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Introduction

-There are slight changes in the CONTENTS arrangemeﬁt of
the Survey of 1974 -literature from previous years; those include
replacing the word "Preparative" with "Synthesis and Reactivity"
and, under that divisidn, a section on "Metal-metal bonded
complexes" has been definéd. |

A few words of direction are in order for proper or com-
plete use of this Survey. Since the prinﬁipal tool for probing
fluxionality of organometallic compounds is 1H or 130 nmr,
mechanistic studies of that sort are in-the nmr section under
"Spectroscopic Studies." Similarly, the good deal of work that
has been done with metal carbonyl derivatives as probes of
ligand conformation is in general under nmr studies and will
include the synthesis of several new ligands and complexes,
preciuding them from the "Synthesis and Reactivity: Lewis base
derivatives" section.

e have covered the'primary literature directly from-the

respective Journzls from January 1, 1974 to December 31, 19T7%.

However some of the less available jourmals as well as all
patent;s wereicovered from Chemical Abstracts. Doctoral dis—
sertations are listed separately in this Survey and were
reviewed by abstract only. v

Finaiiy, only the two most prevalent abbreviations will

be given here. In general, we have used "Cp" to designatev
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- T-cyclopentadienyl, h°-CsHs; and “dppe" to designate 1,2-bis-
- diphenylphosphinoethane, PhoPCH.CH»PPhp. All other abbrevia-

tions are hopefully described iﬁ the tex<.

Dissertations

Studies involving the preparation of tungsten and molyb-
denum carbonyl complexes containing sulfur ligands, e.g.,
CpMo(CO)asR, have been carried out by Watkins.1 Derivatives
of CpW(CO)a with Group IV elements were prepared in an investi-
gation by Turnipsegd.2 The réactions of CpzWHz and CpoMoH>
with dihalocarbene precursors have been examined by Chen,a
‘whereas electrophilic additions to 2-alkenyl and 2-alkynyl-
transition metal complexes including some of molybdenum have
been studied by Lichtenberg.  The reactions of (C,Hy)M(CO)oI
(M = Mo, W) with Group Va -ligands and M(CO)s (M = Cr, Mo, W)
with bis(diphenylstibino)methane have been investigated by
Beall.® Studies of the ligand properties of phosphonitrilic
derivatives, including (NsPsMeg )(Cr(CC)sI ) and N.P,(NMes)gW-

(cO)., were part of a thesis by Calhoun.®
The reactions of MoCls with Mo{C0)sCl  have been studied

by Delphin.7 The reactivity and magnetochemistry of metallo-
cenes, including (CsHs)2Cr, have been reported.® Chemical and
structural studies of cyan}de and isocyanide complexes of molyb-
denum is the subject of a2 thesis by Novotny.9

Hyde has reported infrared intensities and the kinetics
of substitution reactions in substituted molybdenum and tung-
sten tetracarbonyl derivatives;lo also infrared intensity

studies of some tricarbonyl and dicarbonyl species of chromium
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';and molybdenum have oeen reported by stanger é - vibraulonal

B spe ra of- some. transiulon metal organometalllc complexesiinclud——'
'1ng (norbornad1ene)M(C0)4 (M = Cr, Mo, W) have been 1nves£igated’é
_rby Barna. Spectroscoplc studies of metal—metal bonded systems.:
including MM'(CO)lO- M = = Cr, Mo, W; M = Mn, Re) :and other;
bderlvatlves conualnlng Cr-Cr and W-W bonds have appeared. v
The ‘application of X-ray photoelectron spectroscopy to the,
study of some organometalllc compounds of molybdenum as well as
some synthetic studies of molybdenum carbonyl phosphines have
beeh carried out by Matienzo.15 The X-ray structures of some
novel transition-metal complexes including MoClg(NO)g[P(CBHg)a]g
and Moz (CO)e[ (CeHs )aPNH]s*1/2C4Hg0 have been determined by

. 18
Visscher.

Syntheslis and Reactivity

Iewis base derivatives of metal carbonyls. Numerous contri-

bdtions'involving'the synthesis and characterization of substituted
derivatives of metal carbonyls have appeared in the literature
during this review period. The complexing properties of tris-
(aziridino)phoesphine (I) and bis(aziridino)morpholinophosphine

(II), groups of interest in cancer chemotherapy, were reported-

Clg—CH, Cliz—CH,
o) ]
CHp _CH, CHa 1 CHy—CHy
| “>n—p—n | [ \N p—NC B
CH CH CH,” SCHz—cHy
2 2 2
(1 G 5
*7 The binding site is through P in complexes

by R. B. King.
such as IM(CO)s (M = Cr and/or Mo) and LzMClz (M = Pd, Pt)
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';;lﬁﬁdﬁgﬁ tﬁé,cisftrans gédmetry of the latter complex was not

' gétabliéhé¢;f One of the complexes, (CoHsN)zP(NC4Hg0)Mo(CO)s,

: diéplajed;potential.in>prelimiﬂary’écreening (L-1210 lymphoid
:leukemia'in BDFy ﬁice)—as a relatively non-toxic, anti-leukemia
agent.

- Phosphorus-bound dimethylaminodimethylphosphine derivatives
of VIB carbonyls, M(CO)s(PMes (NMes)) furnish a route to
‘M(CO)sPMeoCl through reaction with HC1.'® Reaction of 1,2,4,5-
Br,CeHz with NaPPh, in liquid NHa has afforded a 55% yield of
bis(diphenylphosphino)amine.19 Further reaction of this ligand
with Cr(Co)e gave a good yield of Cr(CO).[(PPhs)-NH].

The previously formulated [Mo{(CO)s(n-Co)(PhzPNH)-1, comnlex
has been shown to actually be Moa(co)s(u-PhafNH)3 (III) in which
local Cgy symmetry obtains for the Mo{CO)s moieties and the
phoéphinimine ligands bridge the Mo{CO)s; centers in a unique
phosphoniumamide, 4-electron donor manner (PhsP -N"-H).Z° The
present formulation is based on detailed chemical anelyses,

spectroscopic and single-crystal X-ray structure studies.

(Im)

cis-(FsP:NPFz)aMo(C0), has been prepared from (bicyeclo-
21 .
heptadiene)Mo(CO); and FaP:NFPFz. This reaction was employed
in the separation of FaP:NPFpz from MezSiF during the prepara-

tion of FaP:NFF, from (MegSi)-NFF- and PFs.
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In an’ exten51ve pub11cation dealing withﬁthe synthetic
?and catalytic studles of polymer-bound meoal carbonyls, Pittman
,rand co—workers have reported the flrst preparatlon of polymeric
subst1tution products v1a the ‘photochenical’ technique.egjvln )
this manner the Group VIb hexacarbonyls were reacted with the -
linear and cross 11nked polymeric analogs of benzyldiphenyl-.
»phosphlne (IV) %o yield both mono- and trans—dlsubstluuted '

derivatives.

CH;—PPh,
(1)

Several chelating phosphine derivatives have been reported.
These iﬁclude complexes of the type M(CO)4(L—L) and EEETM(CO)E(L'
L) (M = Cr, Mo, W; and L-L = 1,2-bis(diphenylphosphin;)ethane,
1,2—bis(diéhenylarsine)ethane, l,h-bis(diphenylphosphiﬁé)butane,
and l,#—bis(diphenylarsin;)butane) which have been prepared from
prolonged irradiation of M(CO)s with the corresponding cheleting
phosphine or arsiﬁe ligands.23 Tripathi and co-workers have pre-
pared derivatives of the Group VIb hexacarbonyls with 1-(diphenyl-
phosphino)-2- (diphenylarsino )ethane, EEE;[M(CO)4(dpda)] and.
[M(CO)4(dpda)lz (M = Cr, Mo, W), from the thermal reaction of
dpda with the corresponding'M(Co)a.24 Several mixed amine deriva-
tives were prepared as well, including gi§7[M(CO)§(dpda)em],
cis-[(co)s(dpda)B], and [M(CO): (dpda)B] (ém = C4H9NH2 or

CeH:1:NHz; B = o-phenanthroline or 2,2!-bipyridine). The syn-
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57thes1s ‘and properules of bls(dlmethylphosphlno)ethane (dmpe)
':comp1exes of Cr, Mo, and W such as fac-fac- [Mz(co)e(dmpe,sl and

c1s—[M(CO)2(dmpe)2] end their iodine oxidation products have also

N i 25
been reported.

The VIb tetracarvonyls of 2,3-bis(diphenylphosphino)maleic
_anhydride (V) were obtained as air stable, deep blue crystals.
Another novel complex obtained during the course of this work

was the pentacarbonyl (vI).Z®

o
(PE% ’/H oL (ph)
™~
co,m® o | \‘M(CO)s
\P/C\’C/ 04 Ph
(Ph), Il
o)
M=Cr, Mo, W M= Cr,Mo
) (¥1)

In a study involving reactions of CpMn(co). (L = CO or
CS) with some polydentate organophosphine ligands, Butler and
Covilie have reported the preparation of the mixed metal species,
cpMn (co ) {(triphos )cr(co)s and cpMn(cs) (triphos)cr(co)s (triphos =
(Phz PCH2CHz )2 PPh) .27

Two papers have appeared which deal with the preparation
and X-ray structural analysis of phosphine cage ligands. The
cage molecule P,Sz was -found to ﬁind.to a Mo(C0)s unit through
the unique apical P.2% The crystal structure of the complex
showed only mono-dentate interactions. The reaction of penta-
methylcyclopentaphosphine with M(CO)e (M = Cr, Mo, W) has led
to the isolation of complexes of the general formulae (PCHz)s -
M(CO)4,(2CHs)eM(CO)s, [(PCHa)s]aM2(CO)es and (PCHs)eMz(CO)e.*®

An X-ray structural determination of (PCH;)eW(CO). was carried

References p. 307
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out"(VII) Tho compound prev1ously formulaoed as (Pcna)sw(co)a_,;;

has. oe°n shown uO be uhe dlnuclear spec1es (PCHQ)SWZ(CO)S. b

Reaction of M(CO)4Xz (M = W, Mo; X = C1, Br, I) with bis-
(diphenylstibino )methane (Dpsm) at room eemperature wvielded
the 7-coordinate, non-chelated M(CO)s (Dpsm)oX- generally in
yields of 10-25%.%° On reflux in CH.Cl., these tricarbonyls
were converted into a proposed S-coordinate, chelated M(CO). -
(Dpsm)Xz structure. When reacted with (CO)sM!' (THF) (M! = Cr, W),
(c0)sM(PhaSbCH2SbPhz) (M = Cr, Mo, W) forms symmetric and unsym-
metric complexes of the type (CO)sM(Ph-SbCH-StPhy )M' (VCO)s.:51
Dimethyl(diﬁethylarsinothio)ars1ne sulfides (VIIIA + VILIB)
form desulfurized derivatives df the VIb carbonyls such as
M(CO)s (MeoAs-S-AsMez) and binuclear complexes [(CO)SCr]a(u-
MeoAsAsMez ), (Co)scr(u-MezAs-S-AsMez)w(co)s, and [(co)sw]a(u-
MeoAs-S-AsMes ).
S
Me, 'Als—s-—AsMe J— M — —_
DA > —~—— e AS - S—VS AsMe2

(M A). ' . (M B)
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The addition of oetramethyldiarsine to 2,2,4, 4 tetramethyl-
:Dicyclotl 1. O]butane has been observed to form predomlnantly

fc1s-1 3-bls(dimethy1arsino)-2 2 4, 4-tetramethylcyclobutane.

'Thls llgand ‘was shown to behave’ both as a bridging or chelating
~ligand with Group VIb carbonyls affording (L-L)M(CO). and
(L-L)M2 (G0 )10 derivatives.

Complexes of (CO)sM(tri-t-butylstibine) (M = Cr, Mo and W)
have been prepared from M(CO)e and [(CH5)2C1sSb in THF using
uv‘irra‘.die.tion.34 The starting material tri-t-butylstibine
was prepared from anvimonyiribromide and t-butylmagnesium chlo-
ride. The ir, Raman, and *H nmr spectra of these complexes
were discussed.

Further work with the thiocarbonyl ligand was presented
by Angelici.35 Lewis acids which were found to complex to the
S of W(co)(dppe)2CS included HgClaz, Hglz, Az , and W(CO)s. The
‘latter complex, formulated ds-(dppe)a(CO)WCESW(CO)s, was pre-
pared iy the labile-ligand technigue, utilizing W(CO)s (acetone)
as precursor.

Complexes of the tjpe (oc)sMSPHRz (M = Cr, Mo; R = CHga,
CoHs) have been prepared from the reactions of (CO)sCrNCCHz and
(CO)sMOTHF with the phosphine sulfides at room temperature.®®
The 1H nmr and mass spectra indicated that the proton was tauto-

merically linked either to sulfur or phosphorus, e.g.,

- H
(co)sCr-s_ < (C0)sCr-s{ (1)
PI{RZ PRa

Crystalline yellow, diamagnetic complexes of the form

M(co)stm (M = Cr, Mo, W), where tm = thiomorpholin-3-one
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(S-CHéCH:-NH CO CHZ) ‘Were prepared from H(Co)sTHF and thlo—

87 The bondlng of the- ligand through the sulfur

morpholln-B-one.
‘atom was suggested by ir data (v(NH) v(CEO)' v (c=0)) and thls
was conflrmed by the X-ray SUruCuural analysis. of W(Co)stm.

The crystal structure ‘of (thlazolldlne—a uhlqne)pen acarbonyl—

tungsten has also been reported.
The thlonocarbonabe chromium carbony1 complex (Ix) has

been prepared from cr(co)e andA2,3-d1methy1butan-2,3-th10no-

39
carbonate in THF in the presence of light.

CHz CH3
H5C 7"———5\—0—13 A
o _O N i R
hg oc_ I s .~
s ~~M--- C——N\‘
oC, | £© oc?” Ns / R
,,.C;,.
c? | ¢
©" co © (X)
(IX)

Glass and Shiels have reported the preparation and spectral
characterization (uv and.ir) of the mononuclear tungsten dithio-
carbamate complexes CpW(CO)2SzCN(CHa)z, CpW(CO)2S2CN(CzHs)2z,

40 The dithiocarbamate ligand is biden-

and CpW(CO)2S2CNCsHio-
tate (X) in these complexes.

Reaction of W(CO)s with PhC(=S)CH2C(=0)Ph at a 1:2 molar
ratio in refluxing pyiidine led to the formation of w(Phc(=sS)-
cHC (=0)Ph).. %" | | '

Several contributions dealing with isocyanide defivatives
of Group VIb metal carbonyls have been. reported during 1974.

The preparation of a'series of tert-butyl isocyanide deriva-

tives of Cr, Mo, and W carbonyls ([MechC]hM(CO)e_n, M = Cr,
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Mb and W n =1, 2 and 3; M = Mo and W, n = 4) was reported by

42

' King and Saran. AnAinfrared analysis of the effect of degree

of substitution on both the v(co) and v (CN) was included.
Alkyl isocyanide complexes of Mo were prepared by room

tempera%ure displacement of acetonitrile ligands in

(n®-CaHs )Mo (CO )2 (CHaCN)2C1 by RNC, R = Me, Et, i-Pr, t-Bu,

neo-pent, and c-hex.*®

At higher temperatures the reaction
afforded cis-(RCN)4Mo(CO)> (R = Me, Et), CsHsMo(CO)(RNC)aC1,
[(RNC)MoCl], (suggested structure {XI)), CaHsMo (RNC),c1l (R =

t-Bu), and CsHsMo(CO)(RNC);CCL (R = neo-pent).

C(CH3)3 C(CH3)5
(CH3);CNC CNC(CHy)
3)3 \\ l.‘/, ~ lo 3
(CH3)3CNC T\ l/T CNC(CH3 )3
C

N N
C(CH3)3  C(CHg)4

(XI)

Other reactions of tert-butyl isocyanide with cyclopenta-
dienylmolybdenum carbcenyl derivatives such as CpMo(CO)aR and
cpMo (CO)aX yield either insertion products (e.g., GpMo(CO)= (%~
BuNc)Cc(0)R) or cO displacement products, [CpMo(E;BuNC)4]+X-
and [Cpr(CO)a(ErBuNC)X].44_ Proton magnetic resonance indicated
the last products to exist as mixtures of lateral and diagonal
isomers.

Oxy derivatives of Mo(IV) compounds, stabilized by iso-
cyanide ligands, were reported by Lippard and Novotny."'5 Thus
several preparative methods were used to yield [Mo(0)(X)(cNR).]Y

(X =C1, Br; Y = PFe~, Ia , IBro ). Use of Etz0 as solvent in
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',gbme;feacfions led to the prbduction1§f'thé:fiéédiéiggﬁéff’:
o (oMR) 1. N S B
Back donation from the metal to -the iébﬁifrilé}ligaﬁdl
{@d = 1) has been demonstrated to bevimpdrténtAb;séﬂ'én fhé'
similarity in the Mo-C{isonitrile) bond. distapcé :(27625 (10)3)
and the Mo-C(carbonyl) bond distances (1.973(10) and 1.083(10)X)
in T-CgHsMo (€O )T (CNPh).*® S o '
The synthesis of amine substituted metai caibonyl compounds.
continue to be of interest. TFor example, Kooti and Niion»have
described synthetic routes to mononuclear benzolecJeinnoline
conmplexes of chromiuﬁ, molybdenum and tungsten as well as fur-
thur reactions of thése complexes (Scheme 2).47 Bonding of the
benzole Jeinnoline ligand, as deduced from the v({CO) values,
was proposed to occur through the lone pair on ritrogen as
opposed to the N=N double bond. The analogous phenanthridine-
metal pentacarbonyl complex (XII) was prepared from M(Co)sTHF
and phenanthridine.

benzofeJeinnoline
M (00)4 (C—,Ha) —L M(CO )5 (ClaHaNz) &M(CO )e—x (PF:; )x

co .

CrHg : PPhg {(2)
benzo[c]ecinnoline

M(CO)4 (PPhz)z

1{€0)e —————= [M(cO)s (THF)]

(Zi)
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i 2-(MeRC=CR®)- and 2-(CHz=CR'CHzCHz)-pyridine (R', R® =

H or Me) have been shown to isomerize via a 1,2-double bond
'Shift:upon coordination to Group VIb metal tetracarbonyls®®.
'These comblexes were prepared'from the reaction of the pyridine
ligands-with M(CO)4 (norbornadiene) (M = Cr, Mo, W). Similarly
2-(CH2=CHCH2CH2CHz ) -pyridine undergoes a 1,3-double bond shift
in an analogous reaction. The infrared spectra in the v (CO)
region indicate that conformational isomerism involving the
plane of coordination of the olefin is not occurring.

The labile ligand method was also used to obtain chromium-
carbonyl derivatives of hetero-ring systems possessing a N=N

49 .
double bond such as (XITII), (XIV), and others. 1Y nmr and ir

N—=Cr(CO)s = l'l\'
N X _N-—=C I"(C-O)S

(XT) (XTY)

spectra established the bonding of the ligandé through a lone
pair on N rather than through the double bond. In an accompany-
ing work, the preparations and properties of higher mononuclear
derivatives of 2,3-dlazabicyclof[2.2.1]lhept-2-ene and pyridazine
(the ligands of (XIII) and (XIV) above), LoCr{C0). and LaCr(cO)s,
as well as binuclear complexes (C0)4CrLoCr(CO0)s and (CO)5CrLg -
cf(co)s containing I. as l-electron bridging ligands, were also

5% Fluxional character of the chromium/2,3-diazabi-

described.
cyclo[2.2.1]hept-2-ene ligand bond was observed via 1H nmr for
a (substituted-'n‘-arene)Cr(CO)2L“system.51 At room temperature

the structure anelogous to (XIII) above obtains; at temperatures
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‘ of 52 +0 95 C dependenu on u’xe 1r-arene substituent, coalescence
. of the bridge-head proton 51gnals S1gn1f:|.es rapld eqaillbration -
: of VC—N bonds. : : ' :
Trlpatm_ and co-workers have repor:,ed an additional paper
rdeallng with the preparation of amine- and mixed a.mine-tungsten

52
urlcarbonyl derlvatlves.

Pyridine may be used as an organic moiety release agent. S3
Thus N—methyl-}—ethyl-,(l,2—d1hydropyr1ame)chromium trica.rbonyl
reacted with pyridine to release the pure dihydropyridine which

could be used‘ for further studies in sifu.

Carbene and related complexes. A variety of studies

invclving reactions of alkoxycarbene complexes has appeated
in the 1974 literature. Casey and Brunsvold have shown that
the reaction of vinyllithium with (CO)sMC(OCH5)CeH R (M = Cr,
R =H, CHs; M =W, R = H) at -78° followed by treatment with
HC1 at‘ -78° gave vinyl ethers and butadienes (eq 3) with no

trace of a vinylphenylcarbene complex or its expected decompo-

R
/ | \©\ \©\
_0OCH,
p— — e /
Q 1) CH =CHLi, -78 3

y (2) HCL
(COisM=C .
' OCH, q/ \p’ H/ \cﬁ/
7 ' C
c R
: H
CgHs CeHs c &5 )
eHs A
- (1) CgHgli , —78° v
. Cr(CO)5 ) Cets 8 CgHs Ccrcoy + + CeHs : @
(2) HCt, ~78 cHIO - X ocH, dew,
CH,30 ) 7 Myl
\ 9% g 7% 0% :
(1) (CHs)L,CuLi . ’ -
° 52 -— 30% 6% ) 8% (5)

(2) HCL, -78°
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fféiﬁiéniﬁfdduété'being observed.”® These products are proposed
’ffo'BE?défiVed{from electfophiiicvattack at the carbon-carbon

. double bond of a U-allylmetal intermediate. Additional reac-

" tions of _(Vco,)»sci-c (QCH3)0H¥CH05H5 with phenyllithium and lithium
'diphényicuprate were also reportéd (eqs 4 and 5). |

' The reaction of (CO)sCrC(OMe)CHzR (R = H or CHs) with
' butyllithium to abstract an a-proton followed by further

" reaction with epoxides or methyl bromoacetiate results in the

formation of the alkylated carbene complexes, (XV) and (XVT 4)

or (XVI.B), respeciively.>>

o Rr3 OCHs5 OCH4
/ : . / o
(COCr—C , ([COCrC 9 ‘ (CO)CrC
- “CH, CHCOCH; <[3HC HpCOCH;
TR
R CH,CO,CH5
(XV) (XYL A) (XVI B)

The acidity of metal garﬁene complexes was further investi-
gated b&ACasey and Anderson.-® Thus {(c0)sCrC(OCHa )CHs was
estaﬁlished to be one of the most acidic neutral carbon acids
known by virtue of the fact that p-cyanophenol was required to
protonate the (triphenylphosphine)iminium (PPN%) salt of
(co)scrc(oMe)CH>~ in substantial amounts. Interestingly the
Li+ salt of the anion was more easily protonated whereas the
HMPA-Lit solvate behaved similarly to the PPN' salt.'he cation
dependehce was ascribed to Lit stabilization of conjugate bases
produced from the protonatiﬁé agents.

Fischer and co-workers have synthesized the substituted
cyclopropane derivative (XVII) employing the chromium carbene

complex (C0)sCrc(0CHs)Cels {eq 6).°7
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‘(Cc»SCr-- 7 PRI

“eets

The reactions of chromiumpentacarbonyl(methGXyarylcafbene)7
with VIa elemehts‘oz, Sg, and Sey in refluxing hexane, ether

or. Qloxane respectively, led uo the ester derivatives shown -

in eq 7. de Renzi and Fischer have also shown.that
OCHg - X
' + Via i :
(co)scr-c? —cTenent ™ C (7)
NCeHaR SU% . cgH4R” “OCH;

X = 0, yields of 20-70%
X

i

S or Se, yields of 10-3Q%

(co)scr(0Me)Ph reacts with phenyl{trihalomethyl)mercury to give
the 1,1-dihalo-2-phenylvinyl methyl ethers (eq 8) along with

methyl benzoate and benzophenone.>®

CaeHeg

(CO)SCrC/c .+ CelisHCCls 505 /oh 1
8lls .

(8)

CH30<_ No=c _C1L

+ CgHsHgCl + (CO)eCr + v..
\c1 . .

CeHs™
The reactions of chromium- and tungsﬁenpentacarbonyl(hy-
droxy)carbene with dicyclohexylcarbod imide (eqs 9, 10, and 11)

o,
were also studied by Fischer ‘and co-workers.e -681

Other reactions of alkoxycarbene complexes 1nclude the

Pollow_ng (eq i2), whlcﬁ used 1-v1nyl—2-pyrrolidone as methyLene =
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?GHI 1

~CONHCegH11
. (FO )5CI‘-C/N
) .‘.Ha '. CHa

RIS o) : SRR e
-(co) SCr-c—\}) + CgH11N=C=N-CegHi1{ (¢)
SR Me - ' -HaO\_ +CgH; 1NCNCgH11

(co)SCr-c/\c'

H
(CO)scr—C<O + CgH11N=C=N-CgHzi; —» © Ngz=pa==¢”
Ph _

OH (co)sw °% /%
(co )sw-c\Ph + CgH11-N=C=N-CgHi1 —> c-—o—/ch—Ph (1)

ocC \CO

i ‘ez
transfer reagent, yielding a-methoxystyrenes. 8 The cyclic

transition state shown was proposed. Under CO pressure, the

OMe I\ i/
7T
CO jsCr—C, +
( )5 r—c{, _c j@ “ Me (12)

A
Ps)
RaC==C(OMe)Ph + Cr(CO)e + =--

Vca.rbene‘a.dded to vinylpyrrolidones to form enaminoketones or

83 fhe initial reaction was assumed

_cycldbuténone derivatives.
%o be between the carbene ligand and CO, ylelding Me(Me0)c=C=0,
followed by a (2 + 2)-addition to the vinylpyrrolidones.

_‘References p. 307
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) Cleavage of the. carbene-chromium bond of Cr(CO)SC(OMe)CHRg
'by uertlary amines pyrldlne or. N-methylpyrrolldine gave encl
ethers, MeOCH=CRa (40-80 yields) Thermal decomposition of
the same carbene complex in decalin gave the d_mer of the carbene
llgand.
An extensive series of alkoxy~ or aminocarbene compléxes

of the type M(CO)4(C(R)R')PR; were prepared by reacting PRs with
the appropriate péntacarbonylcarbehe complex at high (70°C) temp-
eratures, or photochemically at lower temperatures.as'68 The
- yield éf cis isomer was in genéral higher than that of the trans
-isomer. In an accompanying péper the thermal isomerization of

- these compoundé was explored.é7 Equilibrium cthtants at

trans-(C0)M(PR)[C(R)R' 1 == cis-(CO).M(PRa)IC(R)R']  (13)

ca. 60°C are in the range of .35 to 11.5 for eq 13 as written,
with specific values dependent on M, R, R', R" and solvent.
Fischer, Fischer, Werner, and Kreiver have further'detailed
the reversible addition of tertiary phosphines to the carbene
carbon of pentacarbonyl(methoxymethylcarbene) metal complexes.o-
From both Rinetic and thermodynamic studies, the authors sug-
gested the following scheme for the higher temperadure CO. dis-

placement reaction (eq 14).

(co)scric(oMe)Me] + PRs ==[(co).crlcC (omé)Me]] + CO + FRa

| | =

2

(CO)SCr-C\—OMe ————» (co)icrlc(oMe)Me]PRs
Me :

Reactions of amines with carbene complexes have been

extended té include the reaction of tertiary, bicyclic amines



239

,and_ﬁungéten- or ‘chromiumpentacarbonyl (methoxyphenylcarbene)
y*eldihg the nitrogen analog (XVIII) of the phosphine-carbene

,adducts.ss Primary or secondary amines react at the alkoxy

'group yieldlng amino carbenes.

OCHz  CH,—CH,
(OC)5M C=—N=— GHz—CH;—X
Ph CH;—CH,

X =N or CH

(ZV1)

Photolysis of the cis-dicarbene complexes cis-M(CO)sLo

Cr, Mo, W; L = 1,3-dimethyl-4-imidazolin-2-ylidene) has

(M =
These were

- . TO
resulted in isomerization to the trans-isomers.
reconverted to the thermodynamically more stable cis-isomers

by heating at T70-173°. Photolysis carried out in pyridine led

to both fac-Mo(CO)spyLa and trans-Mo(CO)4L2.
The phenylthiocarbene complexes, [(CO)sMC(CHs)(SPh)]

(M = Cr, Mo, or W), have been prepared by the reaction of
[(co)sMC(CH3 ) (OCHa) 1 with NaSPh in benzene/methanol in the

presence of HC1.”' The proposed reaction scheme is as follows

(eq 15). _
CCH.
CHa - 3
(co )sm-c’o + ~sph—s= l(CO )sM—C\—-SPh H
Hs CHs
at
OCHs ,SFh
(CO)sM-C—SPh|—w= CHs0H + (CO)sM-C{
Nens CHs

A series of para-substituted phenylthiocarbene derivatives of
The complexes were

tungsten pentacarbonyl was also prepared.

References p. 307
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t,characterized by thgir infrarez, electronic, mass,g 

i3g nmr spec ura.

,Petz‘has repofted.the_sfntheSis;ofrﬁé%ai'gérbene'dérivé-'_’
tives byladdiﬁi&n of Ti(ﬁMé2)4 to several'ﬁetalrcérbényié,é! >:
including M(CO)B (M = Mo ahd W)Tafrhese cdmplexeé-éie'brépbséh
to have the structure (XIX). The carbenoid structure of,the V
ligand was deducedzfrom nmr and ir épectral.meésuremenfsi’

O—Ti(NMey)g

CON ==C
SNMe,

(XIX)

fhe carbene complexes Cr- and W(CO)sC(CE)PPhs (E = O or S)
were prepared by reacting PhaP=C=C=E with (CO)sM(CHaCN) in warm
Et20:; the corresponding Mo complex, by refluxing Mo(CO)es and ihe
ylide in benzene.73 Formulation of the ligand as a carbene was
based on ir, Raman, and mass spectral data. The authors also
report an S, addition product (XX) resulting from the reaction

of W(C0)sC(CO)PPh, and Se.

o
Il
A
oc)sw—cl
° Sp—s
Phs
(XX)

Metal carbonyl anions such as Cr(C0)5= react with N-alkyl-
2-chloro-4-methylthiazoliun f‘luoroborate to yleld the neutra.l
carbene complex, (XXI) (eq 18).7
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= T R
Me / N _Cl|BFs  + Cr(co)s - (co)scr—c’i (18)
(& - | i
==’s S ¥ e
- o L

(xx1)
Further application of electron-rich olefins toward the
synthesis of transition metal carbene complexes was explored.75
Among the twenty-four new, stable carbene complexes, the prod-

uct of eq 17 was reporued.

Ccr ((,O e

[:N\ /NjJ
: = + -+ cis-cr(co) -C j (17)
N/ \N : \N :>

cis-Cr o)4 NCMe)2

More work on the preparation and reaction of Group Vib
meﬁaI“carbyne'complexes has been carried out by the Fischer
group. trans-Haiogeno-phenylacetylenylcarbyne—tetracarbonyl—
tungsten complexes were prepared according to eq 18 and their
reactions with dimethylamine have been investigated (eg 19).°°
Infrared, ‘H, and *3C nmr spectral propertiies of all these

newly prepared complexes ware determined and discussed. In

.0C.Hs ‘ '
(co)sw==2cZ + BXy —onEBNCy, ¥(00),4WSCC=CCeHs + CO +
CECCQHS -45°C
BXo,0CoHs (18)
X =C1
X = Br
X =1
CH-C1l>/Et20
X (C0)4W=CC=CCeHs + (CHs)aNH ="

(19)

X(C0) 4W=CC (H)=C(CeHs )N (CHs )2
. References p. 307



‘;addltlon,vthe carbyne complexes xw(co)4[0N(02Hg)2] (XXII A S

Qfand XXII B) have been prepared from the alkoxy—aminocarbene
:derlwa sve (co)swc(oczng)N(cans)2 and ‘BXs (X = Br ena I) 7
- The complexes were characterized by 1nfrared proton and

nmr, and dlpole moment. measurements. o

O O
9%' éD : cC ¢ ,
x—wi=C—N_ -  X—W=C=N ,
/\ SCoHg . /\ CaHs
R £ %
(XX A) (XXITB)

Pischer and Fischer have also reported a new route for

 the preparation of carbyne complexes starting with

“(c0)sWIc(0L1)CeHs] and BroP(CeHs)a. =

Br(C0).W=CCgHs was prepared employing this procedure. A similar

A 31% yield of trans-

vield (29%) of this complex was obtained from reaction of the
Iithium salt with Br(CN)P(CeHs)a. )
Reaction of 2 equivalents of the Wittig reagent PhaP=CH>

with W- or Cr(CO)e yielded the nicleophilic addition products

[ (CO)sMc (0)CH=PPhs] PhaPCHs .7 In contrast, the ylide of

type PhgP=C=PPhg adds nucleophilically only to Mn or Re carbonyl
halldeS‘ however thls compound may coordinate by dlsplacement of
‘weakly held ligends, i.e., (CO)sWC(PPhs)= was obtained from
W(Co)sTHF Interestlng ion-pair effects on P-H coupling con-
_stauts are noted 1n thls rather extensive work.’ :

_ The thiqcarboxamldo complex,.CpMp(CO)ECSNMea, has:been.
prepared b&'the reaction of Na[CpMo(Co)s]'with MegﬁC301.99V
- The thlocarboxamldo group is believed to. be acting as a- uhree-

'elecuron donor with bondlna to the metal occurring through both )
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‘t@e_ééﬁbéﬁ and sulfur atoms. The sulfur atom can be methylateéd
i Taea PO S ' +
_with [Mes0]BF, to give the derivative [CpMo(CO)zC(SMe)NMez] .
R In’éddition, replacement of one CO ligand by PPhs was carried

out. - '

T-Cyclopentadienyl, 7-arene, and other T-systems. Several

. studies involving reactions of cyclopentadienyl metal carbonyl
anions were reported. The alkylation of NaMo(CO)aCp with 2-
bromo-2-nitrosopropane yielded a novel, purple volatile
MeoC (NO )Mo (CO)2Cp complex in which the nitrosopropyl group is
required to be a 3-electron dpnor.Bl The analogous alkylation
of NapzMa(C0)io (M = Cr, W) led to the deoxygenated dimethyl-
ketimine derivatives, MeaC=N{H)M{(CO)s. Transition metal sub-
stituted dioxaphospholanes have been prepared by the reaction
of 2-chloro-4,4,5,5-tetranethyl~1,3,2-dioxaphospholane with
Naf{1(co)acp]l (M = Cr, Mo 2nd W).%® These species can be con-
verted into bridged dinuclear complexes upon elimination of
co (XXIII) or to cationic mononuclear complexes when reacted
with MeI (XXIV). Na[CpW(CO)s]l was found to react with ferro-
cenoyl chloride to give FcCOW(CO)sCp (Fe = ferrocenyl).®® This

derivative was shown to decarbonylate at 130° to give FcW(CQ)SCp.

/01"23 TN ’
_ CHa . -
c;(co)zu Pg\o g g 0/,9\ M(Co )aCp I
CHs | _ CHS CHs

(XXIII) (xxIv)

In a study of the stability of T1(I) salts of metal carbonyl
anions toward disproportionation to 71(0) and T1(III), the com-

‘pounds TilcpM(co)s] (M = Cr, Mo, W) and T1[CpM(CO)sls were pre-

- References p. 307
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pared and charactériéed.e4

As in Tl[Co(CO)4], a LL-metaL bond

- is nroposed to explaln the v(co) shift to higher frequenc1es Sn

&+ 6~
et

M(CO) =Cp as’ compared to the "rreet

a.n:.on .-

The order of

Tl(I)—metal carbonyl anion stability was eshablished ‘to be

Co (C0)>> cpM(CO) s (W>Mo>Cr )>Co (CO )3PPh3

that ie,

<the anion.

Robinson and others:

5 or less for the corresponding

appears to correépond

to stable

later pointed out that' a PKg, of ;

transition metal hydrido compound

71(1). derivatives.

Mn (co)s>>> CpFe (CO )=,

decreasing stability with increasing base strength of

as

Brumner and Herrmann have described the synthesis, ir,

*H nmr and uv spectra of optically active square pyramidél

cyclopentadienyldicarbonyl-molybdenum and -tungsten complexes

with Schiff bases (eq 20).2°

A dstailed study of substituent

effects on the intramolecular epimerization {which proceeds via

a pseudorota

In a similar reonort reaction of CpM(CO)aCl (M

= Mo

and W) with

8-hydroxyquinoline (HL) and 7-carboxy-8-hydroquinoline (HL') led

to the formation of the CpM(CO)>L and CpM(CO)-L' derivatives as

enantiomer pgirs with cis-coordination via the N and phenolic

87
O atoms.

Ether solutions of CpM(CO)sCl (M = Mo, w) react with

tion mechenism) of these complexes was carried out.’

PhoC=N-L1 to yleld CpM(CO)aPhQCNCth, however the addition of ]

20)
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‘substrates such as PhaC=0, PhCN, trans-PhCH=CHPh and others
iji£§e reaétion:mixtuié changes the course of the reaction
. yielding the blue solid [CpM(CO)aN:CPhals.%®

Barnett and co-workers have synthesized the complexes
mﬁ-dpm(co)ar.(cocria) [M = or, L = P(CgHs)a, P(p-CH30CgH3)a,
P(CeHs) (CHa)23 M = W, L = P(CeHs)a, P(p-CHs0CgHs)a, P(CeHs)(CHa)z
P(n-C4Hs)al by the direct reaction of CpM(CO)s(COCHs) and the
phosphine in acetonitrile solution.®® Spectral properties
(ir, nmr, and mass spectra) of these derivatives are discussed.
In addition, the relative metal-carbon bond strengths in the
Sroup VIb triad (W:3>M0210r5 were deduced from the ease of sub-
stitution of CO with phosphines as well as the ease of decarbonyla-
tion of the acetyl products. A higher valent Mo cyclopentadienyl
complex, CpMoClz(OR)2 (R = alkyl group), was prepared by the
reaction of MoCls(OR). with cyclopentadiene or NaCsHs in THF.®°

The preparation of dimethylsulfoniumcyclopentadienylide-
molybdenum tricarbonyl (XXV) has been reported from reaction
of dimethylsulfoniumeyclopentadienylide with (CH3CN)sMo(CO)s
in diglyme at room temperature.91 The complex is a yellow,
air-stable species which decomposes at 173-175°. The struc-
ture correséonding to (xXxV) ﬁas established by ir, 1H nmr and

mass spectra. (Q?—CSH4R)Mb(CO)2(CN)3 and Ké[(g?-05H4RMo(cn)5]

+
@ S(CH3),

Mo(CO),

(XXV)

(R = H or Me) have been prepared from the reaction of

CsH4RMo (CO )oIs end KCN.°Z

References p. 307
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The 16-electron species, CpMCl(RCECR)z (M Mo or W,

R = CFg3, Me or Cone) were characterlzeu by X-ray crystal-

lography and were shown to- react with PhsP to yield CpMCl(PPhs)—

(RC=CR),.7>

 With ‘T1CsHs a rather complex lS—electrpn struc-
ture is obtained which involves additioh{of CsHs to one of the
acetylene groups and bonding .of the éyclopentadienyl'ring to
the metal via a h° mode. A

The pioduction of other 1l6-electron species was proposed
in investigations of bis-cyclopentadienyl compounds of VIb
metals. The reaction of CpaMoH, with several azo or diazo
compounds was described by Otsuka and co-workers.94 Among the
products were the air-stable and substitution inert Cp=Mo (trans-
PhN=NPh), with none of the expeéted orthometallated product
observed. Other azo compounds led to formation of metéllohetero-
cycles such as CpZMoN(COR)N=c(R)o and CpzMo [0-WN=C (OH)N(Ph)CO ]=.
Some of the productis are explained by the in situ preparation of
the coordinatively unsaturated CpzMo reactive species. Brint-
zinger's group further investigated the reactivity of this'16-
electron species which was produced photochemically in toluene.95
Similar to Otsuka's azobenzene complex, the acetylene addition
product, CpoMo(HC=CH) is a stable, sublimable solid. The cor-
responding photolysis of cpaW(co) in toluene and in the presence
of alkynes gave comparable smounts of Cp-W(RC=CR) ani the hydro-
gen insertion product of the solvent, CpoW{H)CeH4CHs.

The reaction of CpzMoHp with white phosphorus in hot tol-
uene produces a P, adduct, unstable in air, and formulated as a
H-P-P-H derivative, similar to the ethylene complex CpzMo(HzC= -
CHa)?e On the other hand irradiation of CpzWiHz, in the presence
of mesitylene, yielded the rather air stable bis-alkyl deriva-

tive, CpoW(CHa~3,5-MesCelpla."’
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'Alkyl—oiefin cationic complexes,;[CQZM(CéHq)R]+, of molyb-
dénum and fungsten have béen prepared from the reaction of the
'néutral ethylene derivatives CpoM(CoH.) with the alkyl halides
' MeI or PhCHzBr.°° In addition, [CpzM(PPhs)MelPFe (M = Mo and W)
derivatives were synthesized via the reaction of [szM(PPhs)Br]PFB
_with methylmagnesium chloride. Still other syntheses of new
bicyclopentadienyl VIb metal compléxes included those of Cng(O)IQ

(M = Mo, W; L = CN, NCO, SCN, Ng, SMe, SEt, SPr, and SBu.®® The
azide derivatives were shown to be highly .explosive.

Many new and some improved syntheses of hs—arene compounds
were reported. Moser and Rausch have_demonstrated the utility
of (NHa)aCr(c0)s (which does not sublime under reaction condi-
tions) as opposed to Cr(CO)s in the preparation of arenechromium
tricarbonyl derivatives.loo In this manner thiophene, MesCPh,
PhSiMes and PhI, when reacted with (NHs)sCr(CO)s in refluxing
dioxane, produqed the corresponding arene derivatives. In a
related proceés, Rausch also reﬁofted an improved synthesis of
benzenechromium tricarbonyi requiring the refluxing under nitro-
gen of equal volumes of benzene and 2-picolinz with C::-(CO),_:,.H’:L
This procedure was however not applicable to preparing the molyb-
denum and tungsten anaiogs. Inétead the bis(2—picoline)tetra-
carbonylmolybdenum and (2-picoline)pentacarbonyltungsten deriva-
tives were produced. In a similar approach, treatment of pyzMo-
(CO)a with a variety of arene ligands in ether containing
BF5+Et20 at 20° has afforded good yields (56-T71%) of (arene)-

Mo (Co)a defivatives where arene = PhMe, mesitylene, BuPh, tetra-~
1in, p—(Mesc)ZCeH4, PhOMe, PhCH:CHé, PhCH-CH-CH:CH>, PhCH,CH-CHzBr,
PhCH2CH-OMe, PhCH,CHaCOMe, and 2',4',6'-MeaCeHaCOMe. 2 '

Several derivatives of arenechromium tricarbonyl (xxvI)

References p. 307
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Vincluding those with a chiral center at chromium_have been

synuhe51zed by Jaouen and Dabard.~ os Qpectral data (1r and nmr) '

were obtained and d*scussed in detail.; ‘",fj'f, ;:

X R
R = COzCHg
Cr e -
Lg/é‘\L1 = H, CHas, t-Bu e
o I, = phosphine, phosphilte,.
(XZVI) ~ csorco '

Other preparations of arene tricarbonyls include the fol-
lowing. Compounds of RCeHsCr(CO)s (R = MeoN, MeO, Me, H) were

obtained in good yields by treatment of bis(phenylchromiumiri- -

carbonyl)mercury with LiAl H;. Anisoie tricarbonyl complexes

.of molybdenum and. tungsten have been prepared and their decompo-
sition reactions studied by Nesmeyancv and co-workers. %% - Treat-
ment of PhCH:NPh with cr(Co)e has led to the formation of three
tricarbonylchromiuﬁ complexes of N-benzylideneaniline (XXVIi,

XXVITT, and XXIX).'°® pPhenyltriethylsilane reacted with Cr(CO)e

Q-0 O—Q Q—Q
CI‘(CO) CF(CO)3 : - Cr(CO)a_ Cr (CO)_.,

(XXVIr) (XXVTr) : (XXIX)

in digl yme/bcuane (145-50 ) to give a 85% yleld of (h -caHssiEua)-

Cr(CO)s which when reacted with Hg(OAc)a was mercurated thusv

produc1ng XXX’IO7
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Et3Si

Cr(CO)3
(XXX)

Benzbcyc1ohéptatrienechromium tricarbonyl was also pre-
pared by‘thermal displacement of three CO groups in cr(co)s. °8
lInfrared and nmr data suggest the ligand to bind through the

S-membered ring. Mass spectral_analysis of the compound was
given. )

Nasieléki and Denisoff have described the preparation cf
the Tirst neutral asymmetric (arene )chromium tricarbonyl deriva-
tives of the type (arene)Cr(CO)LL', -where L = phosphite and
L' = N-substituted maleimide (XXXI and XXXII). O° The vinylic

protons are dilastereotopic and display a temperature-dependent

nmr spectrum.

H.
crco[Pemers] = | NegHs
: /

H
O

(XXXT)

‘ o
H3C CHs H

crcoy[POcgH SN I T Vour

H
O

( XXXIT)

CHy

Reactions of sodium cyanotrihydroborate or sodium cyano-

triphenylborate with M(CO)s (M = Cr, Mo, and W) in boiling
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glyme’ resulted in’ formaulon of the yellow, anion1c complexes,.ij: 7
'[%BCNM(co)s (M = Cr, Mo, W) and [(CsHs)aBCNM(CO)sl (M M°-
ﬁ),:respectively,'where complexation has occurred through a ' 3
cyano group.r110 Oon the other hand reaction of M(CO)G (M
and W) with sodium tetraphenylborate in boiling diglyme gave
~ the yellow anions [(CeHs)zB[CeHsM(Cd)a]al— M = ci-, W) where
two of the phenyl rings ererv—bonded to two M(co)5 meietiee}v

Pi complexes of Cr(CO). and substitutedvthiophenesAhave
been prepared from the reaction or (CHsCN)sCr(CO)s with the
heterocycles (eq 21).**" The relative retention times and the
decompesition of these complexes have been studied by gas—liquid
chromstography. In addition, ligand substitution reactions of
these (thiophene)Cr(CO)s de-ivatives with substituted benzenes

to afford (arene)cr(CO)s have been investigated.

S S

. iO; + (CH3CN)sCr(Co)s === + ZCH5CN (21)
A R .

R
cr(co)s

Less conventional T-complexes include those of borazines
such as Me3BsN3HQCr(CO)3 which was synthesized by means ef a
ring exchange reaction involving EtsBsNgMeszCr(CO)s and

12 The new compound was cheracterized by means of

MegBgNaHa .
ir, nmr, uv and mass spectral data. Other borazine-metal com-
plexes, Cr(C0)s(RsBalNsR's) (R = Pr and R* = Me, R = Me and

R* = Pr, R = 1-Pr and R* = Me, R = Me and R* = i-Pr), were
prepared from Cr(co)s (CHsCN)s and the corresponding borazine
in dioxane.>*® - These derivatives were more-labilebthan tﬁe

isomeric complex Cr(CO)s(EtaBaNsEts).
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r-ueveral syntheses of bis-arene compounds were *eported-
i'rthe most dramatic one made use of the metal atem synthesis
xtechnlgue. The synthetic potential of the co-condensation
technique was demonstrated by preparation of a series of bls—»
'afene sandwich complexes of W and Mo, arene = an‘*sole, fluoro-
benzene, methjlbenzoate, N,N;dimethylaniline, ete.*** Similarly,
the preparation of a group of bis(arene)chromium compounds has
appeared in a German patent. These include arene = m-diiso-
propylbenzene, cumene, and biphenyl(m—diisopropylbenzene).115

An improved synthesis of the sandwich compounds (CsHs)-
M(C+H7) (M = Cr and Mo) from the reasction of MCls-3THF, C-Hg,
CsHes and i-CaHsMgBr in THF at -20° has been reported.’”

The following compounds were separated and purified by
molecular distillation: (h®-CoHe)Mo(h®-CeHsEt), (n°-CeHsEt)aMo,
(h°-CeHsEt )Mo (h®-CeH4Et2), and (h®-CgHiEta)aMo.

Some chemical properties of Q?—arene compounds are given
in the next tnree works. Irradiation of derivatives of benzene-~
chromiumtricafbonyl (xxxIII A) (R = R’ = co, R® = Me) with cis-
cyclooctene and treatment of the product with CS,/PPhs; has
afforded (XXXIII B) (R = CS, R' = €0, R° = Me).”"® Further
irradiation of this derivstive in Fhe presence of P(OEt)s save
(xxXx1IT ¢) (R = ¢S, R* = P(OEt)s, R® = Me). Seponification of
this derivative gave the asymmetric chromium derivative (XXXIII D)
(R = ¢s, R* = P(OEt)a, R® = H) which had a pKa value of 5.20,
indicating that w-backbonding to CS was greater than to CO in
this derivative.

The increased basicity of_(gf—arene)Mo(PRs)s complexes
over {:he analogous (r_le-arene)c:r (c0)a allowed for both mono-
end diprotonation of the Mo complex. = The structure of the
latter product was proposed to be (XXXIV).
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R3PiLpeH

R3P/».'ll_l\'PR:;, :

-

(XXXOT)

Arenetricarbonylchromium complexes have been shdwn’to form
charge-transfer molecular complexes via the T-coordinated benzene
ring and electron acceptors such as l,3,5-trinitroﬁenzene’and
TeNE. 2°

Many reports of mechanistic and synthetic importancé dealt
ﬁith reactions at the wT-cyclopentadienyl, v;arene, m-tropylium
or T-allylic site of such metal-bound groups. These are grouped
together as follows. » '

The complexes [(Qé-arene)Cr(Co);N0]+ (arene = CglipMes_n,

n = 0-2) are decidedly less reactive towerd nucleophilic attack
on the ring than are the isostructural and isoelectronic (n®-
)3+- 121

arene )Mn (CO

Both the Cr and Mn analogs add H , D, and
Me™ exo to the ring yielding neutral cyclopentadienyl deriva-
tives, however the manganese arene complexes are also reacfive
toward CN~, Ph™, Ns~, NCO~ and other less common nucleophiles.

Semmelhack and Hall investigated the intermediates in the
syntheticaliy important nucleophilic addition reactions to the

ring of (W-chlorobenzene)chromium tricarbonyl.122

_ Protonation
of the (Q?-CSH5C1)Cr(Co)a/isobutyronitrile carbanion system,
followed immediately by iédine_oxidation; yielded not only
CgHsCl and phenylisobutyronitrile, but also ©o- and Efchloro(Q-
cyano-2§propyl)benzene and a series of dihydrobenzené coﬁpéﬁnds.

Comments on possible mechanisms were included.
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' »»,'A,The following reaction sequence (eq 22) illustrates the
fépplicatibn of #—arenechromiumtriéarbonylrderivatives in the
éynthesié of optical}y actiﬁe tertiary alcohols.}23 Treatment

Cr(CcO), Cr{CO),

of (gé-CeHsEt)Cr(CO)a with MesCLi followed by Ce(IV) oxidation

has afforded 32% m- and 9% D-MeaCCeHgEL.

A reversible metal-to-ring transfer of an ethyl éroup was
reported by Green and Benfield in studies ot alkynyl, alkyl,

and olefin complexes of bis{(w-cyclopentadienyl)molybdenum or

25

tungsten.1 For example, see eq 23.

r_ I+
Et
PRa ! PR3
— +. - \ / -
Mo T1 BF BF )
: \Cl 2 3 Mo \E: 4 (23}
L —

Reaction of [7-C7H;M0 (CO )3 ]BF¢ with triphenylphosphine at

(22)

room temperature has afforded good yields of [m-C,H,Mo(CO),PFhs] -

128
BFs. Reduction of this speciles with NaBH; ylelds the.neutral

cycloheptatriene complex (C,Hg)Mo(CO).PPhs. Heptafulvene com-

plexes of chromium-, molybdenum-, and tungstentricarbonyl (XXXV) -

References p. 307
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COnMe -
(XXXV) L=

I \ 0021\'18

+MeOxCC=CCOM=

R COaI'ie
= \ COZME

have been found to react with electrophiles such as HFFe (but
not Et30+BF4-) and dienopniles at the exocyélic double bond,
in marked contrast to the analogous iron compounds.127

The tropylium complex [m-C;H,Cr(C0)s][BF4;] has been shown
to undergo electrophilic addition with indole to provide orange

h 8
crystals of the substituted triene (Xxxvi).'“° The structure

G cr (CO)3

(XXXV1)

is supported by 'H nmr, ir, and mass spectral data. This reac-
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',ﬁidﬁxrepreséﬂts’a>more geherél feaction under investigation by
;-théée,wofkers_which“involvesithe attack of an aromatic substrate
b&lcatidnic organometallic complexes.

Reaétions of the diazonium salts, [p-RCgHqNz]X (R=H, X =
PFe; R — OMe and NO2, X = BF4), with (CeMeg)Cr(CO)s affords stable,
crystalline salts of the form [(CeMes)Cr(Co)a(p-RCeH.;Nz)]X.129 In
THF, hydride ion, from NaBH,, was shown to add preferentially to
the arene ligand as opposed to the arylazo ligand to produce
neutral cyclohexadienyl derivatives, (CeMegH)Cr(CO)z(p-RCeHaNz).
On the other hand (CelMes)Cr(C0)s(PPhs) reacted with p-RCeHsNa
to yield the yellow, paramagnetic cation [(CsMee)Cn(CO)zPPh3]+.
(CsMeg )Mo (CO)5 2lso reacted with p—RCBH4N2+ to yield complexes
analogous‘tb those of chromium.

Reactions of [(g?-csﬂg)Mo(No)(co)(g?-csﬁs)]PFe with I~
gave the CO displacement product, (h°-CsHs)Mo (NO)(Q_S-CSHS)I;
with BHs and SaCNMez however reaction was at the T-allylic
site giving (h®-Csis)Mo(NO)(CO) (h°-HC=CHMe) and (h®-CsHs )Mo (NO)-
(n®-CHa=CHCHoSC (=S )NMea . -7

Bis(diphenylphosphino-h?—benzene)chromium(o) {(XXxXVII) has
been prepared by the pathway shown below {ea 214).131
Both phosphines were found to undergo methylation reactions with
methyliodide to yield the dicati'qnic specles.

Some very interesting new T-allyl syntheses have been
reported. table O-propargylic compounds of molybdenum have

).*3% Reactions of these species with

been-prepared (XxXxXvIiz
nucleophilic ‘reagents (HX) have led to the preparation of

7T-allyl derivatives (XXXIX, eq 25) which were shown_to exist
in two structural forms (XXXIX A and XXXIX B) in a 2:3 ratio,

respectively.
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(CGH:_;)QPCI (24)
Li
. H H
. : HX > -
T-CgHgMOCH,C=CR ——= n-csynoe) (I:l—x
' H r O ‘
C P(C gH) C | R (25)
C 5’3
o . v
(XXXVIL) (XXXIX)
R=H3 X = OCH;.SPh,OC(CH;),
R = CHy3;X = OCHZCH3
§ H
__Mo H
phyp-f H
ocC’ CHs3
Et
(XXXIX A)
The_new T-allyl complexes (w-R'CSH4)M(CO)2LgX‘(M = Mo or
W; R' — H or Me; X = C1, Br, I or NCS; L = 1,2-ethanediylidenedi-

imines or 2-pyridinaldimines) (XL, XII and XLIi) have been pre-
'pared‘via. resction of the bis'(acétonitrile) derivatives with
I-.7%% The solvent dependenée of'the'infrared (vcb) and elec-

. tronic spectra (metal to ligand charge transfer) of these derlva-

tives was Investigated.



7

L
ﬁ
.

v
/J(\CO

; R |
: R :
E Sl N
f_\ /l\&:o ' '\N/l\co
R X l P X
(XL) | (XL1) (XLit)

F(‘“\

CO

The reaction of [M(CO)s;(dipyridyl)X] anions (X = Cci, Br,
I 2nd SCN) with allyl chloride under mild conditions has afforded
a facile route to w-allyl complexes of the form XM(CO), (w-allyl)

194 The chromium analogs in this

(dipyridyl) (M = Cr, Mo, W).
series have not previously been reported. Other 7-allyl com-
plexes reported include the complexes [h®-CgHeMo (h®-RCaHaR)-

(diene)]+PFe- (XLITI), which were obtained via disproportion—
ation of reactant mono-olefins into metal-bound dienes and

alkanes as proposed in eg 26."

O — <G =<K o=

C\MC-)'.\\L/ Cl MO+ .

%)Y LAY \g y
? +RH’
o , (X LD

The synthesis and crystal structure of wT-allyldicarbonyl-
metal trifluorocacetates M = Mo, W) solvated by 1,2-dimethoxy-~
ethane (eq 27) have been reported.136 The geometrykof these

complexes is shown in XLIV.
: ' L
M(CO)e + CF3COLCsHs =+ CFaCOaM(CO)s (7-CsHs )T + LCO (27)

; (L = CH30{CHz)20CH;)
References p, 307
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(XLIv)

Several other reports have dealt with the syntheses or .
reactions of 1r--systems., For example, another demonstration of
the efficacy of the co-condensation technique in previously
- declared 'difficult to impossible synthesis was presented by

37  Reaction of atomic W or Mo with 1,3-

Skell 2nd co-workers.>
butadiene yielded sublimable, stable tris(butadiene)tungsten
(wvhite erystals) or -molybdenum (yellow crystals).
2,é,4,S—Tetramethyl-eH-pyrane afforded some of the isomeric
l;,6-dime{-,h:y1-3,S-heptadien-a-one when reacted with (CH3CN)sW(CO)s,
and dicarbonylbis(4-6-dimethyl-3,S-heptadien—z-one)tungsten was
produced in low yield.138 Spectral measurements indicated the
structure (XLV). In addition, 6-methyl-2H-thiopyrane was found
to react with (01{301\71)301-(00)3 to give triéarbonyi(e-methyl-en-
thidpyrane)chromium, a new heterocyclic T-complex where thio-
’pyrané #pts as é six-electron donor ligand. Chromium tricarbonyl
complexes of the type (XLVI) have been prepared where the ketonic

oxygen serves as the sixth ligand.139

: (CHz )y
(co),Cr :

(n =1,2)
0]

(XLv1) |
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. Reaction of either NOPFg or AgPFe with (CeMeg-nHn)Cr(co)> -
;(acetyiene)'(n =0 and 1; acetylene = PhC=CPh and p-MeOCeH4C=C-
'“C¢H40Me) has been shcwh to affofd‘the:Crystalline monocations

o

[(ceMee_th)Cr(CO)é(acetylene)]PFG_.14 However when the acet-

ylene is MecogcaCCOZMe~the reaction does not stop at the
monocation acetylene derivative, instead further reaction with
NOPFg occurs with formation of [(CeMesH)Cr(CO)z(NO)IPFe. Cyclic
voltémmetry indicated that each acetylene complex underwent a
reversible one-electron oxidation reaction followed by an
irreversible electrochemical reaction (possibly loss of acet-
ylene) at slightly more positive potentiais. - The monocationic
acetylene complexes were a2lso charascterized by their room temp-
erature ESR spectra in CHxCls.

The ratio of ethylene and hydrido products, XLVII and
XLVIITI respectively, depended on the value of n in eq 28.141
With n >»5, (XEVII) was obtained exclusively in yields of 22%;
with n = 2 or 3, (XLVIII) was obtained in 57% yield.

Mo (acac); + 2(dppe) + n AlEt; —>

' (28)
Mo (C2H.) (dppe)> + MoH(acac) (dppe)a2

(XLVII) (XIvIiT)

Metal-alkyl, -aryl, and -nydride complexes. New chemistry

of complexes containing Group VIb metal to carbon sigms bonds
is presented next. Methyllithium reacts -with molybdenum(IT)
acetate to yield Lis[MooMeg]l-4(ether) (ether = THF, Et0, or
dioxane) as bright red, pyrophoric crystals, readlily soluble

142 Reaction of the complexes with acetic acid regen-

in ethers.
erated Mos (02CCHs)sz, with Mo-Mo bond intact. A crystal structure

showed the octamethylmolybdenum tetrasanion to be of Dy symmetry

References p. 307
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Ww1th 1one of the- THF donor molecules co-axial to the MbsMb bond;:;
: : Bls(trimethy1511yl)methyl has been employed as a ligand to  (
i'SuablllZe Cr 3.143 "he reaction producu of" Cr013 w1th e
(Measi)zCHLi in Etz0 was recrystallized from benzene and deter-
mined uo be monomeric CrlCH(SiMes)2ls*Cells. = The compound was ;A
obtained as air-sensitive, paramagnetic (3.7 BM), bright-green
crystels. The red diamagnetle species, Cr[CH(SiMes)a]s'No was .
prepared from Cr[CH(Slves)als and NO.

Autoxidation of hexakis (trimethylsilylmethyl)dimolybdenum—
(III), hexabenzylditungsten(III) and hexaneopentyldimolybdenum-
(II1) in hydrocarbon solvents at 20 and -T4#° were found to pro-
ceed through a series of very-rapid{ free radical displacements
at the metal center.lé% At -7h°, deteetion of the peroxy trans-

tion metal alkyls was possibile however these reacted fﬁrther
with the alkyl to form the alkoxy compounds. Further studies
of O-bonded Cr({III)-C species illustrated the stability of
(H'20)5CrCF3++ as compared ko other Cf(III)-C complexes, towards
aquation.'®® The intermediate monocation, (H;O)QCrFCF3+; was
characterized and determined to accelerate the aquation reaction.
The primary products of aguation, Cr(H20)33+; HF and CO sug-
gested difluorccarbene as an Intermediate, leading to prodﬁction
of carbon monoxide in the acld aqueou: medium. ' '

Earlier studiles of reductive cleavage ci To-C bonds in
alkylcobaloxime complexes by Cr++ in aqueous solutlon to produce

A(H20)5CrR++-were extended to include reactions of the corrin

- L7 1
complexes, methylcobalamin and ethylcobalamin. 48

Stable MeWOCls and MeW0oCl complexes have been prepared
in good yields from the reaction of MeWCls or MeWOCls (pre-

pared from WCle and MeoHg) with oxo-type ligands (i.e., OFRa,

OAsPhs or OSMes). 147
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N An;i'therﬂ a’spéct of metal-o-carbon chemistry is illusirated
by th‘e-féllowingr reports. The reaction of CpMo (CO )aCH, with
'-(C‘eﬂs)aAé in acetonitrile 8.‘6_35'° yielded the carbon monoxide
insertion product CpMo({COCH=){CO)aas (CeHs)s.  *® Kroll and
WOJ'cicRi have observed that CpW(CO)sR (R = CHs, CzHs, and
CH-CsHs) Teact with SO, to afford stable complexes of the S-sul-
finates, CpW(C0)sS(0)aR."*° oOn the other hand, CpW(CO)sCH2C=CR
(R = CHa and CgHs) was found to react with SO» tov vield the
cycloaddition products CpW(C0)aC=C(R)S(0)OCH> (XLIX). Desul-

fination of these complexes occurred upon contact with alumina.

(XLIX)

cpMo (CO ) 3CHoCRY=CRR' complexes have been found to react
with tetracyanoethylene {TCNE) to yield the product derived by
(3 + 2) eycloaddition with 1,2 metal migration (L); CpMo(c0)=(L)-
CH2C=CR (L = CO or P{OCeHs)a) affords complexes of the type (LI)
upon treatment with TCNE.2%° In contrast, CpMo(CO)a[P(0CeHs)al-

CHoCH=C (CHg )2 reacted slowly with TCNE to yield the keteniminato
derivatives (LII). The reaction mechanism for- the formation

R R CN R CN
re ML N \c c/ CN @ /co CN
ST CTC % Mo —N ] S
Ml —c | M —c [ Ny € _C—CHyCH=C
NCHs~C—CN NCH—~ C—CN CO "\ \
5 ] PIOCH) CN CHy
\ \ 6 '5'3 |
CN CN

L) hn (L)
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at Zééf}fiﬂ;;:jvr
';of uhese derlvaulves was discussed 1n uPrms of the 1ntermeaiacyrvﬁﬂ
oP dlpolar metal—olefln and’ metal—allene complexes.r.;' : ' .

Plttman and Fells have carrled ‘out a deoalled study rf,the”
SJnuhe51s and thermal decomp051t10n reactlons of (hr-CeHSCHé)-.
'(h —CsHs)M(CO)s (M = Mo and W) and their polvmer-bound analogs
(linear and cross-linked polystyrenes) » )

Only a,few reporss of new syntheses of VIb hydridp CcOom- .
plexes were found in the 1974 litefature; D'Anielld,énd Baré;
Tield have reported the'sﬁnthesis of the first isoléble'hydrido'
complexes via the metal vaporization technique.152 In this
mermer CppMHz (M = Mo, W) were prepareé'by co-condensatioﬁ of
metal atom vapors and cyclppentadiene.at'-196°.

The synthesis of tetrahydridotetrakis(methyldiphenyiphos-
phine)-molybdenum(IV) from the reaction of MoCl,(PMePh,)» (pre-
pared from MoCl, (NCEt)2 and MePhp,P in CHaClp) and MePhpP and
NaBH, in ethanol has also been reported.153

The reaction of the metal hydride derivatives, HM(CO)aCp
(M = Mo and W), with pentamethylene diaziridine has provided a

154
new route to cyclic carbamoyl complexes (L.II)

(L)

Finally, the presence of -a M-H bond was proposed in the
following work. Dimethylphenylphosphine reacts with CpZM(CHZCHZ)é
Me+?Fs‘ releasing ethylene and producing szM(Me)(PMezPh)+?Féf‘4 '
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4f(M;=fMo);155 ‘If hpﬁéver M = W;,the préduct was proposed to
:Léoﬁéain é‘qﬁéfernéry'phdsphbnium ligand, [CpZW(H)(CH2P+Me2Ph)]PF6-.
"In.the trideuteriomethyl derivative, [Cp2W(CoHs)CDal'FPFe~, the
'réaction product was found to be analogous to the Mo compound,
i.e., [CpzW(CD3)rMeoPhlTPFe™.2%% An equilibrium between inter-
'mediates of the type [CpaWCHs1" and [Cpaw(=CH2)H]f is proposed

to explain the results.

Metal-metal bonded complexes. This section on metal-metal

bonded compiexes is organized according to binding or inter-
action of the VIb metal with other metals according to the
_latter's family position in the periodic table. The reader

may also refer to references 306, 307, and 348.

- The structure and chemical properties of [CpaoMo (H)Mg(CeRi )-
L-BroMg(Et20)2], containing a Mo-Mg bond and prepared by the
reaction of CpsMoH» with cyclohexylmagnesium bromide were pre-
sented.157 The synthesis, characterization and structural
properties of [CpM(C0)sZnClls, (M = Mo, W), [CpM(cO)aznci-sl,

(S = Etz0, n =2; § =2,2'dipy, n = 1) and [cpM(CO)al=Zn were
also reported.t®®

An extensive series of reports dealing with VIb-Si compounds

was published from Malisch's Yaboratory. The thermal stability
of silyl complexes CpM(CO)aSiRs (M = Mo, W; R = H, CHs, Cl, Br),
formed by reaction of the corresponding Na+[CpMo(CO)3]- with
- RaSiX was found to depend highly on M, R, and, in solution
studies, on solvent.159 For example, the thermal decomposition
proceeds with much more facility in THF than in Et,0 or hydro-
carbon solvents, yielding as products [CPM(CO)sl> and R5S1-0-SiRs.
The facile halogensation of metal-substituted silicon hydrides
such as CpM(CO)aSiMeoH, -SiCl.H, ete., (M = Cr, Mo, W) by CCl.
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rand CBra, yielding the corresponding halo-silyl derivatives
'—SlMeX SiClzx etc., was also: studied by Malisch and Kuhn
Other fluorine silyl metal compounds such as’ CpM(CO\SSiMes_xEx5
(M = Cr, Mo, W) weve described.’ E

Ccp (CO)sWSiFg, Cp (C0)aMOSiCHaFz, Tp (CO)aMoSiFa,' and

Cp (CO)aCrSiCH3F2 have been found to react respectively with

the phosphorus ylides (CHs)sP=CHS1i(CHs)a, (Cz=Hs)sP=CHCHs,
(CHs)2P=CH:> and (CHs)sP=CH> to yield the products (CH3 )aP=C~
[Si(CHs)s1SiFs, [(CaHs)eP-CH(CHs)(SiCHsF2)1[Mo(CO)sCpl,

[ (CHs )5 PCHaS1Fs 1Mo (CO)aCp]1, and [(CHa)sPCH2SiCHsF2llCr(CO)aCpls™"
In yet another work Malisch prepared disilane transition meteal
complexes of the type Cp (CO)aM-Si(CHs)2Si(CHs)a and Cp (CO)aM-
si(CHz)2Si(CH3)2X (M = Cr, Mo, W; X = C1, Br) from the reac-
tion of the anions [Cp(CO)sM]Na with tne halodisilanes

(CHs )sSizX or (CHa)iSioXz. 2 fThe chlorodisilanyl complexes
nere converted into the fluorinated derivatives via reaction
with AgBF.4. Reactdons of these derivatives with ylides were
investigated which resulted in metal =+ carbanion transfer of

the Si-Si group through metal-silicon fond cleavage and transyl-
idation. '

Dossor, Esborn, and‘ﬁalton have studied base cleavage

reactions of C-Si and C-Ge bonds in arenechromium tricarbonyl
complexes and have found these reactions to occur much more
readily than in the uncomplexed arene spccies.164 Included in
this study were the reactions of (h®-PhC=CGeEts)Cr(CO)s, "
(h®-PhSiMe;)Cr(CO)s, (h®-PhCH2S1Mes)Cr(CO)a, as well as the
corresponding free arenes, with a mixture of methanol (5 uol)
and aqueous alkali (1 vol) at 30°.

Yamamoto and Todd have reported G-bonded complexes of

‘Bif:f;
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’ some, heteroatom boranes (1,2-GeCHBioHjo , 7,8-BsHioCHP, 7,8-
BQHibAsa';_,rB;_éH;_gP_ and BjoHi2As ) of the form (w-C;H,)Mo(CO)z -
fcecﬁﬁionlo for example, which were prepared froﬁ reactions of
ﬁhé cationic complex (w-C7H7)Mo(CO)5+ with the corresponding
anions.'®® The borane ligand was_prdposed to be bound to the
ﬁolybdenum atom by means of a‘c bond through the germanium,
phosphorus or arsenic atom. 1,2-B;oHioCHGeM(CO)s™ ( = cr,

Mo, and W) cémplexes have been prepared from the photochemical

reaction of the corresponding hexacarbonyl with a 1/1 mole
ratio of (CHa)sN[1,2-BjoHioCHGe] in tetrahydrofuran.:®®
Chromium-, molybdenum~, and tungstenhexacarbonyl were
shown to react with adducts of dichlorogermylene under photo- -
chemical conditions to yield the thermally guite stable,
crystalline pentacérbonyl derivatives (LIV).lef Trichloro-
germidometalgte complexes of ch;omium and molybdenum have also

been prepared by Kruck and Molls.168

s

(©C)sM—GeCl;
(L1V)

Several reactions using divalent tin halides resulted in
the formation of VIb-Sn bonds. M(CO)sSnX- (M = Cr, Mo, W;
X = Cl1, Br, I) complexes have been prepared by photolysis of

° Similarly, M(CO)sGeCly was synthe-

M(CO)e and SnX» in THF.'®
sized from M(Co)e and CsGeCls. Resctions of these neutral
species with MesNX in THF produced the anions [M(CO)sSnXgl™

and [M(CO)sGeClsl . The tetrshydrofuran adduct of
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2(t—Bu)ZSnCr(CO)5 was ranked ln a series of Group IVajand IVb,taﬁyf'

‘Lenis acids accordlng ,o the strengvh of thelr 1nteracuion w1th

"170
allphatlc nitroxides ‘as uetermined by epr., :

[CPVT("O)s]ZSHX2 (x =rc1 and Br) have been preparod from
the reactlon of Et4N[CpCr(CO)3] with SnX» in acetone in yleldsfr

‘of 20-48% A relaolvely strong Cr—Sn bond is 1nd1caued by ir .
and’ mass spectral measuremenus. 172 ' - .

An 1nve5u1gau10n of reactions of uln(II) halldes Wluh a
variety of compounds containing transition metal-carbon U'bonds
has Dbeen carried out by Cole, Cotton, and McWilliam.l72 A‘though
no reaction hetween CpMo(CO)QCHs and SnCls in refluxing methanol
was detected, under uv irradiation a reaction occurred produc-
ing CpMo (CO)aSnCls and s-ibsequently Cl=Sn[Mo(C0)sCplz. Similarly
no insertion compound was observed with SnBrs.

Complexes containing divalent tin ligands such as
(CsHs )oSnW(C0)s and (LV}, have been isolated as brown and pale
yellow powders respectively from the photolysis of n(co)a and

.the corresponding divalent tin ligands.173

. Ph ]
\
c==0
lI \
HC " cn ——’CP(CO)E,
\Ej‘—_—.‘o //
/s
Me 2
(LV)

~ Reaction of M(CO)e (M = Cr, Mo, W) with Et,N[SnBrs_nCln]
(n = a-2) photoch'emically in CHzClz or thermally in refiuxing.
THE gave complexes containing M-Sn bonds of the type E£4N~
[1(C0)sSnBra-nCinJ.*”* In addition, [EtAN]e[Cr(SnBra_nCln)a]7

{n = 1 ana 2) complexes were prepared from (CaHe)ZCr and
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'}Eﬁgﬁtéﬁsr;;nciﬁl”iﬁffefluxing THF.f Similar reactions with
'éfiéhlérbtin.éalts;yielded the derivatives shown as products

in5equétions 29:£h;6ugh 32.77° a11 products were isolable,
crystélliﬁé'salfs;

A

. v ) .
M(Co)s + [NMesz][SnCis] N =crionm [Me.1[M(CO)sSnCIL] + cO  (20)

(CeHe)M(CO)s + 3[NMes][SnCls] ﬁ—;gggjﬁg-[NMe4]3[M(co)3(Sn013)3]
+ Cellg (3c)

- THF
(CeHe)oM + 6[NEt,][SnCla] 7 =g~ [NEtele[M(SnCla)e] + 2CeHe (31)

%E::tlod%b [NE"B‘Q ]6 {l‘I (SI’ICls )s ] + chHa (32)

The preparation and properties of other-compounds containing
molybdenum-tin bonds, (€0)z (C-H7)MoSnPhpCis_n (n =0, 1, 2, 2nd 3)
and (Co)é(¢7H7)MbSnBr3, were also reporied.’’®

The reactions of (CH2 )aSnCH-T with the sodium salis of 2
variety of metal carhonyl anions have been shown by King and
Hodges to result in cleavage of a cerbon-tin bond to give mix-
tures of the trimethyl tin and methyl derivatives. '’ Included
in this study was the reaction of (CHs)sSnCH-I with NaMo (CO)aCp
0 yield (CH3)sSnMo (CO)aCp and CH3Mo(CO)szCp. The latter deriva-
tive was proposed to arise from reaction of the unstable "NaCHzI"
species and the metal carbonyl anion followed by solvent proto-
nation.

NalcpM(co)s] (M = Cr, Mo, W) was found to react with
BrSb(CHs)2 to yield CpM(CO)sSb(CHsz)z derivatives. = Further

reactions of these derivatives with (CO)sW(THF) or
(C0) 4W (norbornadiene) yielded Cp(CO)aMSb(CHs)z-W(CO)s or
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fcp (co)amsmcns)aiaw(co),,, respectively The reactions of

'[CpM(CO)SSb(CHa)al with (CHs)2P=CHR (R = H, Si(CHa)s) and e
~ (R = CHs, CHa = CHCHz, CeHsCHz) were also described. . The , |

analogous metal s@bétituted arsanes such as coM{CO ) aAs (CHa )2

M = Cr, Mo, W), prepared by reaction-cf CpM(CQ)S-Ng+ or

cpM(C0)2Si(CHa)s with (CHz)2AsCl, readily quaternize with,

e.g., CHaI, yielding salts such as [CPCr(CO)aAs(CH3)3]+I-.%79

The corresponding antimony compounds,.CpM(CO)asb(CHS)z aléo

add Brz to become sb(V) derivatives whose chemical behavior

is determined by the tendency of the Sb to acquire tri-coordi-

nation (eq 33). °°

- . A :
Brp, (CHa )2Sb-Mo (CO)sCp = (CHgz)2SbBr + CpMo{CO)sBr (33)

Thie metal-metal bonded molybdenum dimer [CpMo(CO)s]a has
been observed to undergo light catalyzed substitution and dis-
proportionation reactions with C1 , Br , and SCN . to yield
CpMo (CO)a~, CpMo(CO)aX, and CpMo(CO)aX-"."%" The latter species
was shown to resulf from a second- light-catalyzed éisplacement
of CO from CpMo(CO)zX. Quantum yield measurements on the reac-
tion of the dimer with Br~ in acetone were very wavelength
dependent. 4)546 and(paaa were observed to be 0.36 t 0.06 and
0.07 i"0.02, respectively. The quantum efficiencies of .these
photoreactions of [CpMo{CO)sz]- with X~ were 21l found to be
strongly solvent dependent with acetone, tetrahydrofuran, and
acetonitrile being of much higher efficlency than benzene. The
marked facility of [CpCr(co)szls metal-metal bond cleavage »
using reagents such as Cd, Hg, HgCl,, HgoCl,, z2nd I, was also

182
noced.

Carbonyl displacement in both the dimer and the
do-cleaved product, CpCr(CC)al, by PRs ligands proceéds readily

in refluxing EtOH or pentane.
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B Reaction of Mo(CO)a or Feo(CO)s with Nao[Cr(co)s] affords
‘the ‘mixed. dinuclear carbonylmetalates Nao[(0C)sCr-Mo(CO)s] and

Naz[(OC)SCr—Fe(CO)é] derivatives, respectively. oo

Molecular nitrogen and nitrosyl complexes. A review of the

first seven years' work in determining the synthesis, properties
and significance of transition metal dinitrogen complexes also
explored their role as potential intermediates of No assimila-

84 = -
Some 86 references are given.

tion.”

A low-yield abiological fixation of Mo-bound Ny was reported
by van Tamelen and co-workers, 183 utilizing Ezgggf(dppe)gMo(Ng)a
and the 4Fe-4S cluster compounds, Fe4s4(SEt)4n', n=2, 3, 4;
however a reinvestigation of this reaction of :EEEE Mo (N2)z -
(dppe)z] with HC1 in the presence of [FesSs(SEt)s]° showed no
NHa as products but rather [MoCla(dppe)2]+, H>S, EtSH, H,, iron
chlorides, and Ng.lse on thg other hand, the reduction of
dinitrogen a2t a monometal site was observed in studies of the
reactions of [trans-M(N»)-(diphos)z] (diphos = dppe or depe,
£2PCHoCHoPEt2) and cis-W(Na)a2(PMepPh), with hydrogen halides. ®
During this work the following compounds were obtained and char-
acterized: [MX>(NzHz)dppez], Mo (N-H»)depeoX, trans-[WC1(NpHz)-
FMesPh)s1C1, and [WH(N;)zdppez]HClo.

In another Np-fixation relsted work, Shilov and co-workers
have pointed out that ATP has no specific stimulating effect
over ADP towards molybdenum/glutathione reduction of acetylene
when the two reagents are added in solutions of equal pH.188
A further contribution to nitrogenase model systems was based
on dimeric molybdenum(V) N,N-dialkyldithiocarbamates.™®®

V_f_.']j—ie preparation of trans-{Mo(Nz)z(dppe)z] from Mo (acac)s

and dppe in the presence of AlEts has been reported in detail.190
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Ina similar report'thé-qomp;éxés'MbH(acac)tdééé)z{(acééﬂé
péhtané;2;h;dionatp)'and Mo (CoH, ) (dppe)o were-ﬁrepared'by
'teéction of'Mb(acac)é with AlEts in thekpteéeﬁpé of'dppe.}?l
(See ref. 141 also.) Ethyleﬂe'may be reve;sibly replaced. in
Mo(CZH4)(dppe)2 by two molecules of Np forming trans-Mo(Nz)z -
(dpbe)z. Sodium may also be used as a reducing agent in these
preparations. Thus, Mo (dppe)z(N-)Cl as well as Mo(dppe)s(Nz)>
were prepared by the scdium reduction of MOg(dppe)gcle'ECeHe
in the presence of dppe.lgz.

Treatment of the dinjtrogen complex (IVI) with tetrafluoro-

' 193
boric acid yielded the dicati.on.(LVII).

B Me ]
M Me.
</\‘PMQ2 © EEEB (f\\PzzH
| Me l /S “ie
MeyP —Mo-—N=N—Mo—PMe, MegP —Mo—N=N—Mo—PMe,
Me | ) Me /|
b H p
Nt e S e
| Me ] L NMe |
(Lvi) {Lvi)

The gingo(Ng)z(PMeéPh)4 complex was used as precursor of
a ligating carbon dioxide complex, Mo(COz)a (PMeaPh)s, which
seemlngly disproporitionates (pr reacts ‘with 0z) in soluﬁion to
yield the carbonato-~bridged complex, (PhMesP)s{CO )Mo (1L-COz)aMo-
(CO)(PMeéPh)a.;gé The latter was characterized by X-ray crystal-
lography. ”
The preparation and properties of several new nifrosyl
complexes were.reported. Reductive nitrosation of MoCls with
NO in the presence of PPhs in methylene chloride has been

observed to afford Mo(NO)Cls(OPPhs), as an intermediate with
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eventual formation of Mo(N0)2Cla (OPPhs)s as a final product.>®®

'Thé final'praauct existed as the bis-benzene solvated derivavive
when the resction was run in benzene solution. Another dichloro-
dinifrosylmolybdenum complex was also reported.196 In addition,
an interesting thionitrosyl complex, [Mo(NS)(SaCNRz)z] was also
prepared.*®”

Chromium nitrosyl complexes have been prepared by way of
electrochemical reduction of various Cr(III) complexes such as
Cr(CN)sa- in the presence of nitrite ion.” %% 1In yet another
nitrosyl complex preparation, Stewart has prepared [CpwW(NO)z=CO]PFs
‘as a green solid ina90% yield from the reaction of NOPFg and
CoW(CO)2NO in CH2Cln/CHaCN at -78°.° ° The lability of the
carbonyl ligand in this complex offered a convenient route to
a variety of cationic and neutral nitrosyl derivatives, includ-
ing [CpW(NO)aL]PFs (L = tertiary phosphine; ‘arsine or stibine)
and CpW(NO)2X (X = c1, Br, I).

Several reactions of nitrosyl complexes were studied.

The oxidative addition of halogens to nitrosyl and arylazo
derivatives of Mo and 1f, namely (I'IBPZa)M(CO)gNO and (HBPZa)-
M(CO)zNaPh (Pz = l-pyrazolyl). has been investigated by Deane
and TLalor.Z%® a variety of products were observed including
those containing bridging ArN. ligandsand an ArN, derivative.
Hanne and ¥Winjcicki have carried out a study of reactions betweon
cpCr (NO)2R (R = CHa, CHaCeHs) with CO, SCO, SO», and TCNE.Z'
Wheréas S02 readily inserts into the Cr-CHz bond to yield stable
S-sulfinato complexes, CpCr(N0)>S(0)>R, CO and SCO are not
reactive in these systems. Tetracyanoethylene was found to
react with CpCr(NO)>CHs tc afford CpCr(NO)2C(CN)-C{CN)2CHs

and with CpCr(NO)-CH,CeHs to yield both CpCr(NO)-C(CN)2C(CN). -
CH>CgHs and CpCr (N0 )oN=C=C (CN)C(CN)2CHoCeHs (LVIII).
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v

Isocyanide derivatives of Group VIb nitrosyls were the
subjects of two reports. The syntheses of trans-W{(CO).(No)x
{X =c1, 1) via cleavage of HW-(CO)gNO by NOCL or Io

202 Tert-butylisocyanide

were presented by King and co-workers.
complexes such as [(CHa)aCNC)1yW(CO)g-x(NO)X (x = 1-4) mey

be readily obtained by thermal displacemeﬁt of CO ligands.

The isocyanide complexes, [CpMo (NO)Xs(cKrR)] (X = Br or I),

[tlo (0) (cNR)s]1X (X = I or PFg) and [Mo(NO)(CNR).I], have been
prepared from the reaction of [CpMo(NO)Xz]- with CNR (R =
21¥y1).%%®  Treatnent of [Mo(NO)(CNR)sII with R'NH» afforded
[20 {NC) (CNR) 1 {C (WEHR) (WER*)§ 1T or [Mo(NO)(CNR)4(NHoR')IT (R® =

alkyl) depending on temperature.

Hiscellaneous complexes and methods. A new high yield

preparation of Cr(C0)e utilized the reduction of CrCla+3THF

in banzene with potassium in the presence of KI followeé by -
reactuion wifh (o{0] (autocléve at 280 atm) at 220?0 for 16-20
nours.%°* An additional synthesis of Cr(CO0)es was carried out
using activabted magnesium (prepared via reduction of MgCl, with
potassium/KI) which afforded an even greater yield of 83%.

' A facile route to the production of M(C0)s™ in ca. 95%

yield for M = Cr and in nmuch poorer yields for M = Mo aund W,

205

utilizes Na dissolved in BEMPA. The Crz(C0)i0> ion is shown

to be intermediate in the reduction reaction as ﬁell as the
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_pfqduct wﬁeh:ﬁrace amounts of Oé are added %o Cr(co)52—. Dis-
’ ¢f¢panéiésvﬁifh'the earlier literature are accounted for by
ﬁﬁig'extfeme air sensitivity of the mononuclear dianions.
Douglas and Ruff have succeeded in preparing the anions

208  of the two procedures employed,

[1(co)sF1” where M = Cr, W.
photochemical reaction of M(CO)g with [(CeHs)sPloNF in CHoCls

and reaction of AgF with M»(C0).o -, the former gave much

higher yielas.

Wentworth and co-workers further defined the use of metal
carbonyl derivatives in the synthesis of di- or trinuclear
moclybdenum halide anions. Thus, salts of MOaclga- and MoaBrss-
were synthesized in high yields by way of the halopentacarbonyl-_

207
molybdenum anions (egs 3% and 35). In addition, salts of

6 MoCls + 4 Mo(CO)sCl™ + 11 C1~ = 5 MooClg . + 20 CO (31)

3 MoBr, + Mo{CO)sBr~ + 5 Br~ =+ 2 MozBrg® + 5 CO (35)

MOaclgs_, M02C192—, and Moacllas_ were alsc prepared by the
oxidative displacement of CO from Mo(co)écla_, specifically by
reaction with MoClg® , MoClg , or with MopCls> (to yield tri-
nuclear MozClis> ).2°° '

The VIb metal carbonyls were used as metal source in the
preparation of tris(gftetrachlorobenzoquinone)chromium, molyb-

° Simple reflux in benzene of the two

denum, and tungsten.2°
reagents, M(CO)e and the benzoguinone, gave the desired prod-
ucts. .(PhNC)gCrL (I, = dimethyl fumarate and fumaronitrile)
complexes have been prepared via photolysis of (PhNC)SCr in the
presence of L.2*°

The dithiocarbamate complexes Mooa(schRa)e have been

-found to react with phenylhydrazine and NaS;CNRp to give brown
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.alr-stable phenylazo complexes of the form [Ph-N—N-Mo(SZCNRz)a]
Methylazo and benzoylazo complexes were obtained 1n an analogous
menner. However, the oxime complex Mooz(csneno)z and phenyl—'
hydrazine reacted to glVe the bis(phenylazo) complex,
Mo (N2Ph)z (CoHeNO)z. On the other hand, 1, l—dlmethylhydrazine
was shown to react with Moong (L = oxime or dithiocarbamate)
uO give the N,N- dimethylhydraz1do-N'(2 -)oxo complexes
MoO (NNMez )Tz - Alkylation and protonation reactions of these
azo complexes were also carried-out.211

Cyclic voltammetry studies prompted the electrochemical
synthesis oftCr(CO)s+. The'l7-electron species thus produced
in MeCN-BusNBFs at a Pt electrode displayed an esr signal which
grew with time of electrolysis and decayeo by 2 second order
p:z‘ocess.a12 The electrochemical oxidétion and reduction of
complexes of [M(CO)Z(dppe)g]o’ﬁ’+2 (M = Mn, Mo, W, Cr) were
oarried out in order to determine the effect of oxidation state
on stereochemistry.213 Trans isomers are favored at higher
oxidation states; the electrochemically produced cis isomers
of M(CO)= (dppe)2+ (M = Cr, Mo, W) readily isomerize to the
trans form.

‘Reactions of low valent transition metal complexes, includ-
ing Group VIb carbonyls and substituted carbonyl complexes,
with the Karl Fischer reagent (pyridine, SO, and Io) mesulting
in oxidation of the metal have been described.214 Corey and
Fleet have employed the chromium trioxide-3,5-dimethylpyrazole

complex as. a reagent for the oxidation of alcohols to carbonyl

. 215
compounds.

Greco and co-workers have reported the reactions of W(VI)

and Mo (V) chlorides with azoxybenzene to yield ionic products



275

- of. W(VI) and Mo (x}I)',oxychloi-ides where the cation is a proto-
 néted azébehzené.216 In addition, the reaction of MoCls or
M60C14'and azoxybenzene afforded the complex [trans-MoOCl, -
(OCaHs)]-[ClaHloNzH]+. Several complexes of substituted azoxy-
benzéne were also described. )
The molybdenum complex Mo(CO),L (L = [p-RCeHs(p-R'CgHaN:)Cl2)

has béen prepared via reaction of Mb(CO)e with I in refluxing
CeHs.- 7 Further CO substitution with PR§ to yield Mo (CO )L (FRS)

derivatives was also reported.

Kinetic and Mechanistic Studies

Many mechanistic studies of fluxional molecules are included
under the nmr section of Spectroscopic Studies. The work pre-
sented here deals primarily with ligand exchange aﬁd isomeriza-
tion, and with reactions at 0- or w-bonded carbon to metal sites.

The rates of reaction of Cr(CcO)s with several solvents
(eq 36) and of the decay of the Cr(CO)sL species in CO-saturated
cyclohexane solutions (eq 37) have been determined by both

conventional and laser flash photolysis.218

cr{co)s + L -ﬁ-— cr(co)sL (38)
cr(co)sL L. cr(cod)s + L 7)

From the values of ks and k4 the equilibrium constant for the
process shown in eq 38 was computed to give a measure of the

stability of the Cr(CO)sL complex. The rate constant
Ke
cr(co)s + L. =— cr(co)sL (38)

ks was found to increase in the order: benzene (7.0 x 10®% M-
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l)<diethyl ether<:methanol<:ethyl acetaue<:acetone<:aceto—:i[;
nitrile (l.o x 10 M 1féé¢’1). ky was found: to increase in thel 7
reverse'drder.v Slmilarly, the stablllty of uhe comnlex Cr(uo)sL
(given by Ke) also 1ncreased in the order: benzene, diethyl
ether, ethyl aceuaue, acetone, and’ acetonltrlle. The rate and ‘
equilibrium parameters were suggested as p0551ble sbivent
parameters for organometallic réactioner(e.g., the catalytic
oligomerization of butadiene by diﬁutadieneiron monbcarbonYl).

Dobson has reexamined the system illustrated'by eq 39
AW(CO)s + L === IW(CO)s + 4 (32)

(A = amine, I = heavier Group V Lewis base) and found that the
previously reported Kéq temperature dependences and the cor-
responding thermodynamic parameters were erroneous in that the

time requirement to achieve equilibrium was much longer than
that assumed by the earlier workers.219

The chelate complexes, Mo(CO)4[ (CeHs)2PCHaCHoN(CHs)z] and
cis-Mo(CO)al (CeHs)2PCH2CHoN (C2Hs )CH2CHoP(CeHs )21, have been
found to react with 13CO with replacement of the N-donor site
to yield stereospecifically g;§_13co species.220

Further kinetic investigations of the chelate ring-opening
represented below as dependent on the chelate ligand structure

was described by Angelici.221 The reaction rate is first order

(i'o (I:o
oc 1 _N oG :
~ .7 /
M + CO - M (40)
sc’,‘P) oc l\P-/

co co

in both complex and CO concentration, and for the serles

Mo (CO) 4 (PhoP(CH2)NRz2) (n = 2), the rates increase with bulki-
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7;neés of the NR» donor group. Rates of product formation also

“increase with increasing values of n both for the PhoP(CHz ), NMeo
';igand:és well as the pyridylphosphine derivatives, PhpP(CHz)p -

CsH,N. 227

A similar ring-opening mechanism is proposed in both
studies.

Connor and Hudson have measureé rate data and activation
parameters for the ring-closure reactions of Mo{CO)s(dppe) and
of Mo(CO)s (dmpe) {dmpe = MeoPCH-CH-FMe») to give cis-Mo(C0). (dppe)

223 The rate of dppe closure

and EEEfMo(CO)é(dﬁpe), respectively.
was approximately twice as fast as that of the dmpe analog.
These reactions were observed to proceed more rapidly than their
chromium counterparts. In addition, these workers report the
preparation and propertiies of the chelate-bridged hetero-metallic
complex (CO)sMo (dmpe )Mn(CO).Br.

Dobson and co-workers have investigated the kinetics and
mechanism of reactions of the Group VIb metal hexacarbonyls
with tetrabutylammonium halides in chlorobenzene tc afford
BuéN[M(CO)SX] products.224 These reactions were shown to obey
the second-order rate law, rate = ko[M(CO)el1[Bu.,NX]i, for M =
Mo and W. However, for M = Cr, an additional ligand independent
term in the rate law was observed, rate = ky[Cr(co)al +
ka[ér(co)e][Bu4NX]. The steric nature of the halide was influ-
ential on the rate of the reaction with C1>Br>I. These obser-
vations taken together were suggestive qf the second-order yath
involving attack of the halide at the metal center for Mo and W
but at a éarbonyl carbon atom for Cr.

Fischer, Figcher and Werner have studied the kinetics of
the isomerization reactions (eq 11) of {(co).cric(oCcHs)CH;IPRs

(R = CaHs and CaHll) in methyleyclohexane and toluene.z?"'3 The
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 e15-(00)CrlC(0CHs JOHa 1PRom £rans- (00)4Cr [C(00Ho )CHs PRs (41,
(2) - . S e

isomerization process obeys a.fi:St—ordef-fate iaﬁrofAthé”form .
rate = k1 [A] - k-3 [B], wheré excess phésphine or carbonimdnéxide
have no significant effect on the raterof'inte;cohvérsion.L'Phos-
phine exchange studies also indicated that the isomerizétionﬂ~
takes place via neither a phosphine nor a Corbond.qleévage. The
AH1= and ASF values were'obtained for both thé forward and reverse.
reactions for both phosphines and solvent and their respegtive
ranges were 21.2 to 25.7 kcal/mol and -5.5 to +5.0 e.v. These
resulis were discussed in terms of a trigonal twist intramolecular
isomerization process.

Photochemical reaction studies of M(CO)sL suggested simnl-
taneous L and CO photodissociation in the 368-439 nm region

with a predominance.of L substitution over the entire irradia-

R 226
tion range.

1360 for *2¢o in (norborna-

. The photochemical exchange of
diene)M(co); (M = Cr, Mo, W) resulted in stereospecific enrich-
menc of axial sites.227 Thermal equilibration of axial and A
equatorial sites was interpreted in terms of a metal olefin
bond opening and subsequent rearrangement of the 5-coordinate

intermediate.

Proton nmr specira were used to monitor the exchange of
CD3CN for CHaCN in the nitrosyl complexes, Sigf[M(NO)g(CHSCN)4]2+,
M % Mo and W. 0 The exchange half-life was independent of CDaCN-
concentration and %he complex stereospecifically exchanged only
two CH3CN molecules, suppdsedly those trans to the Nolligands.

A diSsdciative pathway and_stereochemical rigidity of,the resul-

. tant 5-coordinate intermediate was proposed.
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: Graham and Kllner have studled dlsproportionatlon reac-
; ulonS (eq 42) of [M(Co)s_n(CHSCN)n] (M =Cr, Mo, W; n = 1-3)

229. - e
These processes were ‘shown %o occur rapidly in

complexes.
,Nugol and acetone solvents at room temperature but only at

much hlgher temperatures in acetonitrile solution. The CO
necessary in'forming less-substituted derivatives 1s derived
from CO produced by decomposition of the more highly substituted
speciest The nature of an intermediate possessing a strong

v(CO) absorption at 1995 cm - was proposed to be trans-
W{(C0).(CHsCN)>. This however appears unlikely because of the

high frequency of the observed vibration.
M(CO)s (CH3CN)s = M{cC),{CH3CN ), — M(CO)s (CHaCN) — M(CO)s (42)

Barnett and Pollmann have investigated the kinetics of the
decarbonylation reaction of trans-CpMo(CO), (L)COCH; where L is
a variety of tertiary phosphz‘mes.z30 The observed order of
reactivity was found to correlate with the steric bulk of the
phosphine ligand. At 60° in acetonitrile the seguence of rela-
tive rates observed was P(c-CgHii)a> P(CeHs)a (i~CaHz) >
P(CeHs )o> P(p-CHaCeHas )5 > P(p~CH30CeHs )3>> P(Cels )2CHs > P(i-CaHs )s
>P(CeHs ) (CH3 )2>>> P(n-CeHg ) 3. 2% and AsT for this process was
found to be 29.3(30.3) and 4.2(7.4) for P(CeHs)s (a2nd P(n-C.Hs)s) .
‘ respectively, suggesting CO dissociation as rate determining.

Jacobson and Wojcicki have in&estigated the raﬁe of scis-
sion of the M-CR; bond in neat Sdz at -65 to -18° in a group
of related complexes including CpCr(NO)zR (R = CHa.CegHs and
CeHs)- and CpMo(CO)sR (R = CHs, CpHs, and CHzCeHs).Z®°' The
results obtained support the general mechanism proposed previ-

ously by these workers which involves the intermecdiacy of O-
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bonded sulfinates in SOz insertion reactlons 1n1alky1metal-

der1vat1ves (eq 43) Trends in rate data for a variety of:,,‘fv’

M-CRaA + SO0z —a

- 1 T
Mto.sCcRy T — M—SI—CRs T ¢ %) |
> M-0-s-cr) 0

o

metalalkyl—SOa insertion réactions were givehras wéll as compari-
son of these data with similar data for CO insertion prbcesses.
Metal-carbon bond cleavage by halogensiwas kineﬁically
studied for the systems illustrated by eas 44232 and 45.233
& vecond order rate expression (eq 468) was dependent on R in
both studies;'for example ko was related to thg-ﬁammett sﬁb—
stituent constants of the para-substituted benzyl derivatives

and this was taken as supportive evidence of an Sg2 mechanism.

(H20)sCrR* 4 Brp = Crf{Hz0)e ¥ + RBr + Br- (44)
(R = 21kyl, haloalkyl, and 4-pyridinomethyl)

Z
: + ‘
P-ZCeHsCHoCr (OHz)s™  + Xz = |(H20)Cr--=C---X
/N '\
. H H X |
Cr(Hz0)e®" + p-ZCeH.CHX + X~ (u5)

rate = ka[CrR1[X21 . @)
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7ﬂ_ ;Iodomethylpentaaquochromlum(III) is reduced by the chromous
'flon yleldlng methane.234 Kinetic &and act 1vat10n energy param-
:euers 1ed the authors to suggest a 10ng-]1ved organochromlum
1ntermed1at° of the known form [CrCHa] and an unknown {CrCHp-]’
specles as,being important in the reaction sequence. In a

‘related study the quantitative reduction of CrCH122+'by cr®

according to egq 47 was found to be first order in each Cr reagent
ok ot +
2cr®” + crcurz®t + HY = crr2t + or® + CrcH.I® =7)

and is rate-determined presumably by a bridged transition state,

+
235  pddition of labelled - Cr> led to a

[Cr—CHI—ICr]4+
distribution of label in all products, suggestive of a second
dinuclear intermediate, [Cr-(cHI)-cr]*’, carbon bridged.
Kinetic data were collected on the exchange reaction
(eq 48) (*Cr++ = Sl(_:r2+) and were at variance with those of
earlier workers.238 The present data were interpreted in terms
of an SH?_process at the satu;aéed carbon'center, or as an
inner sphere redox process involving a rather unorthodox bridg-

ing ligand.

(Ha;o)sc:rcna-@n-ﬂa+ + *er? == cr®T 4 *crcmo{ONE®T  (48)

An impressive study of the reaction of 16 aliphatic radicals,
+
as produced by pulse radiolysis(eq %9), with Cr(Hz0)e~ was
reporied by Cohen and M,eyerstein.237 Specific rates of the

Cr-RH formation (eq 50) are very high, approaching diffusion

RH. + H/OH =+ RH- + Ha/H20 (29)

IIT
RH. + Cr(H20)e®' = (H20)sCr  RH {50)
(H20)sCrT rE + Ho0 + BHY =  or(H20)e3” + RHs + Ho0 (51)
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"conurolled and showed no pH dependeﬁce.- The,order of reéétlv-i”:ﬁ
ity of radlcals e.g:, *CH20H>- CH(CH3)0H3> C(CHs)EOH 1ndicaued
elec»ron releasing groups enhance the probabllity of the unpalred
elecuron belng on. the react ng carbon. Suggestions for the '
.mechanlsm of certaln radlcal rearrangemenus in uhe decompositlon
process (eq 51) were_offered. Hexaaquochromlum(IL) was fgund to
react with H atoms produced by the pulse radiolysis of-watér to
form the [Cr(H20)5H]++ complex whose absorpﬁion spectrum is

238 The

similar to analogous complexes containing a Cr-C bond.
formation of the hydrido complex and its decomposition were
followed kinetically; a seven~coordinate intermediate was sug-
gested in the formation process.

Several kinetic and mechanistic studies dealt with T-arene
metal carbonyl complexes. The rate constant ratios (kD/kT) for
proton exchange between (benzene)Cr{CO)-PPhgs (1abelled in the
benzene ring with D or T) and CF3COoH were determined and no
isotopic effect was noted.=3® Howéver electron-acceptor sub-
stituents on the arene ligand such as MeCO, Me0OzC, and MeoN
were found to influence the rate of hydrogen isotope exchange

240

of such complexes as RPhCr(C0). (PPhs). The acetyl and pro-
tonated MeoN groups accelerated the reaction. However the MeoN
group underwent protodeamination. PFurther studies of the kinetices
of H-D exchange on (CeHe)Cr(CO)s have also been reported.Z®*
' Gubin and co-workers have investigatedvthe kinetics of
SNl solvolysis of v-(tricarbonylchromium)cumyl chloride and
Ef[ﬂ;(tricarbonylchromium)phenyl]cuﬁyl chloride in 90% aquéous
acetone.2%2 Rates of solvolysis were found to be significantly
faster in these tricarbonylchromium—derivatives when compared

with those of the uncoordinated cumyl.chlorides. The experi-
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jhéntélfdata.were uéedvto,determine cb and Up+ constants for
"ﬁhei(cb)QCrCQHgésﬁbstituent and those values were +0.15 and
V%Q}OQ),respectively. These are to be compared with the values
'20.01 and -0.179 for the CeHs-substituent.
The displacement of the ring ligand in (h°-C.Hg IM(CO)s
M o= Cr, Mo, W) or (h®-CeHgMez)Mo(CO)s with three CHsCN has.
been xinetically investigaved.-°> The observed third order rate
expression for the former reaction, rate = k[complex][CHacN]a,
Wasintérpreted in terms of a fast pre-equilibrium association
of the arenevricarbonyl with one CHzCN and a subsequent raﬁe—
determining reaction with a second CHséN.
Decomposition reaction rates for (arene)cr(co).L (L = co
or PPhs) have been detérmined. The triphenylphosphine deriva-
sive decomposed at a faster rate than the tricarbonyl analoa.244
The kinetic parameters for the thermal decomposition of W(CO)e
and Mo(CO)s have also been reported.aés’246
Studies of the kinetics and mechanism of reduction of
Cr(NHs)sNO++ by Cr++ have led Armor, et al., to propose coordi-
nated nydroxylamine as an important intermediate in this reac-
tion.Z%7
Cecéon and Catelani have continued their investigations of
the rates of side chain reactions in arenechromium tricarbonyl

derivatives. A study involving solvent and deuterium

248,249
isovope effects in E2 reactions of some 2-phenylethyl and 1-
phenyl-2-propyl derivatives was carried out. In addition,

Ceccon has studied elimination reactions from (l-phenyl-i-chloro-
propane)-, (l-phenyl-2-propyl bromide)- and (i-phenyl-2-propyl
tosylate)-chromium tricarbonyl induced by halide ions in acetone%

Kinetic measurements on the hydroxylation of naphthalene <o
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@-naphzhol by molecular oxygen in the presence of Mb(CO)e have B

. 250
been carried ouk.

Catalysis

The catelysis section will be preseﬁted?iﬁ;theAfollbwieg—
order: VIb-containing cazalysts on solid supports, oiefin»
metathesis reactions,rpolymerizations, hy&rogenations, photo-
chemical processes, and miscellaneous siudies. A

Several studies furthey delineate the conditidnsifor hetero-
geneous catalysts composed of Cr, Mo, and W on'supports such as
silica or alumina. Molybdenum and tungstien hexacarbonyl,
deposited on alumina, reduced with hydrogen and reacted with
hine at 200°C, produce phosphides containing on the average
g% Yo, 5% P and 7% W, 8% p.=2%t Along with other transition
meval phosphides, the suriace propefties of these compounds were
probed as to a variety of catalycic reactions such as Ho-1l-butene,
Ho-acetylene, and Hz-ethylene.

Smith, Howe andé wWhan have studied tvhe disproportionation
reaction of propene employing the supported Mo (CO)e catalyst
on Si0p, AlaOs, Si0n-Als0s, and Mg0.°°2 The disproportionation
reaction was found to be dependent on the temperature at which
the support was outgassed before the addition of Mo(co)e as well
as on the temperature of activation after the addition. The

disproportionation and isomerization reactions of l-butene,

cis-2- and trens-2-butene over the supported molybdenum catalyst

(5% Mo (CD)e~Y-2lumina) have also been examined.Z>®

The impoitance of the pfecurSor for the preparation of

heuerogeneous catalystis sysuems has been demonstrated in two.

WOrks. Hexameuhyl tngsten, thermally lesg stable than w(co)s,»
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'was sunported on 's1 ica or alumlna and, when activated at
{373 K produced a caualyst system w1th activity towards room
'temperauure propene dwsprooortionation comparable to those

derived from Mo (co)e.B5%

Thus the three precursors were com-
‘pared as to catalytic activity: Mo(CO)e>WMeg>W(CO)s. Com-
parison of a more extvensive series of Mo and W compounds impreg-
nated on SiOx or Al,05; showed highest propene disproportiona- -
tion catalytic activity for the organometallic derivatives such
as M(CO0)es or MRs (R = Me, CHnoCMes, CHzSiMes) and of those, the
highest activiiy was obtained from the less thermally stable
precursors.z55 Hizh oxidation state derivatives were also
investigated and found to be suitable catalysts providing they
be readily reduced at some stage during catalyst preparation.
The polymerization of butadiene or isoprene on Eziﬁfﬂ—allyl)—
chromium-silica gel or -aluminosilicate supported catalysts were
found to give diene rubber with 92-7% 1,k-trans units.256 On
the other hand tris(w-allyl)chromium supported on AlpOz afforded
a polydiene containing 85-95% 1,k-cis units. The stereospeci-
ficity of tris(m-allyl)chromium-silica gel and -aluminosilicate

catalyiic systems was suggestive of reactive centers having

structure (LIX).

/ ~ e
Me —C._ Cr—OSi—
\\‘ ,” \

CH”

—"(CH2CH =CMeCH2 )n‘—' CH2

(LX)

Several other studies utilizing T-21lyl-Vib supported

catalysts were reported.257 The activity of tetrakis-T-allyl-
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: molybdénumrsupbqrted on silica gei_tékards the:prépafatithbf;a,r 7
NHs - and also towards the oxidation of Hp>>° hes been examined.
Supbérted'molybdena cataiyétS'héve béen]emplo&ed:inifhe' |
formétion of‘ﬁéleic anhydride from. the vapor phase oxidatlon
of butadiene.zaé 7 ‘ o
IntermediéteS'of interest as to the‘role of metal-carbene
complexes in cyclopropanation énd olefin metathesis reacﬁions
were proposed by Casey and Burkhardt in a study which involved
the diphenylecarbene complex, W(cO)sC(Ph)Ph.-°" e
Several olefin metatheslis studies involved VIb compounds
in the presence of aluminum halides as the catalyst system.
Markd ;nd co-workers have found that W(CH-CcHs). in the presence
of AlCla catalyzes the disproportionation and gigptraﬁs isomer-~
ization of linear olefins. Using this catalyst 2-pentene dis-

282  On the other hand

proportionates to 2-butene and 3-hexene.
if W(CH=CgHs)s was combined with CpHsA1lCl, as a cocatalyst, the
initial catalytic activity disappeared completely within a few
minutes. In another work it was shown that highly reactive
Lewis salt adduéts of halocarbonyl and halcenitrosyl complexes
of molybdenum and tungsten with Al1Cls and AlEtClp are present
in homogeneous olefin disproportionation catalyst mixtures.263
The metathesls of cis-2-pentene over PhsPW(CO)s in the presence
of EtAlClé and oxygen was found to give mixtures of cis- and

trans-2-butene with an incieasing proportion of trans-2-butene

. . 264
as the percent conversion increased. Furcher studies involv-
ing the effects of oxygen on the metathesis reaction of cis-2-
peniene using PhgPW(CO)s and EtAlCl, as cocatalysfs have been
. 2es '
reporied.

Co-condensation of Cr atoms in the presence of [EtzAlCl]z
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"pfbducéd a éétalyst syétem efficieht towards the oligomerization
of butadiéne to cycloaodecaﬁrienerzss Several other metal
systéms were compared. -

Polymerization of acetyleﬁes has been accomplished using
(aréne)M(Co)a (M = Mo, Cr) species as catalysts.”®” For example,
poly (phenylacetylene) was prepared rapidly and quantitatively
in the presence of (toluene )molybdenum tricarbonyl to give a
high molecular weight polymer (12,000). Polymerization reac-
tions of methylmethacrylate at 40-60° initiated by Mo (CO)e and
CCl. have been examined by Bamford and Sa.ke.moto.‘?'38 Included
in this study was the determination of absolute rate coefficients
for redox reactions of CCla, CClaCOLEt and CBry with the complex
formed by photolysis of Mo{CO)s in methylmethacrylate.

Tetra-~T-aliylmolybdenum or tetra-m-crotylmolybdenum when
reacved with trichloroacetic acid, trifluoroacetic acid, hydro-
chloric acid or bromine were shown to give RzMoX-type complexes
which were stercospecific catalysts in the polymerization of
butadiene to polybutadiene elastomer with predominantly the
l,2-structure.269

Hydrogenation of 12-oxo[4.4.3]propella-2,4,7 ,9-tetraene
(1X) catalyzed by (phenanthrene)chromiumtricarbonyl has afforded

the diene species (IXI and LXII).27° Homogeneous hydrogenation
!!Eiilllln ) )
‘ v4 </ v

(LX) (LXt) (Lxtn)

of 1,3~ or 1,4-dienes to monoenes using dicyclopentadienyldi-

hydromolybdenum as a catalyst under 180 atm of hydrogen has
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 oeen 1ﬁvestigéted.;; Trls(acetV. hro
“has- also been shown to caualyze 1 4-addi 1on of hydrogen,to 5
l,p—cﬁenes (e g.,' -methyl-l 3-butad1ene trans-l 3-pentadiene,
and :£§g§_trans-2 L-hexadiene) under very mlld thermal condl-_
tions.='° '_ ’, L ' '-A B
“he~Pq/C-ca%aiy2ed déuteraﬁioh afléyn—(diﬁenéobiCydlo-;
[2.2. 2]octatr1ene)trlcarbonylchromlum has led %o -the production
of syn-(dibenzobicyclof2.2. 2]octad1ene)trlcarbonylchromium as .
a predominantly d. species with both D on the ethano bridge.
and anti to the cr(co)s moiety.?"2
Plafbrood and Wilputte-Steinert have investigated the
mechanism of the photoinduced hydrogehation of norbornadiene

274 -
v A mechanism was pro-

catalyzed by (norbornadiene)Cr(CO)..
posed which involved initial metal-olefin bond rupture with no

- metal-CO bond cleavage. In addition, these ﬂorkers have studied
the mechanism of the photoinduced hydrogenation of 2,4-hexadiene -
cataiyzed by Cr(CO)s or (norbornadienc)cr(co)i.®”" The
seiectiviiy of the reaction with respect to the,three isomers

of 2,k-hexadiene dépends on the nature of the érecatalyst
employed. In another study, irradiation of l,}-cyclohexadiene,
under one atmosphere of Dy in pentane with Cr(CO)e or (norborna-
diene)Cr{C0); as catalyst was shown to yield exclusively cyblo—“

a7e Similarly treatment of 2,4-hexadiene gave

hexene-3%,6-ds.
96% cis-3-hexene-2,5-dp and norbornadiene gave 65% nortricyclene-

3,5-dz (IXIII) and 35% endo,endo-norbornene-5,6-dz (LXIV).

(LX) _ (LXIV)‘ '
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. ergh on,; Hammond -and Gray have studled Group VIb metal
'carbonyl ph0u0a5515ued rearrangement reactions of olefins,
71nc1udlng both.cis—urans isomerization and 1,p—hydrogen

shlfts. 7

Ultraviolet jrradiation of M(CO)e (M = Cr, Mo, or
:W) 1n the presence of olefin ﬁas observed to yield light-sensi-
tive metal éarbbnyl-oiéfin complexes which underﬁent further
photosﬁbstitution of CO and olefin with high quantum efficiency.
A geheral mechanistic scheme for these reactibns was discussed.
A variety of alliylsilanes have been prepared by the cr(co)s
photocatalyzed 1,4-hydrosilation of 1,3-—dienes.278

The following catalyst systems are grouped together in a
miscellaneous category. The selective gas-phase oxidation of
butene and butadiene to maleic anhydride and HCHO on a Fe-Mo
catalyst has been examined.279 Mo (CO)e has been used as a

catalyst in the preparation of acylated ferrocenes (IXV) from
80

ferrocene and RCOCL.Z Further studies on organometallic
<§Z§8——Fe——6§z§>w—COR
(LXV)
R = Me Me,CH, cyclohexyl 1-ada-
mantyl ,

polymers involving Group VIb metals have been carried out by
Pittmén and Marlin. The synthesis and copolymerization
behavior of the (T-phenylethyl acrylate)chromium tricarbonyl
derivative was examined. =

a-Diazo carbonyl compounds >in the presence of nitriles

and WClg have afforded oxazoles in 20-66% yields, e.g.,

PhCOC (:N2)Ph with CH»=CHCN and WCle gave 50% 2-vinyl-k,5-diphenyl-
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'~oxaioie; mhe tungsten caualytic act1v1ty was’ attribuued £

o 2
the affini ¢y of. tungspen for carbenes.28

Spectroscopic Studies

- Electronic spectra and relatved DhofolySis studies. U.v..

and v1s1ble absorpulon spectra of a number of M(co)sx compounds,
1nclud1ng ‘the moncanions of M Mo, Cr, W« X = C1, Br, ;,Ahave

been measured and interpreted using a new M.O. bondihg scheme
~and correlated with pes results.aes The LUMO was ascertained
to be mainly a o¢* orbital of the M-X bond rather than a w*(CO).

The reader is further referred to reference 355.

Infrared and Raman spectra. The inability of annealing

at 10-15°K to change the ir spectral bands attributed by other
workers to C.v Cr(CO)s led O0zin and Klindig to propose that the
vacant site of Cr(C0)s as formed from co-condensation of Cr
and pure CO was actually blocked by an O-bonded isocarbonyl or
a sideways-bonded CO group.-°* In Ar matrices, Dah Cr(CO)s is
believed to form. ‘

The synthesis of a series_of monosubstituted derivatives
of chromium, LCr(CO)s, where L = (CgHs)sE and (- or 3-XCgHa)sE
(E =P, As, Sb and X = C1, F) has been reported.->~ The v(C0),
ineluding two 1300 vibrations, v (M-C) and & (M-C-0) vibrations
were assigned and discussed. Bis(ditolylarsino)methane ligands
have been_synthesized and their derivatives with Mo(CO)g have .
been prepared.286 Nmr and ir specsroscopy was used to study

VSuerlc effects w1bh1n.these substituted metal carbonyl complexes.

The infrared and Raman spectra of norbornadiene and the

Group Vvib tetracarbonyl(norbornadiene)metal(0) complexes have
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tbéén:méésurea ﬁy Butler and Barna.>®’ The metal-olefin stretch-
ing'dodés‘wére dbse?&ed at 210-250 cm—ir A similar study on the
éhfomiﬁm and molybdenum norbornadiene derivatives has been carried
 oﬁt as well by Russian workers.2Ele

Polarized Raman spectra in methylene chloride solution have

.been reported for a .number of complexes of the type M{co)s

(L = Lewis base; M = Cr, W) in the region 580-100 cm *.2Z%°

Assignment of the metal-carbon and ligand-metal stretching
vibrations have been made using these data as well as infrared
data. A linear relationship for vco(Ai) XE.VMC(Ai) was observed
for several LW(CO)s derivatives with Voo Iincreasing as vyc
decreased.

The complete Raman and ir spectra of [CpMo(CO)s]z and
CpMn (CO )z and their perdeuterated derivatives have been mea-—
sured and assigned.290 Comparison of solution ahd sblid state
spectra suggested that in the solid a symmetry persists which
is lower than the usually assumed bsv for the CsHs-M local
symmetry. Similarly, new Raman polarization data have permitted
complete assignments of the T-arene in several (w-arene)Cr(Co)a
complexes and also point out the failure of the "local" symmetry

ot In another Raman spectral study, the high resolu-

concept.2
tion single crystal spectra of the [Cr(CO)z] moiety of
(h®-CeHg)Cr(CO)s and (h®-1,3-MeoCeH.)Cr(CO)s were analyzed in

detail by Kettle, Buttery, and Paul.®®®

Nuclear magnetic resonance and MGssbauer spectra. The most

extensive use of nmr spectroscopy was in the area of conforma-

tional analysis of ligands and in studies of fluxional processes.
13
The C nmr spectra in the CO region were used to unambiguously

identify the diastereoisomers of a bidentate ditertiary arsine
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' 1igand 1o—phenylenebis(methylphenylarsine) (L) a 3its¥déri§$£iﬁé'f
of molybdenum tetracarbonyl (LXVI A and B) 293

Further studles‘mf

(LXVIA) (LXVIB)

of thercomPOunds included the PPhgs substitution'reaction to
yield fac-Mo(C0)s{(PPhs)L, and the fluxional behavior of the
iodine oxidation product, Mo(CO}s(I)2L.
Complete analysis of the nmr spectra of the complexes

(c0) 4MAs (CHa ) 2CHCH (R)CHzAs (CHg )z required preparation of
deuterated analogs.?®® The effect of the R group on the flexi-
bllluy of the six-membered chelate ring was as follows: with
7 R = H, ;ast conformational inversion oetween symmetric chair
forms was observed; with R = C(CHz)s, the conformation was

locked into form (IXVIT A). In addition, proton and fluorine

CHs O~ §
H. C
cHs D V' ‘\\' cO
H3Coma N . M” D
o s / ,'3 \ H3C,, i C\E;_H
o / 3 ) §o Ha
H CH b
S CO 2 R

(LXvita) - - . (LXVIIB)



:ﬁééAsCHFdHFAsMeg,_MegPCHFCFgPMez.Vetc.a
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5'ﬁm?fstddies'qn'chélate complexes of the VIb carbonyls used

Similar,ligands specificﬁlly designed.fbr complete spectral

-analysis and rotamer .conformational analysis, for example,

95
Other new metal

 tetracarbonyl derivatives include IM(CO)s where L is the cyclo-

“hexane analog, 1,4-diselenane, [SeCHzCHz]z, and M = Cr, Mo,

296
W. In these complexes L was suggested to be in a boat con-

formation with M(CO). acting similarly to the CHa bridgehead

in nbrbornane. The *H nmr spectra were completely analyzed.
Cotton and Webb have reported the preparation and X-ray

structure of a novel metallocycle, cyclohex-1,4-(tetracarbonyl-

chromium)-2,3,5,6-(dimethylarsenic), from the reaction of

7 The structure of the complex con-

Me2As (0)OH and Cr(co)e.””
sists of a six-membered ring having a chair conformation made

up of two Cr(CO), groups in the 1 and 4 positions with (CHa)aAs

groups in the remaining positions (IXVIII). Temperature-dependent

(LXVil)

1y nmr studies yielded an estimated 10 kcal/mole as the activa-—

tion energy for the interconverting of the two chair conforma-

tions (interchange of c(%) and c(5)).
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j'7?Proten finr - Suudles of uhe fluxlonallty of the 5—membered
"chelaue rlng system in (l 2—b1sisopropylse1enoeuhane)M(Co)4,4_j
:eM:é Cr, Mo, were’ 1nterpreued in terms of total inversion of :
the che1ate rlng.299 For-M =W, ‘he nnmr spectrum was tempera—s:‘.
ture 1nvar1ant with one llgand conformer 1ocked in- pos bn‘f;r
even as 330 K, that 1s, coverlng the range in whlch coalescence-
and time averaging of 51gnals was observed for the Cr and Mo
‘analogs. _

.. The four separate sharp lsC nmr signals . of therfing carbons
of (h®-CgHg)Mo(CO)s broaden and collapse simultaneously as the
temperature is raised above 0°¢.2%°%  cotton and co-werkers
ascertain that the most likely description of the fluxional
character of this molecule involves a symmetrical “piano-stool®
v intermediate, with Mo atop the center of a flat cyclooctatetraene

(coT) octagon, rather than the 1,2 shift which predominates for
the 1,3;5,7-tepramethylenecyclooctatetraene (TMCOT) analog.
The latter behavior, previously established by 1H nmr, was
_verified by 130 resonance studies.®®® The different mode of
ring carbon equilibration of (TMCOT)M(CO)s and (COTIM(CO)s is
believed to arise from different energies required to flatten
the rings. '

Barriers to rotation were also established by proton nmr
fof uncomplexed ring-carbon rotation of mono(tricarbonyi)chromiuﬁ

comp;exes of diarylmethanes and related compounas (iXIX).sol

Cr(Co)s CH4
CHy o
CHy <::> .
H3C - CH3 Z

(Iwxix)




7 7 295
{Th§t is,“f§} Xiﬁ'CHé,»thé ortho pdéitions of the non-complexed
ihesifylfgrbup are équilibrated with a barrier of 14.3 keal/mole
- at 18°C for X = CH» Whereas for.-X = .C=0, the barrier is sub-
stantially higher; 19.6 kcal/mole a“ 118°. For X = _C=CHa,
thé barrier is essentially the same as for X = CHz, suggesting
very little m-electron intefaction with the uncomplexed ring
and hence stabilization of the ground state conformation as is
the case witﬁ the ‘ketone bridge.
A low temperature *3¢ nmr study of the rotation around
the chromium-arene bond in a series of arenechromium tricarbonyl
derivatives has been carried out (eq 52).°°® It was shown that
complexation did not significantly change the transmission of
electronic substituent effects to the para position. The thermo-
dynamic parameters (AH and AS) for this equilibrium process
ranged from -0.85 to +0.40 kecal/mole and =2.53 to +4.00 e.v.,

respectively.

Qo

oC CO R
(52)

11

ocC co

oQ

R = H) CHS: CEH57 OCHSI
C{(CHs)s, COCHs

The temperature dependent H nmr spectra of cyclopenta-
dienyléhromium carbonyl nitrosyl ethylene, CpCr (co)(No)(CHo=CHs),
and its deuterated analog, CpCr(co)(NC)(CHD=CHD), indicate that
‘hindered rotation about the metal-olefin bond axis occurs
303.

(Ixx).

The free energy of activation for the ligand motion
was found to be 11.% T 0.2 kcal/mole in both cases. '
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The strength of the three-center, two-'eléctron c-H(1)---Mo
bond (or interaction) found in Et.B(pz)2Mo(CO)a(h®-allyl) (LXXT)

was estimated from ‘H nmr temperature depehdent measurements

to be ca. 17-20 kcal mol *.%%* A lower energy barrier (14 kcal
mol-l) fluxional process was described in which hydrogens 1 and

2 of (IXXI) exchange places. In another report of H-bonding,

138
1385142

c15 \1.37
1.36\ _C2
N41?5C'n 142
U N2 o

A /13
cio32\ 2136

c 118 oo
138 1.92 -

oF 1N 22— OB
141\ 136/ 1.99/ “sg

Cc6 S5 (5} ca b3
LS}/ 119 | \Qﬂs“

Cc16 04 O3
(LXXI) (LXXit)

proton magnetic resonance hds been used o a.ffinil_tha.t intra-
molecular C—H--+N hydrogen bonding, suggested from shor: cfontacjt
Cio--+N, distances in the X-ray crystal structure of. (IXXII),

persists in solution.$°5
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A subSuantially 1ower barrier ‘to inserconversion between

:anti and ‘gauche rotamers of [Cpcr(c0)sls as compared to the

Mo~ analog was established by proton nmr. 20 At -10°C, a 1line

'broadening’ls observed whose temperature dependent reversibility
.was suggestive of dissociation of the dimer into stable radicals
of CpCr(C0)s. Further studies of barriers to internal rotation

307
X-ray struc-~

were extended to the isostructural szwz(co)e.
ture metal-metal bond distances of 3.281, 3.235 and 3.202 K
for Ci-Cr, Mo-Mo, and W-W, respectively, were correlated with
increasing barriers to equilibration; the corresponding AG¥
values were found to be 12.1, 15.2 and 15.2 kcal/mole, respec-
tively. The more rapid rotation of the Cr compound was attrib-
uved to a repulsion dominated internal barrier to Cr-Cr rotation,
giving rise to both more favorable AHY ana At parameters.
Activation energy parameters (AH*'; 9 kcal mol-l; AS* =
2 gibbs) for t-butyl rotation about the C-P single bond in
(t-Bu)PhoPM(CO)s (M = Cr, Mo, W) were completely insensitive
to M.2%9% This study however showed P-H coupling‘constants to
be a useful prdbe of the complexed phosphine stereochemistry
.as illustrated in IXXTIT.

q@CCH§1OFQ

M(CO)g

(LXXIin)

Brookhart and Harris suggested that their previously estab-

lished m to © réarrangements re eq 53 might explain other results
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- Mo(CO); o [ COaMoH

in th¢ literature, nbtably proton scraﬁbling of protonated
diene iron carbonyl species.30

Many studies reported dealt with the eleétronic nature
of‘VIb Qomplexés as prohed by nmr speciroscopy. Fluorine-19
nmr was used as -a probe of the degree of metél-diazonium
 ligand m-bonding in complexes such as CpMo (CO)PPhs (No-Ar)

(Ar = m-FCeH,y,p-FCeHs) and some 14 others.®™°

Specifically,
the difference in chemical shift values, 19F(5D_5m), were inr
agreement with the order of M-eNp—Ar T-bondin;.agiicipated on
basis of relative donor and acceptor power of the co-ligands
and on the oxidation state of the metal. The v(NN) strecching
ireguencies were analyzed by the aid of S labelling.

Several (thiophene)Cr(CO)s complexes have been investi-

cated by H nmr spectroscopy.all The shielding of the @ relative

to the B protons (IXIV) was interpreted in terms of increased

charge density on the @ carbon atoms.

Co CO
S

g
Hp
cO
(LXXIV)

Anderson has étudied a variety of solid metallocene,

dibenzene, and :dicyclooctatetrzenyl metal complexes via wide-
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line.nmr spectral measurements in the temperature range 178-
381°K,312 Included in this ‘study were the chromium derivatives;
Cr[Ce(GHé)e]éI,,Cr(CeHa)z, and CrCpso.

3¢ nmr data, measured on (EF-CBHSX)Cr(CO)s

- Fourier-transform
x = H, F, c1, Mé, Me, NH», etc.), were interpreted to mean 2
riet withdrawal of electron density by the chromium carbonyl
moiety from the ¢ framework of the arene ring.ala Furthermore
these studies by Bodner and Todd indicated a shielding effect
~on carbonyl carbon chemical shiftswith increasing donor ability

14  pdditional data on an IM(CO)s

of the w-arene substituent.®
series supported the author's contention that the CO chemical
shifts are a linear measure of the extent of transition metal —
carbonyl m-back-donation. Other Workers have pointed out contra-

1

dictory explanations of 3¢ chemical shifts of carbon atoms both

% PFor example, the linear

G and T-bound to transition metals.>®
relation of transition metal =+ w-back-donation with *2c chemical
shift in CO compounds holds only for very closely related com-
pounds.

i3
C nuclear resonances

The isotropic shifts of the ''B and
in paramagnetic metallocarboranes such as [M(2,3-C2BgHo (Mez)=21"
(M = crIII, Felll) yere determined. to reflect large negative
nuc}ear-electron hyperfine coupling constants, consistent with
parallel spin transfer from ligand to 111e1::='¢.l.3le

3¢ and *H nmr studies of the compounds CpM(C,H;) (M = Ti,
Zr, Mo, Cr) have been carried out by Groenenboom and Jellinek.317
In the chromium compound the 3¢ resonance of the CsH7; ring was
observed at lowér field than that of the Cp ring, while for the
molybdenum compound the two signals lie close together. 4 nmr

spectra indicate hindered rotation of the rings in the Cr and

- References p. 307
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'Mo‘éoﬁpounds; The ;éb'ﬁhi'séeétfuﬁrdf‘iﬁdeneéhfﬁhiﬁm:t;icérﬁo-fi3?
(CgHB)Cr (co)s, was - included in compari..,ons of :Lndene a.nd
several of its. complexes.—rlr8 . o e :
The synthesis of Pth(CHz) OPth (n=1, 2) and properties
of the (L—L')M(c0)s (M = Cr, Mo, W) derivatives have been -

3%  Nmr studies showed P~P coupling to be enhanced

reported,
upon coo-dination due to fhe "through metal" contribution, and
also showed interesting, dnexpléined 31p chemical shifts that
were dependent on chelate ring size. A convénient review of the
effect of coordination on Jp_p and JP:H was given In this paper.
Continuing the unsymmetrical phosphorus ligand work, Grim and
co-workers described the preparationrand properties of VIb

metal carbonyl complexes of thPCH2CHéPPhR (R = Me, Et, i-Pr,
ete.) and PhoPCH-CH-P(n-Bu)-.®2° Reaction of M(CO)e with the
ligands in hot diglyme gave (P P')M(C0)s or (CO)sMoP ™ P'Mo(CO)s.
A mononuclear, monodentate complex exhibiting linkage isomerlism
as verified by 31p nmr was prepared by the labile ligand tech-
nigue using PhNH,W(CO)s and i~PrPhPCH>CHzPFPhz.

The °'P nmr spectra of W(CO)s{TP) and W(C0)s(QP) (TP =
(0-PhaPCeHg )2PPh and QP = (0-PhoPCeH,)sP) have been measured
employing both continuous wave and FT tec:hn:l_qu‘es.e'21 Both
molecules were shown to exist as the facial isomers based on
the 183W_31P coupling constant &alues.

The mono-ligated W(CO)s (PPhoCH=CHPPh,) and W(CO)s (PPhoC=CPPhz)
and their quaternized forms were prepared and compared with
other L-L and I-L' monodentate ligands contéiningrsaturated
linkages.322 The relative values of the tunssten to free‘phos-
_phorus coupling constants (or to free’phosphonium) were not

signiflcantly affected by the type of ‘linkage, saturated or

unsaturated.
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' _f7fOn1y'two;M6bsbauér studies iﬁvolving VIb metal-organics
wére'fépéfted. The tin-119m MOssbauer shifts of the Group VIb
metal défivaﬁivés of Sncis", M(CO)sSnCls™ (M = Cr, Mo, W) have
been observed to be 2.04, 2.12 and 1.87 mm/sec, respectively
with correspondihg guadrupole splitting parameters of 1.886,
~1.9% and 2.00 mm/sec. 22 These results were taken o mean
_that these derivatives should be considered as Sn(IV) species
with a noticeable w-backbonding ability of the SnClsz ligand.
MOssbauer studies of several tungsten salis, including WoC,

using the 100 keV transition of tungsiten-182 were relzzo:t"l:ed.sa"=

Esr specira. Franz, et al. have reduced glyoxal- and
diacetyl-bis (imine)metal tetracarbonyls (RN=CR'-CR'=NR)M(CO).
{M = Cr, Mo, W) with potassium in DME to give the paramagnetic

Y 32s
mono-anlions.

The high-resolutlion ESR spectra of these species
show the hyperfine splitting of the magnetically active atoms

in the ligand as well as the satellites of the metal isotopes

53 95,97

cr, Mo and *°°%W

. The coupling constants were discussed
in terms of a w-bonding mechanism.

The solvent and vemperature dependent esxr spectra of the
tetravalent chromium compound, tetrakis(1—norbornyl)chromium
suggest that the compound assumes several conformeations in

326 The synthesis of (nor)QCr

iscoctane and cyclohexane glasses.
from l-norbornyllithium and CrCls*3THF was also described.

Electron paramagnetié resohance and infrared spectral
studies of some nitrosyl derivatives of chromium have been

7 The complexes involved in this study were of the

reported.32
type Crl-(NO)(OH,), where HL = salicylaldoxime, a-nitroso-B-
naphthol, 8-hydroxyquinoline, 8-thioquinoline and disodium

l1-nitroso-2-hydroxynaphthalene-3,6-disulfonate. In another

References p. 307



sbudy uhe EPR spectra of [Cr(CN)sNO] @ 'ions were measured in
polycrystalllne powders and solutions. 25. Further Suudles on'
uhe hPR spectra of nlurosyl chromium compounds have also been

repor ed. 29

Mass spectra. Mass specitral studies of acetanilidetri-

carbonylchromium and its 2,4~ and 2,6-dimethyl analogs indicate

that ketene elimination from [ (CeHsNHCOCHs)Cr] (eq 5%) occurs

via a six-membered transition state (IXXV). -°
NH NH
~ —
cr ) (o o (54)
¢+~ > CHp : H

(LXXV)

An interpretation of the 50 eV mass spectra of M(CO)5PR3
complexes (M,= Cr and W, R= OCHa, OCzHs, n-CsHo, O-n-C,Hg and
CeHs ) by means of appearance poteﬁtial measurements has been
carried out by Torroni, Innorta, Foffeni, and D:Lstefza.no.aa1
Other mass speciral studies (including appearance ionization
potentials) for a series of (arene)chromiumtricarbonyl deriva-
tives have been reported (arene = CgHs, MeCgHs, EtCgHs, ‘MexCH-
CeHs, CeHsCl, CeHsF and CeHsI). %? Furthermore the feasibility
of mass spectral analysis of mixtures of (CO)sCrPnX derivatives
(X = H, Me, Et, F and Cl) has been investigated by Lerin and
Gaivoronskii. sas

Mass spectraT studies of dicyclopenuadlenyl pi complexes
of V, Cr, Fe and Nl have been reported 3% s well as of the
hexacarbonyls M(CO)e (M = Cr, Mo, W). =3

The use of field mass spectroscopy for studying’ the klnetics
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- of the(thefmal decomposition reaction of (EtPh)>Cr has been

;examinéd;sse' Additional studies of this itype have been carried

Gut on a variety of bis(arene) derivatives of chromium and
‘molybdenum. 337
' The methane chemical ionization mass spectra of arcr(co)s
(Ar1= benzene, toluene, mesitylene, chlorobenzene, fluorobenzene
and methyl beﬁzoate), mesitylenemolybdenum tricarbonyl, cyclo-
heptatrienechromium tricarbonyl, and dibenzenechromium were

interpreted in terms of predominant metal protonation of the

338
complexes.

Ton-molecule reacvions of the carbene complex (CO)sch-

9

(CH3 )OCH5; have been reporited by Milller and Goll.%®? 1In another

study the electron impact induced fragmentation of a variety
of hebterocyclic carbene ligands bound to Cr{CO)s has been

investigated by Miller and co-workers.>*°

Photoelectron spectra and molecular orbital caleculations.

In addition to the following five pes studies the reader 1is
also referred to reference 283.

Relative core binding energies of all atoms in (CO)sCrC-
(oCHs )CHs have been determined by X-ray photoelectron spec-—
troscopy. The binding energies of all carbon 1ls electrons in
the -é(ocHs)CHs ligand (-2.7, -1.%, -1.4 eV, respectively)
were found to be lower than carbonyl carbons (-.07), thus sug-
gesting that carbene ligand carbons carry less positive charge.341
Correlation of C, 0, and Cr binding energies with calculated
atomic charges necessitated using hybrids i, ii, and iii weighted

5%, 20%, end 35%, respectively.

References p. 307
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T AR P E A

Correlation of ESCA electfon:bindingrénergies‘witﬁ.cha;gét
on Mo promoted thé'efficacy of X-ray'phbfoelectron,spéctroééoﬁy
as a tool for déterminingAthe mode of metal nitrdsyl bonding;sez
* In addition %o the. compound, MoClg(NO)z(PPh§)é, spectra were
interpreted for Mo(CO)sPPhs and Mo(CO).(PPhs)s. Photoelectron
specira of monosubstituted carbonyl complexes of chromium and
tungsten of the type M(CO0)sL (L = amine, phosphine, or isonitrile)

43

. 3 . .
were also measured. The assignment of bonds was aided by SCF

MO calculations on Cr(CO)sL (L = NHz or PHs).

Preliminary resulis of ESCA measuremeﬁts employing Mg-Kq
radiation (1253.6'eV) on the cyclopentadienylcyclohéptatrienyl—
metal ccmplexes CPMiC-Hy) (M = Ti, V, and Cr) revealed that the
oxidat;on state of the metal increased in the sequence Cr V<
Ti.344> in another sfudy,Aﬁhe v—aiene sandwich compounds, bis-
mesitylenechromium(0) and molybdenum(0), bis-toluenemolybdenum(0),
_ divenzenemolybdenum(0), and (cycloheptatrienyl)(cyclopentadienyl)-

chromium(0) were included in a He(I) photoelectron spectroscopy

study.:"""5 ‘
Molecular orbital calculations have been carr%ed out on
’ : (n-2 :
the series of metal dimers [Crs(CO)s(is-FRz)2] (n =0, +1,

and +0).%4° These computations indicated that the species with
n =0, +1, and +2,have,tﬁo, oné, and no electréns; reSpEctiveiy,:
in the antibonding 2bgzy molecular orbital Wnich corresponds’ to

a "net" no-, oné—,>énd two—elécfrbn metal-metal bond. :The 2ban
M0 (LUMO for n = +2 and HOMO for n = O, +1) was found to be

largely composed of in-plane antibonding ¢*-type dimetal orbital
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iréhafacféf as opposed to either out-of-plane T -type dimetal
énfibdndiﬁg orbital characiter or bridging-ligand orbital char-
 acter. |
"EXtended Huékel MO calculations on the theoretical com-

plexes Ni(HaC=CHz)2-, and Cr(H-C=CH.)e were carried out by
Hoffmam and R8sch with geometry prediction as primary goal.347
For example, maximized 7-back donation requires Dap tris(ethyl-
ene)nickel(0) to have all carbons and the Ni‘in one plane. The
most symmetrical arrangement of 6 ethylenes about Cr, i.e., a
structuré of Oh symmetry, was predicted most stable for that
molecule, with the steric effect determining stability here.

vensions to allyl systiems were also presented. In an accom-
panying paper, Hoffmann, et al. constructs a molecular orbltal
model of MNO bonding schemes with particular attention being
paid to interaction of the M fragment (w-donor or w-acceptor

328

sites) with NO. ‘Another approach to deciphering the deter-

mining factor as to MNO bending considered the behavior of the

[MNO]n group (n = number of metal 4 electrons) in ligand

. 349
fields.

ég.ihitio calEulations using the generalized valence bond
method were carried out for the simple carbonyls, 'I':I.CO+ and
TiCO, and discussion of the bonding in various states expanded

to include cr(C0)e.35°
The complete electric dipole moment matrix eZ for (benzene)

cr(co)s has been evaluated employing a multi-f atomic orbital

351

'baSis on Cr, C, and O. These results as well as those for a

series of gf-RCeHSCr(CO)s molecules served to test various semi-~

empirical M.0. models in calculations of complete electric

352
dipole moment matrices.

References p. 307
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The ligand fler anproach has been used to. establish the
'?Drobaole ground shaue of rhromocene (3d4) o be 3A(cés) Racah

g parameters B and c and the axlal field- quanulules Ds and Dt

353

were also evaluaued. In another appllcatlon of 11gand fleldﬁ

theory, magnetic susceptivilities of d* confi urations in metal
(23 L g ]

- : ass
sandwich complexes were calculated.

Miscellanecus studies, including measuremenis of thermo-

dynamic guantities. Photvodecomposition of gas phase transition

metal ions such as Cr(CO)s~, Cr(c0).”, Fe(c0).™, Co(CO).™, etc.,
was monitored by the ion oyclotron resonance technigque as a

Ss Assuming the ion dis-

Tunction of ira adlauwon wavelength.
appearance mechanism is photodissociation, the spectra appear
to reflect optical absorpt ion peaks of the gas phase ions
(ranging from 2-% eV) which in turn are thought to arise from

& charge transfer M — L transition. The optical absorption
peak energies as derived from threshold photodetachment curves
vary directly with nuclear charge of M and the number of carbo-~
nyls in the anion.

Gas phase eleetron diffraction was used %o determine thev
molecular structures of CpaCr and CPZMg.sse A Dsp model was
considered best for both molecules, with small (<<.8 kcal mol *)
barriers to internal rotation. The C;H bonds in CpsCr were,
5ent slightly out of the Cs plane and towards the Cr. V

Heat capacities of Cr(CO0)e and W{CO)eg have been determined
calorimetrically at 60-300°K and their enthalpies, entropies;
and'free'energies were calculated.SST VThe standard metal-CO
bond dissociation entropies (A§°) are 35.1, 34.8, and 3%.5
‘cal mole-l degree for Ccr(co)e, Mo(CO)e and w(co)e, 'espectively.

The products of the'uhermolySLS of tungsten hexacarbonyl have

been studied‘by other workers. 8s8.
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The saturated vapor pressure of some chromium arene w-

coﬁplekes has been determined by an effusion nethod.>%®

Equa.-
tions have been derived for correlating m.p., density, vapor
pressure, and viscosi@y of bis(arene)metal derivatives (metal =
cr, Mo, w).%®° |

The thermal decomposition of Mo(CO)e in a high-frequency
field has led to a sharp increase in the rate of deposition of
the metal at 20-400°.%%' A method has been developed for identi-
fying the chemical form of stabilizing gchm after the 99Mo
B-decay from Mo {CO)g.>°2

Pulse photolysis studies of the Group VIb hexacarbonyls
with oxygen and hydrogen have been carried oﬁt.ass

Specific information regarding oxidation pathways was
obtained in electrochemical investigations of M{CO)sX~ (M =
Cr, Mo, W3 X = C1, Br ', I ). The data was used to correlate

- s . - - 3€4
knovn chemical oxidation and disproportionation processes.
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