine was found to form
complexes of Cr, Mo, W of formula M(CO)e-nln (n = 1, 2, 3).**

In the presence of aziridine and polar solvents such as THF/EtOH,
g;gfbis(aziridine)—tetracarbonylmetal compounds are found to
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undergo ligand rearrangement to produce a complex containing the
chelate N-(2-aminoethyl)aziridine, (VI). In addition, cis-
(CHaCN)2Mo(PBus )2 (CO). has been observed to react with several
l-azabutadienes, RyN=CH-CH=CHRp, to yleld l-ezabutadiene complexes
of the form cis-(R,N=CH-CH=CHRz )Mo (PBus)2(C0)z (VII).*? These
complexes were protonated by strong acids(Hx) to yield the
complexes (viIr). 1Ir and electronic spectra of these complexes

and their butadiene analogs were reported and compared.

N/

/N\CH2
(OC)4M\ I
n— CHz
(M)
PBuy
-—— R ~Mo
~HX .- | TSco
\~7 RZ PBU3
(ML) (vmL)

The cis form of the diimine complex, NoHz[Cr(co)sle (IX),
has been prepared from the reaction of N2H4[Cr(co)5]2 and
P-CHaCeH¢SO2Ns in THF.*® The complex was characterized by
elemental analysis, molecular weight, 1H nmr and ir spectra

(v(co) occur at 2060 cm (Afz)) and 1905 cm * (Afl) + E)).

//hl==h4\\ P
Cr(CO)s Cr(COs

(=) (X)

Referencesp 407
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2,4,6-Triphenylphosphorine (X) Group VIB metal pentacar-
bonyl and tetracarbonyl complexes have been prepared from photo~
chemical or ligand displacement (CHsCN or C,Hg) substitution
reactions of M(co), or the corresponding substituted deriva-

* Ir, P and 'H nmr, electronic and mass spectral data

tives.*
are reported and compared with other mono- and disubstituted
Group VIB carbonyl derivatives. It was concluded from these
studies that coordination of phosphorine in these complexes
occurs through the lone pair of electrons on the phosphorus
atom and that the phosphorine system 1is best regarded as a
weakly basic ligand.

Vande Griend and Verkade have prepared cis-Mo(co)4Ie com-
plexes, where L = the ring-locked isomeric phosphites (XI A
and XI B), from stereospecific reactions of Mo(CO),(NBD) and L.*®
The ¥(CO) values observed for the complex containing the phos-
phite (XI A) were higher than those of the corresponding complex
of phosphite (XI B). This was ascribed to either the lower

sigma basicity and/or better 7 acld properties of phosphite

(XTI 4).
MeO /O_ﬁ
a2 ~4-
l
OMe
(XL A) (X1 B)

The preparation and properties of coordination complexes
of ferrocenyldiphenylphosphlne, diferrocenylphenylphosphine, and
triferrocenylphosphine have been reported by Kotz and Nivert.‘e
The v (CO) Afl) and E vibrational frequencies were observed to
decrease as the number of ferrocenyl groups increased in the

(FexPhs_xP)M(CO)s series (M = Mo, W). This was interpreted as
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resulting from an increase in the o donor ability of the ferro-
cenylphosphine ligands. *H nmr and preliminery cyclic voltametry
studies on these complexes were also presented.

Unlike the reaction of Mvp(2-vinylphenyldiphenylphosphine)
with Mo(C0)4(NBD) to yield Mo(CO),(Mvp), the structurally similar
ligand Mbp (3-butenyldiphenylphosphine) (XII) was found to react
with Mo(CO)4(NBD) to give a mixture of cis and trans-Mo(CO).(Mbp)2

i Further

where coordination 1s through the phosphorus atoms.‘
studies of the thermal and photochemical reactions involving
Mbp, Dbp(di-3-butenylphenylphosphine) and Top(tri-3-butenylphos-
phine) with Mo(CO)e, Mo(CO).(NBD) and molybdenum tricarbonyl
cycloheptatriene have been carried out. In contrast to the Mbp
reaction, Dbp was observed to react with Mo(CO),(NBD) to yield
Mo (CO),Dbp where coordination occurs through the phosphorus atom
and a single olefin. Nmr and ir spectral measurements are
reported for all complexes prepared in this study. In related
work, Group VIB metal carbonyl derivatives of the analogous
arsine ligends (o-vinylphenyl)diphenylarsine(SPA) and (o-vinyl-
phenyl )dimethylarsine (SMA) were prepared of stoichiometry
M(cO), L and found to exist in isomeric forms such as XIII A

and XIIT B.*®

He H7 T1 Tz Ta Ha

Heg P-—clz—cT‘—c=c<H

He H7 /2 H, H °
(X1)

W(cO)s (THF) has been observed to undergo THF displacement
in the presence of hexaphenylcarbodiphosphorane ([(CeHs)sP]l2C)
to yleld the complex (CO)sW-C[P(CeHs)slz.*® In contrast, the
in situ photolysis of w(co), and hexaphenylcarbodlphosphorane

References p. 407
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M= Mo,W
(XII A) (XII B)

resulted in formation of (CO)sW-CsC-P(CeHs)s. The carbodiphos-~
phorane ligand in (C0)sW-C[P(CeHs)s]z was readily displaced by
triphenylphosphine to yield (triphenylphosphine)pentacarbonyl-
tungsten. In the course of recrystallizing W(CO)s[C(PPhs)z],
in an attempt to obtain crystals suitable for its structure
determination, the hydrolysis product, W(CO)s (0=PPhoCHPPhg)
was obtained.®® 1Its structure indicated a bent (137°) W-0-P
arrangement and three of the equatorlal carbonyl ligands are
slightly bent away from the phosphine oxide ligend.

Use of the THF:M(CO)s (M = Cr, Mo, W) complex was also
made in the preparation of derivatives of tellurides,
(0C)sM-Te[M'Me212, M' = Ge, Sn, and Fb.>' Similarly an exten-
sive list of selenide complexes, (CO)sMSe(M'Mes). (M = Cr,
Mo, W; M' = Ge, Sn, Pb), were prepared and characterized by
ir, Raman, pmr, and chemical analysis.52

Tricarbonyl-tris (organometal phosphine)chromium and -molybde-
num complexes have been prepared from the corresponding Ezig(ace-

tonitrile )metaltricarbonyls (eq. 1).°° Similarly tris(trimethyl-

(CHaCN)sM(CO)s + 3[(CHs)sE)sP = [[ (CHs)sE]sP}sM(CO)s +3CHsCN (1)
E = Ge, Sn; M = Cr, Mo
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germyl)- and tris(trimethylstannyl)stibine pentacarbonyl Group
VIB metal complexes have been prepared from photolysis of M(CO)e

(M = Cr, Mo, W) in the presence of the free li.ga.ndtl.’"r

Ir,
Raman, and proton nmr spectra were presented and discussed.

Reactions of M(CO)e (M = Cr, Mo, and W) with di-tert-butyl
sulfide, bis(trimethylgermyl)sulfide, bis(trimethylstannyl)sul-
fide, or bis(trimethylplumbyl)sulfide has led to the production
of the corresponding pentacarbonyl {organometal sulfide )chromium(0),
-molybdenum(0), or -tungsten(0) complexes.®® The ir, Raman, and
1H nmr spectra of these complexes were discussed.

Ainscough and coworkers have reported the preparation of
a series of complexes of the form M(CO)sL (where M = Cr, or W;
L = MeaPS, MeaPhPS, MePhyPS, PhaPS, MepPhPSe, MegAsS, or
PhoP(S)CHoP(S)Phe; M = Mo, L = MegPnPS; M = W, L = PhgAs0).%®
The chalcogenide ligands are readlly displaced by CO and PhgP.
Methylation reactions with methyl lodide resulted in formation
of lonic species of the type, [MeaPhPSMe][M(CO)sI]. The infrared
spectra in the ¥(CO) region for these M(CO)sL complexes all
showed a substantial splitting of the E mode vibration. Inter-
action between the substituted ligand (L) and the equatorial CO
ligands was ruled out as a cause of this splitting on the basis
of an X-ray crystal structure determination of the Cr(CO)SSPMes
specles.3?

A further report on the preparation and infrared spectra
of phosphine chalcogenide derivatives of chromium and tungsten
carbonyls has appeared this year. Boorman and coworkers have
studied compounds of the type M(CO);L, where M = Cr or W, and
L = PngPS(Se), CysPS(Se), MesPS, and (Me2N)3PS.®® From a
comparison of the C-K force constants in these and related
complexes (i.e., L = PPhy and NHpoCeH11) it was concluded that
the chalcogenldes do possess some m-acceptor character. However,

References p 407
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the calculated force constants for these derivatives are clearly
more similar to those of the non-m-acceptor ligand NHoCeHii. In
addition, phosphine sulfides (RHPS, R = Me, Et, Ph) were observed
to react with photochemically prepared DM(CO)s M = Cr, L =

CHaCN; M = Mo, L = THF) to yield the sulfur bound derivatives
RoHPS-M(C0)s.%® No hydrogen migration to yield the diorganyl-
mercaptophosphine, phosphorous bound derivative (as is the case
with M = Mn) was observed.

T~CsHsN1PPh,CHo PPhaﬁceH_-,) and 7-CsHsNiPPhsCHpPPhoCON) were
found to react with Mo(C0)4(NBD) to afford the complexes
T-CgHsNi-ph-SPh-li- (PPhaCH2 PPhy )Mo (CO ), and m-CsHsNi-p-CN-p-
(PPhoCHzPPhz )Mo (CO), (XIV A and XIV B), respectively.®®

Ph
co
N’///// \\\\\wLO// /// \\\\l /)CO
\I' T/ >co N Th/hro\c
0
h—CHy—P O \P-—CHz—Fl’
Ph Ph IPh Ph
(XIZ A) (XY B)

The complexes [M(C0).SCFslo (M = Mo and W) have been pre-
pared by photolysis of M(CO0)e and CF3SSCFs employing a filtered
uv source.®’ The anslogous chromium derivative was not obtain-
able either by photolysis or by thermal reaction at 370°K.

N.N-Dimethyldithiocarbamato(trimethyl)tin has been shown
to be a useful reagent for the preparation of a variety of metal
carbonyl complexes containing the dimethyldithiocarbamate ligand.°2
For example, the complex N,N-dimethyldithiocarbamato(mw-cyclo-
pentadienyl)dicarbonyltungsten, (m-CsHs)W(CO)2S2CNMeo, has been
prepared from 8 hrs of refluxing N,N-dimethyldithiocarbamato-
(trimethyl)tin and (w-CsHs)W(CO)sCl in THF.



323

Reaction of SnClp with M(CO)s (M = Cr, Mo, W) in a 1:2
molar ratio in THF has been reported to result in a loss of CO
with concomitant formation of the complexes CloSn([M(CO)s 1z nTHF

complexes. %2

The ir spectra of these complexes were reported.
Brunner and Herrmann®* have reported further studles on the
preparation of optically active transition metal complexes. When
M(CO)s (M = Cr, Mo, W) was reacted first with pyridine-2-carbalde-
hyde with (-)-a-phenylethylamine followed by additional CO sub~
stitution with P(ceHs)s, the optically active complexes (xv A)

and (XV B) were obtained upon fractional recrystallization.

Co
/ \\\\
CO&- ——7 co
(HgCg)yP / \s
N/C

Q v _”\p(ceHE,)a

[
|
|
|
I
+
!
|
I
|
|
I

Cxn y
\C/ H3C//C
\ e Ha HsCe
(XX A) (XY B)

Stanclift and Hendricker have reported the synthesis of
constrained phosphite esters of the type T-CsHsMo(CO)2IX and
T-CsHsMo (CO)L2X, where X = C1, Br, or I and L = P(OCHz)aCR
(R = CHy, CgHs, or CzH,).%® Infrared and conductance data
indicate that all compounds are covalent species in solution.
The T-CsHsMo(C0)2IC1 complexes existed as inseparable mixtures
of cis and trans isomers, whereas only the trans isomeric forms
of the bromide and iodide were observed in solution. All of
the ﬂ-c,HBMo(OO)Lax complexes were shown by room temperature
1H nmr studies to exist as the trans isomers in solution.

References p. 407
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PhW(CO)s (T-CsHs ) when photolyzed with PPhs or P(OPh)a in
CeHe has afforded the complexes (w-CsHs)W(CO)2Ph(PPhs) and
(T-CsHs )W (CO)2Pn[P(OPh)s] in high yields.®® 1In addition, treat-
ment of (T-CgHs )Mo (CO)2Ph(PPhy) with P(OPh)s gave a 40% yleld of
(r-CsHs )Mo (CO )2 PR[P(OPh)s]. Thermal reactions of (w-CgHs)W(CO)2PhL
complexes (L = PPhs, P(OPh)s) with PhsP or P(OPh)s, respectively

were also reported.

@ () @

Mo + Ligand (L-L) —— Mo and/or Mo
I RN T 1N
ot ¢ 1 o ¢ L ot L
o O \L \L

25° ,PFg %}0" 80° 80°

The effects of replacing one of the carbonyl ligands in
(PhCo2CHs )Cr(CO)s and (PhCOH)Cr(CO)s with PPhg, P(OMe)s, or
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P(OEt)s have been studied by Jaouen and Dabard.®” wv(CO) vibra-
tions in the ester derivatives were found to decrease in the
order CO> P(OMe)s > P(OEt)s> PPhy as expected. The pK, values
of the acid derivatives were found to increase in the opposite
order, CO< P(OMe)g< P(OEt)s <PPhs. These effects were further
studied in an additional publication by Jaouen and Simmoneaux.ea
The reaction of cyc1oheptatrienylmolybdenum(I) dicarbonyl
iodide with a variety of Group VA bidentate ligands yields
various derivatives as shown in the Figure (XVI).®® 1In addition,
reaction of the parent molybdenum compound with the tritertiary
chelating ligand CHaC[CH,PPhg]a (triphos) was also investigated.
Varlous benzene substituted derlvatives of arene chromium
tricarbonyl have been prepared and photochemically reacted with
maleic anhydride (MA), eq (2).7° Ir spectra of the red,

hv S
S-ArCr(C0)s +MA —mF ™ o (2)
\ Y
Gro__ c—C
¢/ / \
o ¢ c 0
o u ¢~

crystalline, thermally stable MA complexes characterize MA as
a better electron-withdrawing ligend than CO.

Bowden, Colton, and Commons have shown that the discrep-
ancles existing in the literature regarding solubility proper-
tlies of LgM(CO)s (M = Cr, Mo, W; L = PPhs, AsPhg) as prepared
from reaction of (7-arene)M(CO)s complexes with L to be due to
the formation of two different crystalline forms of LgM(CO)s. *
It was also pointed out that LsM{CO)s complexes readily dispro-
portionate yielding Ip,M(CO), and non-carbonyl containing prod-
ucts; thus it is felt that LgM(CO), is not a primary product

in the I/m-arene substitutlon reaction.
References p 407
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Cr is the more reactlve member of the Group VIB family
in reactions of M{CO)es with arylphosphines to yleld complexes
in which the phosphine is bonded to the metal through an arene
ring rather than through phosphorus.72 Ir was used to follow
the course of reaction of Cr(C0)e with PPhs, P(o-tolyl)s and

P(p-tolyl)s in refluxing decalin, eq. 3.
L + Cr(co)s = Cr(CO)sL = m-1Cr(C0)s = [Cr{co)aL]2 (3)

m-10r(CO)s was not isolated; ir, nmr, and mass spectral data

suggest the final product to be the dimer, (XVII).

R
R’ @ P(Ar),  COCO
N
cr,
A7 N
co” Co @an,P @ R

R
(X¥L)

Use of (T-CeHsNHR)Cr(CO)s (R = H, Me) as an amine ligand
towards M(CO)s moieties (M = Cr, Mo, W) has been reported.”3

A large variety of new tetracarbonyl diketonate anions
(XVITI) of chromium, molybdenum and tungsten have been synthe-
sized by Doyle.”’* The most versatile preparative route involved
refluxing a thallium(I) salt of the B-diketone with a metal
pentacarbonyl halide [M(CO)sX ] in THF. »(CO) values and C-K
force constants were presented and discussed. The [m(co).-
(diket)]™ anions were found to be very reactive and underwent
oxidative elimination reactions with allyl chlorides and dimethyl-
tin dichloride. Substitution reactions of the acetylacetonate
derivatives (M = W, Mo) with Lewis bases (pyridine, P(0OEt)s,
PPhg or P(n-Bu)s) lead to the substitution products
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[M(co)sL(acac)]™. The novel ligand B-diketone thenoyltrifluoro-
ecetone (tta) and its monothic analogue (XIX and XX) have been
characterized as to bonding properties towards zerovalent Cr,

s

Mo, and W carbonyls. Solutions of the S-bound pentacarbonyl

evolve CO producing the bidentate ligand.

Q R
oC &~
~N ‘ /,o’-——‘\\
M ‘\ , CH
o | Ngz=me”
C R’
e
(XVIL)
CE CF:
N N
H——c/( \M(CO)4 H—C M(CO)s™
AN, N
c= c—sS
LS P
(XIX) (XX)

Brown and coworkers have investigated preparations, mag-
netic properties, and ir and electronic spectra of a variety
of Group VIB metal thiolates, M(SR)S [M = Mo or W; R = Me, Et,
Bu, or Ph) and W(m-CeHsMe)(CO)2SMe.”® It was concluded that
the M(SR)s compounds probebly have polymeric chain structures
with metal-metal interaction occurring between adjacent octa-
hedra.

Complexes of the type Mo(CO)sL and [7-CsHsMo{CO)aL]2
‘L = aryl- or diarylthiourea) have been synthesized.”’ The
Infrared spectra of these species support the asaumption that
the aryl- or diarylthiourea ligands are bound to molybdenum
via the sulfur atom. Frequencies in the v(co) reglon were

reported.

References p 407
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The carboxylato compounds (7-CgHe )Mo {T-CsHs)L, where
L = 02CH, 02CMe, 02CFh, 02CCHpFe(CO)2(T-CsHs), and related
derivatives have been prepared starting from either (w-CeHe)zMo
or [(m-CeHs)Mo(T-CsHs)C1l]2.”® The complexes where L = NHpCHoCOp
or NH>[CHz ]S were prepared from the dimer and NHpCH,COgK or
KS[CHz JoNH2, respectively. The latter complex was methylated
by methyl lodide to give the cationlic species {w-c,H,Mo(w-csﬁs)-
(MeS[CHg]gNHh)}+. P-Diketone derivatives where I. = MeCOCHCOMe
or MeCOCHCO(OEt) were also prepared from the reaction of the
dimer, [(7-CaHe)Mo(7T-CaHs)C1]> and K(MeCOCHCOR), R = Me or OEt.
M(CO); moleties have also proven useful in stabilizing
the hitherto never isolated dimethylketimine, the imine ansalogue
of acetone.”’® Thus reaction of Naz{Mz(C0).0] (M = Cr, W) with
(CHs)2C(NO)Br yielded yellow crystalline (CHs)2C=N — M(CO)s.
M2(C0)102~ (M = Cr, Mo, W) was also found by Angegici and Dombek
to be an efficient reagent for reaction with thiophosgene,
C1l2CS, in the preparation of thilocarbonyl derivatives,
M(OO)SCS.°° The yellow solids Cr- and W(CO)sCS are air, moi-
sture, and thermally stable; the Mo derivative c¢ould not be
isolated. Infrared V(CO) values suggest the CS ligand to be
a Tm-accepting ligand on the order of PFs. Chemical reactivity
studies indicate thé CS ligand to be more labilizing than CO

as well as more reactive towards nucleophilic addition (eq. y),

w(co)s(Cs) + HNRz = (oc),wc(SH (»)
NR2
The number of substituted halocarbonyls of Mo and W has
been extended by Westland and Muriithi.®' Thus M(CO) X2 (X =
Cl, Br) reacted with PEts, P(OEt)s, AsEts, py and PhCN to form
M(GO)xLyxz. Fluoro derivatives of molybdenum and tungsten have
been prepared by the metathetical displacement of Cl in M(CO)C1l2
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(M = Mo, W).®2 The yellow-orange Mo(CO)(Fz could be oxidized
by XeFz to give the higher order derivatives Mo(co)st,
Mo(CO).Fa, and MoFe. Similar treatment of W(CO)4F2 yields
only WFs or WFe.

The use of organometallics in the synthesis of strictly
inorganic compounds continues to be explored.ea Accordingly
the reaction of W(CO)sCl™ with WCle in the presence of C1~
was investigated in an attempt to prepare WzCIGS'. However,
product mixtures were obtained, including, according to the
stolchiometric conditions, WaCle~ , WeCliz>", W(CO)a, WC1l¢(CO)2,
W(C0)4Cls™, etc. On the other hand Delphin and Wentworth®* were
‘successful in the preparation of the dinuclear molybdenum halide
anions according to a& quite similar stratagem: (eqns. 5-7)

MoCle + Mo(C0).Cls  — MooClg® + 4CO (5)
MoCls + C1~ = MoClge~ (s)
MoCle~ + Mo(CO)eCls = MozCle®™ + kCO (7)

Another report along these lines indicates W(CO)s to be
& uniquely suitable reducing agent for the preparation of WCl,
from WCle or WCls.®® The WC1l, was used in the subsequent
preparation of WClgylo, L = CHsCN, CpHsCN, (CoHs)2S, PPhg.

Lee and Hester have reported an improved synthesis of
M(PFs)s derivatives (M = Cr, Mo, W) from (PFs)sM(CO)s and PF,

86 fThe (PPs)sM(CO)s complexes were prepared

photochemically.
from c,HgM(Co)a and PFg thermally. Raman and infrared spectral
data were obtained throughout the 4000-50 em * region which led
to a complete vibrational mode assignment and normal coordinate
analysls. In addition, a full analysis of the mass spectral

fragmentation pattern was presented. An additional preparation
of Group VIB hexakis(trifluorophosphine) complexes has been

References p. 407
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reported by Kruck and coworkers.87 (v-allyl)acr when reacted
with PFa under pressure afforded Cr(PFa),, whereas reaction
of MoCls or WCle in the presence of copper and 200 atm. PFa
gave Mo(PFs)e and W(PFs)s, respectively.

Memering and Dobson have studied oxldative elimination
reactions of Group VIB metal carbonyl derivatives with cyanogen
lodide to form LoM{CO)s(CN)(I) (M = Mo, W; L = dipy, phen).®®
These complexes have been formulated as 7-coordinate molecular
complexes on the baslis of elemental analysis, infrared spectra
in v (CN) and v(co) regiong, and conductivity measurements.

The reaction of Mo(CO)e with thiocyanogen, (SCN)z, to
yield a polymeric product, [Mo(CO),(SCN)2],, has been investi-
gated.®® This material was found to be sensitive to moist air
and to slowly decompose 1ln the presence of water, It was
assumed that the molybdenum is seven-coordinate in this species,
analogous to the dimeric compound [Mo(C0).Clz]a.

Rh[PPhs JaCl abstracts CO from the acyl complexes
T-CsHsM(CO),COR (M = Mo, n =3, R = CFa; M = Fe, n = 2, R = Me,
Ph, ete.) and Mn(co)scOCHa at room temperature.90 In the case
of w-c,nguo(co)SCOCFa the major Mo containing product was
T-CsHsMo (CO )2 [PPha JCOCFa; Rh[PPhs]2(CO)C1 was obtained in
100% yleld.

Carbene and related complexes. Although some preparations

of new carbene complexes have appeared, much literature in this
area currently deals with compounds derived from reactions of
carbene complexes.

Significant in the synthesis of new carbene complexes
was the first report by Casey and Burkhardt of a carbene ligand

in which the carbene carbon atom is not attached to 0, 8, or N.°%
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The relatively thermally steble (diphenylcarbene)pentacarbonyl-
tungsten(o) may be obtained as a black solid, mp 66°, accord-
ing to the following reaction sequence (eq. 8):

Ph _Ph Ph
o’ PhLi - Ph  HCl o’ 8
(co)sw c\OME — (co)sW c\———OME &t (co)sW-C_ (8)

Lappert and coworkers have developed a general method of
synthesis of transition-metal carbene complexes which involves
displacement of a bound ligand by a nucleophilic carbene frag-
ment produced from (XXI).®2 In this manner the Cr(0) dicarbene
species, ci8-(0C)4Crl, (L» = (XXI)), was prepared.

N\ /
AN
N N
Me Me
(XXI)

A 2/1 molar ratio of alkali halide free methylenetriphenyl-

phosphorane and Cr(C0)e in THF has resulted in the formation of

)-93

the addition product (XXII Complex (XXII) can be O-methyl-

ated in toluene using CHs0SO;F to give an ylide-carbene complex.

(CO)Cr—C (CONW —C
N\c=PPh NeH,—p
7 ==FPhs CH,—P(CgHs)
H
(XXII )

(XXI1)

Studies with a 1/1 molar ratio of alkali halide free methylene-
triphenylphosphorane and W(CO), show the initial product of the
reaction to be (XXIII) which subsequently loses a proton to
methylenetriphenylphosphorane to form the tungsten salt of
(xxzx1).

References p. 407
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Connor and Jones have reported the preparation and proton
nmr studies of cyclopropylcarbene complexes [(CO)sCrC(X)CsHs ]
(X = OH, OMe, or NH-_,).“ Acetoxy-carbene complexes which would
be anticipated from the reaction of [(CO)sCrcC(0 )Y]-NMe4+
(Y = CHzSiMeg or c,n,) and acetyl chloride were inferred from
thelr subsequent reaction with HNgs to give (¥YNC)Cr(co)s and
(YeN)cr(co)s in a ratio 4:1, respectively. A mechanism (eq. 9)

—

0"NMe;* 0OCOMe
NeCOC
— |icoger—<

[

E]

~,

{CO)g Cr-

B

z

/
(c0)5CI'—-C -—— (CO)scr—C (9)

\ \y
|

":k N\ /
coiser il Y

N \ECO),Cr(NCYﬂ

for thie process was proposed. (MeGONc)Cr(co)g was prepared in

[icorscricnvi]

good yield (83%) from acetyl chloride and Nal (CO)sCrcN] in
CH2Cl.. Reaction of the complex [(MesCNC)Cr(CO)s] with n-butyl-
lithium followed by alkylation with Etgs0BF¢ gave the new carbene
complex resulting from nucleophilic attack at a CO ligand rather
than a isocyano-ligand, cis-{(C0),(MesCNC)CrC(OEt)Bul, in

high yleld (87%).

Alkylation of [PheAs][7-CpW(CO)2(CN)(COR)] with MesOBF,
yields 1l:1 mixtures of the N-alkylated isonitrile complex,
T-CpW(CO )2 (CNMe )COR, and the O-alkylated carbene complex,
7-CpW(C0)z (CN)C(0Me)R.®® The starting acyltungstencarbonylates
were prepared by reaction of w-CpW(€0)sR (R = Me, Et) with KCN
in methanol. This latter nucleophilic reaction has been shown
for Mo derivatives (7-CsHsMo(CO)sR, R = CHePh, Et, [CHg]sCN)
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to yield the cis cyanoacyl complexes stereospecifically.®®

This is followed by cis-trans isomerization of the thus formed
K[m-CpMo (C0 )2 (CN)COR]. Somewhat similar carbene complexes were
formed in the reaction of (3-bromopropyl)tricarbonyl(r-cyclo-
pentadienyl)molybdenum with KCN which was observed to yleld

the trans-isomer of dicarbonyleyano(m-cyclopentadienyl)(2-oxa-

).®7  This oxacarbene complex

cyclopentylidene Jmolybdenum (XXIV
was shown to be formed via the intermediate K[m-CsHsMo(CO)2(CN)-
(COCHECHchZBr)], followed by an intramolecular O-alkylation.

In addition, cis and trans isomers of K[T-CgHsMo(CO)2(CN)-

(CH2CH2CHoCN)] were also prepared.

Mo
-OCH
ocZ A\ >cn FOCH;
g Ve (CO)gCr == C Hs
P s \c=c/
ocTT }C\/CHz Hy” H,
@)
AN CH
CHE/ 2 (XXY)
(XXIV )

The preparation and complete characterization of vinylmethoxy-
carbene-pentacarbonylchromium (XXV) have been reported by
Wilson and Fischer.®® Mass spectral data indicated the presence
of the CrCH(CH=CHp) grouping. ‘H and *3C nmr studies indicated
an increase in electron density at the carbene carbon atom,
and therefore stabilization of the carbene carbon atom, as
compared with the corresponding methylmethoxycarbene derivative.
A warning as to the use of Meao+hF4- in CHaCN as an alkylating
agent was given, since such systems are known to form stable
[RCmNR' ]BF, salts.

Connor and Jones have reported the synthesis and charac-

terization of the compounds (CO)sCrC(X)CHoSiMes (X = O-NR4+
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(R = Me, Et) and OEt).®® The set of reactions of these com-

plexes listed below were investigated and discussed.

cr(co)e + LiCHoSiMes  (CO)sCrC(OEt)CHpSiMes X (co)sCrc (X)CHa

X = OR, NHg
Me (NBr
0"
Heat AcCl
(CO)sCr-C. «——— Me N[ (CO)sCrC(0)CH2SiMes] ——= Me N[ (CO)sCrcl]
+ CH2C1z
CHzNMes
Heat Ip/Acetone AcCl/MeCN
Me N[ (co)}sCrc(0)CaHs ] Me N[ (cCO)sCrI] (co)sCrNCMe

The trimethylpropane phosphine ester (L) derivative of
M(CO),C(OEt)R (M = Cr, Mo, W; R = Me, Ph) have been prepared
by reaction of M(co)sL with the appropriate RL1 and subsequent
alkylation of the anion thus produced giving the alr-stable
yellow to orange solids.*®® The carbene ligand is found to
be cis to the phosphine ester except for Cr(CO),(P(OCHz)sCCzHs)-
C(OEt)Ph which is prepared as a mixture of cis and trans isomers.
Aminolysis to yleld M(CO).[c(NHR!' )R]L (R' = CeHy1, H) proceeds
only at -78°; at room temperature there is no reaction.
Hydroxymethyl- and hydroxyphenylcarbenepentacarbonyl

complexes of chromium and tungsten have been prepared from re-

action of HBr with (0C)sMC(OLL)R (M = Cr, Mo; R = CHs, CeHs)

o1l 13

in Hz0 by Fischer and coworkers.1 Ir, M and C nmr spectral
data were presented for these complexes.
A large number of reactions investigated in carbene

chemistry dealt with probing the electrophilicity of the metal
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bound carbene carbon atom. Thus, phenylmethoxycarbenepenta-~
carbonylchromium(o) formed an adduct with 1,4~diazabicyclo-
[2.2.2]octane in Etz0 which was isolated as a yellow crystal-

2

line powder in 65% yileld.'°® The adduct is regarded as a

nitrogen ylide complex, (XXVI). Analogous phosphorus ylide
H3CO
| CHa=CHA

(OC)5Cr —C—NZCH;~CH=N

rd
CH,—CH
HsCq 2 2

(XXVT)

complexes were prepared by reacting PXs, (Xs = Mes, Eta, Bus,
MeoH) with (CO)sM[C(Y)R] (M = Cr, Y = OMe, R = Ph; M = W,

Y =OMe, R =Me; M =W, Y = SMe, R = Me) yielding

(co)sM-c(Y) (PXs)R.*°® 1In contrast triphenylphosphine reacts
with phenylmethoxycarbenechromiumpentacarbonyl or 1its cig-tri-
phenylphosphinechromiumtetracarbonyl analogue in the presence
of HCl to produce phosphonium salts according to eq. 10.10‘

,-,OMe
(co)s_n[PhsP]Cr=”0:Ph + (3-n)PPhs + HC1 M.
[PheP-CH(OMe)Ph 1 PFs~ + (CO).Cr(PPhs)s + (1-n)cO (10)

The mechanism.of this interesting reaction remains undefined.
Pentacarbonylchromium(0) and -tungsten(0) derivatives of

(l-bromoethyl)methylsulfide resulted from addition of HBr to

the appropriate thiocarbene complex, M(CO)«C(SMe)Me and sub-

sequent rearrangement of the adduct thus formed.>°® This type

of rearrangement had previously been noted from a somewhat

similar reaction of (CO)sMC{OMe)Me with HSePh thus yielding

the selenide, (CO)sMSe(Ph)[c(OMe)Me]. On the other hand Fischer

References p. 407
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et al. were able to obtain the unrearranged selenocarbenes,
pentacarbonyl[methyl(methylseleno)-carbene Jchromium{0) and
-tungsten(o) as air- and light-sensitive dark purple crystals,
by reacting the corresponding methoxycarbene complex with

]

methyl-selenol, HSeCHs.1° The W complex reacts with MeaP

at low temperatures according to eq. 1l.

SeMe
Et
(co)swlc(SeMe)Me] + PMeg B0 (co),w-ci..— PMes (11)
Me

The reactlons of the carbene Group VIB metal complexes,
(CO)sMC(X)CoHsY (X = OMe, NCnHen (n = 2,4) and Y = p-OMe, p-Me,
H, p-Cl) with RsEH (R = alkyl, Ph and E = Si, Ge, Sn) in the
presence of coordinating bases (pyridine, acetonitrile) to
¥ield compounds of the type RsECHXCqH.Y have been reported by

1
Connor and coworkers. o7

A number of competition reactions
involving (CO)sCrC(OMe)Ph and the various RoEH species leading
to the formation of RsSiCH(OMe )Ph were carried out, the order
of reactivity being Eta;SiH >PhaS1H <PhaGeH <PhgSnH, PrsSnH
(also see reference 244).

Crystalline HCl or HBr adducts of (aminocarbene)pentacar-
bonylchromium(0) or -tungsten(0) were formed at low tempera-
tures and thelr varlous physical propertlies were studied,©®
These adducts were formulated as halometalcarbonyl salts of
iminium cations, e.g., [MesN=CHMel'[ciCr(co)s]™. A similar
reaction of (C0)sCr(OMe)Me with HI in Et,0 or hexane formed

the dinuclear complex anion Crp(CO);oX .°°

At higher temp-
eratures and in the presence of an excess of triarylphosphine
the reaction of methoxyphenylcarbene derivatives of Cr(0) with
HC1 yields phosphonium salts, (RsPCH(OMe)Ph)'c1™.>*° Fischer
and Schubert assume G-chloroethers, C1CH(OMe )Ph, to be the

primary reaction products.
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The following reports illustrate investigations into the
use of carbene complexes in organic and biochemical synthesis.
Cooke and Fischer have shown through an elegant experiment
employing the optically active metal-carbene complex [(-)(R)-
methylphenylpropylphosphine ]Cr(C0),[C(OMe)Ph] that no free
carbene is present in the synthesis ot cyclopropanes from
metal-carbene complexes.111 A mixture of cis and trans-
cr(co).[P(CHs) (Pn) (Pr) Jc(OCHs )Ph was found to react with
diethyl fumarate at 40° for 6 hr to produce the optically

active cyclopropane derivative (XXVII). Other reactions of

OCHs

EtO,C m

CO,Et
(XXVI)

the metal-bound carbene ligand RO(Ph)C:, RO(Me)C:, MegN(Ph)C:,
and Mes(Me)c:. with N-acylimines of hexafluoroacetone were
shown to proceed according to eqs. 12 and 13 ylelding oxazoline

derivatives for the oxa- and aminocarbene ligands and thioethers

in the case of the thiocarbene 1igand.112
i
XR CFs CFs—C— C—XR
(co)ser-c_ = +  CC=N-C-R" = I\ +cr(co)e + ... (12)
R CFs | LNP2
é"
CF
(co) AR " ! >
co ,cr-c\R' + (cr,)ac-n-ﬁ-n = CPe-C-KH-C-R + cr(co)e + ... (13)
SMe O

The reaction of phenylacetyleneethoxycarbene-pentacarbonyl-
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tungsten with diazomethane led to the formation of a pyrazole

) 118

complex a8 end product (eq. 14 130 and 1H nmr spectra

of the pyrazole complex were reported.

0CoHs ,OCaHs ,pczng
(co)sW-C + CHoN» =~ (co),w-c\ ~ (C0)sW-C
C=C-CeHs /c=c\-c,35 /c-c\-c,n,
IN C HN CH
%N/ He \N/
0CzH
o) 2%s + /pchs
CHoN» CO ) sW-C-CHy -N®N! HzC=C\
=22, - C=C-CeHs + Np  (1%)
/C=C\-C3H5 / \
HN CH
HN CH /
N7 \N/
¥ 3
w(co)s

Connor and Lloyd have studied the reaction between mono-
olefins and ferrocenylcarbene complexes of chromium.***
[(co)sCrc(x)Fe] (X = OMe, pyrrolidinyl; Fe = ferrocenyl) with
dimethylfumarate afforded dimethyl, 3-ferrocenyl-3-methoxy-1,
2-cyclopropanedicarboxylate and dimethyl-5-[ferrocenyl(l-pyrrol-
idinyl )methyl]-3,4-bis (methoxycarboxyl)-2-hexenedioate, respec-
tively. The carbene complex where X = pyrrolidinyl was found

to react with PhoC:CHp to give 7% 3-ferrocenyl-l1,1,5,5-tetre-
phenyl-3-(1-pyrrolidinyl)-1-pentene and 10% (3,3-diphenylpro-
pionyl)ferrocene.

Fischer and Welss have also investigated the possibility
of using carbene complexes as amino protecting groups in peptide
synthesis.115 Eq. 15 illustrates the chemistry involved.

Several studies involving the carbene-like ligand, dicyano-
vinylidene were reported from the laboratories of R. B. King.

Reaction of 2,2-cyanovinylchloridee (NC)-C=C(X)cl (X = H, CN,
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Ph NaOH/ Ph
(0c)sCr-c{  + NHaCHCOzMe -2XB0E (o¢)ger~c{
OMe [ “NHCHCOH
Me Me
*e
h
NHSCHOOGME  (0C)g0r-c{ - ete.  (15)
NHCHCO-NHGHOOzMe
Me Me

Cl) with sodium salts of metal carbonyl anions yields deriva-
tives of the type (NC)2C=C(X)M(CO)g(w-CsHs) (M = Mo, W),

(NC)2C=C (X)Mn(CO)s, and (NC)2C=CHFe (CO )2 (T-CsHs ). *®

Also
obtained from the latter reaction mixture was (F-CsHs)gFez -
(c0)alc=C(CN)2] in which dicyanovinylidene (dicyanomethylene-
carbene) acts as a bridging ligand. The preparations and
characterization of these complexes are described. Further
studies on the Mo and W complexes led to the preparation of
T-CsHsMo (PPhg )2 [C=C(CN)2 IC1 containing the C=C(CN). moiety as
a8 terminal ligand. Several other complexes containing various
neutral I groups, T-CsHsMLz[C=C(CN)2]C1l (M = Mo, W) as well as
the cationic ﬂ-cgﬂgno(triphos)[Cac(CN)z]+ were also prepared.*'”
No complex containing CO and c=C(CN), simultaneously was pre-
pared. This facet of the chemistry of complexes containing
c=C(CN)> as well as the slight tendency for the group to bind
terminally in the (7-CsHs)aFeg(CO)s(C=C(CN)2] complex has been
discussed by King in terms of the expected superior w-acceptor
ability and conseguent labilizing ability of the ligand when
bound termina.lly.118
An interesting new cless of compounds containing a formal

metel-carbon triple bond has been synthesized by Fischer,

et 2£_119 X-ray structure analysis of the product resulting
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from reaction of W(CO)sC(Ph)OMe with BIs confirmed the presence
of the proposed "carbyne" ligand (XXVIII).

vc@

®-0
O=C

(XXVn)

Finally, phosphorus yllide complexes of the type indicated
in eq. 16 have been shown to readily decompose in the presence

of cyclohexene to yleld triphenylphosphinepentacarbonyltung-

sten(o) and 7,7'-spirobinorcarane via a carbene :|.ntermedj.a.te.Mo

0

7/
c”c/

M(CO)sL + PhaPC0 — (0C)gM-C{ +L
PPhg

¢-CeHao
(0C)sW-PPhs + O(O (16)
M=Cr, Wi L =CHCN. M =Mo; L =00

T-Cyclopentadienyl, v-arene, and other 7-systems. An

extensive investigation of the generation and chemical reac-

tivity of metallocene systems of the type (w-CsHg)aMo,

(w-CgMeg )Mo and (7-CgHs)oW has been presented by Thomas . ***
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The following are only a few ot the reactions studied:
MoCls + 3NaCsMes + 2NaBH, = (CgMes)zMoHz + .

CHCls

(CsMes ) 2MoH2 GHL [ (CsMes )2Mo ]2 M (CsMes )zMoCl,

N

(CsMes)oMo(CO) <———2——  [{CsMes)zMo(N2)]

Products of alkene and alkyne addition to the metallocenes
were also investigated.

The composition of polynuclear mw-cyclopentadienyl-sulfur-
molybdenum complexes was shown to depend on the molar ratios
of the starting reagents, HMo(CO). (P(0Ph)s)(Cp) and propylene

sulfide.2?

Thus CpsMoaS, and isomers of CpaMopS, have been
prepared. Mass spectrometry indicated the Moas4+ unit of the
former to be particularly stable.

Two novel compounds contalning covalent molybdenum-alumi-
num bonds have been prepared from reaction of (w-c,Hg)gMong
and trimethylaluminum dimer at 80° (XXIX and XxX).'?® Both
compounds were characterized by single-crystal X-ray diffrac-
tion studies. They are pyrophoric in air, and readily hydrolyze
to reform the parent dihydride species.

Other studles involving cyclopentadienyl hydrido complexes
included those of Malisch of the reactions of ylides with
(7-CsHs )M(CO)sH, M = Cr, Mo, W. 2* The reactions may be
regarded as acld-base interactions; for example, reaction
with the ylide MegP=CHz; produces the onium salt Me4P+[(w-csng)-
M(c0)s]™. Similar reactions of (7-CsHs)M(CO)sE(CHs)s (M = Mo, W;
E = 81, Sn) with ylides (e.g., (CHs)sP=CHp) formed organosilicon
or organotin substituted ylides (e.g., (CHs)sP=CH-E(CHs)s) &8s
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Ce5) @)

well as phosphonium-metal carbonyl salts (e.g., [(CH,);P]+-
[7T-CsHsM(C0)s]17). 3% A large variety of ylide specles were
studied.

The dimer, [(7-CsHs)M{C0)2C1l]e (M = Mo and W), 1s the
principal photochemical product obtained upon photolysis of
(m-CsHs IM(CO)sC1 in dimethyl sulfoxide or pyridine solutions

126

employing long wavelength irradiation (A> 400 nm). Further

loss of CO from these dimers resulted upon irradiation with
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shorter wavelengthse (A> 280 nm) with concomitant incorporation
of solvent. Photochemical reactions of [(w-CsHs)M(CO)2C1)2

did not proceed in non-polar solvents. Under similar photolysis
and solvent conditions the substltuted complexes [(r-Cgﬂg)M-
(co)2Lc1l] (M = Mo or W; L = P(OPh)s, PPha, or P(CeH11)s) were
found to yield the dimer [(r-csﬂg)u(oo)201]2.127 The mechanism
for this process 1s proposed to involve loss of the ligand L

in the primary photochemical process as shown in eqs. 17 and 18.
[ (7-CoHs )M(C0)aL01] — ™ u [ (7-CoHs)M(CO)2C1] + L (1)
2 (7-C3Hs)M(C0)2C1) — [(7-CsHs)M(CO)2C1], or  (18)
[ (r-CsHs M(00)2C1] + [(7-CsHs)M(CO)2IC1] =
[(r-CsHs )M(CO)2C1]. + L

Eaborn and coworkers have reported the reactions of methyl
fluorosulfonate and triethyloxonium tetrafluoroborate with a
variety of transition-metal complexes.lza Included in this
study were the halogen abstraction reaction of (w-CsHs )Mo{(CO)sCl
with MeOSOLF to evolve MeCl and the oxidation reaction of
MoClz (diphos ), with MeOSOF to form [MoCl,(diphos)z][SOsF].

The preparation of some pentamethylcyclopentadienyl deriva-
tives of chromium, molybdenum and tungsten has been described
by King and coworkers.129 Treatment of [(Cﬂg)scsn(CO)sla
(M = cr, Mo) with sodium amalgam gave the anions [(CHs)sCsM(CO)al
which further reacted with (CeHs)3SnCl, HgClz end Hg{CN). to
glve the corresponding (CHs)sCsM(CO)sR derivatives (R = (CeHs)sSn,
ClHg, and 1/2 Hg). Reactions of [(CHs)sCsM(CO)sls (M = Cr,

Mo) with Iz or NO gave (CHs)sCaM(CO)sI and (CHs)sCaM(CO)a(NO),
respectively. (CHs)sCsM(CO)sCHs (M = Mo, W) was found to
react with I or S0z to give the complexes, (CHs)sCsM(CO)sI
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and (CHs)sCsW(CO)eIs, and (CHs)sCsM(C0)sSO2CHs, respectively.
(CHs )sCsW(C0)a (COCHs) and 1ts decarbonylated analog

(CHa )sCsW(CO)sCHs were obtained from the reaction of acetyl-
pentamethylcyclopentadiene and (CHaCN)aW(CO)s in boiling
methylcyclohexane.

Finely divided lanthanide metals have been shown to react
with a variety of transition-metal organometallic compounds
resulting in cleavage of metal-metal or metal-halogen bonds. 3
For example, the metal-metal bond in [7T-CsHsMo(CO)s). was
found to be cleaved by Yb in refluxing THF, and Yb was found
to instantly displace Hg from T-CsHsCr(CO)sHgCl in THF at room
temperature. Nesmeyanov and coworkers have studled symmetriza-
tion reactions of (T-CsHs)M(CO),HeI to form [(7T-CsHs)M(CO),l2He

complexes.3?

This reaction was attained for M = Fe, n = 2
and for M = W, n = 3 by alkaline Na»Sn0O,; whereas, for M = Mo,
n =3 1t was attained with elther NazS;0s or NaOH.

[ (T-CsHs )Mo (CO ) s ]2Hg was observed to react with NasSnOp to
lose Hg and form [(m-CsHs)Mo(CO)al)z. 1In addition, these
workers have shown that (T-CgHs)M(CO)sHgX complexes (M = Mo, W;
X = halogen) react with Clz, Bra, or I. to produce the com-

plexes (T-CsHs)M(CO)sX.32

Halogenation reactions of
[ (m-CsHs )M(CO)g)2Hg also afforded (T-CsHs)M(CO)aX complexes.
A further report of the preparation of complexes of the type
(T-CsHs )M(CO)sX has been published which involves heating of
(T-CsHs JM(CO)sHgI with HC1 in dioxane. -

Me NIM*{M? (CO)s (T-CsHe )] 2] salts (M! = Cu(I) and Ag(I),
MZ = Mo or W) have been obtained as stable solids from
Na.[M2(CO)s (T-CsHs )] and copper(I) chloride or silver(I)
nitrate.®* The ir spectra of these complexes suggest linear

M2-Ag-M® bonding and that the [(7-CsHs)M?(CO)s]™ ligands are

poor T-acceptors.
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Blackmore and Burlitch have prepared and characterized
the first complexes of metal carbonyl O-coordinated to a transi-

tion metal. 1s8

In the presence of excess manganese metal
Hg[M(CO)sCslisle (M = Cr, Mo, W) in THF was found to react at
room temperature to yleld, upon recrystallization from pyridine,
yellow crystals of [CsHsMo(CO)s]aMn(py)e. The ir spectra of
these new complexes contalined three strong absorptions in the
v(CO) region (e.g., M = Mo, v(CO) at 1905, 1808, and 1650).

The presence of M-CO-Mn honding was inferred from the one low
¥(CO) vibration and the similarity of the ir spectra with that
of [CsHsMo(CO)slaMg(py)e (XOXXI) which has been shown by X-ray

crystallographic studies to contain Mo-CO-Mg bonding.“‘ Both

“[7ea))

C
E' 047 Mo

@ 157](3,

177.20)

Q
Orsz
1(%.52?L> 0

"“%\o

886(2)

\1 189(3)
(o]

2047(2)

(XXXT)

in solution and in the solid state the MgH complexed CO experi-
ences a ¥(CO) shift to lower frequencies of ca. 60-90 cm * from
the uncomplexed form. Similar derivatives of [(7-CsHs)Fe(CO)2],
Co(CO)e , and Mn(CO)s were also prepared.
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Several Group IV derivatives of cyclopentadienyl complexes
were prepared. The reaction of hexachlorodisilane with a variety
of transition metal compiexes has been investigated by Glockling

37  Included in this study was the preparation of

and Houston.'
the known complex Mo(CO)s(T-CsHs )S1C1ls from [ (7T-CsHs )Mo (CO)ala

and Si1»Cls. The preparation and photochemical reactivity of
vinylsubstituted derivatives of metal carbonyls (CHE=CHGeMeaM(CO)n;
M = Mn(cO)s, Mo(CO)a(T-CsHs), Co(CO),, Fe(CO)aNO, etc.) have also

138 e generally unstable ¢-allylic complexes,

been reported.
isolated as oils or low-melting crystals, are quite photochemi-
cally active, however, no T-allylic complexes were produced upon
irradiation. Instead scission of the Ge-M bond produced dimeric

metal carbonyl species, for example, eq. (19).
hy s s s .
CHz=CHGeMeoMo (CO )5 (T-CsHs ) —— T-CsHs (CO)2MoaMo (CO )2 (T-CsHs) (19,

Further photolysis studies of Me,ClGeM complexes (M = Mn(CO)s,
co(co),, Fe(co)2Cp, Mo(CO)aCp, Cr(Co)aCp) produced more examples

of complexes contalining germanium bridged metal-metal bonds,

(ocxrr).r®
Me,
Geh, \cO
WM i \“
oC \Ge/ Cco
ot Me,
(XXXIL) M = Cr, Mo

Abel and Dunster have studied the synthesls of organotin-
transition metal carbonyl complexes from (MegSn).0 and
(MesSn)sN.*° Employing this procedure the complex, MesSnMo-
(cO)s (T-CsHs), has been prepared from [(7-CsHs)Mo(CO)sle and
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(Me3Sn).0 or (MesSn)asN in 63 and 70% yields, respectively.
Although the reaction of the tin acetylide, MesSnCaCPh, with
the Mo(0) species, Mo(CO)e and (norbornadiene)Mo(C0)., gave
no reaction; the reaction of [(T-CsHg)Mo(CO)al. with MeaSnC=CPh
in diglyme led to oxidative cleavage with the formation of
Mo (T-CsHs ) (SnMes ) (CO)q. > **

Several workers have utilized cocondensation techniques
in the synthesis of bis(arene) derivatives. Thus the prepara-
tion and 1isolation of organochromium compounds such as bis-
(cyclopentadienyl)-chromium and also bis(arene)chromium com-
pounds in which the arenes contaln highly electronegative
substituents was reported.l42 Skell and coworkers also demon-
strate the trimerization of alkynes and isomerilzation of alkenes
by atomic chromium. Similerly, the synthesls of known bils-
arenemolybdenum derivatives has been achieved in 10-20% yields
from the cocondensation of molybdenum metal vapor with benzene,

3 Timms and coworkers also

toluene, or mesitylene at 77°K.14
used this technique to prepare pure, solid bis(cumene)- and
bis(gfdi—isopropylbenzene)chromium by condensing chromium
vapor with the arenes at -196°.1“ Similarly, stable complexes
of the form Cr(arene)(PF;)as (arene = benzene, hexafluorcbenzene,
cumene, or mesitylene) have been prepared from chromium vapor,
PF3 and the corresponding arene species. Relative intensities
of some peaks in the mass spectra (obtained at 70 eV) for these
complexes were reported. Timms has adapted the technique of
the use of transition metal vapor in the chemical synthesis
of organometallic compounds to an undergraduate laboratory
experiment by describing the synthesis of dibenzenechromium.“5
Several studlies of substituted bis-arene complexes were
reported. The behavior of microimpurities during the synthesis
of organometallic compounds hsve been investigated. Included
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in this study was the preparation of (EtPh)ZCr from CrClas, Al,
and EtPh 1n the presence of AlCls.l"'e Infrared and proton nmr
spectral studies on such Mo(arene). complexes (arene = EtPh
and EtzC°H4) have indicated the presence of specles of the
types; Mo(EtPh)(EtzCeHs), Mo(EtPh),, and Mo(EtzCeHe)z. It
was not possible to separate these various isomers by gas-
liquid chromatography.1‘7 On the other hand separation of
mixtures of bils arene T-complexes of molybdenum by distilla-
tion at reduced pressures has been achieved by Umilin and
Tyutyaev.'*® 1In addition, autoxidation studies of bis(ethyl-
benzene)chromium to glve 7% AcPh, 30% EtPh and an unstable
solid descrived as [(PhEt).Cr].Cr0, have been pmbli.shed.“'9
Thermal decomposition reactions of (arene).Cr phenolates have

° The pyrolysis probably occurs by dis-

also been reported.15
proportionation.

The following group of reports deal with m-arenes bound
to M(CO)s groups. Tricarbonylchromium complexes of
9,10-dihydro-l,4-dimethoxy-9,10~0~-benzenoanthracene and 9,10-
dihydro-1,4-dimethyl-9,10-0-benzenocanthracene have been pre-

*31 The dimethoxy ligand forms two isomeric complexes,

pared.
whereas the methyl substituyted ligand forms three isomeric

complexes (XXXIII A, B, C). The dimethoxy ligand complexes

have been separated by both analytical and preparative scale
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liquid chromatography. Experiments with the nmr shift reagent
EuFods on these complexes indicate that structure XXXIV A is
the predominant isomer, (65%) versus (35%) for isomer XXXIV B.

©C)HCr

H3

(XXXIY B)

In attempts to synthesize benzonorbornadienone by acetal
hydrolysis of 7,7-dimethoxybenzonorbornadiene, Wege and Wilkinson
prepared tricarbonyl(h®-7,7-dimethoxybenzonorbornadiene)chromium(0)
(Xxxv) in very low yleld (1%) and (E?-?,7-dimethoxybenzonorborna-
diene)cr(co), (XXXVI) in 36% yleld. ®® Hydrolysis of XXXV led
only to (naphthalene)Cr(CO)s and naphthalene; the sought-after

dienone (XXXVII) was not observed.

- o
MeO___OMe MeO_ _OMe
! i : ’\ \Cr(CO)4 i \
o, | cricoy, i
(XXXY) (XXXWI) (XXX

Reactions of benzo[h]quinoline (BqH) with a varlety of
transition metal carbonyl complexes have been investigated by

Bruce, Goodall and Stone.'%®

The reaction of BqH and
Mo (CO)g (7-CsHs )Me led to the formation of a small quantity of
an air-sensitive complex, which was thought to be Mo(CO)2Bg-
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(m-CsHs) on the basis of two strong v(CO) bands, as well as a
large quantity of [Mo(CO)s(7-CsHs)]z. Metallation ot the
Cr(co)s r-complex of BqH was accomplished by heating this
complex with MeMn(CO)s, resulting in formation of complex
XXXVIII. XXXVIII was isolated and fully characterized.

Q

‘&@ Cr(CO)3
N

&
(OC)3C|" l\%n O

€Oy,
(XXXVII) (XXXIX)

1,3,5-Triphenylbenzene (TPB) complexes of the form,
(TPB)(Cr(c0)sl, n = 1-3 , have been prepared from the reac-
tion of 1,3,5-triphenylbenzene and Cr(C0)s in boiling dibutyl
ether.'3* 'H nmr studies were employed in establishing the
mode of bonding of the Cr(CO)s group to the TPB ligand. 1In
the (TPB)Cr(CO)s complex the Cr(CO)s group is bound to the
central benzene ring (XXXIX), whereas, in the (TPB)[Cr(C0)sl,
(n =2, 3) the Cr(C0)s groups are 7-bonded to the phenyl rings.
Further work by Noth and Deberitz on the interaction of 2,4,6-
triphenylphosphorine with derivatives of the Group VI metals
led to the preparation of tricarbonyl(2.4,6-triphenyl-h°-phos-
phorine )Jmolybdenum(0).*®® An accompanying paper reported the
erystal structure and nmr parameters of pentacarbonyl(2,4,6-
triphenylphosphorine )chromium.*®®

(4-Phenylpyridine )M(co)s (M = Cr, Mo, W) complexes have
been prepared photochemically from 4-phenylpyridine and the

-

corresponding M(CO)e compound.ls Reaction of 2,6-diphenyl-

pyridine with Cr(c0)e in refluxing dibutylether gave
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Ci7H1gN-Cr(C0)s (XL) and Ci7H;oN-20r(CO)s (XLI). 1In an
analogous manner 2,4,6-triphenylpyridine and Cr(co), gave
C2aH17N+Cr(C0)a, C2aH17N.2Cr(C0)s, and CagHi7N-3Cr(CO0)s
(XLII A, B, and c). Ir, nmr, uv and mass spectral data were
presented for these complexes, The bonding of the Cr(co)q

groups to the phenyl substituents was determined by nmr studies.

N
Cr(CO), (c0)3c.-4@/(\/\\©~ cr(co),

j?@

(XL) (XLI)
Qe
N )
> S
o Q X0
Cr(Co); Crico); Cr(CO),
(XL A) (XLt B)

G Cr(C0),

A/

P,

Cr(CO), Cr(Co),

(XL Q)

The synthesis and 4 nmr spectral properties of chromium
tricarbonyl w-complexes of indan derivatives (XLIII) have been

reported.l%® Transannular w-w-interactions in [2.2 IJmetacyclo-
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phane, [2.2])paracyclophane, and 2,2'-spirobiindan have been
investigated in the -Cr{CO0)s derivatives of these T-ligands

0
{ R
Cr(CO)y
(XL
(XLIV)

R = H, Me; X = CHp
R=H; X = CMeyp, SiMez

by Langer and Lehner.1 The exo- and endo-chromium tricar-

bonyl complexes (XLIV) (i-Pr at 2,3,4) have been prepared from
the corresponding dihydroisopropylnaphthalenones with Cr(CO)g.loo
When the isopropyl group wes located at position 2 or 4 prefer-
ential formation of the endo form resulted, whereas when the
isopropyl group was in position 3 the exo form was preferen-
tially formed.

Studies involving mono-substituted w-arene complexes follow.
Optically pure (S)-PhCH.CHMeCO.Me when reacted with Cr{(CO)e
followed by saponification gave the optically pure acid (XL‘V).181
Cyclization of this complex by polyphosphoric acid ylelded two
isomeric ketones (XIVI A and XIVI B) having an endo-exo ratio of
52:48, The absolute configuration of diestereoisomers (XIVI A

and XLVI B) were determined.

o
CI202H Me Me
@—'CHZC-——H Q.
T e °
|
Crico), Cr(CO) Cr(co)
(XLV)

(XLVI A) (XLVvi B)
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The synthesis of PhaSnCeHsCr(CO)s from Ph.Sn and Cr(C0)e

2 The Sn-Ph bond to the phenyl

in diglyme has been reported.10
ring coordinated with Cr(CO)s was found to be more readily
cleaved by acid or HgClp than the uncoordinated phenyl groups.
Similar organosilicon compounds of chromiumtricarbonyl have
been prepared by reaction of PhpSiRe.n (R = OH, halo, alkyl;
n = 1-3) with Cr(C0)s in refluxing diglyme or in an autoclave
at 160-’70°.‘°s The synthesis of 7T-arenetricarbonylchromium
complexes containing silacyclobutane groups has &also been

d.2%* fThese were prepared from Cr(CO)}s and the cor-

reporte
responding silacyclobutane ligands (XLVII A and XIVII B) in
dioxane-Bu,0 at 105° over a 40 hr period in the presence of
(CBH17)2NH. Nmr spectral properties of these species were

described.

R'I
| /™
Si X

Cr(CO),
(XLVIE A) R! = Ph, X = CHz
(XLVIl B) R' = Me, X = SiMe,

(cO)aCrCeHsHgCl was prepared in 43% yield from CeHeCr(CO)s
and Hg(OAc)z in refluxing ethanol followed by addition of

ies

CaClsz. The synthesis of [(CO)sCr(XCeH,)loHg complexes from

cr{co)e and (p-XCeHs)2Hg (X = MepN, MeO, Me, H, F) has been

degcribed.t®®

Spectral and reactivity studies of these speciles
were discussed. A boron-substituted benzenechromiumtricarbonyl
compound, h®-(PhaB-CeHs)Cr(CO)s, was prepared by reaction of
Hg[ (CO)sCrCeHs ]2 with PhoBBr.'°®”

The chemistry of some less common T systems follows. Octa-

methylcyclotetraphosphazene molybdenumtricarbonyl has been syn-
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thesized and found by crystal structure analysis to be within

bonding distance to 5-atoms (N-P-N-P-N) of the roughly planar

es

P.N, ring. * By ngle-a

and w(co)e under photochemical conditions (eg. 20

ByoCaHi2®"

+ M(c0)e . [(7-31002H12)M(00)3]=

is found to displace CO in Mo(CO)e

).*®® Details

+3c0 (20)

of the preparation and characterization of these as well as

gimilar Fe, Co, and N1 derivatives are presented.

The metallo-

carboranes are believed to assume 'expanded" polyhedral struc-

tures containing 13 vertices.

For example, the proposed struc-

ture of the extremely alr-sensitive 7—7,9—B1002H12M0(C0)3 and

W(c0)s dianions is shown in Fig. XILVIII.

2~

®oCH
(XLvHi)

Adcock and Lagowski have extended the group of complexes

containing a borazine bound to a cr{co)s moiety (XLIX A-D).

hlde Cr(CO)5 Me
Me._ ~N Me Me N Ph
\? ,Er/ \B/ \B/
| I
N N

Me &e

(XLiIX A) (XLIX B)

170

hIAe I'i_‘t
Me N Et Me N Me
\B/ ~ B/ \B/ \B/

| | | |
N N N
Me Me

(XLIX C) (XLIX D)
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The borazine rings have & similar effect on Cr(C0)s »(CO) values
as does hexamethylbenzene and the effect is quite different from
& purely O-bound cyclic triammine. Based on analysis of vibra-
tional spectra of the borazine rings as well as the electronic
spectra of the complexes, the authors argue that the borazine
ring is however puckered.

Several compounds ot Mo and W containing w-allylic moleties
have been studied. The dimers [(arene)Mo(w-CgHs)C1], have been
prepared from the reaction of Qig(arene)molybdenum (arene =
benzene, toluene, and mesitylene) and allyl chloride.’”® Treat-
ment of the T-allyl dimers with phosphines led to formation of
the complexes (arene)Mo(T-CsHs){RaP)Cl. Reduction of these
compounds with sodium borohydride in the absence of free, excess
phosphine yielded the dihydride species, (toluene )Mo (PhoMeP)aH»
and (arene)Mo(PhaP),H». Treatment of these complexes with
molecular nitrogen causes displacement of hydrogen and formation
of dinitrogen derivatives [(benzene)Mo(FhaP)z]oN- or (arene)Mo-
(PR3 )2Nz (arene = MeCgHs or sym-MesCeHs and PRs = PhaP or PhyMeP).
Solutions of either the dimeric or monomeric dinitrogen speciles
react with CO to give the monomeric (arene)Mo(PR3)200 deriva-
tives. Treatment of the compound [(7-CsHs )Fe (dmpe)Meoco]1'BF,"
in acetone with (toluene)Mo(PhaP)zNz gave & brown solid which
gave an elemental analysls consistent with the formatlion of the
adduct [ (7-CsHs)Fe (dupe )Nz (PhgP)ato (MeCeHs) 1'BF,™ (vy_ (Fe-No-o)
= 1945 cm™1).

[(RCeHs )Mo (7-C3Hs )C1]. was observed to react in dry THF
with excess allylmegnesium chloride to yleld the bis-T-allyl
derivatives (CeHsR)Mo(7-CsHs)2 (R = H, Me); whereas reaction
of the dimer with C4H,/TlBF. afforded the butadiene cation
[CeHeMo (T-CsHs )C4He 17,272 Reaction of this cation with nucleo-
philes resulted in production of the neutral m-allylic deriva-

References p. 407



356

tives CeqHgMo(7T-CgHs ) (T-NuCH2CsH,) (where Nu = CN, OMe, SMe, or
H). Continuing these studies Green and coworkers found that
the dimer [CqHeMo(T-C3Hs)Cl]l: could be cleaved by chelating
phosphorus or sulfur ligands (Ip) to afford the cations
[CoHeMo(T-CsHs )z ]F, Where L, = PhaPCH2CHPPhz, MepPCHzCHzPMez,

3

or (MeSCHz)».>7® These cationic species were found to react

with nucleophiles (CN~, LiAlH,, and n-Buli) to give the neutral
cyclohexadienyl derivatives [(CeHsR)Mo(7-CsHs)L=] (R = CN™, H™,
and n-Bu”). These species are shown by H nmr spectra at

270 MHz and double-resonance experiments to possess asymmetric
structures (e.g., L). The cations [(CgHgR')MO(F—CaHs)Lz']+
(R' = H or Me and Le' = en, blpy, and o—phenylenediamine) were

alsc reported.

Bu"

Organotin compounds such as allyltrimethyltin, cyclopenta-
dienyltrimethyltin, and indenyltrimethyltin have been found to
react with a variety of metal carbonyl compounds under very
mild conditions to afford high yields of the corresponding
T-enyl metal carbonyl derivatives.?* 1Included in this study
are the preparations of (m-CsHs)(7-CsHs)M(CO)2 (M = Mo, W),
(T-CoHy) (7-CsHa )Mo(CO)2, and (m-CsHs)(m-CoHy )Mo (C0)2.
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Proton addition to bicyclo[6,1,0]nonatrienetricarbonyl-
molybdenum (LI) with HSOgF-SOpF, &t -120° has been reported
to result in a T to 0 change in the nature of the bonding of

the triene to the metal, producing species (LII).175

b
H 9 Ha Hbg H®
7 6
Y/ (¥
4 (] 4 3
H
32 3 H
Mo(CO)4 {CO)3Mo-H©

) i)

The use of organometallic fragments to isolate an unstable
T-electron system of blochemical significance has been
reported.’”® Thus N-methyl-3-ethyl-1,2-dihydropyridinechromium-
tricarbonyl as well as the 1,6-dihydropyridine derivative (LIIX
and LIV, respectively) have been synthesized and characterized

by X-ray crystallography.

(L)

Metal-alkyl, -aryl, and -hydride complexes. The prepara-

tlon and properties of hexamethyltungsten have been reported
by Shortland and Wilkinéon.177 Hexamethyltungsten was 1solated
from the reactlion of three equivalents of methyllithium with
WCls in diethylether. The very air-sensitive WMeg complex was

characterized by elemental analysis, ir, nmr, and mass spectros-
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copy. Reaction of WMees with nitric oxide gave tetramethylglg(N—
methyl-N-nitroschydroxylaminato-)tungsten(VI) which was shown
by nmr studies to be non-rigid at room temperature. Similarly,
hexakis (neopentyl)dimolybdenum(III) was prepared from the
reaction of neopentyllithium with MoCls in ether.178 A lower
yield is observed when the complex was prepared from the cor-
responding Grignard reagent. This complex was observed to be
rather inert.

Syntheses of several interesting chromium complexes
involving metallation of phenyl or methyl groups were based
on reactions of RaP=CH. (R = Ph or Me) or R4P+Cl- with appro-
179

priste Cr-containing complexes (PhsCr(THF)s or LisCrPhg).

For example, complexes of the following types were prepared

(Lv and LvI):
CH, Ph C Me
cr \P< Cr H2\P/
Ph
CHZ/ \M7
3 3
(LV) (Lv1)

The direct synthesis of o-bonded organochromium compounds
of the type cis-bis(aryl)bis(2,2'-bipyridine)chromium(III)
(aryl = 2-, 3-, and 4-methoxyphenyl, 4-methylphenyl and phenyl)
from the appropriate arylmagnesium halide and CrBro (THF)2 1in the

® A1l the compounds

presence of bipyridine has been reported.18
were found to be paramagnetic to the extent of three unpaired
electrons. 1In addition, bis(trimethylsilylmethyl)-bis-(2,2‘-
bipyridyl)chromium(III) iodide has been synthesized and its

1 fThe cr-c(sp®) bond

structure determined by X-ray analysis.'®
o
length was found to be 2.107(9) A which 1s very simlilar to that

observed in the aryl analog, ArpCr(bipy)a" (Ar = 0-MeOCeH, and Ph).
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Distorted tetrahedral chromium(IV) alkyls, CrRe (R = CHzCMes,
CHzCMepPh, CHoCPhs, and CHz), have been prepared and charac-
terized by electronic, ir, and esr spectroscopy.lsz

Activation of a varilety of transition metal-alkyl bonde
by interaction with organocaluminum compounds has been demon-

strated by Yamamoto and Ya.ma.moto.183

Included in this study
was the activation of Cr(Csz)ClgPya by the addition of
Al(n—CsH7)3 to a THF solution of the complex to produce pri-
marily ethane.

Studies of the formation of alkylchromium ions, (Hzo)sch2+,
from Cr(aq)?’ and organocobaloximes (Hdmg = dimethylglyoximate),
indicate the rate of alkyl transfer to be highly dependent on

184

the nature of R. Mechanistic possibilities remain unresolved.

+ +
RCo (Hdmg )oH20 + Cr(a.q)2+ + 2H' = CoZt+ (H20)sCrR® + 2Hpdmg (21)

The preparation and characterization of cyclopentadienyl
and indenyl complexes, R¢MoO (R = cyclopentadienyl, indenyl),

s Reac-

from RpMoOCly or MoOCl, and RNa have been reported.18
tions of RzMoOClz; with phenols were discussed as well.

Several publications dealing with the preparations and
reactions of metal carbonyl derivatives containing metal-alkyl
bonds have appeared in the literature as well this year. King
and Braitsch have reported the preparation of ClCH2M(CO)305H5
and ICH,M(CO)sCsHs (M = Mo, W) from the corresponding sodium
salts Na[M(CO)sCsHs] and C1CHpI or CH.I», respectively.'®®
These complexes were fairly inert to nucleophilic substitution
reactions of the carbon-chlorine bonds. v(CO) and proton nmr
spectral data for these complexes were presented. Similarly,
T-CsHsMo (CO)aCHoR (R = l-naphthyl) has been prepared in 52%
yield from Na [(7-CsHs)Mo(CO)s] and RC1 in THF.'®” The complex
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wes air-steble, however it was sensitive to light. Ir, uv,

nmr, and mass spectral results were presented for this complex.
The first well defined example of a "carbon monoxide

insertion" reaction of T-CsHsCr(CO)aCHsz has been reported

in the preparatign of the yellow crystalline, stable

T-CsHsCr(CO)z (L)6-CHs derivatives from 7-CsHsCr(CO)sCHs and

L (where L = P(CeHs)a, P(p-CHaOCeH¢)s, and P(CeHs)(CHa)2).'®®

The complexes were assigned a trans geometry on the basis of

their proton nmr spectra.

Along with similar Fe and Mn derivatives, m-CsHsMo(CO)s-

c=C(Ph)c(0)N(S02C1)CH. has been prepared via reaction of the
metal 2-alkynyl, in this case, W-CgHsMO(CO)SCHzc!CPh, with
C1S0gNCO.>®® The more powerful electrophile S0s was also found
to add to transition metal-2-alkynyl complexes yielding sul-

tones:190
R
[
PN
[M]-CHoCaCR + SO = [M]-c\ 5% (22)
caz-c{
[M] = T-CsHsMo(CO)a, Mn(CO)s, T-CsHsFe(CO)2
R = Ph, Me

Oxidation of the alkylmetal carbonyl derivatives, tricar-
bonyl-T-cyclopentadienyl-4-fluorobenzylmolybdenum, -tungsten,
and tricarbonyl-m-cyclopentadienyl-3-pyridylmethylmolybdenum,
by cerium(IV) ion in methanol has been found to occur rapidly
with almost quantitative formation of methyl 4-fluorophenylacetate

81 A mechanism

and methyl 3-pyridylacetate, respectively.1

was proposed involving the intermedlacy of an acyl derivative.
The synthetic usefulness of methylfluorosulfonate has been

illustrated for several preparations including the following

involving molybdenum:192
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Mo (phen) (PRa)2(CC)2 + CHsSOsF = Mo(phen){PRg )2 (CO)2*CHsSOSF (23)
(T-CsHs )oMoHa + CH3SOsF = [(7-CsHs)2MoHaCHs ][SOsF] (24)

Both products are belleved to contain a methyl group bound to
molybdenum.

Several Group VIB metal hydride complexes have been pre-
pared and characterized over the past year. These are reported
in this section along with various reactions, involving metal-
hydride bonds, which were employed in the preparation of new
metal complexes. The dinuclear tungsten hydride complex,

HWo (CO)gNO, has been prepared from the reaction of [HWp(C0)10]”
with NaNOz-acetic a.cid.las X-ray crystallography has shown

the molecule to possess a distorted D,q symmetry with a long
W-W distance of 3.329 K. This long W-W bond distance together
with octahedral coordination about the tungsten atoms and Raman
spectral data strongly support & bridging position for the
hydrogen (W-H-W). In addition, new mixed-metal hydrogen bridged
carbonyl complexes of the series HM'M(C0),o (M = Cr, Mo, W;

M' = Mn, Re) have been synthesized.®*

For example, when
EtoNT[ReCr(C0);0]” was stirred in a pentane slurry with 85%
HsPO, for 2 days, crystals containing predominantly HReCr(CO):o
were obtained upon cooling the pentane layer to -78°. Prelim-
inary crystal structure data indicate an eclipsed metal penta-
carbonyl conformation with a Re-Cr distance of 3.435(1) R,
however the bridging hydrogen position was not located crystal-
lographically. HReW(CO),o was also prepared and characterized
by infrared, nmr, and mass spectra.

The complex [EteN]»[W2(CO)eHz] has been synthesized from
the reaction of [Et N]1[BH,] and W(CO)s in THF under reflux
conditions.®® The molecular geometry of the [Wz(CO)aHz] 2
ion has been demonstrated to be as that shown in Figure LVII
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by X-ray structural analysis. Most importantly, this struc-
tural analysis allowed for the direct location of the two

Bo-bridging hydride ligands.

o o(1)
o) W, o)
H SpH’

o@") Wi o)
om o)
(i)

(i)

The crystal structure of the complex prepared from treat-
ment of {w-CgHs)aMoHz with n-butyllithium, [(m-CsHs)z2Mo(E)Lil.,

126 The molecule consists of eight-membered

has been described.
Mo-Li rings (LVIII). The presence of the hydrogen atom was
inferred from several reactions of the tetrameric compound,
but was not located by the X-ray structure analysis.

The preparation of a series of elght-coordinate Mo and
W hydrides of the type H¢ML, (I = phosphines) have been

187  Temperature dependent ‘H nmr studies established

reported.
stereochemical non-rigildity with relatively high (AG* = 12-16
kcal/hol) rearrangement barriers. The rearrangement process
was discussed in terms of a "tetrahedral jump" mechanism which
is based on a crysial structure determination of one of the

complexes, HqMo[PPhaoMely. Charge transfer interaction between
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olefins and metal orbital electrons of CppMoHs prior to M-H
bond insertion has been demonstrated for a number of olefins,
eq. 25.*°% Further studies by Nakamure and Otsuka utilizing

11
C-CH
L]

\ / /
CpaMoHz +C=C] = CpaMo{ (25)

H

CpMoD; and dimethyl fumarate or maleate established initial
formation of CpzMoD[CH(COzMe)CHD(CO2Me)] followed by unimo-
lecular elimination producing racemic or meso-dimethyl 1,2-
dideuteriosuccinate with retention of configuration of the

o8 This elimination reaction leads

o-bonded @-carbon atom.’
to the very reactive CppMo which reacts with any free olefin
to yleld CpzMo(m-olefin). A study of factors influencing the
kinetics of the Insertion reaction included solvent effects

on the observed induction period.

The selective reduction of haloalkanes, haloalkenes, and
halobenzenes with (w~csH5)2WH2 to give high ylelds of compounds
resulting from replacement of one C-X bond (X = Cl, Br, I)
by a C-H bond has been studied by Green and Knowles.2°°

Dichlorocarbene, produced by the thermal decomposition
of sodium trichloroacetate, reacts with bis(m-cyclopenta-
dienyl)tungstendihydride gilving rise to the insertion product
Cp2WH(CHC12).2°* Although the mechanism of this reaction was
not eluclildated, further investigations showed the difluoro-
carbene precursor, sodlum chlorodifluorcacetate to react with
the same hydrilde substrate to give the substitution product
Cp2W(02C2C1F2)2.

H
\

1,3 insertion of aziridine( -,N{) into the M-H bond

of (T-CsHs )M{CO)sH (M = Mo, W) proceeds with ring-opening to

form 3-aminopropionyl chelate complexes (LIX).202
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o CH,
RN
CHR
(LIX)

Molecular nitrogen and nitrosyl complexes. The prepara-

tion and characterization of cis-Mo(Ng)aL,, cis-Mo(CO)oL,,
MoH,L, (L = PhMepPh); trans-Mo(Na)2L.', trans- and cis-Mo(CO)aL,',
MoH(L,' (L' = PhEt.P); trens-Mo(CO)p(diphos)a, cis- and trens-
MoHz (@1phos )2; and of trans-Mo(Na)2(PMeaPh)z(ds) (where ds =
PhSCH2CHzSPh) have been reported by Aresta and Sacco.®®® The
reaction between Mo(Nz)z(diphos)z with FeH,(PEtPhy)s in a 1:1
molar ratio gave MoHp (diphos)z, FeHa (N2)(PEtPhz)s and Na.
These workers have further studied the reactions of some of
these dinitrogen and carbonyl complexes with triethylaluminum.zo‘
TWwo to one adducts of AlEts with cis-Mo(Na)aLs, cis-Mo(CO)aLg
(L = PhMepP); trans-Mo(N2)z2L,' (L' = PhEtoP); trans-Mo(Ngz)z~
(diphos)z; and cis- and trans-Mo(CO)(diphos), were reported.
The AlEts was shown to be bound to the oxygen atom of the €O
group or to the terminal nitrogen atom of the N moiety.
trans-Mo(CO)o (diphos ), was also found to isomerize to the cis
isomer in the presence of catalytic quantities of AlEts.

The base strengths of the terminal nitrogen atom in Mo(0)
and wW(0) dinitrogen complexes have been further investigated
by Chatt and coworkers.2°® The formation of adducts contain-
ing the M-NsN:AlRs and M-Cm0:A1Rs; groupings (R = Me, Ph, or Cl)
in a variety of molybdenum(0) and tungsten(0) complexes has
been examined by ir and 1H nmr spectroscopy. The relative order

of base strengths observed were THF> trans-[Mo(Nz)z(diphos)z]
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> trans-[W(Nz )z (diphos)2]. These were determined from ‘H nmr
studies of the equilibrium reaction (26).

AlMes, Etz0 + [M-NaN] CSRZ80€  pi 0 + [M-NaN:AlMes] (26)

The reaction of Mo(Nz)z(Dmtpe). (Dmtpe = 1,2-bis(di-m-
tolylphosphino)ethane) with Hp to afford the tetrahydrido
complex, MoH4(Dmtpe)a has been reported by Archer and George.2°°
In addition the complex was prepared from reduction of
MoClg(Dmtpe)z with Na/Hg in the presence of Hp. The presence
of four hydrogens was established by 'H and *P nmr studies.
This work suggests that the reaction of Mo(Nz)o(diphos)z with
Hy produces MoH, (diphos ), as well, rather than the dihydride

previously reported by Hidai.2°7

Nz wee found to react wlth
MoH, (Dmtpe )z to yleld Mo(Nz). (Dmtpe)a.

Carbon monoxide reacts with trans-Mo(Nz).(PPhoMe), at
~78° and at ambient temperature to give the new complex
mer-Mo (CO)s (PPhoMe)s and cis-Mo(CO)4(PPheoMe)2, respectively;
the mer i1somer was also prepared by reduction of MoCl4(PPh2Me)2
with Na/hg iIn presence of excess phosphine end CO. Fac-
Mo(CO)a (PMezPh)a was obtained from the reaction of CO with

cis-Mo(Nz )z (PMeaPh) at room temperature.2°® The preparation

of the starting dinitrogen complexes accompanied this report.209
On the other hand, trans-Mo(CO)a(diphos), has been observed

as the initial product from the reaction of trans-Mo(Nz)a(diphos).

and CO at 50 atm pressure in THF solution.z1° This complex was

shown to rapidly isomerize to the cis isomer, cis-Mo(CO)a(diphos)a,

under atmospheric pressure of carbon monoxide. However, trans-

Mo (CO)2 (diphos ), was found to be stable in solution under large

CO pressures. This result suggests that isomerization probably

involves initial dlssoclation of CO to form a 5-coordinate

intermediate, Mo(cO)(diphos)a.
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The mechanism of nitrogen fixation in the presence of
trans-Mo(diphosk (N2 )> (IX), the diphenyldithiolene FeS cluster
(IXI), and sodium naphthalenide has been investigated by van

211 The facts that Moliphosa (N2)z readily

Tamelen, et al.
undergoes Nz ligand exchange with CO and that the reduced form
of the 1ron-dithiolene complex 1tself reduces Np to NHs suggests
an initial release of Np by the Mo complex prior to reduction

by the iron complex.

Ph S
/;Z?_S\Fb/// r\\Fé//i:Z:j’Ph
PSS s s e
Ph Ph Ph _Ph g~ o
N/ N, N \\l -
\\ I ’,,P] /Fe\
“M3
o~ | >~p S S
N2
ANRA Pand
Ph Ph Ph Ph Ph Ph
(LX)
(LX)

CH
Schrauzer et al. propose a side-on bonded HCN, Mo\g , in

the reduction of CN by nitrogenase model systems composed of

molybdate and sulfur containing ligands such as L(+)-cysteine.212
A number of papers have dealt with the preparation and

characterization of Group VIB metal complexes containing the

metal-nitrosyl grouping. A second report of the preparation

and characterizatlion of tetranltrosylchromium which was mentloned

213 or(NO).

in last year's survey has appeared in the literature.
was prepared as a red-black solid at room temperature from

photolysis of Cr(CO)e in pentane solutlon with excess No.21*
Raman and ir data of this elusive member of the 1lsoelectronic
series (N1(CO),, Co(CO)s(NO), Fe(NO)2(CO)2, and Mn(NO)s(CO))

indicate Ta molecular symmetry in solution and the solid state.
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The interactlon of cyclopentadienyl-lanthanides with some
Group VIB metal carbonyl and nitrosyl complexes has been
described by Crease and Legzdins.215 The Lewis acids Rsln
(R = CeHs Or MeCgHy; In = Nd, Sm, G4, Dy, Ho, Er, or Yb) were
found to undergo Lewls acid-base interactions with bridging and
terminal carbvonyl ligands, terminal nitrosyl ligands, and the
metal atom 1in (v-Csﬂs)zWHz as detected by ir and nmr spectroscopy.
Some of the substrate molecules 1nvestigated were (v-chs)Cr-
(N0)2C1 and (7-CsHs)M(CO)2(NO) (M = Cr, Mo, W). These latter
complexes were found to preferentially interact through the
terminal NO ligand with lanthanlde aclds. The complexes,

(CsHs )oLnM (T-CsHs ) (C0)a (Ln = Dy, Ho, Er, or ¥Yb; M = Mo, W),
were prepared and characterized.

Catlonlc carbonylnitrosyl complexes of molybdenum and
tungsten of the type [M(CO)s(NO)(diphos)]PFe have been pre-
pared from the reaction of [M(CO),(diphos)] and NOFFe in metha-

nol-toluene.2®

Reaction of these cations with halides or
dithiocarbamate salts afforded the air-stable, crystalline
complexes [MECO)g(NO)(diphos)x] (X = c1, Br, and I) and
[M(co) (o) (d1phos ) (S2CNRz)] (R = Me and Et), respectively.
In addition, [Mo(C0)s(NO)(diphos)]PFs was found to react with
phosphine 1ligands I (where L = PPha, P(OPh)s, P(OMe)a, and
diphos) in chloroform to yield [Mo(co)(No)(diphos)(L)c1];
whereas, when the reactlon was carrled out in acetone
[Mo(c0)2 (NO) (diphos ) (PPhg )2 ]2 [PFe]2-2 acetone (IXII) and
[Mo(co)(NO) (diphos ) ]PFe were formed. The [Mo(CO)s(NO)(diphos)]PFe
complex underwent as well decarbonylation in refluxing chloro-
form to yield [Mo(NO)(diphos)Clz], and other polynuclear nitrosyl
species.

Ball and Connelly have also reported the preparation of
7

cationic arenechromium-nitrosyls and -hydrides.21 NOPFes when
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2+
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(LX) (LX)

reacted with Cr(C0),L(CeMes_pHp) (n = 0-3, L = CO and PPhy)
afforded the complexes [Cr(CO)L(NO)(CeMeg-nHn)]FFs (n = 0-3,
L =¢C0; n=0, L =PPhy). For the complexes where L = CO,
reactions with nucleophiles (NaBH, or methyllithium) gave
neutral substituted cyclohexadienyl complexes of the form
cr(co)z (No) (CeMeg-nHnX) (n =2, X = H; n = 0, X = H; and
n=2, X=Me) (e.g., IXITI). The compounds Cr(CO)g(PhCaCPh)-
(CeMes-nHn) reacted with NOPFe to yield [Cr(H)(CO)e (PhCaCPh)-
(CeMes-nBn)]PFe, n = 0 and 1.
[(m-CsHs )Mo (NO)(SR)]2 (R = Me, Et, Pr
CHzPh) complexes have been oxidized voltammetrically to pro-

i i

. Prn, Bu~, and
duce monocationic species, [(w-c;H,)Mo(NO)(SR)]g+.21° These
complexes were all reduced at approximately +0.71 V (Eyg for the
oxidation process) with the exception of the benzyl derivative
which was 0,08 V more anodic.

The diamagnetic [Cr(NO)(CNR)s1[FFs] (R = Me, t-Bu or
p-C1lCeHe) complexes were prepared by denitrosylation of
[cr(NO )2 (NCMe )4 1[PFe)e by CNR.2*® fThese complexes could be
oxidized chemically or voltammetrically to the paramagnetic
[cr(NO)(CNR)s ][PFelz (S = 1/2) complexes. Voltammetric evidence
for [Cr(NO)(CNR)5]+3, and for {Cr[CN(p--Mecgm)],}ﬂ'a a8 oxida-
tion products of {Cr[CN(p-MeceH4)]e}°, was also obtained.
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Reductive nitrosation of molybdenum and tungsten halides
has been employed as a new route to complexes of the type
(M(NO)2C12]y and M(NO)2Clz (PPhg)z (M = Mo or w).22°

The molybdenum nitrosyl complexes, [Mo(NO)gCIQL]n'THF
(L = p-CeHe(NHz)2; n = 1, 2, 3) and Mo(NO)oClele' (L' = m-
and p-CeH¢(OMe)2, p-CeH((SMe)z) have been prepared and their
uv and ir spectral properties were determined.?®*

The carbonyl nitrosyl halide complexes, trans-w(00)4(N0)X
were obtained as stable yellow solids from reaction of NO+ on
W(CO)eX~, X = C1, Br, I.222 sgSmall amounts of the analogous
1odo~ and bromo-molybdenum carbonyl nitrosyls were also pre-
pared, however it was not possible to obtain the chloro-Mo
derivative nor any analogous complexes of the Cr series.

Thermal replacement of a CO group of W(CO).(NO)X with PPhs

and AsPhs yielded both mer and cis isomers of W(CO)s(L)(NO)X
and, in the presence of excess L the disubstituted complexes
W(C0)2 (L)2 (NO)X were obtained.*® The latter are suggested to
have the CO groups and the L groups cis to each other; for PPha,
thermal isomerization to the trans form 1s observed. Other
studies of these carbonyl nitrosyl halides of W included reac-
tion of PhpAsCHzAsPhp(dam) and PhpPCHpPPhe (dpm) with W(C0).(NO)X
yielding mono~ and bidentate derivatives as well as a ligand-
bridged binuclear species (IXIV A, B, C, D, E, and F).*** The

H\C _H
NO NO as” as
o —As
/ As/ / VA ON/ d x/ d cé
——_T— _—)I(_AS\C 1T T
Hz\ H3Nas co Cco
W(CO);,(NO)(dam)X W(CO), (NO)(dam), X a-[W(CO),(NO)X]2 (dam)
(LXIV A) (LXIV B) (LXIV C)
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as” as NO NO

O/C"V’V——}X‘\A"‘/—/CO C}C-\A,;—;P/\C<H OC—I——-P\ _H
H

ON X NO N
T oC———P PP H
CO CcoO X P H, X
73 -[W(C0),(NO) X] » (dam) W(CO),(NO)(dpm) X W(CO)(NOX dpm), X
(LXiv D) (LXIV E) (LXIV F)
reluctance of dam to act as a bidentate ligand was noted. i

nmr analyses of all these derivatives were given.

Stable arylazonitrosyl complexes of tungsten and molybdenum
have been prepared from oxidative addition of nitrosyl chloride
to arylazo complexes at -25°.225 In this manner the complexes
M(NO) (N2Ph)Cl (M = Mo, W; L = tris-l-pyrazolylborate and CsHs)
have heen prepared and characterized.

A preparation of nitrosyl complexes of Re, Mo, Pd, Mn, U,
and Co was reported which utillized gaseous NO and a suspension
of the hydrated metal oxides in hot agueous He1.%2°

Replacement of a H»0 ligand by AsPhRp in complexes such as
Cr(NO) (H20)2 (S2CO0Et) yields parsmagnetic products which have

been studied by esr.227

Miscellaneous complexes. The novel chromium(I) complex,

Cr(PhNC)s *BPh,~ has been prepared in 90% yield from Cr(PhNC)e
and I» in CHaC1,.2%® Novotny and Lippard have described the
synthesis of [Mo(CNR),1X> (R =Me, X = I"; R = Bu®, X = PFs",
Is ) compounds from Mo(CO)e and alkyl isocyanide in the presence

® TPrends in the

of I» or from alkylation of AgMo(CN)g.Z?
average ¥ (CN) for the series Mo(CNR)7+%> Mo (CNR) eI >Mo (CNR)sXo
were observed, Conductlvity and electronic spectral data sug-
gested the presence of seven-coordinate molybdenum(II) dications

in solution.
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Reactions of nitroxyl radicals with Mo(CO)e and W(CO)e
have been reported by Alper.230

Oxidation and reduction reactions of some tungsten and
molybdenum chlorides by chlorinated alkyl cyanides (e.g.,
C1lsCCN) have been reported by Fowles and coworkers.23?

Reactions of transition metal peroxides with n-Buli have
been investigated by Regen and Whitesides.Z®32 fThe ease with
which lithium n-butoxide was formed from reaction of n-butyl-
lithium with several peroxy metal compounds was found to decrease
in the order MoO(0z)2*HMPA, Cr0(0a)z°Py >(PhaP)aPt02,
(PhaP)2Ir(co)(02)I3> Nax0>. In order to confirm that the
reactivity of the molybdenum and chromium derivatives was
indeed due to the peroxy moletles rather than to the 1isolated
"oxo" oxygen atom, an experiment was carried out using *®0Mo(02)s>.

None of the 20 label was incorporated in the lithium n-butoxide.

Kinetic and Mechanistic Studies

The volume of activation, AV*, has been determined for
reactions of M(c0), (n =6, M =Cr, Mo, W; n =4, M = Ni) with
phosphines or phosphites in low concentrations to yield the

% Positive AV* values were inter-

monosubstituted products.23
preted to signify a large degree of bond breakage in the transi-
tion state for the first order reactions of Ni(Co), with P(OEt),
and Cr(C0)e or Mo(CO)e with PPhg. On the other hand the second
order reection of P(n-Bu)s; with W(CO)e showed a negative AV*
consistent with the assoclative mechanism hypothesis.

Kinetic studies of the competition of the intermediate
[PhaPMo(C0)4], as derived from the thermal decomposition of

cis-Mo(CO)4(PPhg) (amine), for entering ligands L thus forming
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cis-Mo(C0),(PPhs) (L) have been reported.2®* At low concentra-
tions of L the reactions follow a simple first order expression,
rate = k[Mo(C0).(PPhs)(amine)]; at higher concentrations of a
strongly nucleophilic L, rate = [k + k'[L]][Mo(CO)¢(PPhs)(amine)].
The dependence of the rates of reaction and position of substi-
tution equilibris on the steric and electronic nature of L is
dlscussed. A similar study by Covey and Brown extended and

corroborated these findings.zss

Near unity competition ratios
for recombination of the intermediate Mo{CO)s with piperidine

and L (P(OMe)s, PPhy, AsPhg) suggests the Mo(CO)s moiety to be
quite indiscriminate in reactivity. From the first order dis-
sociative process (Mo(CO)samine L Mo(CO)s + amine) k, values
are found to vary with amine, cyclohexylamine® piperidine > quinu-
clidine, and AHI* and As;‘ are approximately 25 kcal/mole and

+3 eu, respectively. Kinetic and activation parameters for the
second order process (Mo(CO)samine + L 5 Mo(co)sL) are also
presented and discussed.

A topological analysis of the stereochemical rearrangement
aspects of any substitution or stereoisomerization reaction
which proceeds via a five-coordinate intermediate produced from
the dissociation of octahedral compounds has been presented by
Springer.23®

Dobson and Memering have discussed the mechanistic infer-
ences derived from kinetic studies of the reaction of AdipyM(CO),
(M = Mo, W) with phosphites, phosphines, and PhgSnClz.**’ They
presented further kinetic data as well as convincing arguments
for the poseibility of three competing mechanisms in such
reactions (eqns. 27-29). In addition, stopped-rlow kinetic
studies were performed on reactions of (dipyridyl)w(co), with
a variety of Group IVA metal oxidants such as SnCl,, PhSnCls,

etc., also by Dobson and coworkers. The mechanisms dis-
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k fast \
(a1py)M(co)s —pd—~ [(da1py)M(c0)s] —3r= products (27)

(a1py)M(C0)s + L — 2 [ (a1py)M(CO) L] L2%fe products (28)

(aipy)M(co)s %f [NN-K(00)s] —f= NN-M(CO),L (29)

[

products

cussed included rationale of the dependence of rate on the
IVA metal substituents.

The kinetica of the reaction of acetonitrile with tricar-
bonyl(tropylium) cationic complexes of Group VIB metals have
been studied.?3® The replacement of the tropylium ligand by
three acetonitrile ligands obeys a rate law, rate =
k[M(CO)s (C7H7) 1¥[MeCN]. This 1s interpreted in terms of an
associative displacement of 01ﬂy+ by acetonitrile ligands to
give the product M(CO)s (CHsCN)s. The rates decrease drastically
as the metal varies in the order Mo>W > Cr which is the same
order of increasing enthalpy of activations (AH* = 10.5, 15.0,
and 24.2 kcal/mole, respectively).

Connor and coworkers have prepared a series of complexes
1M(cO)s (M = Cr, Mo, or W; L = dmpe, dpm, diphos, dpp, or
arphos) which were characterized by elemental analysis, ir,
mass, *H and 3*P nmr spectroscopy.2*® Methylation of the
complexes with MesOBF, to give [(MeL)M(CO)s]BF, complexes was
achieved. Kinetic studies of the rate of the chelation reac-
tion, IM(cO)s = IM(CO), + CO, show these reactions to follow
first-order kinetics. The reaction proceeded faster the smaller
the potential chelate ring was in the series L = PheP(CHg),PPhe
(n =1, 2, 3). This appeared to be largely an entropy effect.

Two kinetic investigations of reactions of main group
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organometallic reagents with tungsten-, molybdenum-, and
chromium hexacarbonyls and substituted derivatives have appeared
this year. Thus Darensbourg et al. studied the second order
nucleophilic addition of benzylmagnesium chloride (LM(CO)x

+ PhCHoMgCl = IM(CO)x_,C(CHzPh)0™MgClt; M =W, Mo, Cr, x = 5,
product = cis; M = Fe, x = U, product = trans; L = phosphines,
phosphites), following this reaction via conventional ir tech-

241 yinetic parameters suggest nucleophilic addition

niques.
to the C of CO groups cls to substituted ligands to be highly
dependent on the steric properties of the ligand and relatively
insensitive to the electronic character. However electronic
properties of the CO ligand as indicated by the CO stretching
force constant or frequency determine CQ reactive sites within
a molecule and also reaction rates for Grignard addition to CO
ligends trans to a substituent. Dobson and Paxson utilized

stopped flow kinetic techniques to study the methyllithium
addition for which the rate law

~a[MCO)/at = k([MCO][CHaL1] /4

was obtained where MCO = M(Co)e and W(CO)SL.242 The quarter
order in CHgLl 18 consistent with buildup of an equilibrium
concentration of reactive monomer from Me,li,. Dobson suggests
an initial methyllithium-metal carbonyl adduct such as trans-
(CO)4WL[C0L1CH3] followed by a rate-determining rearrangement
to yleld the observed cis producte in this series.

Cotton and Lukehart have presented an extensive kinetic
and thermodynamic investigation of reactions leading to
formation of cyelic 2-oxacarbene ligands from the cis acyl

8

intermediate.* This work also contains a good review of

related reactions of bound ligands.
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(h®-CsHs )Mo (CO )3 (CHp ) ,CH(R)X + L ——
[c1s- (h3-CsHs )Mo (CO)2 (L)C (=0) (CHz ) CH(R)X]

cyclization
isomerization/  [oy5_(n3-CeHs )Mo (C0)21CO (CHo ) CHR T IX™

isomerization

trans- (h-CsHs )Mo (C0)2L¢ (=0) (CHz ) CH(R)X —¥=

[trans- (h®-CsHs )Mo (C0 )2 L0 (CH ) OHR ' 1X ™

The mechanism of methoxyphenylcarbene insertion into
Group IV element-hydrogen bonds via Cr(co)s[c(OMe)Ph] in the
presence of pyridine was studied by Connor and coworkers.z“
Activation parameters indicate a reaction scheme involving

incomplete dissociation of the carbene ligand as illustrated

below.
(co)sCr —C (OMe )Ph
kl.Sijy//// ,81ow,+RaEH
+RgEH OMe
(c0)sCr----C(OMe)Ph ——po7e (co),c:--_.'., = m
H"‘"ERS
+py [fast +py |-RsECH (OMe )Ph

fast

OMe

/ -[c(oMe)Pn

(CO);Cr----Q;:Ph : (fas% le (co)scr (py)

Py

w-Arenechromium tricarbonyl methanesulfonates (IXV) have
been prepared and their rates of acetolysis and formolysis
compared with those of the uncomplexed derivatives.®*® The

rates were generally an order of magnltude greater for the
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complexed derivatives. Differences in product distribution
resulting from acetolysis or formolysis of complexed versus

uncomplexed derivatives were also discussed. Similar studies

CHRCR30S0,Me

Cr(CO)3

(LXV) R =H, Me; R' =H, D

on the steric and electronic effects on the rates of bimolecular
substitution reactions of (benzylchlorides)- or (benzylbromides)-
cr(co)s with sodium thiocyanate and the corresponding reactions
with the uncomplexed benzylhalldes in anhydrous acetone were

also reported.?*® For the complexes (p-XCeH(CHzC1)Cr(CO)s

(X = H, C1, OMe, Me) a decrease in substitution rates was
observed as compared with the corresponding uncomplexed specles
with the lone exception of the methoxy derivative. This decrease
in reactivity was ascribed to steric effects. Activation param-
eters were determined as well for these reactions, e.g., for
reactions employing (CeHsCHeCl)Cr(CO)s and uncomplexed CeHsCHzCl,
AH* = 19.3 and 17.5 and As* = -18.5 and -21.0, respectively.

Fomin and coworkers have investigated the kinetics and
the products of the autoxidation of chromium and molybdenum
arene complexes in various hydrocarbon solvents.?*”

Complexes containing polypyrazolylborate ligands of the
type IMo(CO)aCsHy, where L = B(CaNzHs )¢, HB(CsN2Hs)s,
HB(3,5-Me2CsNeH)s, HeB(3,5-MeaCsNaH)2, and EtzB(CsNeHs)z have
been shown to form adducts with Fe(C0)s.”*® Both the starting
materials and adduct molecules were found to be fluxional,
exhibiting single proton nmr lines for the cycloheptatrienyl

rings; however, coordination of Fe(co), substantially slowed
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down the rate of the C;H; "ring whizzing." This is interpreted
in terms of the starting compounds containing the trihapto-
cycloheptatrienyl ring, and upon formation of adducts the
Fe(C0)s group binds to the butadiene portions of the C,Hy

rings (IXVI). These results are therefore very similar to
those obtained for the w-CsHsMo(CO)2C7H, analog and its
behavior upon adduct formation with Fe(CO)s.

3
4 2

Fe )

Mo

(LXVL)

An impressive study of the effect of additional ring fusion
and binding to Mo(CO)s or Fe(CO)s upon the cyclooctatriene-
bicyclooctadiene equilibrium has been presented by Cotton and
Deganello.“9 Qualitatively, fusion of a 5- or 6-membered ring
to the cyclooctatriene system enhances the relative stability
of the dlene tautomers. Derivatives of Fe(CO)s and Mo(C0)s
reflect the enhanced stabllity of the diene due to the ring
fuslon as well as the inherent dlenophilic character of the
former and trienophilic character of the latter metal carbonyl
molety. Some of the compounds thus prepared are IXVII-LXXII.

/

(LXvit) (LXvin)

MolCO), Mo(CO),

2 2
{LXIX) (LXX)
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Mo(CO), Mo(CO),

(LXX1) (L XX1)

Similarly, the effect of complexatlion of Cr(CO)a on a dynamic
ring-chain tautomerism reaction was reported by Alper and co-~
workers.23° p-Tolualdehyde chromium tricarbonyl and 2-amino~2-
methyl-l-propanol were found to react at room temperature to
yield the yellow-orange complex (LXXIII A and IXXIV B). Nmr
experiments indicated the presence of A and B 1n a ratio of
£,3:1.0. A similar ratio of %4.6:1.0 has been observed for
uncomplexed A and B species where the p-methyl group was
replaced by a p-nitro group, further substantiating the induc-

tive similarity of Cr(C0), and p-nitro substituents.

H
/N
H—-C\ H—‘C==N:x<1
O OH
crico, —= CriCO),
CHs CH,
(LXXIit) (LXXIV)

Solvent effects on the CO infrared spectrum of
[7-CsHsMo(CO)s )2 are pronounced and led to studies of the
dynamic interconversion of the trans and geuche forms .25
The trans form is purportedly the most stable tautomer with
the gauche form becoming increasingly populated with increas-
ing solvent dielectric constant. A substantial activation
energy (15 kcal/mole) for rotetion about the metal-metal bond

is obgserved. Furthermore, temperature dependent pmr studies
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on the system (h®-CsHs)(CO)sMoMo (CO)2 (CNCHs)(h®-CsHs) show

rapid interconversion of non-bridged lsomers and permutamers

at room temperature and a.bove.252 The intramolecular ligand

scrambling is proposed to proceed via doubly bridged species,
(n®-CsHs )Mo (€O)2 (#-C0)2Mo (CO) (CNCHs ) (h®-CsHs ) and (n®-CsHs)-
Mo (€0 )2 (F-CO) (K-CNCH3 )Mo (CO )2 (h®-CeHs). In addition, the
structural and dynamic properties of the 1soelectronic seriles
[(n®-CsHs )Cr(N0)212, [(n®-CsHs)Mn(NO)(CO)12, end [(hS-CsHs)-
Fe(co)a]z was examined by Ibers, Marks and others.253 A com-
parison of crystal structures 1s given along with pmr studles
of the cis and trans ligand-bridged isomers' interconversion
along with the accompanying bridge-terminal ligand interchange.
The activation energies for these processes vary in the order
Cr>Mn>Te.

Brunner and Herrmann have reported that 7-CsHsMo(CO)sCl
reacts with the sodium salt of the Schiff base derived from
pyrrole carbaldehyde(2) and S-(-)-c-methylbenzylamine to afford
the neutral diastereoisomeric complexes (IXXV A and B).2%4
These diastereoisomers were separated by chromatography ana
fractional crystallization and were found to be configuration-

ally stable at room temperature. Isomerization of LXXV A and B

|
|
}
1
1
|
1
|
)
+
1
|
1
|
|
|
|
|
I

(LXXV A) (LXXV B)
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was measured between 85.0 and 95.0° and the process was found
to obey a firet order rate law (AH'~ 22 kcal/mole and as*s -16
e.u.). The eéimerization of similar Mo and W compounds

(IXXVI A and B) was also found to be first order in the com-
plex.2%% Rate constants for interconversion were not dependent
on addition of triphenylphosphine or Schiff bases, thus sug-

gesting an intramolecular pseudorotation mechanism.

(LXXVI AY (LXXVI B8)

The following studies involve H-exchange reactions of
Group VIB organometallics. The effect of donor ligands (L)
on the reactivity of the aromatic ring systems in
T-CgHgMn (CO) Ls.p and m-CeHsXCr(CO)2PPha (L = phosphine,
arsine, or stibine ligand) (LXXVII) during hydrogen isotopic

288 A reaction

exchange reactions with acids has been studied.
mechanism for this exchange process was proposed which involves
e rapid equilibrium step in thich the H' ion reacts initially

at the metal site (IXXVIII). Studies on the effect of PPhs on

Cr + v H—Cr
| ™ 21N
O co L COcot

(L XXVII) (LXXvill)
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the isotopic exchange of hydrogen of a w-aromatic ligand in
(arene )Cr(CO)2PPhy complexes have also been reported else-
where.2%7

The kinetics of H exchange for triphenylphosphoniumcyclo-
pentadienylide and its -Mo(CO)s derivative have been studied.?®®
The hydrogen exchange involves only the hydrogen atoms of the
cyclopentadlene ring. The rate constants were nearly the
same for the complexed or uncomplexed ligand. In addition
the rate conatants for D exchange at the para position of the
phenyl ring in 0-PhCHoM(CO )5CsHs have been investigated for
M = Mo and W.2%? fThe rate of exchange for M = Mo was observed
to proceed at a faster rate than when M = W. The -CH;M(CO),(CsHs)
groups were shown to be strong electron-donor substituents on a

13C-nmr data.

phenyl ring as indicated by isotopic-exchange and
Phosphine complexes of Cr, Mo, and W-carbonyls were investi-

gated as to improved syntheses, ‘H-nmr, and crystal structure.Z®°

A qualitative ordering of the proton exchange rate as estab-

lished in the presence of MeOH and EtNH, is as follows: Cr(co)sPHs

> g_iﬁ-Cr(COh (PHg )2> fac-Cr(C0)a (PHs )a> cis-Mo (co0) (PHs )2>

c18-W(CO) (PHa)2. The intermediate M(CO)sPHz wes suggested.

Catalysis

The catalysis section wlll be presented in the following
order: mechanistic studies, the efficacy of w-arene, w-cyclo-
pentadienyl, m-allyl and metal carbonyl complexes a8 catalysts,
new reports of the Ziegler-type multicomponent catalysts, and
finally miscellaneous Group VIB metal-conteining catalysts.

The Olives’ have studied two factors which significantly
increase the activity of the conventlional heterogeneous molyb-

datq/alumina catalyst system towards olefin metathesis.?®*
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These are 1) impregnation of the alumina with ethanolic
T1(0-Bu)¢ and 2) activation (reduction) of the catalyst with
CO. The more active reduced catalyst possesses paramagnetism
due to Mo, possibly the Mo(v) specles. Thls 1s viewed asB
catalyst "tailoring" of the Mo catalyst by introducing a Ti-
containing ligand. Extending this approach, the Si0p-supported
chromium oxide (Phillips catalyst) system for the polymerization
of ethylene was similarly ligand modified.262 Inclusion of
molybdate on the CrO, Impregnated Si10, spheres prior to reduc-
tion by CO had the effect of drastlcally reducing polymer chain
length and also of drastically increasing the amount of meta-
thesis or disproportionation products.

Greco and coworkers have investigated reactions of molyb-
denum and tungsten halldes with acetylenes which afforded a
number of acetylene and mixed acetylene-nitrate complexes.293
On the basis of the proposed structure of species involving
more than one bound acetylenic ligand (i.e., a metal complex
containing & conjugated nonaromatic double bond system) and
on their pyrolysis products the decomposition scheme below was
proposed. This scheme considers the formation of apparent
metathesis products as side reactions of the cyclotrimerization
of acetylenes to aromatic hydrocarbons.

The kinetics of epoxldation of l-octene by cumene hydro-
peroxide catalyzed by powder molybdenum has been studied and
was found to be determined by preferential formation of an

4

olefin-Mon+ complex.2e The homogeneous catalytic decomposi-

tion reaction of cumene hydroperoxide in cumene or BuOH contain-

ing molybdenum was also studied by these workers.Z®®
Infrared spectroscopy has been employed in the study of

olefin disproportionation reactions using Mo(CO)g catalysts

supported on silica, alumina, and magnesia.2°e Activation of
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Me
MoClg + 355//
| ;
Me cl
D
Me @ \}we

these catalysts was found to cause decomposition of the Mo(CO)e.
The intermediate sub-carbonyl species of the type Mo(co)a-x
observed on alumina and magnesia supports were shown not to
be the active sites for olefin disproportionation. The active
species was formed only upon complete loss of all six carbonyl
ligands and is belleved to consist of molybdenum in a higher
oxidation state than Mo(0).

The Cr(acac)s/EtsAl catalyst formed in toluene at -78°
produces an esr signal with g value of 1.9888, attributed to
a Cr(III)-C bond most likely derived from alkyl-bridged organo-

%7  Upon warming to 25° & new signal

aeluminum components.2
develops with g of 1.986 corresponding to a di(arene)chromium(I)
complex. The change in the esr spectrum is correlated with the
change in catalyst activity towards butadiene polymerization
upon aging.

Halogenated hydrocarbons were found to be reduced in the

presence of {arene)2Cr complexes as ca.ta.lysts.2 Dibenzene-
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chromium has been found to polymerize acrylonitrile and its
a-chloro and Q@-carbethoxy derivatives; it was inactive towards
other derivatives such as methacrylonitrile, acrylamide, acrylic
acld, etc.2°®

White and Farona have published a detailed report of thelr
work involving the use of arenemolybdenum tricarbonyl compounds
as actlve homogeneous catalysts in Friedel-Crafts reactions.27°
Reactions such as alkylation, acylation, sulfonylation of aro-
matic systems, dehydrohalogenation and polymerization were
investigated. Evidence was presented for (arene)uo(co)a
reacting with organic halides via a carbonium ion intermediate.
The numerous advantages of these molybdenum catalysts over
AlCls in Friedel-Crafts reactions were discussed.

Copolymerization reactions of styrenetricarbonylchromium
(IXXIX) as well as reactions of polystyrene with Cr(C0)e and
M(CO)s(CHaCN)s (M = Mo, W) have been reported by Pittman and

coworkers.27?

Cr(CO)y

(LXXIX)

Ethylene has been found to be polymerized in the presence
of (T-CsHs)20r supported on activated S102-Alp0s to give low

72 An additional

molecular weight, liquid polyethylenes.2
report on the use of aromatic complexes of transition metals
in homogeneous catalysis has been published by Pavlik and
Klikorka.272 Included in their study was the use of (CeHs)2Cr
in polymerization reactions of CpH,. (CeHs)Cr(CO)s and
(T-CsHs)2Cr (in the presence of Hp and CO, CsHsCr(CO)sH being

the effective catalyst) were also shown to be catalysts for
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selectively hydrogenating unsaturated molecules. Also, bis(cyclo-
pentadienyl)chromium(II) supported on silica was treated with
organometallic reducing agents (e.g., triethylaluminum and

found to polymerize ethylene in high ylelds and at relatively

low temperatures (85-90°).27*

Tetra-m-allyldimolybdenum and tetra-w-crotyldimolybdenum
complexes have been prepared from (AcO)4Moa and allylmagnesium
chloride, allyllithium or crotylmagnesium bromide.275 These
complexes were then employed as catalysts in disproportiona-
tion reactions of l-hexene to give ethylene and S-decene at
hexene conversions of 76% in 4 hr.

Copolymerization of butadiene and isoprene over tris(w-
allyl)chromium-aluminosilicate catalyst yields a copolymer of

predominantly 1,4-trans structure.?”®

This system was further
investigated using di-m-allylmonobutoxychromium or w-allyldi-

butoxychromium on aluminosilicate.277

Again high molecular
welght polybutadiene or polyisoprene of mainly l,h-ggggg struc-
ture was obtained. It was noted that the unsupported catalyst
gave lower molecular weight polymer and tributoxychromium is
inactive as a catalyst. Tris(allyldimethyls11y1methyl)titanium
is reported to polymerize ethylene in n-heptane at 60° with a
catelyst activity of 0.07 g/mmole/atm/hr; aralkyl- or allyl-
silyl complexes of Cr, V, Zr, Ac also have this superior cata-
lytic activity.2”®

Alkylation reactions of aromatics with alkyl halides in
the presence of catalytic guantities of Mo(co), have been
reported by Massie.®7® Similar reactions involving alkylation
of aromatics with olefins have been reported as well by the
same author.2®® Mixtures of 1,3 dienes have been subjected

to photolysis in the presence of 1 atm Hy and Cr{C0)e and
their hydrogenated products analyzed by vpec.2°' %o X-rays
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were found to affect the isomerization of l-heptene in the
presence of Fe(CO)s as catalyst; however M(CO)s molecules,
M = Cr, Mo, W, were lneffective under these cond:H;i.ons.",e2

Ring-opening polymerization of cyclooctene was observed
to give a 86% yield of polycyclooctene within 24 hr in the
presence of (o-phen)w(co)‘ and AlBrs; (benzene solution at
room temperature).?%®

Catalytic polymerization of conjugated diolefins (e.g.,
butadiene) has been achieved employing dicarbonylhydrogenbis-
(tetrahydrofuran) (trifluoroacetato )molybdenum.*%*

The 4-component catalyst system (WCle, EtsAloCl, 1,3~
dichlorolsopropanol and thiophene) was used for diolefin meta-

S The dienes studied

thesis with concurrent oligomerization.23
were l1,4-pentadiene, 1,5-hexadlene, and 1,7-octadlene., Intra-
molecular disproportionation reactions of cis-1,4-polybutadiene
have been studied using the complexes, WCle-EtAlClp,

ae

(T=C4Hy ) JW-EtA1C1a, and (T-CeHy ) Mo-EtAlCls.Z Matlin and

Sammes have found LiAlH, to be an effective co~catalyst with

8T In

WClg for the homogeneous disproportionation of olefins.?
this manner the metathesis of hept-3~ene was studled and found
to result in the formation of an equilibrium mixture of hex-3-ene,
hept-3-ene, and oct-4-ene. The respective yilelds for a typical
run were 18.5, 39, and 23%. Smaller quantities of nonene,
pentene, and butene were formed as well.

MoCls was found to be less effectlive than WCls as the
transition metal halide component in the EtAlCly or EtpAlCl
catalyst system for the metathesis and ring-opening polymeriza-

2es The reaction of cis,

tion of cis, trans-l,5-cyclodecadiene.
cis-1,6-cyclodecadiene with the homogeneous catalyst of tungsten
(WCle/ROH/C2HsA1Clz) to yield cyclopentene in 1.9% (50°C) and

15.5% (80°C) has been communicated.Z®®
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A Ziegler-type catalyst system composed of WClg and alkyl
or aryl tin compounds was found to polymerize cyclopentene,

norvornene, and other cyclic olefins to linear, unsaturated

material via a ring-opening mechanism.Z%°

WCla/AIBu%, WCl,/hlBu%Cl and WCle/AlBrs-thiophene were used in

The catalyst systems

the homopolymerization of 1,5-cyclooctadiene and norbornene in

benzene at room temperature.Z®?

The effects on polymer type

of ratio varlation of catalyst were also studied. A German
patent covering the preparation of copolyalkenomers from cyclo-
olefins and polybutadienes in the presence of WClg and EtAlCl;

catalyst has been reported.292

Polymerization reactions of the
cycloolefins, cis,cis-1,5-cyclooctadiene, cis-cyclooctene, or
cyclododecatriene, in the presence of WOg and AlCl,, EtAlCl, or

EtaAl have as well been reported.293

Cycloolefins such as
cyclopentene have also been polymerized utilizing the tricom-
ponent catalyst containing 1) alkyl Al, haloalkyl Al, or Al
halide, 2) W or Mo halide and 3) trichloromelamine, N-bromo-

succinimide, 2,4-dinitrophenylsulfenyl chloride, ete.*%*

In
order to S-vulcanize a-olefin polymers it was necessary to
have a cyclic diene and WClg or VOCls in the complex catalytic
system which also contained BuLd..295

Butadiene and ethylene were copolymerized in the presence
of chromlc anhydride supported on silica-alumina and triethyl-

aluminum to give ethylene-butadiene copolymers.290

A study
involving the alternating copolymerization of isoprene and
butadiene with acrylonitrile in the presence of chromium tert-
butoxide-dichloroethylaluminum catalyst has been reported by

Koma and coworkers.Z®7

Formation of alternating structure was
independent of the monomer feed ratio. Butadiene has been
polymerized as well in the presence of (Eto)aMocls and
(EtO)EtaAl to give rubbery 1,2-polybutad1ene.2°° An sdditional
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report employing (EtO)zMoCls and triisobutylaluminum for the
polymerization of butadiene to rubbery 1,2-polybutadiene has
appeared also.?®®

Low-molecular weight isobutylene-isoprene copolymer was
obtained by mild catalytic degradation of high-molecular weight
butyl rubbers using as catalyst MoCls/EtaAl.°°® The WCle/Cl2EtAl
catalyst gave similar results in this system.“1

Butadiene rubber, having 97% 1,2-configuration was obtained
making use of the catalyst system dicyclopentadienylvanadium and
molybdenum penta.chloride.302

Dimerization, polymerization, and copolymerization of
ethylene and propylene with the chromium complexes CrClalLs,
CrClzL2(NO)a2, CrClsLs, and [CrClslel. (where L = pyridine,
BugP, BusFO, PhaFO, and Y-ethylpyridine) have been reported,3°3
The activating effect of NO on the olefin disproportionation
catalyst MoOCls/MesAlpCls has been further studied by Hughes
and Zuech.®°* These investigations took the form of isolat-
ing the NO complexes of molybdenum halides resulting from
reaction of NO with MoCls, MoOCly, etc., and the sequential
reaction of MoClg with NO and PPhs. The catalytic ability of
the complexes thus isolated was not reported. A catalytic -
system for epoxidation of olefinic compounds by molecular

oxygen has been studied.>°®

An epoxidetion catalyst contain-
ing Mo02Clz or MoOCl,, together with Al(OCHMeg)s, MeoCHOH, or
HOAc, and PPhs or (EtO)sP showed 80-88% selectivity for epoxi-
dation. The complex MoOg(SeCNRz)2 (R = Et, Pr, iso-Bu) and
MoOCl, catalyze selective oxidation of PBua to OPBus supposedly
through a molecular oxygen complex, e.g., Mbaoa(SECNRg)4,
observed as a violet intermediate.3°®

Polymerizaetion of l-olefins using tetrakis(bicyeclo[2.2.1]-

heptyl)chromium (ILXXX) as catalyst was reported in a patent by
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Cr
(LXXX)

Bower and Long.®°” Adsorption of chromium hydrocarbon complexes
on the surface of Y-aluminum oxide afforded a material that
catalyzed the polymerization of ethylene with propylene or
dienes to give polymers of low crystallinity.soa The inter-
mediate chromium complexes, Crp(C2Ha) and [Cra(CoHo ) (NHs)elCl,,
have been reported to be formed during chromium-catalyzed
hydrogenation reactions of acetylene.>°®

Correlation between dehydration, oxidation and catalytic
activity and selectivity was investigated for the ternary
catalyst system containing MoOs-P2010-MnOm (M = metal).®*°
Butadiene and l-butene were used as standards for oxidation
and polymerization, respectively. Air oxidation of dicyclo-
pentadiene gave increesed yields of maleic anhydride in the
presence of a V-Mo-P catalyst.3'?

A nickel-chromium catalyst for hydrogenation of organic
compounds was obtained by introducing Al1(0H)s or Al,0s into a

NaCOs solution of Ni snd Cr nitrates,®! A similar catalyst

system was reported for hydrogenation of piperylene to pen-
tene.®*®

Trifluoroacetate compounds of Co, Ni, and Cr were investi-
gated for their efficacy in polymerizing dienes or ethylene.SI‘
Chromium trifluoroacetate polymerized ethylene yielding essen-

tially linear polyethylene.
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Spectroscopy

Electronic spectra and related photolysis studies. An

interpretation of the electronic spectral changes upon varia-
tion of L in Cr(C0)sL complexes from the purely o intersction
of L = amine to the (¢ + 7) interaction of L = phosphine has
been put forth,3!S

Strong, negative solvatochromic effects of Group VIB
metal complexes containing bidentate azomethine ligands have
been reported by Walther.3'® The complexes M(RCH:NR){(c0),
(M = Mo, Cr; R = 2-pyridyl; R® = Et, cyclohexyl, PhCHp,
B-naphthyl, Ph, Me) and (L(CO)sMoRCH:N).Q (Q = p-phenylene,
p,p'-biphenylene; L = CO, PPhy) were prepared and their elec-
tronic spectra were determined in a varlety of solvents. In
addition the azomethine tetracarbonyl complexes of molybdenum
(LXXXI A and LXXXI B) have been prepared and studied by ir and

uv spectroscopy by Walther.3'”

\ ,N—MolCo), \ N— Mo(CO),
= NCH,R N==CHR
(LXXXI A) (LXXXI B)

Photochemical reactions of Group VIB hexacarbonyls and
their derivatives continue to receive much deserved attentlon.
Vacuum uv photolysis of Cr(cO)e in an argon matrix at 12°K has
led to the production of the charged species Cr(c0)s .%'® The
Cr(CO)s- anion was identified by ir spectral similarities with
the previously reported specles produced from co-condensation
at 12°K of alkali-metal atoms and subsequent uv photolysis of
Cr(CO0)e~Ar mixtures by Breeze and Turner.>*®
The flash photolysis of Cr{C0)e in highly purified cyclo-

hexane solution has been examined using an apparatus with high
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resolution (flash half-width<3 ps).>%° A species with a life-
time of> 200 us was lmmediately observed after the flash which
had an absorption band of 503 * 5 nm, Thls species reacted
with Impurities in the solvent to produce further speciles

(Apox 445 nm) which then decay (lifetime <1s) to reform the
hexacarbonyl. If the solution were saturated with CO, the
initially produced species reacted to reform Cr(CO)e with a
half-life of 25 us. These results are described below employ-
ing mechanisms (30), (31), and (32).

cr(co)a v, cr(co)s + CO (30)
3r(Co)s +CO = Cr{co)e (k =3 I 1 x 10°2-mol ™ sec™®) (31)
cr(co)s + X = Cr(cO)sX (A, 445 nm) (32)

X was shown not to be Cr(C0)s, Cr(CO)e or the solvent and was
therefore proposed to be trace impurities in the solvent.
Fhotochemical reactions (A>305 nm) of Mo(CO)sP(CaHi1)a
in hydrocarbon glass were found to produce [Mo(CO),.P(CeHi1)al
In two isomeric forms, with the phosphine and the vacancy in

1 The

the coordination octahedron mutually cis and Ezggg.sz
trans isomer was found to convert into the cis isomer upon
irradiation with visible light (A>420 nm). Additional pho-
tolysis of Mo(CO)sP(CeH11)s or the cis or trans form of
[Mo(C0)4P(CeHi1)3] was reported to produce the facilal isomer
of [Mo(CO)sP(CeHy1)s]. On the other hand photolysis of
Mo(co)sP(CeH11)s in MeTHF glass produced exclusively cis-
Mo(C0)4[P(CeHi1 }a]1(MeTHF).

Further studles of this type have been carried out on
bis(triisopropylphosphine)tetracarbonyltungsten in solution

as well as in hydrocarbon or MeTHF gla.sses.’""2

In solution
photochemical loss of one phosphine ligand was observed, how-
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ever in hydrocarbon or MeTHF glasses loss of a CO ligand only
was observed. These contrasting results were explained as
being due to a solvent cage effect in the matrix photolysis
process. It was concluded that matrix isolation photolysis
may be a poor test of photochemical mechanisms involving the
displacement of relatively bulky ligands.

Photoprocesses in substituted tungsten carbonyl compounds

23 The

have been investigated by Wrighton, Hammond, and Gray.a
excited state decay processes of chemical reaction, emission,
and nonradiative transitions were discussed for W(CO)s(X)

(X = pyridine, trans-2-styrylpyridine and trans-4-styrylpyri-
dine) complexes. The lowest excited state (aE -’1A1) was
characterized by absorption and luminescence data. A decrease
in photosubstitution ylelds of the styrylpyridines as compared
with the pyridine complex was correlated with the lack of

SE =~ 1A; emission and cis~trans photoisomerization of the

coordinated styrylpyridine.

Infrared and Raman spectra. A thorough investigation of

integrated infrared v(c0) intensities of some 15 compounds of

* over-

the type LoW(CO), and LL'W(CO), has been carried out.>*
lapping bands were successfully separated by band shape analysis
employing a Cauchy(Lorentz)-Gauss product function. The
techniques presented should also prove useful for quantitative
determination of mixtures of metal carbonyl species as well as
for analysis of CO absorbed on metal surfaces. In addition,

the effective atomic charges of M(CO)e (M = Cr, Mo, W) have
been estimated by use of absolute integrated intensities for

ir absorption bands of the molecules and the dipole moment

3

derivatives subsequently calculs.ted.32

A solution and single-crystal Raman study of the Group
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VIB hexacarbonyls has been carried out by Adams and coworkers, >2°

The previously unobserved Vio(tzg) vibrational mode in the
v (M-CO) and &(MCO) region for these three compounds are reported.
Vibrations in v(CO), v(M-CO) and 8(MCO) regions were fairly
insensitive to solvent effects. The singie-crystal Raman
studles led to results consistent with currently accepted
assignments except for bands observed in Mo(CO)es below 120 em *
where many new lines were noted.

Force constants of metal-metal bonds in anions of the
type [MnM'(C0)10] ", where M' = Cr, Mo, W, have been calculated
through normal coordinate analyses based on assignment of the
vibrational (both Raman and infrared) spectra and are in the
order k(Mn-W)>k(Mn-Mo)>k(Mn-Cr).®27 For isoelectronic pairs
k(Mn-Re) >k(Mn-W), and k(Mn-Mn)>k{Mn-Cr).

Vibrational studies, including Raman polarization data,
are also reported for Cr(CO) NBD (NBD = norbornadiene or

828

2:2:1-bicycloheptadiene) and PdXpNBD (X = C1, Br). The

authors have located and assigned the M-olefin stretching

modes at ca. 250 em

, the lowest known frequencies for such
vibrations. Vibrational spectra (infrared and Raman) have
also been obtained for h®-CsHaW(CO)sCHs and fully assigned
based on the method of local symmetry.a"’9

The 5K luminescence spectrum of Cr{(CN)e > in KsCo(CN)e
has been used to determine infrared and Raman inactive funda-

sso In this manner the ir and

mentals by Flint and Greenough.
Raman inactive Tz, Cr-C-N and C-Cr-C bending modes were located.
Ir frequency shifts of chromium- and iron-bonded nitrosyls
have been correlated with epr spectral characteristics for a
variety of these complexes which also contained diethyldithio-
carbamate, butyl xanthate, thiourea, thiocyanate, etc., as

lj.ga.nds.sa:l
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Nuclear magnetic resonance and MOssbauer spectra. Carbon-13

nuclear magnetic resonance studies have been carried out on a
large number of organometallic complexes during the past year.
The *°C nmr spectra of tricarbonyl(trans-1,3-m-dimethyl-
indane )chromium (IXXXII) and tricarbonyl(m-cyclo-octatetraene)-
tungsten (IXXXIII) and thelr corresponding free ligands have

32 Whereas the spectrum

been studied by Randall and coworkers. >
of IXXXII shows a separate resonance for every carbon atom in
the ligand ring, the spectrum of IXXXIII indicates "fluxional'
behavior. In a similar study the “3C nmr spectra of C,HgM(CO)s
M = Ccr, Mo) have been measured at room temperature and at
-60°C.%3%% At room temperature all three carbonyl C-atoms
showed identical chemical shifts, however, at ~ -80°C distinct
signals were observed for the chemically equivelent Cg,:0
atoms and the Cg atom (IXXXIV). However, the chemical shifts
of the C~stoms of the ring system are essentially unaffected
by temperature. These results were interpreted in terms of a

spinning motion of the ring system at room temperature. An

activation energy of ~ 12 kcal/mole was determined for this

7
CHs 5 6
4 1
\

312

process.

-y

K \
c//]\\: CHs W Mo
Shilfe O /|\C ,”‘ S8
o) ot ¢ o oc-e £g “co
(LXXXIT)
(LXXXII) (LXXXIV)

Mann has reported 3C nmr spectral data for the complexes
M(CO)s, W(CO)nLe-n, M'(CO)4(norbornadiene), and M(CO)sL' (where
M = Cr, Mo, or W; M'! = Cr or Mo; and n =1, 2, or 3; L = PEta
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end P(OMe)s and n = 1; L' = mesitylene, 1,2,4,5-tetramethyi-

benzene, hexamethylbenzene, or cyclohepta-1,3,5-triene).33*

In all cases replacement of CO ligands caused the *3a (carbonyl)

shift to move to lower field. Attempts to correlate 30 (carbo-

nyl) chemical shifts with Cotton-Kraihanzel force constants

for complexes of varying geometry and oxidation state were

unsuccessful. The first report of a ®°Mo-'3C coupling constant

was included in this study, *J(®°Mo-'®C) being 68 Hz in Mo(CO)s.
Carbon-13 nmr spectra have been reported for a series of

substituted carbonyl complexes of tungsten and molybdenum of

the form (Co)a_nMLn (n = 1, L = tertiary phosphine, -phosphite,

-grsine, amine, or carbene; n = 2, L = diphos and dpm) and for

%  The carbonyl 13C chemical

the corresponding free ligands.®®
shifts were found to increase when CO was replaced by the
ligands L. It was proposed that these chemical shifts reflect
the charge donor abllity of the ligands, L, as opposed to dif-
ferences in 7-bonding. The order of &(CO) for the hexacarbonyl
derivatives, Cr>Mo> W, was used as supportive evidence for this
proposal. cis *J(*®%W-*3C0) values were found to be insensitive
to the nature of L in W(CO)sL specles. This was attributed to
a balancing of charges in [wm(o)lz, the s-electron density at
the metal atom.

In addition to the report above several papers have appeared
which probe the nature of the carbene ligand in carbene substi-

13

tuted metal carbonyl derivatives. The C nmr spectra of a

series of (carbene)Cr(CO)s derivatives have been recorded by

388 yhere carbene = ~C(OCoHs )Ph, -C(0CoHs)Me,

Cotton and coworkers,
~C(NHCHs )Ph, ~C(NHCHs)Me, -C(NH(CHMep))Me, and ~C(N(CHa)2)Me.
The chemical shifts of the carbene carbon atoms were observed
to correlate with the ability of the attached substituents to
engage in dative T bonding with the carbene carbon atom and were
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all found to be greatly deshielded (-271 to -360 vs TMS). The
chemical shifts for the CO carbon atoms were found at higher
fields (-218 (cis) and -224 (trans)) and were essentially
unchanged with the nature of the carbene ligand. Short longi-
tudinal relaxation times (T, = 1-2 sec) were observed for both
carbene and carbonyl carbon atoms in the complex
(co)scrlc(cHs) (0C2Hs) ).

Analysis of the *3C nmr spectra of M(CO)sC(X)R' (M = Cr, W;
X = NH, OR; R' = Me, Ph, and para- and meta-substituted phenyl)
have been useful in further establishing the electronic nature
of the carbene ligand.®®7 For the compounds (CO)sMC(OMe)CaH X'
(X' = meta- or para-OCHs, CHs, Cl, CFsz, or Br) a general shift
of 6(*3C) of the carbene carbon to higher fields with increasing
T-donor ability of the substituent is observed. This work also
presents a dlscussion of the apparent discrepancy between
analysis of charge on carbonyl carbon atoms based on such factors
as chemical reactivity and CO stretching force constant data as
compared to &(13C0) data, i.e., evidently the most electron-
deficient carbonyl carbon has the highest 130 nmr chemical shift.

13C nmr data for the bis carbene complex, cis-(C0)¢Cric-

(SCH3)2]2 have been reported by Randall, et gl.as Comparison

of 6C (141.6 ppm in the above mentioned complex) with

carbene
other carbene complexes of platinum and iron has been made.

1H nmr studies have been used to show the interactlon of
orthophenyl hydrogen atoms of bis[1,2-bis(diphenylphosphine)-
ethane] with cis CO ligands in cis-[M(diphos)>(c0)>] (M = Cr,
Mo, W) as well as similar Ir and Ru diphos complexes.ssa The
authors suggest such an analysis of phenyl protons of complexed
diphos to be diagnostic of cis or trans isomers.

Nmr techniques were used in an attempt to distinguish cis

1
and trana isomers of h®-CsHsM{CO)I=X (M = Mo, W; L = PRRp;
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X = halogen).®*° The complicated low temperature ‘H nmr spectra
were interpreted according to two possibilities: 1) restricted
rotation of one or more I groups about the M-L bond at low
temperatures, or 2) the slowing down of cis-trans isomeriza-
tion and or cis = cis interconversions at low temperatures.
Room temperature spectra were indicative of either the trans
isomeric form or an average spectrum due to rapidly intercon-
verting isomers.

T-CsHsW(C0 )2 (L)SnMe; has been synthesized by reaction of
MeaSnCl with [m-CsHsW(CO)2(L)"] (L = phosphines or phosphites).

4, °'P and '°C data lead

Anelysis of ¥(CO) infrared as well as
the authors to propose a trans arrangement of the two CO groups
in the square base formed by monodentate ligands. Values of
JSlP-117Sn Or 11egp correlate with the ligand basicities and
are found to decrease as Jalp_1asw increase. The presence of
S1p_1H(CsHs) coupling concurrent with the absence of 2'P-
18c(CsHs) coupling in the trans i1gsomer led the authors to

1

propose "“through-space" 3!p-ljg coupling.s‘ This suggestion

was subsequently disputed by McFarlane, et gl.a‘z
The sign of *J (¥*P-®3y) in the tungsten(0) octahedral

complex, MezPhPW(CO)s, has been determined to be positive

(+ 230 by 3 Hz) from heteronuclear double resonance experi-

ments, 343

It therefore appears that theoretical treatments
of these coupling constants which assume & dominance of the
Ferml contact interaction and & mean excitation energy approxi-
mation are adequate.

A re-evaluation of the nmr spectrum of (m-CgHs)W(CO)sH in
a nematic liquid crystal solvent has shown that three orienta-
tion parameters, rather than one as was previously reported,

are required to specify the orientation of the molecule.>**
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Attempts to obtain additional dipolar couplings employing a
4o% '3Co enriched (m-CsHs)W(CO)sH sample failed to give a W-H
bond length for a number of reasons which were discussed.
Faller and coworkers have further studied steric effects
on T-allyl and m-indenyl orientation in molybdenum and tungsten

s The two stable con-

complexes by nmr techniques in detail.®*
figurations of the allyl moiety (IXXXV A or IXXXV B) are found

in approximately equal proportions in elther the cyclopenta-
dienyl or indenyl complex. However, large differences in the
proton chemical shifts in the allyl resonances were observed

for the indenyl species due to the magnetic anisotropy of the
indenyl ring. This anisotropy was used to establish the stereo-
chemistry of these type specles in solution (A or B). Equili-
brium constants for the reaction A = B were determined as &
function of the substituent on the allyl ligand, the metal

(Mo or W), the temperature, and the solvent. Pronounced solvent
effects were noted. Analysis of the magnitude of the magnetic
anlisotropy arising from the benzene ring has suggested that
although there is relatively free rotation of .ue indenyl ligands,
there is a preferred conformation where the benzene ring is

oriented over the allyl group.

-— l H .'
/Mo - R
o~ /R
C 4
/
o) H H

(LXXXV A) (LXXXV B)

The effect of a metal carbonyl molety on the ring conforma-~
tion of 2-substlituted 5,5~-dimethyl-1l,3,2-dloxaphosphorinanes
(2-X-DMP) has been investigated by Bartish and Kraihanzel.34°
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Analysis of nmr date of M(CO)s (M = Cr, Mo, W), Fe(CO), and
Ni(CO)a derivatives indicate the chair conformation to be the
predominant form of the 1,3,2-dioxaphosphorinane ring. An
abnormally large change in chemical shift of the axial methylene
protons of 2-CgHs~DMP upon coordination to Mo(co)s is attributed
to the ring current of an axially oriented phenyl ring (IXXXVI).

/Ph
(©OC)5MO ~— P\O —en
O\\E \
e ?—CH3
CH,
(LXXXVI)

The base-coordinated "stannylene" complexes, RoSnCr(CO)s:B
(B = THF, DMSO, and py) and R.SnFe(CO)4+B (B = DMSO and py)
have been studled by *'®™sn Mossbauer and photoelectron (ESCA)
spectroscopy.®4” Both lines of evidence suggest the R (B)Sn
moiety 1s bonded to the metal as in conventional organotin-
trensition metal complexes, l.e., organlic derivatives of
tin(IV). Quadropole splitting values are abnormally large and
increase in the order py > DMSO> THF.

Esr spectra. Few esr studies have been reported in organo-
metallic reviews of Cr, Mo, and W. However an interesting
study of the relatively stable radical anion of w-cyclopenta-
dienyl-T-cycloheptatrienylchromium (CpCrTr.~) has been used to
infer the LUMO of CpCrTr to be of predominantly ¥-ligand charac-
tegfa This conclusion 1s substantiated by the general resistance
of arene-chromium complexes towards forming radical anions. In
addition, solution and frozen solution esr spectra as well as

1H nmr spectra of polycrystalline samples of (r-CsHs)(m-CeHas)CT,
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(T-CeHa )2Cr, and (7-CsHs)(7-CoHy)Cr' have been reported.®*® an
attempt was made to relate the magnetic parameters to the ring
size of the aromatic ligands and the total charge of the
complexes.

An esr study of chromium nitrosyl compounds with oxygen-
containing ligands, as well as in one instance with molecular
nitrogen, has been reported by Luchkina and Tokareva.33° The
g factors and the hyperfine parameters were given for the
complexes, [Cr(acac)a(N0)(H20)1"2, [CrLz(NO)H20]+2,
[cr(acac ) (DDP) (NO) (H20) 112, [Crle (NO)H201™, and [CrL.(No)No1™2
(HDDP = diethyldithiophosphate and L = pyrocatechol). In addi-
tion, esr spectral measurements of the chromium nitrosyl deriva-
tives, Cr(NO)(Hg0)sl. (HL = 2,4-dihydroxydithiobenzoic acid,
2,3, 4=-trihydroxydithiobenzoic acid, and 3-indolyldithiocar-

boxylic acid), have been reported at 77°K.351

Mass spectra. Bond and Duffy have reported the mass
spectra of a varlety of monosubstituted Group VIB carbonyl
derivatives of the type M(CO)sL (where L = ligands of trivalent

}.®*%  The mass spectral

N, P, As, and Sb, or pyridine
results were found to show no clear correlation with the
Graham 0- and T-parameters. This was interpreted in terms
of formatlion in the source of the mass spectrometer of
M(CO);L+ specles, whose bonding properties should be consid-
erably different from those of the neutral species M(CO)sL.

Dissoclation energlies of M-L for bis(arene)molybdenum
complexes such as (7-CeHe)zMo, (7W-CeHsMe)z2Mo, and (7-CeHsMez )Mo
have been calculated from mass spectral studies.®®® The M-L

bonds of the Mo serles appear to be stronger than those of the

enalogous Cr series,
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Ionizaticn potentials and some appearesnce pctentials of
compounds of the type ArCr(CO)a have been measured by Gilbert,
Leach, and Miller for a variety of substituted benzene deriva-
tives.®®* The principal fragmentation patterns at 50 eV are
shown in the scheme below. The values obtalned for lonization
and appearance potentials were found to correlate, for the loss
of one and two carbonyl groups, with both the CO force constant
and the Hammett Gp function of the substituent on the benzene

ring. The reactions of substituted arenechromium tricarbonyl

derivatives in a mass spectrometer source have been studied

x

(©=g)’

e} -co

X
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v fragmentation
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[CEp

further by Gilbert, Leach, and Miller.33®

Ions of the types
[Ar2Cra(CO)s]t and [ArZCra(CO)g]+ have been observed which
arise from ion-molecule reactions at pressures of 5 x 10 © to

2 x 10" mm Hg. Fragmentation pathways of these secondary ions
were Investigated.

A study of gas-phase lon-molecule reactions of organo-
metallics, including the reaction of Cr(co),” and Cr(co)a
with Cr(C0)e to give Crz(C0)s and Cro(C0)e , respectively
has been carried out utilizing ion cyclotron resonance (icr)

spectroscopy.as The lcr technique is described.

Mass spectral studles show the pyrolysis of Mo(CO)e and
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W(co)e at 20-125° and 20-230° respectively ylelds Mo(CO), and

W(C0)p (n = 1-5) in a step-wise manner.>57

Photoelectron spectra and molecular orbital calculations.

The number of papers dealing with the measurement and interpre-
tation of photoelectron spectra of organometallic complexes of
the Group VIB metals has increased greatly. The photoelectron

spectrum of Cr(PFs)s has been determined. %%

Comparison of the
vertical ionization potentials of the 3d orbitals in this and
other PFs; derilvatives with those reported for the analogous
metal carbonyls indicate a more positive charge on the metal
in the PFs species. This 1s assumed to be due to a stronger
electron-withdrawing property of PFy as compared with CO.

X-ray photoelectron spectral studles have been carried out
on the complexes (T-CsHs)M(CO)2N:CRz and (7-CsHs )M(CO)2R2CNCR:
(where M = Mo or W; R = p-tolyl or p—CFSCgH4).35° These measure-
ments support the structure of the latter complexes to be that
of aza-allyl complexes (LXXXVII) as opposed to aza-allene com-
plexes. Linear correlations were observed between the metal
binding energies and the solid-state carbonyl stretching fre-
quencies for both the molybdenum and the tungsten complexes.
Increesing v(C0) values (symmetric vibration used) were noted

for increasing binding energiles.

(LXXXVII)

He(I) radiation (58.% nm), He(II) radiation (30.% nm) and
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valence region X-ray photoelectron spectra of the Group VIB
hexacarbonyls have been reported.seo The assignments of these
spectra have been made on the basls of relative band intensi-
ties and correlation with reliable molecular orbital calcula-
tions. The core electron ionization potential of carbon mon-
oxide when complexed in Cr(cO)es has as well been reported by
Hillier and coworkers.sel

The He(I) photoelectron spectra of a variety of first row
transition elements metallocene speciles, including (T-CsHs )2Cr
and (7T-CgH(Me)oCr, have been reported.®®2 The metal 3d ioniza-
tion structure was dlscussed in terms of ligand ~“ield theory,
however no conclusive band assignments of the He(I) spectra
for the chromium species were possible. In addition, the X-ray
photoelectron spectra of the monomeric metallocenes of the first
row transition metals (including (r-CsHs )2Cr) have been reported
end discussed in terms of molecular orbital calculations.®®®
The metal was found to be positively charged in all cases studied.

The He(I) photoelectron spectra of some m-arene complexes,
including (m-CeHs)2Cr, (T-CeHsCHs)2Cr, and (m-CeHe)(7-CsHs)Cr

* fThe electronic

have been measured by Evans and coworkers.>®
structure of these species was discussed in terms of the obtalned
lonization energy data. X-ray photoelectron (ESCA) spectral
measurements were performed which complemented previous He (I)
bphotoelectron spectra for symmetrical and unsymmetrical bis-

(arene )chromium complexes.36 Additional ESCA studies of

chromium complexes have as well been carried out by Pignataro

® The chemical shifts of the core lonization

and coworkers.>®®
energies of (CeHe)2Cr, (CeHe)Cr(CO)s, CHsCOOCeHsCr(CO)s, and
¢r(co0)e were measured.

The He(I) photoelectron spectra of [(CHs)asSL1(CHz)1 M (where
M = Cr, Sn, and Pb), [(CHs)sCCHe](Cr, and [(CHs)sSiCH2C1l] have
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been examined.>%7

The similarity in the first lonization
potentials of [(CHg)sSiCHz14Cr (7.25 eV) and [(CHs)sCCHpl4Cr
(7.26 eV) suggest that these two ligands are very similar and
therefore infers that dp-d; backbonding between chromium and
silicon is not important in the silyl complex. The stabilities
of the complexes were discussed in terms of their photoelectron
spectra and 1t was concluded that these results substantiate
the belief that the stability of these complexes is due to
kinetic factors as opposed to unusually strong metal-carbon
bonds.

Mason and Mingos have employed a molecular orbital approach
to discuss the geometries of and bonding in a large variety of
bi- and polynuclear transition and main group metal complexes

containing bridging ligands.>®®

Included in this study were
the following Group VIB organometallic derivatives:
[Moz (CO) 4 (7-CsHs )2 (PMe2 )H], [(7-CoH)MoBr(C0)2J2, Cr(NO)(m-CsHs)-
(SPn) ]z, and [Cr(NO)(T-CgHs)(NMe2) ..

Fitzpatrick and Mathews have carried out self-consistent
charge and configuration molecular orbital (sccc-M0) calcula-
tion on the complexes T-CsHsMn(CO)zL and m-CeHeCr(CO)2L (L =
CO or N2).2°° These calculations have shown that Nz is a
weaker m-acceptor ligand than CO in either the tricarbonyl or
dicarbonyldinitrogen complexes, and a stronger (¢ + T) electron

donor ligand than CO in the tricarbonyl complexes.

Miscellaneocus studies, including measurements of thermodynamic
quantities

The electric dipole moments of a varlety of substituted
benzene- and thiophene-chromium tricarbonyl compounds have been

reported.®”® The arene~Cr(CO)s group moment was found to
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depend on the nature of the substituent on the arene ring and
these values were correlated with ¥(CO). The dipole moment of
tricarbonylthiophenechromium was observed to be 0.95D larger
than that of its benzene analog despite the lower w-bascity of
thiophene. This result was explained by the relatively high
S-Cr bond moment (e.g., 4.0D in(dimethylsulfoxide)Cr(C0)s).

99Mo(CO )s, prepared by neutron irradiation of pure Mo(CO)s,
decays to produce 6 hr esTcm(oo)x in extremely small quantities
which were trapped in the solid molybdenum carbonyl matrix.®7?
Mn(CO)s and photochemically produced Mn(CO)s were used to
scavenge the technetium species, belleved to be the -Tc(C0)s
radical. In a related study ®°Tc™ has been shown to be stabi-
lized in 88% yield in the form of (W-CsHs)2®®Tc™H following the
B-decay of ®®Mo in (m~CsHs)2®°MoHp.%"2

A face-centered cublc metallic atoms carbide phase 1is
formed during the thermal decomposition of W(CO)e at 400-800°
with composition on the order of WCo.se at 400°.37° At
temperatures > 700°, significant amounts of pure W are produced.
Pyrolysis of Mo(CO)e yielding CO and Mo is reported to be
complete in 10 min at 157° in hexylalcohol.®"*

DTA and X-ray diffraction measurements in Mng(CO)xo and
Teo (C0)10 have shown a reversible structural change at 64-5°.%7°
No such change was however observed in [(m-CgHs)Mo(CO)als.

The solubllity as well as enthalpy and entropy of solution
was determined for Cr(CO)s and W(CO)e in Fe(CO)s as solvent.®*7°
The vapor pressure of these binary systems was determined as
well.

Trends in metal-carbon monoxide bond strengths have been
noted in a recent communication.3?” It appears that D(M-CO),

the mean metal-carbon monoxide bond dissoclation energy, increases

References p. 407
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across the latter half of the first row transition metal car-
bonyls and down the Group VIB hexacarbonyls. '

A Calvet high tempersature microcalorimeter has been used
to measure the enthalpies of thermal decomposition of several
metal carbonyls, including Cr(CO)e and Mo(CO)e.>’® 1In addition,
the enthalpy of reaction of Cr{(C0)e with lodine vapor has been
measured. The AH% for Mo(CO)e from thermal decomposition
studies was measured as -229.5 kcal/mole, in good agreement
wlth the literature value. However, the AH} values determined
for Cr(C0)s from thermal decomposition studies (-229.9 kecal/mole)
or from iodination reaction (-234.3 kcal/mole) were considerably
less negative than the literature value of -257.4 keal/mole.
Similar studies have been carried out on Cr(CeHs).I, (CeHs)2Cr,
(arene)cr(co)s (where arene = CgHe, Cs(CHa)e and CeHsCHs), and
(cyclo-Cede )Cr(C0)s.37® Enthalpy of formation data for these
compounds were combined with available enthalpy of sublimation
data to calculate the total enthalples of disruption of the
chromium-ligand bonds. In the (arene)Cr(CO)s compounds, the
ligand binding energy was found to be substantlally increased
on replaclng arene = benzene by hexamethylbenzene.

Further electrochemical oxidation studies of organometallic
complexes of Cr(C0)sL (L = Lewis base or carbene), M{CO),L»
and M(CO),LL (M = Cr, Mo, W), and Mo(CO)2(LL)> have been
carried out by McCleverty and coworkers.sao The values of the
oxidative one-electron transfer potential (Ey;) were observed
to be influenced by each of the variablesM, L {or LL). The
order of Eyé velues appears to follow the apparent r-acceptor/o-
donor ratio of the ligands. In addition these workers have
examined the voltammetric oxidation of substituted benzene,
cycloheptatriene, and cycloheptatrienyl chromium tricarbonyl

complexes, 38!
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sultable as reference redox systems for comparison of half-wave

potentials in a number of non-aqueous solvents; i.e., the dif-

ference between their half-wave potentials is nearly equal in

each non-aqueous solvent,

of Mrs. Helen George in putting together this year's Survey.
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