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ABBREVIATIONS

acac - acetylacetonate

bipy - bipyridine

Bu - n-butyl

t-Bu - t-butyl

COT - cyclooctatriene

Cp - cyclopentadienyl

dam - bis(diphenylarsino)methane
das - o-phenylenebis{dimethylarsine)

dppe - 1,2-bis{diphenylphosphino)ethane
dmpe - 1,2-bis(dimethylphosphino)ethane
dpm - bis(diphenylphosphino)methane

Et - ethyl

Me - methyl

o-phen - o-phenanthroline
piper - piperidine

Pr - propyl
i-Pr - isopropyl
Pz - pyrazine

TMEDA (tmen) - tetramethylethylenediamine
INTRODUCTION

This survey covers the 1979 literature with the coverage and format indenti-
cal to that of the 1978 survey. The main journals were covered directly and a
computer search was accomplished to insure a comprehensive review of the
literature.

DISSERTATIONS

Several dissertations on Group VI organometallic compounds appeared in

1979. Metal vaporization techniques were used to prepare molybdenum complexes
of trifluorophosphine and chromium complexes of aminodiﬂuorophosphines;]’2
thiocarbonyl complexes of tungsten were prepared and studied;3 chromium tri-
carbonyl complexes of phenylsilanes were synthesized and characterized;4
supported molybdenum catalysts were used in hydrogenations and to catalyze

reactions of a'lkynes;s’6

the synthesis and characterization of substituted and
unsubstituted alkyldiazenido complexes were reported;7 photochemistry of

nitrogen exchange, substitution kinetics and electronic absorption spectra of
8,9

10

dinitrogen complexes of molybdenum and tungsten were studied; and a new

series of chelated organochromium(III) complexes were reported.
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SYNTHESIS AND REACTIVITY

Metal Carbonyls
The reaction of M(CO)6 (M = Cr, Mo, W) with A]H3 in THF solution at 22°C
resulted in selective formation of ethylene by reduction of coordinated

carbon monoxide.]] The maximum yield was 17% for a Cr(CG)G:MH3 molar ratio
Cr(C0)g + AlHy ———> CyH, (1)
11

of 1:6. Acidification resulted in formation of methane and ethane. Use of
L1'A1H4 also gave reduction of coordinated CO, although conversion was reduced.
It was suggested that the reaction proceeded through a carbene intermediate.jl
Hexakis(phosphite ester) chromium compounds, Cr[P(OR)3]6, were prepared by Cr

atom vaporization and cocondensation with a phosphite.

Cr + P(OR), > Cr[P(0R)4], (2)

Cr[P(OR)3]6 + H2 > H2Cr[P(0R)3]5 (3)

Dihydridopentakis(phosphite ester) compounds were prepared by hydrogenation of
the corresponding hexakis compound. Both the hexakis- and the dihydrido-
pentakis(phosphite ester) chromium compounds were reported to be active hydro-
genation <:ata1yst:s.]2 Reduction of N(CO)6 with Na amalgam and reaction with

C1,CS gave ~ 702 W(C0)CS. "3
W(C0)g + Na + C1,CS > W(CO)CS (2)
Purification was effected by reduction and subsequent re-oxidation.]3 Re-

action of Cr(CO)6 and Cr(CNC6H5)6 led to cis-Cr(CO)e(CNC6H5)4 and Cr(CO)(CNC6H5)5.
Electrochemical data was collected on Cr(CNCsHS)6 and suggested three sequen-

tial one-electron oxidation processes. The cocondensation of Cr vapor with
(dimethylamino)-difluorophosphine and (methylamino)bis(difluorophosphine) was
reported.]s

Cr + (CHq),NPF, > Cr(PF,N(CH (5)

3)2)6
Cr + CHN(PF,), —> Cr((PF,),NCH;), (6)

The product, Cr(PFZN(CH3)Z)6, was not very stable; this was attributed to the

References p. 159
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bulkiness of the ligand. Using a 4:1 mixture of PF2N(CH3)2 to (PF2)2NCH3 they
obtained Cr(PFZN(CH3)2)4(PF2)2NCH3. Examination of the mass spectrum of fac-
{nbd)-Mo{ CG)(CO)3 {nbd = norbornadiene) showed that CU loss occurred with
complete scr‘ambh’ng.]6 In contrast the mass spectrum of fac—(bcnt)-Mo(13C0)(C0)3
(bent = bicyclo[6.1.0]nona-2,4,6-triene) showed that loss of CO occurred

almost exclusively through the labeled group. This was interpreted in terms

of accompanying formation of a new metal-olefin bond on loss of CO from (bcnt)-

- 16
Mo(CO),.
0(C0), N

Beo .
| | 0
o
Mo (CO) 4 (7)
Cco

The interaction of cations with transition metal carbonylates and cyanocarbony-
lates was reported by Darensbourg and Barros.]7 The cation was always asso-
ciated with the cyanide 1igand in preference to the carbonyl in the mixed
complexes. They presented a general discussion of the site and infrared
spectral changes.]7
Several seven coordinate complexes have been studied this year. The
reaction of ‘.-J(CO)3(PPh3)2C12 with H(dcq)(dcq = 5,7-dichloro-8-quinolinato) led

to several new seven-coordinate tungsten(II) comp‘lexes.]8

H(CO) 5 (PPh,) ,C1, H{dcq) H(C0) ,(PPh,) ,(dcq)CT
N(CO)3(PPh3)(dcq)C] (8)
+

N(CO)ZPPh3(dcq)2

The two mono dcq species were always formed in mixture; the bis dcq complex
could only be formed in the presence of added strong base. The dcq ligand was
coordinated through phenolato oxygen and heterocyclic nitrogen leading to the
seven-caordinate str‘uc:tur‘es.]8 The synthesis of diiododicarbonyltris(t-butyl-
isocyanide)-tungsten(II) from (t-C4H9NC)3w(C0)3 and I, was described. 9

(£-C4HgNC) JH(C0) 5 + 1, > W(t-C4HJNC) 4(CO),1, + CO (9)
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Analysis of the geometry revealed the coordination polyhedron of the tungsten
to be that of a 4:3 square based-trigonal capped piano stool with 2 I's and
one CO making up the trigonal cap and three isocyanides and one CO making up
the base.]9 ‘Addition of an excess of t-BuNC to MOZ(O CCF )4 or MOZ(OZCMe)4
gave (t-BuNC) Mo(O CCF) or (t- BuNC)4Mo(O CMe)Z, respectively, by cleavage of
the mo1ybdenum-mo1ybdenum quadruple bonds.

W(Co) (dmtc)2 (Hdmtc = dimethyldithiocarbamic acid) was prepared and two
d1st1nct intramolecular dynamic processes were identified by variable-tempera-
ture C NMR studies of this 7-coordinate molecule. 21

N(CO)4L2 + Na(dmtc) > N(C0)3(dmtc)2 (10)

The reactions of this seven-coordinate complex were investigated.Z]

The intramolecular isomerization of bis(tri-n-butylphosphine)molybdenum
tetracarbonyl was investigated from both directions with K eq equal to 5.3 for

cis trans.22

cis—Mo(C0)4(PBu3)2 +—r-trans~Mo(C0)4(PBu3)2 (1)

The trans isomer was more stable by 1 kca]/mo'l.22 The reaction did not

proceed by a dissociative process, as the isomerization was observed in the
presence of 13C0 and P(0C6H5)3 with no detectable incorporation. They suggest-
ed an intramolecular, trigonal-twist to account for the observations.
Photochemical reaction of Cr(CO)6 with MePPh2 produced trans-bis(methyldi-
phenylphosphine)tetracarbonylchromium.

Cr(C0)g + PMePh, > trans-Cr(C0),(PMePh,), (12)
This reaction occurred in 69% yield and the properties of the compound were

determined.23 The pentacarbonyl complexes M(CO)SL viere prepared by the

following reactwn.24

M(CO)6 + L

> M(C0)5L + CO (13)

PR3
Aéi:Sch) R = Ph, cyclohexyl; n = 2-4
n

The 1igand was only bound through the phosphorus.24 Co(tr‘iphos)2 (triphos =
MEC(CHZPPhZ) ) reacted with Cr(CO)6 under UV irradiation to give (triphos)-
Co(n -P )[Cr(C0)5]2 or (tr1phos)C0(n -P )Cr(CO)E depending on the molar ratio

of reactants. 25
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Cr(CO)s
P
. AN
3), — (tr1phos)(Co——f————P (14)
\;,/

cer(co);

Cr(CO)6+ Co(MeC(CHZPPhZ)

The donor character of the AsCo3(CO)9 cluster was tested by reacting it with
the hexacarbony]s.26

M(CO)6 + AsC03(C0)9

> (CO)SM—~—ASC03(C0)9 (15)

= Cr, Mo, U

Complexes of the 1ligand, MenP(CF3)3_n (n = 0-3), were prepared by reacting
M(CO)STHF or M(CO)4(nbd) with L at room temperature.27

M(CO) THF + L > M(CO)cL (16)

M(CO)4(nbd) + 2L > cis-M(C0)4L2 (17)
M=Cr, Mo, W; L = MenP(CF3)3_n

The cis—M(C0)4L2 complexes isomerize at >50° to the trans complexes; the rate
of isomerization increased with increasing number of CF3 groups. The thermal
. - 27
reaction of M(CO)6 with P(CF3)3 gave M(CO)SP(CF3)3 and trans-M(C0)4(P(CF3)3)2.
Phosphanes were prepared as ligands in the complexes (CO) MoP(NHX)3 (X = H,
Me, i-Pr, Ph, PhNH) by reaction of (CO)SMOPCI3 with NH3, RNHZ, and phenyl-

h/draz1ne.28

> (C0)gMoP(NHR) 4 (18)

Mo(CO)SPC‘.l3 + RNH2

R = H, Me, i-Pr, Ph

Attempts to prepare (CO) MoP(NH t- Bu) were unsuccessful; however (co) MoPC]3

reacted with an excess of t-BuNH, to g1ve (co) Mo('\IH2 -t- Bu) The prepara-
tion of mono- and di-substituted mononuclear carbonyls of Cr, Mo, and W with
29

the cage 1ligand P(NMeCH2)3CMe(L) were reported. Complexes of the similar
arsenic ligand were also prepared.

Synthesis of the compounds M(CO) (PPhZH)(PPhZR) (M =Cr, Mo; R = CH,CH=CH,,,
CHZ(CH )= CHZ, etc.) was accomplished from the reaction of the appropriate
allyl or substituted allyl chloride with [M(CO) (PthH)Pth] This latter
reagent was generated in situ from M(CO) (PPhZH)2 and one equivalent of Buli
in THF. Addition of a free radical catalyst to Mo(C0)4(PPh2H)(PPhZCHZCH =

CH2) caused the P-H unit to add to the allylic doublie bond, giving
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30
MO(C0)4(Ph2PCH2CH2CH2PPh2).

Mo(c0)4(pph2H)2+ Buli > [Mo(C0), (PPh,H)(PPh,)]"
CoH:CT - (19)

R.

MO(CO) (Ph PCH CH,CH,PPh,) <

2 2) Mo(C0)4(PPh2H)PPhZCH2CH=CHZ

The compounds M(C0)4(PPh H)PPh CH= CH, were prepared by reaction of M(CD) (PPh H)C1™
and PPhZCH = LH2 in the presence of AgNO 30 Cyclization of this compound

was effected by PhLi.>0
(CO)SWPPhZCH=CH2 with PthH under free radical or base catalyzed conditions

which yielded (CO) MPPh,CH,CH,PPh,. !

Similar products were observed in reactions of

2-

+ PPh, H X

2 2 CH,CH,PPh

2CH,CHoPPh, (20)

{CO) -WPPh.,CH=CH > (CO) WPPh
5 2

The reaction of (CO)SNPPhZH with PPhZCH=CH2 produced the same product under
free-radical conditions, but only the chelated product, (C0)4N(PPh CHZCHZPPh )
in the presence of base. Simiiar reactions on the bis-substituted complexes,
trans-(CO)aw(PPhZCH = CHZ)Z and cis—(C0)4w(PPh2H)2, led to more highly sub-
stituted species in which di- and tri-(tertiary phosphines) were not fully
coordinated.3]
the coordinated phosphorus was also effected on complexes of the type
(co) CrPRC]Z, which on treatment with CpCO(CO)2 underwent dehalogenation

giving mixed metal compounds, (CO) CrPR[Con(CO)]Z.

A1l complexes were characterized by 3]P NMR.3] Reaction on

(CO)SCrPRC1 + CSHSCO(CO)2

> (€0)5CrPR[CaCp(CO)], (21)

These complexes were investigated by IR, 3]P NMR, and microana]ysis.32

Connor and Riley reported several reactions of M(CO)Z(dmpE)2.33 The com-
plexes cis—M(CO)z(dmpe)Z (M = Cr, Mo) underwent one-electron oxidation by
AgBF4 in solution to give paramagnetic complexes, trans—LM(CO)Z(dmpe)Zj

[8F,1.

AgBF4
¢ i5-M(C0), (dmpe)., > trans-[M(CO),(dmpe),][BF,] (22)
cis—M(CO)2 (dmpe)2 AgX . cis—[MoX(CO)Z(dmpe)ZJX (23)

= NCS or NO3

Oxidation of the Mo complex with silver(I) salts of coordinating anions (NCS™,
NOE, NOE, C052, or 50;2) produced seven-coordinate Mo complexes cis-
[MoX(CO) (dmpe)ZJX (X = NCS™ or NOS ) MoX(CO)(NO)\dmpe)2 (X = NO, ) and cis-

MoX{CO0) (dmpe)2 (x = ; . CO3 ) wh1ch vere characterized by m1croana1ys1s,
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infrared and visible spectroscopy.33 Reaction between cis—Mo(CO)z(dmpe)2 and
organic pi-acids tetracyanoethene (TCNE), 1,2,4,5-tetracyanobenzene (TCNB) and
1,3,5-trinitrobenzene proceeded by electron transfer from the metal complex,
which was oxidized to the 17-electron trans—[Mo(CO)Z(dmpe)Z]+ jon, to the
organic acceptor which was reduced to the radical anion. The final products
of the reactions were characterized as cis—[Mo(CZ(CN)3)(C0)2(dmpe)2] fcnd,
cis-[Mo(CGHZ(CN)4)(CO)Z(dmpe)zj [CGHZ(CN)d]S and [Mo(CO)Z(dmpe)2'266H3(N02)3]
by analysis and spectroscopic analysis. The complexes cis—[M(CO)z(dmpe)z]
(M = Cr, Mo) were also shown to react with a number of alkyl halides to form
trans—[M(CO)z(dmpe),]X and subsequently either cis-[Mo(CO)z(dmpe)ZJX or trans-
[MOH(C0)2(dmpe)2]X. 5 The reaction was studied by IR, ESR and electronic
spectrascopy with rate data collected in certain cases. The ESR experiments
indicated the presence of free radical species. A mechanism was suggested
with initial electron transfer in an outer sphere process from the metal com-
plex to RX producing the metal cation.35

cis-Mo(CO)Z(dmpe)2 + RX —+ cis-Mo(CO)Z(dmpe); + RX™* (24)

|

trans—Mo(CO)z(dmpe)Z + X~ + R"

trans—[Mo(CO)z(dmpe)Z]X + RX ~ cis-[Mo(CO)Z(dmpe)ZX]X + R* (25)
R- + R- + R-R

For Mo a second electron transfer (inner sphere) occurred to the final Mo(II)

compTex.35

UV irradiation of M(co)6 (M = Cr, Mo, W) with the potentially tridentate
chelating ligand MeC(CHzAsth)3 in MeCN gave 70% yield of cis-
M(CO)4[MeC(CH2AsPh2)3] (I) in which one As donor of the ligand was uncoordinated.

FPh
2
' Me S
/M(CO)4
PheAsCH2 Al

Complexes of the chelating diphosphine, [2-(di-m-tolylphosphino)ethylldiphenyl-
phosphine (pmtpf) of general formula [(pmtpf)M(C0)4] (M = Cr, Mo, W) were
prepared.37 These complexes were characterized on the basis of elemental
analysis, electronic, IR and ]H NMR spectral measurements, magnetic suscepti-

biiities and electrical conductance data.37 The 1:1 reaction of photo-

36
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chemically generated solutions of pentacarbonyl(tetrahydrofuran)chromium and
tungsten with RZSbSbR2 gave a 40% yield of RZSbSbRZM(CO)5 (M =Cr, R=Et; M=
W, R = Me, Et, Ph) and the 2:1 reaction gave (CO)SMRZSbSbRZM(CO)5 (M =Cr, W;
R = Ph, CMe,).®

M(CO)STHF + RZSbSbR2 {26)

> M(CO)SRZSbSbR
+

(co) SMRZSbSbRZM(CO ) 5

2

M= Cr, W; R = Me, Et, etc.

Reactions of Group VIB metal carbonyls with cis- and trans-3,4-dihydro-
2,3,4,5-tetrapheny1-2H-1,2,3~diazaphosphole {DAP) yielded (CO)SM(DAP) in which
the Tigand is bonded through the phosphorus atom.39

Ph
N—Ph N—Ph
H... / Phe- /
R R
Ph Ph H Ph
cis-DAP trans-DAP

The reaction of [NEt4}[Cr(CO)58r] with methylene- and benzylidene-phos-
phoranes yielded stable yellow complexes of the type (CD)5CrCHR~P(Ph)3~X(CH3A
(R = H, CGHS; X = 0-—3).40 Reaction with phosphines caused replacement of
C0 leading to the cis comp]ex.40 Bis(acetonitrile)dicarbonyl-diphosphine-
molybdenum(Q) and a correspanding monoacetonitrile~triphosphine complex

41 In

reacted with «,B8-~unsaturated nitriles to give substitution products.
the case of tributylphosphine complexes a rapid subsequent reaction gave

dimers with a pi-olefin-sigma-nitrile bridging functions (II).4]

co_t N-€C-¢ ¢
Mo'—¢ (';.\_Mf)/ 0
€0~ i \é—C—N/:\CO
P
I

The crystal structure of the acrylonitrile complex was determined by X-ray
diffraction?l.

References p. 159
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Nitrogen bases of the Group VI carbonyls continued to be important in 1979.
Darensbourg studied the effect of intramolecular hydrogen-bonding interactions
between -P-0°""H-N- grouping in cis—Mo(C0)4(P(0Me)3)—NH05H]O Zg the solution
dynamics of this species toward amine displacement reactions. The hydrogen-
bonding interaction resulted in an enhanced stabilization of the piperidine
Tigand toward dissociative loss with AH% for NCSHlo dissociation 3.5 kcal/mol
higher for loss from Mo(CO) P(OMe) (NHCSH]O) than from Mo(CO)S(piper).
Reaction of cis-Mo(CO) P(OMe) (p1per) with ]3CO afforded stereospecifica]]y
the equatorially labeled Mo(CO) ( CO)P(OMe)3, fac- Mo(CO) ( CO)(P(OMe) }-
(piper) reacted with 13 CO to y1e1d exclusively the equator1a11y subst1tuted

complex.

cis-Mo(C0),P(OMe) 5(piper) + 130 » cis-Mo(c0),('3co)piper (27)

The intermediates involved were indicated to be nonf]uxiona1.42 Reaction of
Cr(CO)THF with nitriles yielded stable (CO)5CrNCR complexes.?’

Cr(CO)STHF + NCR —+ (CO)SCFNCR + THF (28)

Depending on the substituent R the reactions with Ph3P=CH2 Ted to substitution
of the nitrile with formation of the complex (CO)SCr—CHZ—PPh3 or to nucleo-
philic attack on the nitrile carbon to yjeld ketimine complexes (CO)SCrNH=CR—CH=
PPh3 as cis- and trans- isomers. The complexes were characterized by their IR

and NMR spectra. 43 The 1,4,5,8-tetraazaphenanthrenemetaltetracarbonyl com-

plexes (M=Cr, Mo, W) were synthesized.44
N—
\3
N
N —M(C0),

The CO force constants showed that there was more backbonding in these com-
plexes than in the analogous 1,10-phenanthroline complexes. 1t was suggested
that the presence of the two additional electron-withdrawing nitrogen atoms
were responsib]e.44 Treatment of transition metal-ammonia complexes with

ketones yielded complexes with a RR'C=NH ligand in a condensation reaction.45
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(CO)gMNH, + (CH;),C=0

> M(C0) GNH=C(CH,), + H,0 (29)

M=Cr, Mo, W

Complexation with the pentacarbonyls, M(CO)S(NH=C(CH3)2), caused stabilization
of the diz;ky]ketimines. Disubstituted complexes M(C0)4(NH=C(CH3)2)2 were also
obtained. Reduction and subsequent oxidation of MO(CO)4DAB {DAB = 1,4-
diazabutadiene) yielded complexes of formula, Moz(C0)6(IAE) IAE = p-(1-isopro-
py]amino)—Z—(isopropy]imino)ethane.46 Several methods were developed for the
preparation of M02(C0)6(IAE) all of which have in common the oxidative elimina-
tion of CO from [Mo(C0)4DAB]_ resulting in formation of Mo(CO) DAB which had
DAB both sigma and pi coordinated. Dimerization resulted in Mo (CO) (IAF)

The X-ray structure showed the formation of a carbon-carbon bond betwenn two
DAB ligands and a relatively short Mo-Mo bond (2.813/3).46 Reactions of 2-
(alkenyl) pyridines with M(CO)6 or M(CO)a(nbd) (M = Cr, Mo, W; nbd = nor-
bornadiene) were described.47 Isomerization of the alkenyl side chain occurred
with 2-(CR'Me=CR"- and 2—Ch2~CR CH2CH -) etec. giving M(C0)4L (L = 2-prop-
2'enyl) complexes. Related reactions with Ph,PCH CH CH CH and PhPCHZCH CHZCH—
CH, gave Mo(CO) (Ph P(CH ) CH=CH ) complexes. 7 React1ons of NO with

M(CO0) pr M= Mo, w L= o phen or bipy) at ambient temperature yielded

dimeric complexes of the type [M(CO)Z(NO)L]248

M(CO)5Llpy + NO > [M(C0),(NOILT, (30)

L = o-phen, bipys; M = Mo, W

These compounds were characterized on the basis of microanalysis, conductance

data, magnetic measurements and IR spectra. 48 Oxidation of similar complexes,

Cr(CO) LL' and MO(CO) LL',with Br, or I, (L = o-phen, bipy; L' = cyclohexyl-

amine, p1per, BuNH ) ]ed to the fox]ou1ng reactions. 49,50
Cr(CO),LL + Br, > [Cr(C0),LL"'BrlBry (31)
MO(CO)3LL + Br, > MoBryLL (32)

These complexes were characterized by magnetic measurements, IR spectra,

etc.49’50

Studies of dinitrogen, diazene and hydrazine complexes of the Group VI

metals continued in 1979. The preparation of dinitrogen complexes of Mo and W

were reported.S]

N

NC16 + Mg + dppe > trans-w(NZ)z(dppe)2 (33)

References p. 159
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Similar reactions produced Mo(NZ)Z(dppe)Z, Mo(NZ)Z(PMePh2)4 and w(NZ)Z(PMePh2)4.51
Archer and George reported the reaction of bis(dinitrogen) complexes of molyb-
denum, Mo(N )2L2, where L is a bidentate tertiary phosphine ligand with

hydrogen in solution to form H4M0L2.52

Mo(NZ)ZLZ + 2H, > MoH,L, + 2N, (34)

L = bidentate tertiary phosphine

Confirmation of a tetrahydride rather than a dihyride came from both ]H and

31, NMR studies using the bidentate phosphines (to])ZPCHZCHZP(tol)2 where tol

= m-tolyl or p-tolyl. 52

Ligating dinitrogen was converted into hydrazine with
a hydrazido compliex as an intermediate when cis- Mo(NZ) (PMe Ph)4 was treated
with HC1.23 Synthesis and properties of Cp(CO)ZMn -N,H Cr(CO)S, Cp(CO) Mn-
-Cr(CO)S and Cp(CO)ZMn—N —Cr(CO)5 were reported, giving the first series
of heteronuclear complexes in which NZ’ NZHZ and N2H4 were bound to identical

54

metal centers. The hydrazine and dinitrogen complexes were obtained by

reacting CpMn(C0)2N2H4 and CpMn(CO)ZNZ, respectively, with Cr(CO)STHF.54
Cr(CO)STHF + CpMn(CO),L (€0)5Cr-L-Mn(Cp)(CO), (35)
L = N2, N2H4

The diazene complex, which disproportionated to the N2 compliex and H Sgn
addition of base, was obtained by oxidation of the hydrazine complex. The
Group VIB complexes M(CO)sL were synthesized for L = cis-1,2-diisopropyldiazene
(c-dipd) with M = Cr, Mo, W; L = trans-1,2-diisopropyldiazene(t-dipd) with M

= Cr, W; and L = 1,2-diisoprcpylhydrazine (diph) with M = Cr, | .55 The
available evidence indicated that cis diazenes were better ligands than their
trans isomers. Complex stability decreased in the order W > Cr >> Mo and c-
dipd > t—dipd.55 The complexes W(CO)SL (L = CH3NHNHCH3, cis-CH3N=NCH,, and
trans—CH3N=NCH3) and [N(CO)5]2(Irans—CH3N=NCH3) viere obtained by reaction of

N(CO)5THF with the corresponding ligand.

W(CO)THF + L = W(CO)gL + THF (36)

L= CH3NHNHCH3, ciS—CH3N=NCH3 and trans—CH3N=NCH3

w(co) (cis-CH 3N=NCH ) underwent exchange between the two nitrogens with a

AGT of 16.0 kcal/mol as shown by NMR investigations. The hydrazine complex

W(COo) (CH NHNHCH3) was oxidized in high y1e1d to a 5:1 mixture of N(CO) (cis-
CH3N= NCH ) and w(co) (trans-CH,N= NCH3) The complexes [wx (NNH,, )(PMe 5Ph)3]

(x =1, Br) reacted w1th HX in THF to give hydride comp]exes WX H(NNHZ)(PMe Ph)3
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NXZ(NNHZ)(PMeZPh)3 + HX —+ WX3H(NNH2)(PM82Ph)3 (37)

This complex lost PMe,Ph upon addition of more HC1 to give HNC13(NNH2)(PMe2Ph)2
which slowly crystallized to WC1,(NNH,)(PMe,Ph}, which was characterized by X-
ray crysta1]ography.57 i - B B

A number of sulfur-based Tigand complexes of the carbonyls have been pre-
pared and studied. Gingerich and Angelici prepared mononuclear H(CO) SH™ and

binuclear bridged u- HS[w(C0)5]2 complexes by reaction of SH™ with w(CO) 58

W(CO)g + SH™ = W(CO)gSH™ + p-HS[H(CO)S]éz (38)

The reactivity of the SH™ group was shown by reaction of H(CO)SSH_ with
acetic anhydride and 2,4-dinitrophenyl acetate to give the thicacetate complex,
MeC(= O)SW(CO)S, and by reactions with aliphatic ketones and aromatic aldehydes
to yield thioketones, W(CO) (S CR ) and thioaldehydes (ArCHS)W(CO)s. 58

H(CO)SSH_ + R2C=0 -+ N(C0)5(S=CR2) (39)

The SH™ group in u-HS[N(CO)SJE2 was less reactive but deprotonation with a
strong base gave sulfur-bridged complexes which readi]y reacted with halogenated
comp]exes.58 Treatment of Cr(CO)6 with C (SR)4 (L 2) under photolysis in THF
afforded cis- Cr(CO) (LSR 2) (R = Me). 59

SR, hv SR
Cr(CO)6 + 2 THE Cr(C0)4L 2 + 2C0 (40)
LSRZ = CZ(SR)4

Complexes of this type were also obtained by reaction of M(CO)6 with L Ry

in EtOH in the presence of NaBH,.>® The complex, Cr(C0)c(LSR2) (R = Et), was
obtained by reaction of [NEt4][Cr(CO) C1] and the olefin in the presence of
[OEt3][BF41_59 Infrared and 13 C NMR spectra were used to suggest structures
and indicated some M-S pi interaction. The X-ray crystal structure was
accomplished for M = Cr, R = Me.59 The reaction of thioketaones with Mo(CO)6
was reported to give the thioketone moliybdenum pentacarbonyl compiex in good

yield.00

Mo(CO)6 + S=CRR' ~ (CO)SMO-S=CRR' (41)

Geometrical isomers were isolated for thiocamphor.60 Purine-substituted

tungsten carbonyls were shown to be usefui model compounds for studying metal

References p. 159



92

binding sites of nucleic acid components.ﬁ] Elemental analysis, molecular
weight determinations, ]H NMR and IR data revealed that 6-mercaptopurine was
capable of acting as a monodentate S(6)-bonded and bidentate S(6)-N(7) bonded
1igand to give w(CO)sL and H(CO)4L. 2',3'-0-isopropylideneguanosine behaved
as a monodentate ligand yielding W(CO)SL.

Carbenes and Carbynes

Investigations of carbenes and carbynes of Cr, Mo and W have shifted from
primarily synthesis and structural studies to reactions and reactivity studies.
Casey and co-workers jnvestigated the reactions of the carbene, (CO)SNC(H)CGHS,
with alkenes.%? Addition of CF4C0H to a CH,CT, solution of N(Et)Z(co)S-
HCH(OCH3)C6H; at -78°C produced a red solution of (CO)SNCHCGH5 which was

characterized by ]H NMR and by reaction with PBu3.62
CF3C02H
(CO)5HCH(OCH3)06H5 —_— (CO)SL«JCHCGH5 (42)
l alkene
phenylcyclopropane

Reaction of the carbene with alkenes occurred at -78°C to give phenylcyclo-
propanes; no metathesis products were observed.62 The relative reactivity of
alkenes toward (CO)SNCHC6H5 was in the order CH2=C(CH3)2 > CH2=CHCH3 >>
CH2=CH2, indicating that the rggction involved electrophilic attack of the
carbene complex on the alkene. The stereochemistry of cyclopropane forma-
tion was explained in terms of formation of a bond from the carbene carbon
atom to the less substituted end of an alkene and interaction of the positively
polarized, more substituted end of the alkene with the ipsc carbon atom of the
phenyl group.62 The reaction of pentacarbonyl-(arylmethoxycarbene)tungsten
(CO)Sw[C(OCHa)(p—C6H4R)] (R = OCH3, CHy, H, Br, CF3) with tributylphosphine at
low temperature resulted in reversible addition of PBu3 to the carbene carbon

atom.63

(€0)gH=C(OCH;) (CgH4R) + PBuy z (co)5w-(l:(OCH3)(c6H4R) (43)

PBu3

R = OCH3, CH3, H, Br, CF3

The equilibrium was dependent on the temperature and the substituent R.
£G,aH and the equilibrium constants were eva]uated.63 For all substituents a
1inear dependence from Jaffe's o constants was observed for AH. A correlation

was also observed between log K and the CO force constants.63 Treating



93

(co) NC(OMe)Ph with PhLi gave (CO) NL1CPh20Me, which reacted with HC1 to

produce a 7% yield of (CO) H=CPh, K
OMe Ph
(cc)ch'// + PhLi ——>  (CO)HCPh,(oMelti  HEls (c0)5w=c’// (44)
en Sph

Pentacarbonyl (dihydro-2(3H)-furanylidene)chromium (Q0) (III) was prepared by

lithiation of (C0)5CrC(0Me)Me with BuLi followed by treatment with ethylene
oy

oxide.””

=Cr(C0)5

111

Nucleophilic substitution of (CO) HC({OMe)Ph with Me,NH gave an 88% yield of
(CO)SHC(NMEZ)Ph. 66 peaction of U(CO)6 vith PhL1 gave L1[U(C0)5C(O)Ph] which
with [Me 0][BF4] gave 90% yield of (CO) HC(OMe)Ph

OLi
/ ! [Me,01(BF,]
> (CO)gh-C (CO)cHC(OMe)Ph (45)

Ph

N(CO)6 + PhLi

Reactions of carbenes with alkynes have been reported. T1-Diethylamino-
propyne reacted with pentacarbonyl[methoxy(2,2-diphenylethenyl)carbene]-
chromium via insertion of the alkyne into the metal-carbene bond to give
pentacarbonyl-[diethylamino-E-(2-methoxy-1-methy1-4,4-diphenyl-1,3-butadienyl)-
carbene]chrcmium.68 A similar type reaction was observed betweensgentacar—

On

warming tricarbony]-[(S—ferrocenyl-2-meth0xy—3—n6—pheny1—4—pheny1)furan]—

bonyl[ferrocenyl(methoxy)carbene] chromium with diphenylacetylene.

chromium({0) was formed.
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Fe +  PhC=CPh

The product was characterized by X-ray crystaﬂography.69 Treatment of
(CO) WC(OEt)Me with MelLi followed by acidification with CF3C02H afforded a red
crys'ral'lme compound which was found to be the binuclear complex, (CO) W-

W(CO) ,CHCH=CMe,. 0

CMe
TG
CH

|

CH

(CG)4W —-—————H(CO)4
v

o
The X-ray analysis showed a W-W distance of 3.15A and a W-C(bridging) distance

of 2.323. The following scheme was sugges’cec{.70
s
W=C —> W=C=CH
> o 2
Me X OMe A
w=C MeLi Me
/ ¥ Me
OMe H
> N——-—(—\~0Me - W=C
Me Me
B
/
A+ B > f > product {IV) (a7)

W—dme
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The synthesis and structure of prPPh3(C0)(CSPh), by transformation of a
thiocarbonyl ligand into a carbyne 1igand, was reported.77 The complex was
prepared by the following sequence of reactions.

w(c0)4(cs)1‘ + C.H.™ » pr(c0)2cs' + I7 + 2C0

55

pr(c0)2cs‘ +1, - pr(co)z(cs)l + 1 (28)
pr(CO)Z(CS)I + PPh3 -~ CpN(CO)(PPh3)(CS)I
pr(PPh3)(C0)(CS)I + LiPh - CpN(PPh3)(CO)(CSPh) + Lil

The structure was determined showing a W-C bond length of 1.8073, which was

attributed to a carbyne bonding mode.7]

W= C—S~

AN

Ph

Reaction of cyclopentenyllithium with M(CO)6 (M = Cr and W) led to cyclo-
pentylcarbene and carbyne complexes by the following reactions.72

0 -
M(CO),. + LiC.H (c0) w——c/ Lit
6 57 5 ~c
[(C2H5)30]BF4
BX3 _5970C2H5 (49)
trans—X(CO)4MEC—— <<i:] < (CC)SM::C
AN
C5H7
M=Cr, W X =Cl, Br, I

These compounds were characterized by IR and NMR and an X-ray structural

determination of I(C0)4CrEC-C5H7.72 72 A

73

The Cr=C bond distance was 1.65A.
series of reactions aon silyl-carbene and -carbyne complexes were reported.
The reaction of (CO)SMC(OCH3)SiPh3 (M = Cr, W) with A128r6 at low temperatures
produced trans-Br(C0)4MEC—SiPh3. The halogen exchanged rapidly and allowed
formation of (C0)gRe-(C0),W=CSiPhy by reaction with NaRe(C0)y.”>
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\CO)SM=C(OCH3)S1'Ph3 + Al,Brg - Br(C0)4M_‘—.CS1‘Ph3
| NaRe(CO)5 (50)

(CO)5R6~(CO)4NECSiPh3

Sodium cyc10pentad;§nide reacted with these halogenocarbynes to form Cp(CO)Z-
NCSiPh3 compliexes. The photochemical interaction of trans-chiorotetracarbonyi-
(p-tolylcarbyne)-tungsten with acetylacetone led to a crystalline compound
whose structure was determined.74

C—OH
__Jlifjiﬁré t-C1(C0) ,(acac)u = w (51)

Et,0,
2 —C7H7

t—C](C0)4HEC—C7H7 + Hacac

Two cis carbonyl ligands were replaced by acac. One CO was evolved as carbon
monoxide while the second combined with the carbyne to give a new ligand,
hydroxy(p—to]yl)—acety]ene.74 Metal-substituted ketenes of Mo and W,
Cp(CO)(PMe3)2MC(C0)R vere formed on treatment of dicarbonyl Cp(CO)ZMECR with
trimethylphosphine.

4¢70

C
_ ] V4
Cp(CO),M=C-R + 2PMe, Cp(CO)(PMe3)2M-C\\ (52)
R
M= Mo, W; R = CH3, CGHS’ etc.

The cleavage of one phosphine 1igand led in a reversible reaction to nz—
ketenyl compounds, Cp(CO)(PMe3)M—(O¢i;Ci4;C———R) or reaction with CO to give
dicarbonyl substituted n]—ketenes, Cp(CO)Z(PMe3)M-C(C0)R.75 The reaction of
(CO)SHC(OMe)Ph with BBr3 was reported to give trans—Br(C0)4NECPh in 82%

yield.’®

(C0)5HC(OMe)Ph + BBry - trans-Br(CO)4wECPh (53)

Irradiation of trans—C](CO)4NECC6H4Me—P with acetylacetone (Hacac) in Et20
at -60° gave trans-C1(C0), (acac)—w(HOCECC6H4Me-P).77

Aromatics and Cyclopentadienyls

Aromatics. Direct reaction of an arene with Cr(C0)6 gave ArCr(CO)3 (Ar =

anisole, benzene, fluorobenzene, chlorobenzene, N,N-dimethylaniline, C6H40Me)

in up to 90% yie1d.78
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Ar + Cr(C0); ~ ArCr(C0); + 3CO (54)

Ar = anisole, benzene, etc.

The reaction of 9-fluorenone ethylene ketal diphenic anhydride with Cr(co)6
produced xylenetricarbonylchromium (V) (ortho, meta and para) which was also
formed by refluxing pure Buzo with Cr(CO)G.79

Me

e

Cr(CO)3
)

Similarly dipentylether and Cr(CO)6 produced isobutyl-and 1-methyl-3-propyl-
benchrotrene. ’ 2 Complexation of Me-2-amino-2-(o-tolyl)-benzoate with Cr(CO)6
gave the isomeric complexes VI and VII both existing as two torsional isomers

as seen by NMR.80

COZMe

Me NH
Cr(CO)3

VI

For the main product, VI, the preferrred conformations of the two torsional
isomers were deduced by the lanthanide shift technique. The activation energy

for the interconversion process (91 kd/mol) was determined from variable

80

temperature NMR data. Chromium complexes of heterocyclic ligands (VIII and

IX) were prepared by treating RFe(CO)ZCp (R = 2-thienyl, 2-benzofuryl) with

5
ig%j;r“‘Fe(CO)ZCp 9 Fe(C0),Cp

Cr(co), Cr(co),
VIIT X

Cr(C0)6.8] The reaction of pentacarbonyl[ferrocenyl(methoxy)-carbene]chromium
with tolan in Bu,0 gave X in 35% yield.%
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[EZEE}__ Ph Cr(co),
Fe
/ \
0 Me

Cyclophanes reacted with Cr(C0)6 in digtyme at 140°C under nitrogen to give
the complexes XI in 40% yield.S3

R

2 " R
Cr(CO)3

R3 R]

XI

= H, R] =R, =Me; R= R] = R2 = R3 = Me, R4 = H;

RR, = CH,CH,, R

4 2CHo- =Ry =H

17 "2

Photolysis of ArCr(C0)3 with cis-cyclooctene gave ArCr(CO)Z(C8H14).84

ArCr(C0) 5 + CgHy, > ArCr(C0),(CgHy,) (55)
CSZ’ PPh3
ArCr(CO)Z(CS)
Ar = 0—Me2C6H4, C6H5C02Me, m—MeC6H4C02Me

Further reaction with CS, and PPhy gave a high yield of ArCr(CO)Z(CS).84
Reaction of [PhCr(CO)3]2 with CuCl2 gave a mixture of PhCr(C0)38§nd PhClCr(CO)3,
with the ratio of products highly dependent on the temperature. A new prepa-
ration of arenebischromium tricarbonyl was reported. Heating of Cr(CO)6 and a
polyaromatic compound in a mixture of dibutylether and THF (90/10) under
reflux allowed the direct dicomplexation of the polyaromatic in good yie]d.8
The exchange of arenes in (n6-arene)Mo(C0)3 was investigated by Muetterties
and co-workers.87 Exchange of arene' for (n6—arene)Mo(CO)3 occurred in the

6

absence of a catalyst at 60°C.



(n6-arene)Mo(C0)3 + arene' < (ns—arene‘)Mo(CO)3 + arene (56)

arene = mesitylene, toluene, hexamethylbenzene
arene' = benzene, toluene, xylenes, tetramethylbenzenes

Acetone or THF catalyzed exchange at 20°C to an equilibrium in 8 hrs.87 They
believed that exchange occurred by an associative process. Equilibrium
constants established that arene complex stability increased with the degree
of methyl substitution.s7 Arene exchanges on (arene)Cr(C0)3 complexes were
studied under stoichiometric equilibrium conditions and were shown to be
facilitated by nitrogen and oxygen donors as substituents on the arene.88 The
more firmly bonding arenes tended to displace the more weakly held in the

following order.

Me. > C HZMe4>>C H.Me, > PhNMe2 >> C-H Me2 > PhMe CGH6 > PhC(0)Me

CeMeg > Cg 63"e3 614

~ PhOMe > BzOMe ~ PhF > C]OHS

88 The attempted hydro-

Mechanisms for the exchange reactions were discussed.
genation of HZMo(nG-C6H5CH3)(PPh3)2 showed no evidence of hydrogen transfer to
toluene or benzene solvent up to 85°C where decomposition 0ccurred.89 The
complex, (n6-CH3C6H5)M0(P(0Me)3)3, didn't react with H2 at 125°C.89

Reactions on arenes coordinated to chromium tricarbonyl complexes have con-
tinued to be studied, primarily by Rausch's and Semmelhack's groups. Both
groups reported the metallation of arenechromiumtricarbonyl with n-butyl

lithium. 29

Li
Bul i Me,SiCl

—_—> —_—

SiMe

Cr‘(CO)3 Cr‘(CO)3 Cr‘(CO)3

A study of the interaction of n6—benzenetricarbony1chromium and n-butyllithium
to form (n6—pheny11ithium)tricarbonylchromium was conducted under a variety of
reaction conditions.90 The complex was generated in 60% yield at -40°C. The
synthetic utility was shown by reactions with 12 and 51‘Me3c1, which produced
the corresponding arene-chromium complexes in yields of 30% and 45%, respec-
tive]y.go Coordination to the chromiumtricarbonyl unit enhanced the acidity
of the ring protons more than the benzylic protons.gl Treatment of (ns—
toluene)chromiumtricarbonyl with n-BuLi (-78°C, ether) followed by reaction

with CO,, methylation with diazomethane, and decomplexation with Ce(IV) led to

References p. 159
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methyl toluates (ortho:meta:para, 10:45:45) in 53% yield and methylphenyl-
9 The addition of carbanions to coordinated arene
was the subject of two reports. The position of nucleophilic attack on
coordinated arenes was investigated for both mono- and di-substituted arene

comp]exes.92 Y H

X
e G/
(57)

cr(co), Cr(c0),

acetate in 13% yield.

The attacking species was a 1ithium carbanion, the substituent on the ring was

c1, SiMe3, CF3, NMeZ, CMe3, C2H5, and OCH3. A useful correlation was found
between the regioselectivity and the LUMO coefficients estimated for the free
arene ligand ignoring any contribution from the Cr(CO)3 group. 92 The addition

of reactive carbanions to nG C6H6Cr(CO)3 producad n -(6 alkylcyclohexadienyl)-
93 Reaction with
a variety of oxidizing agents (iodine, Ce(IV), 02) removed the hydrogen from

C-6 and detached the Cr(CO)3 unit producing a substituted arene. Reaction

tricarbonylchromium(0) anion complexes, as the 1ithium salts.

with electrophiles led to cleavage of the carbon-carbon bond at C-6 with
regeneration of rs-cs 6Cr(C0)3.93 Spectral data were consistent with the
ns—cyc10hexad1eny1 structure and an X-ray structure was accomplished on the
product of CgfzCr(CO)4 and 2-1ithio-1,3-dithiane.®

Metal atom vaporization was used for the synthesis of three aromatic

94,95

complexes. Codeposition of Cr vapor and m-(F C)2C6H4 gave bis[1,3-

bis{trifluoromethyl)benzene]chromium{Q). 94

Cr + 2 m-(F c)2 ga [1,3—(CF3)2C6H4]2Cr (58)
Complexation of Mo with PhX (X = C1, NMe,) gave Mo(C6H5X)2.95

Mo + 2PhX =+ MO(PhX)2 (59)

Reaction of chromium atoms with PPh3 produced Cr(nG—CGHsPPhZ)Z.96

@pphz
{PhCN) PdC1,

Cr + PPh3 —> PdC]2

§\
Cr
@y Dt
PPh2 2 (60)
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. . R 7
The kinetics of thermal decomposition of bis(ethylbenzene)chromium was stud1ed.9

The activation energies were comparable to metal-ligand bond energies.97
Highly reactive, paramagnetic compounds, [(nﬁ-areneMo(py)3]PF6 (arene =

benzene or toluene), were prepared by the reaction of pyridine with [(nﬁ—

arene) Mo]PF 98 The pyridine Tigands were readily replaced by 1-methyl-

1m1dazo]e (1- Me—Im) yielding [(n® -CgHg Mo (T-Me-Im) 5 1PF .

+ 1-
(n°-Cglig)gMo™ + py > [(n®-CehgImo(py) 7 1ME M,

6 +
[(n°-CgHg )Mo (1-Me-1m) 5]
1-Me~Im = 1-methylimidazole

The pyridine complexes alsc reacted with CO yielding tranc-[Mo(CO)zpy4]PF
which readily and revers1b1y Tost one molecule of CO under N2 and afforded the
compound [Mo(CO)py4] [PF6] (n > 2) A number of reactions of (q -

C6 5L1)Cr(n C6 6) were reported. 99

0 0

Cr Cr

(&)
o &

S

COC,H,
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The dilithio complex, (n6-C6F4L12)Cr(n6-C6H6) formed a stable diester, but the
bis(trimethylsilyl) derivative was labile. The structure and reactivity of the
(ns—mesity1ene)(nz—maleic anhydride)chromium dicarbonyl complex was investi-
gated.]00 The structure established that the olefin ligand was symmetrically
bonded with the double bond parailel to the benzene ring.]oo Alkylation at the
nitrogen of nitriles with tricarbonylchromium complexes of benzyl and related
alcohols was effected.iO] The in situ generation of various carbenium ions,
temporarily stabilized by an organometallic unit situated in the a-position, in
the presence of nitriles allowed the readily preparation of amines in high

yield from primary alcohol precursors, extending the scope of the Ritter re-

action.]m

(nBI—R'C6H4CR2R3OH)Cr(CO)3 + R%en

| HZSO4, -15°C (61)

(nB-Rr c H, CRERNHCOR? YCr (CO) 4
A series of N-functionalized isocyanide ligands {(amide, ketone, ester, thioester)
viere prepared by the reactions shown below for (:6H6C1r-(C0)3.]02

KCN -t
CGHGCr(CO)3 YR [C6H6Cr(CO)2(CN)] K

RC(0)CY (62)

, , P(0CHg) 5
CHgCriC0) (P{OCHC) 3) (ENC(D)R) ——fo—=—>CcHcCr(C0),CNC{O)R

The carbonyl function « to the nitrogen strengthened the Cr-C bond such that

further reaction caused replacement of CO leading to a chiral metal atom.102

high degree of asymmetric induction was obtained in reactions of Grignard
103

A

reagents with chiral chromiumtricarbonyl complexes of diarylimines.

PhC = N R R(Ph)CH - NH Ry

R
R2 2

+ RMgX >
cr(co) Cr(C0)3

The extent of induction depended strongly on the substituent present in the

ortho position; meta substitution led to less asymmetric induction than ortho

substitution. This was discussed mechanistica]]y.]03
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Cyclopentadienyis. A new preparation of chromecene from CrCI3 was-reported.m4

CrC13-THF + L1A]H4—+ CrC]Z-THF

lNa, CcHg (63)
CpZCr

The reaction proceeded in 75% yield. 104 To determine the validity of his

suggestion that (n -C Me5) ZrH, reacted with (n -C MeS)ZZr(CO)2 by attack on
the carbonyl, Bercaw and co- workers reacted (n5-C ) ZrH2 with szw(CO) 105

CpH(CO) + (n5-c5Me5)ZZrH2 - Cp2w=C(H)OZr(H)(n5—C5MeS)2 (64)

The structure of the product was confirmed by X-ray diffraction. Reaction of
Cp2N=C(H)OZr(H)(n - 5Me )2 with H, at 170° for 48 hrs gave szwH2 and (n5~
CgMeg),Zr(H) (0cH,). !

H
Cp2N=C(H)OZr(H)(ns—CSMes)Z T§53~> CphiH, + (n5—C5Me5)ZZr(H)(OCH3) (65)

Similar reactions were observed for CDZMO(%O) and CpZCr(CO) although the
chromium product was unstable in solution. Blumer, Barnett and Brown
investigated the substitution reactions of CpM(C0)3X complexes (M = Mo or W, X
= halide) with phosphines and arsines which proceeded rapidly at room tempera-
ture in the presence of (CH3)3NO to give c1’s-Cpl‘1(C0)2(L)X.]06

Me ,NO

CpM(C0)3X + L N + CO (66)

> cis—CpM(CO)ZLX + Me

3 2

M = Mo, W; X = halide

Stereoselectivity, product yields, and reaction rates were dramatically en-
106 Reactions of CpZCr (CO)6 with

Reaction with 2 moles of P(OMe)3 at 25°C gave the
107

hanced by use of the amine oxide reagent.
P(OMe)3 were f.%xp]mred.]07

disubstituted dimer and the structure was determined.
CpZCrz(CO)6 + 2P(0Me)3 -+ CpZCrZ(C0)4(P(0Me)3)2
P{OMe) H2
CRCr(CH,) (CO) ,P (OMe) polar | CpCr(CO),(P(QMe)H  (67)

+ solvent
CRCr(PO(OMe),,) (CO),P(OMe)
CpCr(co)Z(P(OMe)3)§
+
CpCr(CO)3_
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The long Cr-Cr bond (3. 3433) was very reactive. Reaction with H2 cccurred

giving a hydride; reaction with P(UCH caused decomposition of the ligand; and

33 107
disproportionation occurred in polar so]vents.'g’

The mechanism of halogenation of the derivatives [CpM(CO)ZL]2 (M= Mo, W; L
= CO, P(OMe),) was investigated. 108 Treatment of [coM(€0),], with I, in ethanol

at 0°C 1in the presence of Na[B(Ph)4] produced the iodine-bridged derivative

T{cpM{c0).), (:-1)10 71 which was an intermediate in the formation of
LA Wpiay Wy 3,2\ JLUI Il4J I3 AVE S \'uJ]ag LT I I LT &t Liic lu!iiul.
CpM(CO) I from [CpM(CO) ]2 and I,. Bromination and chlorination of
[CpM(CO)3]2 and [CpM(CO) P(OMe) ] always gave M(IV) derivatives CpM(CO)aX and
8

CpMo(CO)(P(DMe) )X as products. The following mechanism was proposed.
Cp Cp
(CO)3M.—._-M(CO)3

X
L
X
[‘:p Clp / \ %p // \“ CD

[(CO),M——M(C0). 17X *co) Ml - - - JE&(CO)
3 3 3 3

Cp ?P
X
[(co)BA/” ‘\\‘M(C0)3]+X'

2 CpM(C0) 3
| ¥
CpM(CO) X,

The mutual interconversions of the species Cp(CO)BM', Cp(CO)3MM'(C0)3Cp and
Cp(CO) M (M, M' = Cr, Mo, M) were investigated.109 The mixed dimers
Cp(CD)BCrMo(C0)3Cp and Cp(CO)BCrH(CO)an were prepared for the first time; the
Mo-W compound could not be purified.] The Mo and W radicals, CD(C0)3M in
contrast to the Cr radical, were not stable in solution. Electrochemical
measurements and redox and redistribution reactions indicated their formation
and existence under normal conditions.!%? The react10n of CIMPhg (M = Ge, Sn,
Pb) with [CD2NHL1]4 gave a good yield of CpZHH(MPh )

[CDZWHLTJ4 + CIMPhy = szwH(MPhB)

M = Ge, Sn, Pb
Gladysz and co-workers reported a near quantitative preparation of the metal

carbonyl monoanion, CpMo(CO)g, by trialkylborohydride cleavage of metal carbonyl

dimers.]]]

[CpMo(CO)41, + LiBRGH ~ CpMo{CO);” + BR, + o (68)

R = Et and s-~Bu
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This procedure was reported to be safer and better than mercury ama1gam.]]]

The coordination of pr(_CO)3~ to triphenylatuminum, triphenylgallium, and
triphenylindium was 1’nvesti<_qated.”2 By infrared amalysis of [Bu4N]+[pr(C0)3]'
stirred with Ph3A1 showed the oxygen atom of a carbonyl to be the site of
1igand basicity. Dichloromethane solutions of [Bu4N]+[(Ph3Ga)pr(CO)3]_
contained a metal-metal bonded species and a C- and Q-coordinated complex.
The corresponding indium complex was only metal-metal bonded. Tetraphenyl-
phosphaele, -arsole and -stibole complexes centaining phosphorus-, arsenic-,
and antimony-metal bonds respectively were prepared for Mo and W by the follow-

ing reactions-]]3

+ \’,:< =
CpM(cO)5" + /L:;(£-01 ——> Cp(CO)M-E{ (69)

7 — - 7 ~= _ (70)
(n ~C;H;)Mo(CO), + E;::As > {n —C7HQ(CO)2M0—A<i;;] + 1

M = Mo, W, E =P, As, Sb

Complexes of the type RCOCHZM(C0)3Cp (R = ferrocenyl, cymantrenyl; M = Mo, W)
were prepared in good yield by treating NaM(C0)3Cp with RCOCH,C 1in HE. 114

NaM(C0)3Cp + RCOCH2C1 > RCOCHZM(CO)3Cp {(71)

R = ferrocenyl, cymantrenyl; M = Mo, W

The transition metal arsines Cp(CO)ZLMAs(Me)2 (M = Mo, Ws L = CO, PMe3) reacted
with elemental sulfur (selenium) in CS2 to give the transition metal sub-
stituted arsine chalcogenides CpM(CO)2 As(CH3)2~S or »Se.”5 Due to the pro-
nounced basicity of the chalcogen center, they were readily converted into
cationic mononuclear complexes [trans-Cp(CO)Z(PMe3)MoAsMQZSR]+X' by alkyl

halides and into bridged dinuclear complexes trans»Cp(CO)2(PMe33MoAs(Me)ZSCr(CO)5
on treatment with Cr(C0O)gTHF.!'® Reaction of T1Cr(C0)4Cp with C1,SnMa(CO),L (L
= €0, PEtZPh) and C]BSnFe(CD)ZCp gave the products CTZSn{Mn(CO)qL][Cr(CO)3Cp]

and C1,Sn{CpFe(C0),1[Cr(c0),Cpl, respectively.''®

T]Cr(CO)3Cp + C13SnMn(CO)4L > C125n[Mn(C0)4L][CpCr(C0)3] (72)
L = CO, PEtZPh

The complexes were characterized by IR, Raman and mass spectra.]]ﬁ

New cyclopentadienyl complexes of molybdenum with dppe as a ligand were

reported-]]7
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Cp + Cp Py | +
NS
’M0H3 dppe N Mq\\\
tp cé/// P

P
A BHA_ / ]
Cp c1 G P <—a Mo
N . HC1 /S ] - N b
P

Mo cl 1o
P/,\Cl ah
p C
Ly p
ATH,, (OCH,CH,0Me)
Cp /// H
Mo H
| ™Sn
p

The trihydride, CpMo(dppe)H3 reacted with butadiene giving [Mo(CD)(dppe)(n3-
C3H4CH3).]]7 The synthesis of «,u'-dicyclopentadienyl-m-xylene and its
ligand chemistry were 1'nves|‘t1'ga’ced.”8 Reaction of this ligand with NaH gave
the dianion, disodium (m-phenylenedimethylene)dicyclopentadienide. Ther-
molysis of Mo(CO)6 and photolysis of w(CO)6 with the dianion in THF gave

m_(:6H4(Cl’*ZCSHAfr"l(CO)3)2"2 (M = Mo, w).118 Reaction with alkyl halides gave m-
CHg (CH,CEH,M(CO) JR), (R=CHg,CoHc).

M(C0)3R M(C0)3R

XII
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They were also able to prepare the hydride and the metal-metal bonded compound
C6H4(CH2C5H4MO(C0)3)?.]]8 The synthesis of mixed cyanothiocyanate and cyano-
selenocyanate complexes of cyclopentadienylchromium was reported.”9

Cp,Cr + (SeCN), ~ Cp,Cr(NCSe), (73)
Cp,Cr + Se(CN), >  Cp,Cr(CN)(NCSe)

These complexes were characterized by IR, EPR and magnetic moments.”9

Reactions of lithium salts of amidines with CS2 led to complexation by
CpMo(CO)2 of N—a]ky]-N—Tminoacy]—dithiocarbamates.]20 A number of different

120 The reaction of ethylene sulfide or propylene

bonding modes were observed.
121

sulfide with CpMo(CO)3H or CpZMOZ(CO)G gave [CpMoSCnH2n5]2(n = 2,3).
Cyclic voltammetry showed that each complex underwent two reversible oxidations
at 0.13 and 0.79 V vs. SCE. Both the one-electron and two-electron oxidation
products were synthesized and characterized by spectral and magnetic data.]Z]
The electrochemical data for the oxidized complexes supported the conclusion
that the complexes had the same gross structural features in all three oxida-
tion states. The structure of [CpMoSC3HGS]28F4 was determined.]Z]

Cp———Moﬁ:ii//j:é%i:i:Mo—:—Cp
\\é/

7

S

The metal ions were bridged by two 1,2-propanedithiolate ligands. The four
sulfur atoms of these ligands formed a plane which bisected the metal-metal
distance.]Z] Reaction of (CpMoSC2H4S)2 with acetylene at 25°C gave ethylene
and the complex [CpMoSCZHZSJZ, which could be hydrogenated at 60° back to the
starting complex.'”) The complexes CpMo(NO)X(p-MeCH,-p-Me) (X = CI, Br, I,
CpMo(CO)Z(p-MeC6H4N3(R)O) (R = Me, i-Pr) and CpMo(CO)Z(MeC(O)CHC(O)R) (8-
diketonate, R = CF3, Ph) were prepared and characterized. The fluxional
behavior of cyclopentadienyl molybdenum complexes with a piano-stool con-
figuration and a cis-chelating 1igand were d1'5cus_'=,ed.]22 The bite of the
chelating ligand was important. FElectronegative donating atoms (halogens or

oxygens) or very strongly electron-withdrawing 1igands (NO) inhibited the
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fluxional pr‘ocess.]22

There was a substantial body of research reported in 1979 on cyclopentadienyl
complexes of.sulfur Tigands. Reaction of [CpMo(c0)3]2 with dimethyl disulfide
and hexafluorobut-2-yne under irradiation gave an orange-red product which was
shown by X-ray analysis to have the structure be1ow.]23

X1V
The metal atom was incorporated into a six-membered ring, formed by 1inking a
methylthio group through a carbonyl to the alkyne which was in turn attached
to a second carbonyl group. An 18-electron configuration was completed by

donation of a lone pair of electrons from sulfur and of three electrons from
an n3-C3 unit.]23 Further study of this type insertion showed that reaction
between CpH(C0)3(SR) (R = Me, Et, i-Pr) and hexafiuorobut-2-yne involved

initial attack at sulfur and carbonyl ligands to give coordinatively unsatu-

rated acetylene comp]exes.]24
l R'
l
R'C=CR®
Cpd(CO),SR ——————— CpH ::[: _— pr I
pH( )3 \ ‘\ _R*
O cosr

(72)
co
{ Ve
CpH — {ll
SR
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The remaining carbonyl could be displaced by phosphines or phosphites.]24

Tricarbonylcyclopentadienyl (triphenylstannyl)-molybdenum and tungsten reacted
with 302 at 25°C primarily by insertion into Sn-C bonds although a second mole

could be absorbed, cleaving the tin-metal bond. 125
S0, 302
Cp(CO)3MSnPh3 —_— Cp(C0)3MSnPh2—SOZ-C6H5 _—
0
CP(C0) H—S—SnPh,—SC,—CHs (75)
The reaction between d1methy1acety1ene d?carboxy]ate and CpH(CO),SMe led to
CpH¥C(CO Me)=C(CO Me)C(O)SMe;2 and the structure was determined. ?26 The

tungsten co-ordination was square pyramidal, the apical site occupied by the
cyclopentadienyl ring. The basal coordination sites contained two carbonyls
and also the sulfur and sigma-bonded carbon atoms of a chelating carbothiolic
methyl ester 1igand derived from the incoming alkyne and CO and the SMe

126 The reaction of CpMo(C0)3C1 with pyridine-
2-carboxylic acid [(S)-1-phenylethylthicamide] yielded two diastereomers of
composition CpMo(CO)z(thioamide).127

groups of the original complex.

CpMo(C0)3C] + thioamide > CpMo(CO)Z(thioamide) (76)

The crystal structure of one diastereomer was obtained. The molecules con-
sisted of a central Mo surrounded by an approximately square-pyramidal array
with the thiocamide bidentate through the nitrogen of the pyridine and the
sulfur. The absolute configuration at the Mo site was established as (S).]27
The synthesis, spectroscopic and stereochemical properties of Cp(CO)ZMo—
NHZCH(COOCH3)CHZS with a cysteine methylester acting as a bidentate 1igand
through nitrogen and sulfur were reported. 128 Several molybdenum complexes
Cp(CO)ZMoN(R JC{R)S derived from thicacetamide and thiobenzamide with chiral

C atoms at the amide nitrogen atom were prepared. 129

The asymmetric induction
at the Mo atom in the equilibrium of the diastereomers was determined by 1H
NMR to be 48 and 98% for CH(Ph)R', R' = = CoHe and CH(CH3)2, respect’,ively.]29
The reaction of Na[CpCr(CO) ] with S,N,Cl1, in THF afforded the bimetallic

37°37°3
complex [CpCr(CO)ZJZS 130

CPCr(CO)3 + SgNCl5 ~ [Cper(C0),1,8 (77)

The CrSCr linkage was essentially linear with very short Cr-S bonds (2.074A).]30

This was interpreted as Cr=S=Cr bonding, consistent with the chemical inert-
ness.] 30
Larger rings. There were only a few reports of Group VI complexes with

larger rings in 1979. The reaction of (n -C,H )Mo(CO)(PPh }I with NaCN yielded
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(n - )Mo(CO)(PPh Y{(CN) Nh]Ch was ethylated by [Et OJBF to yield [(n -
)Mo(CO)(PPh )(CNCZH )]
[Et,018F,
n -C7H7M0(CO)(PPh3)I + NaCN -+ (n -C H )Mo(CO)(PPh yen) —m————s
(n”-C,H, )Mo (CO) (PPh) (CNC,H, ) (78)

The interaction of the iodide complex with AgBF4 in acetonitrile and pyridine
yielded E(n7—C§H7)M0(CO)(PPh3)(NCCH3)]+ and [(n’-C,H,)Mo(CO)(PPhy) (py)T",
respective]y.] 1 A kinetics study of the displacement of cycloheptatriene from
(nG-C HB)M(CO)3 (M = Cr, Mo, W) by benzonitrile showed unusual cnanges in rate

132

law as the metal was varied. While the chromium complex obeyed the second-

order rate law,
rate = k[{complex][RCN]
the molybdenum species followed the third-order rate law,

rate = k[complex][RCN]Z

and the tungsten complex was intermediate between the second and third order.]32

These results were rationalized by a mechanism involving attack by two
benzonitrile nucleophiles via the steadystate intermediate [(714 C )M(CO) RCN]
Attack of a third benzonitrile rapidiy led to products.]32 The reactlon of
(n -CoH, W (CO)2 with sodium alkoxides vie]ded unsymmetrical binuclear com—
plexes of tungsten with three OR bridges, (n -CyH 7)(CO) W(OR)H(CO}, (n -CoHg
These complexes were characterized by IR, NMR, mass spectroscopy and for R
CHy by X-ray crystallography (XV).]33_]34.

). 133-13

XV

The crystal structures of a similar complex (n3-C7H7)(CO)ZMO(u-OCH3)3Mo(n7~

C7H7) was also reported.]3s
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The Mo-Mo distance was in the single-bond length range, but the Mo-0-Mo angle

did not reflect a metal-metal interaction.]35

Olefins, Acetylenes, Dienes and Allyls

Olefins. The reaction of PMezPh with Eszw(CzH4)Me]PF6 Ted to a series of

reactions.]36
XVII
[CpZN(C2H4)Me]+ + PMePh - [CDZN(CHZCHZPMezPh)Me]+
4 Y'Cz“a (79)
+ ; 1t
[Cp,W(Me)PMe,Ph] W(CH,PMe,Ph)H]
XVIII

Repeating the reaction with the deuterio-methyl analogues showed that the CD,
in XVII was reformed quantitatively in XVIII supporting the proposal that th;
mechanism involved a reversible 1,2-hydrogen shift equilibrium between szwMe+
and Cp,W(CH,)H". 136
were discussed. 136

The implications of 1,2-hydrogen shifts («-elimination)
Tricyanoethylene metal complexes were formed by reaction

of T-chloro-2,2'dicyanovinylmolybdenum with t-BuNC. '3’

Cp(CO)3MO-C(C1)=C(CN)2 + t-BuNC - cis and trans—CpMo(t-BuNC)Z(CZ(CN)3H)C1 (80)

Cp Cp
ci_ | _ cnt-su
. “C::'MO\\ t-BuNC ___ Ao_/, C1
-bu C(CN) £-BuN - ~
-BuNC
\ s 2 u \ C(CN)2
(H)CN (E)CN
XIX XX
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Similar complexes of fumaronitrile were obtained by UV-irradiation of CpMo(CO)(t-
BuNC).Cl1 and fumaronitrile in THF. The structures were assigned from 13C
NMR.1§7 Reaction of CpM(CO)3CH2CH=CHMe (M=Mo, W) with Ph3CBF4 yielded, instead
of the expected cationic butadiene complexes [CpM(CO)Z(n4—C4H6)][BF 3, which
would have been formed in the case of hydride cleavage, [CpM(CO)3(n —C4H8)][BF4],
which would have been formed by protonation of the single C,H, 1igand.138
Acetylenes. The propeller-like rotations of each of the coordinated
acetylenes in the 16-electron complex CpMo(PhCECMe)2C1 were found to not be
independent and the barrier to rotation of one of the acetylenes was influenced
by the orientation of the other‘.]39

A\
7 \(, A NS A\
¥ N oS W
X < X
Ye \e

The barrier in the neutral complex, CpMo(PhCECMe)2C1, was found to be ~ 5
kcal/mole Tower than the cationic complex, [CpMo(HOM,CCSCCH,O0H),(C0)ICT. 39

Cycliic 1,3-dienes were found to react with szMoz(C0)4(u—C2H2) to give products
arising from formal Diels-Alder addition to the bridging ethyne.]40 The

structure of the bicyclo[4.2.2] deca-2,4,7,9-tetraene complex, szMoz(CO)z(C]OH]O);
derived from cyclooctatetraene addition was determined by X-ray diffraction. 40

EQ:

PN

Cp Mo — Mo Cp

L
Y R
C1
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Dienes. Bicyclo[4.2.1]nona-2,4,7-triene-3-one reacted smoothly to form
tricarbonylmetal complexes with M = Mo and Cr.]4] 9-Methylene-bicyclo[4.2.1]
nona-2,4,7-triene complexes coordinated in the exo fashion rather than the

13C chemical shift data supported the structural and
141

expected endo mode.
stereochemical assignments.

Allyls. Reaction of [CpW(NO)I,J, with Sn{C,Hg), led to pr(NO)(n -CqH )T
in high yield. 14z A crystal structure determination showed a marked asymmetry
of the allyl ligand with the best representation of the allyl-W bonding as

be'low.]42

Treatment of Mo(Cp)(nB-C3H5)I(NO) with NaS2CNR2 afforded CpMo(n]-C3H5)(N0)-
(S,CNR,) (R = Me or Et).143

CpMo (n° ~C4H)T(NO) + NaS,CNR,

CpMo(n ~C3H5)(N0)52CNR2)
E

e
CDMO(CHCHZECHZ)(NO)(SZCNRZ)
or

CpMo(ECHZCHCHZ)(NO)SZCNRZ)
E = CZ(CN)4, (CF3)2C0, CF3C2CF30r S0,

Treatment with electrophiles, E, gave cyclization products,

[CpMo (CHCH ECHZ(NO)(S CNR ) (E = CZ(CN)d ar (CF ) €3) or insertion products
CpMo(ECH CHCH )(NO)(S CNMez) (E = CF CZCF or SO ). The structures of the
compounds were discussed and properties of the n1 and n3-allyls were compared
to other a]]y]s.]43 The synthes1s and stereochemical and dynamical studies of
phosphine and phosphite n -allylcyclopentenone complexes were described. 144

An interaction of cyclopentenone and the phosphine or phosphite ligands led to
only one conformation of the d1’astere0mer.]44 Unsubstituted complexes of
n3~a11y1cyclopentenone with Mo and W were obtained by treating homoallenic

bromides with CpMo(CO)3 and pr(CO)' 145 conformational equilibria were
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observed and interpreted by assuming that the dominant factor was a steric inter-
145 1pe
complex, (n3—C3H5)-Mo(C0)2(dppe)C1, was investigated by X-ray crystallography

14
and NMR.

action between the Cp ring and the substituents on the allyl ligand.

P~P = dppe XXII

13 31

Analysis of variable temperature 1H, C and ~ P NMR allowed study of the
dynamics of this complex. A trigonal twist rearrangement was proposed for the
dynamical behavior in these complexes in which a rotation of the triangular
face formed by the halogen and two phosphorus atoms relative to the face

146

formed by the allyl and two carbonyl groups were involved. The barrier to

rotation for the iodo-complex was 10-12 kcal/mo]e.]46 Diastereomers and
conformers of n3—a11y1 molybdenum phosphine or phosphite complexes were
identified by NMR spectroscopy.]47 The most stable conformations were those
which minimized the steric interaction between the allyl substituents and the
phosphorus-containing ligand. The largest coupling constants were between the

147

phosphorus and hydrogen in the cis position. Equilibrium studies were

accomplished on MoC](n3-C3H5)(CO)2(RCN)2 comp]exes.]48

MoCl(na-C3H5)(CO)2(RCN)2 +—[Mo(n3-c3H5)(co)Z(RCN)3]+ + [M02C13(n3—C3H5)2(C0)4]_

R = Me, Ph (81)

The chloride complexes ionized extensively in pclar and non-polar solvents to
[Mo(n3-C?Hg)(CO)Z(RCN)3]+ [Mo,C14(n®-C;H5),(C0),1” with the liberation of free
nitrile. 4 Equilibrium constants were evaluated by IR and NMR. Similar
bromo complexes ionized to a lesser extent and the iodo-complexes were not
ionized at a71.148
Nucleophilic attacks on endo- and exo- n3—a11y1 complexes, such as CpMo(CO)-
(NO)(1,3—d1‘methy1aHy'l)+ cation occurred stereospecifica]ly.]49 The struc-
tures determined of the olefinic derivatives formed by addition of the nucleo-
phile, were consistent with nucleophilic attack trans to NO in the endo
isomer and cis to NO in the exo isomer. The configuration of the chiral

center implied that attack occurred on the face of the allyl opposite to the
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metal and not directly at the metal center.]49 In the structures of the

olefin derivatives, CpMo(CO)(NO)(n2~C8HMO) and CpMo(CO)(NO)(n2~CgH]60),
formed by addition of the enamine of isobutyraldehyde, the alefinic bond
tended to be aligned parallel to the molybdenum-carbonyl vector rather than
parallel to the Cp plane. The orientational preference had a profound effect
on the selectivity of the reaction.]49 Synthetic methods were described for
the preparation of sigma~ and pi- allyl complexes of molybdenum from CpMo(C0)3C]
and C3H58r in phase transfer catalyzed r-erztctions.]50 The synthesis of n3—
bonded w-methylene lactone complexes of molybdenum was reported from hydroxy-

6-alkynyl-molybdenum complexes.ls}

CpMO(CO)g + C]CHZCEC(CHZ)HCRR'OH - Cp(CO)3MO-CH2CEC(CH2)H~CRR'OH

A A1,0, (82)

H .

[
*
O

Cp(CO)ZMo

Alkyls and Hvdrides
Alkyls. A large number of studies of alkyl complexes were reported in
1979. The reaction of 1,3-diphenyltriazine with the MZ(CH3)8"4 anions (M = Cr

or Mo) were employed to obtain triazino-bridged Cr-Cr and Mo-Mo guadruple
152

bonds.
-4 )
MZ(CH3)8 + PhN3Ph - MZ(PhN3Ph)4 (83)
M= Cr, Mo
Reaction gave CrZ(PhN3Ph)4, Cr(PhN3Ph)3 and MDE(PhN3Ph)4. A11 three products

were characterized by X-ray cyrystalIcu_;’r-aphy.]5 The reaction of HC14Y with
MeZMg led to formation of NMeClaY.]53

WCILY + Me,Mg  +  W(Me)Cl,Y (84)
Y=0,S, Se

The compounds were very reactive and could not be isolated. A number of

complexes with nitrogen and oxygen donors were isolated and characterized.

Reaction of Cr(acac)3 with (PhCHZ)ZMg, (PhCH2)3A1, and PhCH2M9C1 Ted to
154

PhCHzcr(acac)z.

153
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Cr(acac)3 + (PhCHZ)ZMg - PhCHZCr(acaC)2 (85)

When tris(N,N-dimethyl-o-toluidyl)chromium was treated with metalla-p-diketones,
a ligand exchange reaction occurred affording mixed-1igand transition metal
complexes containing metalla-B-diketonate 1igands.]55 A1l of these complexes
were polynuclear, paramagnetic molecules, and the chromium complexes possessed
either one or two chromium-carbon bonds.155 3,3'-0Oxybis-[ (chromiomethyl)
benzene] (4+) was prepared from bis[m-(bromomethyl)phenyl] ether and excess
Cr(I1) 1in aqueous acetone.]sﬁ This compound was characterized by its speétrum
and from products obtained on base hydrolysis and on reaction with Hg(II) and

mild oxidants. o —
‘ CH2

+4

CH,

L_ Cr Cr B

XXIII

Reaction of the dibromide with Timiting quantities of Cr(III) produced the
complex [CrCH2C6H4OC6H4CHZBr]+2 which was similarly characterized.]56 Kinetic
data was obtained on the formation of these species and on the reactions with
Hg(II).]56 Chromium(II) chloride formed a complex with a water soluble 15-
membered macrocyclic [15]aneN4 which reacted with organic halides producing
the monoalkyl complexes, trans-RCr([]S]aneNq)H20+2.]57 The kinetics of this
reaction showed a second order rate law. A two step mechanism was suggested
with the Cr(II) complex reacting with alkyl halide by rate-1imiting halogen
atom abstraction generating a carbon-centered free radical which couples with
a second Cr(II) center.]57

Several sigma mesitylene complexes were prepared in the past year. Reaction
of mesityllithium with molybdenum trichloride in THF produced LiMo(CgH]] 4"
(THF) ‘158

4

M0C13 + L1‘C9Hn - LiMo(CgH]])4(THF)4

oxidant (86)
1

Mo(CgH“)4I2 < Mo(CgH

114
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This ~ompound was readily oxidized to Mo(Can)4.158 The molybdenum(1IV)
complex was very stable and paramagnetic. Addition of iodine or bromine
produced MO(C9H11)4X2 compounds, maintaining the carbon-metal bonds..|59
These compounds were salt 1ike with the homoleptic cation, MO(CQH]])4+.]59
Air oxidation of the tetramesitylene complex, LiZCr(CgH]])4(THF)4, gave

LiCr(0,}(CqHyp)5(THF) 5 in 35% yie1d. 180 Reaction of this tris-mesityl complex

with LiR under argon produced the Cr(chn)4 comp]ex.l50
L1‘2CrR4(THF)4 > L1‘Cr(02)R3(THF)3
LiR {87)
CrR4

R = 2,4,6-Me3C6H2

Air oxidation of LiCr(CgHy;)5(0Et),(dioxane) produced CrRy(THF) in Tow yield. 160
Jones and Bergman studied the reaction between organotransition metal
alkyls and hydrides.]s] The methyl and ethyl complexes were converted to
aldehydes at temperatures between 25 and 50°c.767
0
CpMo(CO)4H + CpMO(CO) 4R R—C—H + Cp,Mo,(C0), + Cp,Mo,(CO)g (88)
R = CH3, CZHS’ CHZC6H5’ CD3, CDZC6H5
The yields for methyl and ethyl were guantitative with no trace of alkanes.
The following scheme was suggested.ls]
0

.0 HMo (C0) 5Cp 9
R-Mo(CO)s(Cp) - R—~c——M0(C0)2(Cp) —_—_— R"—c—-TO(CO)Z(Cp)
6 Sy i
R——C—~§9(C0)2(Cp) CpMo(CO)3
H,C=CH
er e | RCHO
CpZMoz(CO)6 + szMoz(CO)4
0
0 R-C-CHZCH3
R/<§;;:>Mo(co)2(6p) R—C-(CHZ)Z—TO(CO)ZCD
|
Cp(CO) ,LMoH CpMo(CO),L
L +
> R~—C——CH=CH2
0
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This Mo system mimickedthe oxo reaction except that reaction of CpZMOZ(CO)G
with H2 was slow.161 The behavior of the benzyl complex was more complicated
than that of the methyl and ethyl complexes. The reaction was slower, as
expected for initial alkyl migration. Toluene was formed with the aldehyde
and the ratio RCHO:RH was dependent on initial hydride concentrations (more
hydride produced a higher yield of aldehyde).]6] Reaction of metal carbonyl
anions with haloacetylenes or ethynylphosphonium salts produced sigma-ethynyl
metal carbonyl complexes, Cp(C0)3M—czC6H5.162
CpCr(CO)3' + CoHC=CBr - Cp(CO)BCr—CzCC6H5 (89)

CpM{CO);” + [CHZCSCPPhyIBr ~ CpM(CO)4—C=CC M,
M=Mo, W

Watson and Bergman reported the synthesis and cyclization of a]kynyl—CpM(C0)3
complexes (M = Mo, w).163 Cyclization of the complexes, CH3CSC(CH2)nM(Cp)(CO)3
(n = 3,4,5; M = Mo, W) occurred under mild conditions to give cyclized
products, Cp(CO)ZM[C(CH3)=C(O)(CHZ)n], derived from intramolecular insertion
of the acetylenic function into a metal-acyl bond.}GB

Cp(CO),M-(CH,) C=CCH, -+ Cp(CO) M— {90)
0— n
n=3,4,5; M

I

Mo, W

Yields depended on the value for n, n = 3, > 70%; n =4, 50%; n = 5, < 15%.
Hydrogenation of the cyclized Mo species produced 2-ethylcyclohexanone and
Cpyty (0, in high yield.!63

Insertion of molecules into alkyl-Group VI complexes continued to be
reported. Reaction of (n5-C9H7)(C0)3MoMe with but-2-yne afforded the vinyl

r’ 1
ketone complex, (nS—C9H7)(C0)2M0{C(Me)=C(Me)C(Me)O}.]64

. ] 1
(n®-CgH,) (CO) MoMe + but-2-yne - (n®-CgH,) (C0) ,MoLC(Me)C(Me)=C(Me)O} (91)

(nS-C H5)(CO),MoMe + 3,3'-dimethylbut-l-yne -
97 3

(n5—C9H7)(CO)ZME{CH=C(t-Bu)C(MéSB} (91)

(nS—CgH7)(CO)ZMo{n3—C(Me)C(t-Bu)CHCH=C(t-Bu)0}

In contrast 3,3-dimethylbut-1-yne reacted ungsr similar conditions to give
15

consecutively (n5-69H7)(CO)EMO{CHC(t—Bu)C(Me)O} and the n3—pyrany1 complex,

(nS-C9H7)(CO)ZMo{n3—C(Me)C(t-Bu)CHCH=C(t—Bu)O}!64 Methylencyclopropane
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reacted s]owly with (n —C9H7)(CO) MoMe to give the ring-opened comp]ex, n5-

C g (CO) Mo{n —ant1 CH(Me)C(C(O)Me)CH } and 1,3-butadiene to afford (n -
)(CO) Mo{n -CHZCHCHCHZC(O)ME} The mechanism of formation of these products

was d1scussed.1 Reaction of €S, with Cp(CO) MoR (R = Me, Et) yielded the

nZ—CS2 complexes, Cp(CO) Mo(n -CS )(C(O)R) wh1ch reversibly Tost CS, in reflux-

ing benzene to regenerate the start1ng mater1a1.]6 Reaction of

Cp(CO) Mo (nP~CS,) (C(0)Me) with PPh, yielded Cp(CO)(PPhy)Mo(n°~CS,)(C(0)Me).

Sulfur dioxide insertion into alkyl-W bonds was shown by Severson and Wojcicki

165

to be accelerated by BF3 and SbF5.166
BF3
R-N(Cp(CO)3 + 302 _ R—S=0—N(Cp)(C0)3 (93)
|
BF5

BF3 accelerated the rate by a factor of 20,000, leading to Cp(C0)3N[OS(OBF3)R]
(the O-sulfinato complex) instead of the S-sulfinato complex observed in
unassisted 1'nsert1'0ns.]66

Green and co-workers continued their studies of bis-cyclopentadienyl alkyl
comp]exes.167_169 The methyl hydride complex, CpZN(Me)H, was prepared by
treatment of CpZNMeX (X = I or OCOPh) with Na[AlHZ(OCHZCHZOMe)Z].

Na[A]HZ(OCHZCHZOMe)Z]
szw(Me)X > szw(Me)H

Jal

Cp W(R)H < RH [Cp,W] + CHy {ea)

R = Ph, C_H,F, OMe, etc.

6 4

Thermal decomposition of szw(Me)H in benzene, fluorobenzene, methanol, etc.,
evolved methane and the compounds CpZN(R)H R = Ph, CeHy F, OMe, etc. 167 The
oxidation of szwMe with 12 yielded paramagnetic CpZNMe2 which could be
reduced to the parent dimethyl compound. 167 The compounds [CpZMoR(CO)]PF6 (R

= Me, n -C,H 5 etc.) and [szwMe(CO)]PF6 were prepared by addition of RX to
Cp,M(CO). 188°
PMe,Ph
szM(CO) + RPF6 > [CpZMR(CO)]PF6 > CpZM(C(O)R)PMeZPh (95)
M= Mo, W
R = Me, etc.
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Reaction of the alkyl carbonyl complexes ([CpZMoMe(CO)]PFG) with PMeZPh
produced [CpZMo(C(O)Me)(PMeZPh)]PFG. The olefin complex, [CDZN(C2H4)R]PFg,
could be prepared similarly; no insertion of the ethylene was observed.]6
The rate of the thermal rearrangement of the compoqnds [CpZNH(CHzPR:;[IPF6 to
[szw(Me)(PRa)]PF6 increased in the order R3 = PhZMe > PhMe2 > Me3, and when

R3 = Me3 the two compounds were found to be in equilibrium in so1ut10n.]69

szwH(cHsz3) z Cp,H(Me)PR, (96)
Ry = PhyMe, PhMe,, Me,

When R3 = PhZMe, the PMePh2 group exchanged with added Pl'-'le3 producing
[Cp,WH(CH,PMe ) IpF,. 109

Hydride. Borisov and co-workers reported the synthesis and reactions of
HML, (L = PPhMe,, PPhEL,, PPh,H, P(OEt),, etc.).'’0 Solutions of WCl in
dimethoxyethane or THF were treated with KBH4 and then phosphites or phos-
phines to give H4NL4.

+ KBH, 5> B WL (97)

WClg 4 ghlg

L = phosphines and phosphites

These W hydride complexes were characterized by IR and 1H NMR.170

When
toluene solutions containing H4wL4 (L =PMePh2, PBuPhZ) in a CO2 atmosphere
were refluxed 2 hr a mixture of fac- and mer-N(C0)3L3 was obtained.]7] The
carbonylation of H,WL, did not require the presence of a reducing agent as in
the case of Rh(PPh3)3C1. CO2 reacted with NH4 at 20° to]g;ve a complex
containing coordinated CO2 or a product of its reaction. For the 1ligands
PPh%Et and PPhEtZ, the hydride complexes, HGNL3, were prepared and identified
by 'H NMR spectra.'’® Addition of acids, HX (X = BF,, HSO,, C1, etc.) under
controlled conditions gave the hydride complexes [MH(CNR)E(dppe)Zj[X] and the

hydrido-carbyne complexes [MH{CN(H)R}(CNR)(dppe)z][X]2.17

trans-[M(CNR), (dppe)

> [MH(CNR), (dppe),][X] (98)
+

[MH{CN(H)RY (CNR) (dppe) , (X1,

2]

The IR and NMR spectra of the complexes were discussed in terms of their

structures. /% The chloro compounds, CpM(NO)ch (M = Mo, W) reacted with

Na[ATH, (OCH,CH,0CH,),,] in toluene to form the hydrido complexes CpM(NO)ZH.173

CpM(NO)ZCi > CpM(NO)ZH (99)

M = Mo, W.
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The hydridomolybdenum complex slowly decomposed at ambient temperatures, but
the thermally stable tungsten analogue could be isolated and fully characterized.
CpH(NO)ZH exhibited1?3vM_H at 1900 cm"1 in its IR and a Tow field hydride

Its chemistry was characterized by its tendency to
function as a source of H‘.173 Darensbourg and Incorvia st¥9ged the sub-

stitution and dimer disruption chemistry of p-H[Cr(CO)SJ2 .

resonance at § 2.27.

///)? substituted dimer

slp
T c0)

p-HICr(CO) (100)

5L
Photolysis to the substituted dimer occurred with a higher quantum yield than

break up of the dimer. V74 The 1igands used were PPh3 and ]3C0. 1360 sub-

174 The complex, Bu,N[u-H(Cr(CO0):),1,
175 4 52
1.

stitution was equatorial on the dimer.
reacted with HCl1 in MeOH to give Bu4N[Cr(CO)5CT
K(phen)3 CrZH(CO)]O gave (phen)Zi-l[u—H(Cr(CO)S)2].]75 CpZMH2 complexes have

continued to be investigated. The mechanism of carbonylation of CpZMoH2 was
176

Analogous reactions of

reported.
Cp,MoH, + CO - Cp,Mo,(CO)+ CpMo(n’~Cgh;)(CO), (101)

The final products were CDZMOZ(CO)G and CpMo(n3—C5H7)(CO)2. The intermediates,
CpyMo(C0), [Cp,Ma(H)CO]¥, [CPMo(CO)4]™ and CpMo(CO),H, were believed to be
important and the following scheme was suggested.17°

> Cp,MaCO + CpMo(n®-CcH,)(CO),

1 co

Cp2M0H2 + CO

CpQMoz(CO)6
J/ co, CpZHOH2
[CpMo(H)(COJTT  + CpMo (CO) ,H
co Cp2M0C0
CpyMo, (CO) < [CpMo(CO)4T + [CPZMO(H)(CO)]+

It was suggested that the hydrogen transfer took place by a radical process.”6

Catalysis of the exchange of D, with Cp,HH, was effected by Mn,(C0),.' "’
Treatment of CpQNH2 with D2 at 80°C in the presence of M"Z(CO)TO indicated

that deuterium had equilibrated throughout the metallocene, but not with the

177

solvent. It was suggested that binuclear intermediates were involved in
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this reaction.]77 The treatment of Cp,MH, (M = Mo, W) with CH3Mn(C0)5 gave

the binuclear complexes, Cp(CO)M(u-(nS:n]-C5H4))Mn(CO)4, accompanied by
evolution of CH4 and HZ]78

Cp,MH, + CHMn(CO)g -~ Cp(CO)M(u-(ns:n1-C5H4))Mn(C0)4 +CHy +H,  (102)

4

M = Mo, W.
Methane was formed from a hydrogen of a cyclopentadienyl ring of the metallocene
hydride and the methyl group of CH3Mn(C0)5.]78
organotransition metal complexes [CpZM(u-HZ)—Rh(PPh3)2]PF (M = Mo, W), was
achieved by reaction of Cp2MH2 with H2Rh(PPh3)2“2 acetone*at room temperature.

The preparation of mixed

179
CR,MH, + HZRh(PPh3);- - szw(u—Hz)Rh(PPh3)2+ (103)

The X-ray structure of the tungsten compound showed the dinuclear, hydride-
bridged nature of this comp]ex.]79 The reaction of CpZNH2 with [RN2][X] at
low temperature led to [CpZNH(NN(H)R)][X] (R = aryl; X = BF, or PF6), which
rearranged in solution above -20°C to yield [szw(HZNNR)][X] in which the

arylhydrazido 1igand was bound to W in a “side-on" or n —manner.180

Cptit, + [RN,1[X] low temperature . [Cp HH(NN(H)R) I[X]
0°C (104)

[Cp W (H,NNR)1[X]
R = aryl; X = BF,, PF,
The X-ray structure was reported for [CpZN(HZNNR)][BF4].18O

Metal-Metal Bonded Systems.

A large number of studies of multiple metal-metal bonded systems were
reported in 1979. Reactions of appropriate metal carbonyl derivatives with
pentamethylcyclopentadiene in boiling n-decane provided routes to [Me5C5M(C0)Z]Z
(M = Cr, Mo, W).]B] Infrared spectroscopic studies at elevated pressure
indjcated that the ease of CO addition to the triple bond increased in the

sequence Cr < W < Mo.]8]

[(MecCcIM(CO),1, + €O =+ [(MegCoIM(CO) 4], (105)
M = Cr, Mo, W.

Carbonylation was also used to prepare [(MeSCS)M(C0)3]2. The chromium dimer
was least stab1e.]8] The reaction of dinuclear acetates of molybdenum with di-

arylmagnesiums in the presence of PMe3 Ted to sigma-aryl molybdenum complexes
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containing a Mo-Mo quadruple bond.]82

Me3P PMe3 @
S e
~ I

MoZ(OZCMe)4 + Pl“‘le3 + MgAr2 _—

Mo
PMe3 L 0
ig c ____//
he
Ar = aryl

In the absence of PMe3 only decomposition occurred. The caompounds were

characterized by microanalysis, IR and NMR (]3(2, ]H, 3]P).]82 A similar

reaction with 2-methoxyphenyl led to a product with no acetato groups (XXIV).182

SIMNNG

0 -
Me3P l __."’ \’ _—-(BMe
SMo--TT Mo- ~
_— Q\

MeO PMe3

MeO——————@
XX1V

Dicyclopentadienyl di-tert-butoxydichromium was pr‘epar‘ed.]g3

AN
Cp—Cr\———Cr——Cp

|
A
clCHy),
XXV

The structure was determined {XXV) with a Cr-Cr bond length of 2.65/?\ which
indicated a strong bond, but the bond order wasn't suggested. The Cp-Cr-Cr-Cp

was Hnear.]83 Reactions were studied with acetylenes, CO, €05, NO, and NO.
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The compounds CpZCrZ(O—t—Bu )g(NO)2 and CpZCrz(O—t—Bu)z-(CF3CECCF3) were

prepared and characterized. Dialkyl dimolybdenum and ditungsten (M=M)

complexes were prepared by the following '."eacticm.184

M2C12(NMe2)4 + 2LiR ~ MZRZ(NMEZ)4 + 2LiC1 (108)
R = CH3, C2H5, CHZCD3, C4H9, etc.

These alkyls were reported to be remarkably stable with no evidence of B-

elimination. Reaction with CO2 led to insertion into the M-N bond.184

Retention of the M-M triple bond was observed for g-elimination stabilized
alkyls, while the following reaction was observed for non-8-elimination

stabilized a]ky]s.]s4

MoZRZ(NMeZ)4 + €0, - MZ(OZCNMeZ)4 + R-H + 1-alkene (107)

Deuterium Tabeling experiments indicated that 602 insertion caused 3-elimination
to occur followed by reductive elimination of RH.]84 Hydrocarbon solutions

of M02(0-t-Bu)6 (Mo=Mo) reacted with CO at room temperature and 1 atmosphere
through the monocartonyl, Mo,(0-t-Bu),(1:-C0), to Mo(CO)g and Mo(O-t-Bu),.18°

A crystal structure was accomplished. Diaryl, aralkyl and cycloalkyl thio-
ketones reacted with dicyclopentadienylhexacarbonyldimolybdenum or -ditungsten
to give a new class of thione complexes of formula (RZCS)MZ(CO)4(n5-C5H4R')2

(M = Mo, w).185 The structures were elucidated by elemental analysis, IR, and
NMR (]H and ]3C) as well as X-ray analysis of the thiocamphor molybdenum
complex. The thioketone was bonded in an unusual fashion and one semi-bridginrg
€0 was observed.186 The complex, K3[M02(C0)6(0Me)3], was prepared by treating
the hydroxide precipitate formed during addition of MeOH solutions of alkali

to solutions of T1C13, N0C15 and Mgc]z, with CO for 10 miné at SOC’C.]87 For
aqueocus sciutions the methoxy groups were substituted by 1:“-OH bridges.

During crystallization in HZO the aimer was converted to the tetramer,
K,Jr[r-‘lo(OH)((30)3]4'H20.]87 Both the tetramer and dimer were characterized by IR
and X-ray photoelectron spectra.]87 Reaction of M(CO)6 (M = Cr, Mo, W) with
Me,SO in H,0 gave [MeZSOJ(HZO)(CO)Cr(?ggCr(O)(HZO)(MeZSO), [(Me250)3M0(0)]20,
and (H,0),(COJW(0)OW(D)(H,0),(Me,SO).

The number of preparations and structural analyses of mixed-metal complexes
containing Group VI metals has grown in 1979. The reaction of Cp,NbBH, and
CpM(CO)3Me in toluene in the presence of Et3N gave binuclear complexes,
Cp,Nb-M(C0) 4 (Cp). 18°

Cp,NbBH, + MeM(C0)3(Cp) - CpZNbM(C0)3Cp (108)

4

M= Mo, W
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The structure of the Mo complex was determined (XXVI) showing the structure

below with a Nb-Mo bond length of 3.073A.!89

0
(CpY b )
PJoNb_— /MO(CP)(CO)

'OC

XXVI

The infrared absorption frequencies showed evidence for the interaction

(1870, 1700, and 1560 cm']) in a semi-bridging position.]89

The preparation

of carbonyl-free mixed organotransitionmetal complexes, [CpZM(u—H)2Rh(PPh3)2][PF6]‘
(M = Mo, W) was describecl.]90 The X-ray structure of the tungsten compound

was done showing square planar coordination at rhodium (2P and 2H) and normal
geometry at the tungsten. Rapid H + D exchange of the hydrides and the Cp

rings was observed under mild conditions. This was ascribed to an oxidative-

190 The new heteroclusters,

acddition of a Cp C-H bond onto the rhodium.
PhPFeMoCo-Cp(CO)8 (XXVII) and PhPMoCoZCp(CO)6 (XXVIID) (;-AsMez) were prepared

and studied.]91

o Ph
P p
(CO)Fe-----L-----M
3 l o(Cp)(CO)3 (CO)ZCO i C— MOCD(CO)Z
Co Co
(C0)3 (CO)Z
XXVII XXVIII

These compounds were characterized by IR and NMR; the iron complex (XXVII) was

1.]9] Reaction of Cp(CO)_MW-AsMe, with the p,~sulfido-bridged trimer, u,-
3 2 3 192,193

chira
S—MoFeCo—Cp(CO)8 led to the first cluster with four different metals.
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Reaction of NanMo(CO)3 with cis-C]ZPt(CNC6H11)(C(OCZHS)NC6H]]) led to a
trimetallic carbene complex with Mo-Pt-Mo bonds. 4

NCGHTT\C,/'OEt

cis—C'lZPt(CNCGHH)(C(OEt)NHCGHH

+
NaMo(Cp)(CO)3

|
(Cp)(CO) sMo——Pt——Mo(CO),Cp  (109)

The crystal structure determination showed a Mo-Pt distance of 2.8893, indicat-
ing strong bonding. The Pt geometry was square planar and the geometry was

near normal although one CO was semi-bridging.m4 The compounds Pt(C2H4)2(PR3),
(PR3 = P(t-Bu)ZMe or P(C6H11)3)’ reacted with carbene complexes M{C(OMe)Ph}(CO)s,
(M = Cr, W) to give trimetallic molecules MPtZ{u~C(OMe)Ph}(CO)G(PR3)2, with

the structure of the tungsten compound (XXIX) established by X-ray crystallo-
graphy-lgs

Ph QMe
N/
P
PR3——Pt———————Pt—PR3

N
(c0),

XXIX

[+] o
The W-Pt distance was 2.83A and the Pt-Pt distance was 2.63A.]95

Chelates
Electrochemical oxidation of the complexes, M(CO)Z(dam) (4 = Cr, Mo; dam
= bis(diphenylarsino)methane) which have the structure (XXX) shown below
196

showed unusual reaction pathways.

PhAs

XXX

At mercury electrodes the following reactions were observed.196
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>

2M(C0), (dam) + 2Hg 2[HgM(C0)2dam]+ + 2e” (110)

-+

2[HgM(C0),(dam)T" 2 [Hg(M(CO)Z(dam))2]+2 + Hg (111)

Under voltametric conditions at a platinum electrode the reversible one-

electron oxidation was observed.]96

Cr(Co),(dam) ¥ [Cr(CO)Z(dam)]+ + e (112)
A further irreversible oxidation was also observed.
[Cr(C0)y(dam)T¥ - [Cr(CO),(dam)]*2 (113)

The MD(CO)Z(dam)+ underwent irreversible oxidation at platinum under all con-
ditions.196 Chemical oxidation with Hg(II), Ag(I), I, and POPF; were also

196 Nesmeyanov and coworkers continued their study of arene-

investigated.
chelate complexes. UV irradiation of arene-tricarbonylchromium complexes
containing —OP(OR)2 phosphorus atoms in the 6- or e-positions of two side
chains caused displacement of two CO ligands to give two-bridged chelate

arenebisphosphite carbonyl chromium comp]exes..lg7

(CH,) OP(OR),
(114)

hv

Cr(CO)3 > substituted species

With phosphorus in the y position only singly bridged chelate complexes were
formed. Structures were assigned by IR and NMR(:”]P,]H).]97 A crystal
structure of (3,5-dimethylbenzyl)diphenylphosphitodicarbonyl chromium (XXXI)

was accomplished.
CH
___.QTZ
0
Cr——————4QOPh)2

CH3

XXXI

The chromium geometry was a distorted octahedron with an extremely short Cr-P
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198

[=]
bond (2.201A). This was ascribed to a chelate effect. UV irradiation of

arenedifluorophosphite complexes resulted in replacement of all the CO

group’s.}99 Complexes with one, two or three chelate cycles were prepared. The

structure of the tris-substituted complex (XXXII) was determined.]gg—200

XXXI1I
The aromatic ring maintained its planarity:; the chromium was octahedral with

the P-Cr-P angle 91.9".200

complexes of chromium and tungsten [M(CO)SS(CHZR)R'] in the presence of a pi-

The reaction of LiBu with pentacarbonyl(thiocether)

acid ligand (phosphine, phosphite or isocyanide), followed by alkylation pro-
duced a series of trisubstituted carbonyl complexes of the type fac-

[M(C0) 5LLC(0EL)C-0EL)=C(SR" )R}]. O]
consecutive carbonylation was substantiated by the formation of a cis-tetra-

A proposed mechanism involving a double

carbonyl (aminocarbenethio)-chelate as a by-product during one reaction with L
= cnBut. 29" The complexes [CPM(CO),(NN')ICT (M = Mo, W NN' = five-membered
chelate rings, Schiff-base derived from 2-pyridinecarbaldehyde and various

amines) reacted with 1ithium- and magnesium-reagents to form neutral metalla-

202 MR (]H and ]3C) indicated a stereospecific course for the

202

aziridines.

ring contraction.

Nitrosyls

Treatment of Bu4N[N(CO)51] in CHZCT2 with (NO)HSO4 led to w(CO)4(N0)(I).
Refluxing the nitrosyl complex in MeCN produced (MeCN)Zw(CO)Z(NO)I which re-
acted with PPhy in THF or CHCl, to give cis- and trans-(Ph3P)2w(C0)2(N0)I; in
CgHg or MeCN one acetonitrile and one CO were replaced leading to
(PPh,),H(CO) (NO) (MeCN) 1. 23

203

THF or CHC13 )
(MeCN)zw(CO)Z(NO)I + 2 PPh3 —_— (PPh3)2H(CO)2(NO)I (115)
C6H6 or MeCN
(MeCN)Zw(CO)Z(NO)I + 2 PPh3 —_— (PPh3)2H(CO)(NO)(MeCN)I (116)

The bis-acetonitrile complex also reacted with CpTl to give CpN(C0)2N0.203
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(MeCN)Zw(CO)Z(NO)I + CpT1 ~ CpW(CO),NO (117)

The complexes were characterized by IR and Raman spectra.203

of nitrosyl complexes of molybdenum and tungsten was effected by reactions on
204

The preparation
tetracarbonyl-[o-phenylenebis(dimethylarsine)J-molybdenum and tungsten.

M(dma)(C0)4 + NOPF6 - [mer—M(dma)(C0)3N0][PF6]
X (118)
M(dma)(CO)Z(NO)X

dma = o-phenylenebis{dimethylarsine)

X=C", Br, I, S,CNMe, ™

The determination of stereochemistry by IR and NMR spectroscopy and the de-
tection or isolation of reaction intermediates, allowed comments to be made on
the mechanism of the formation and substitution reactions of [M(dma)(C0)3—
no1LPF,1.%0%

The aprotic acids HgC]2 and SnC]4 reacted with the complexes CpM(CO)(NO)-
(PPh3) (M = Mo, W) by electrophilic attack at the meta].205 This reaction did
not occur for CpMo(CO)ZNO indicating that substitution of PPh3 for CO in-
creased the basicity of the meta].205 Complexes with both NO and CS ligands,
CpCr(CO)(NO)(CS), CpCr(NO)(CS)(PMe3) and CpCr(NO)ZCS+, were prepared by the
following reactions.

hv +CSZ’ PPh3
CpCr(CO)2N0 —=> ——cssi———> CpCr(CO)(CS)(NO) (119)

-C0O —SPPh3
The CS ligand was shown by NMR and IR to be a much more effective acceptor
ligand than €0.2%° Reaction of [CpMO(NO)X,T, (X = C1, Br, I), CpMo(NO)(0,CHe),
or CpMo(NO)I with alkyl- or aryl-hydrazines afforded simple hydrazine adducts,
CpMo(NHRNR'R")(NO)Xz, CpMo (NRNR'R")(NO)I and [CpMo(NO)X]zNNR‘R“ comp'lexes.zo7
The species, CpMo(NHRNR'R“)(NO)XZ, were shown by spectral data to contain
either a unidentate or a chelating hydrazine. The CpMo(NRNR'R"}(NO)I complex
had a known structure with a bidentate hydrazine bound to only one metal
atom.207 The organometallic thionitrosyl complex, CpCr(CO)Z(NS), was isolated

from the reaction of CpCr(CO)3" and S.,N3C'l3 at -78°C.208
CpCr(C0),~ + S.N.Cl, —22%C o cper(co) NS (120)
3 37°3¥'3 2
The structure was done showing the geometry to be the expected "piano
stool” with a Tinear NS 1igand coordinated to the metal via the nitrogen

atom. 208
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KINETICS AND MECHANISMS

Darensbourg and Graves studied the kinetics and mechanisms of the reaction
of cis-Mo(C0)4L2 (L = phosphine or phosphite) with carbon monoxide which led

to removal of one of the h'gands.209

cis—Mo(C0)4L2 + C0 - Mo(CO)SL + L (120)

These processes were observed to proceed by a dissnciative mechanism with the
rate of substitution being greatly enhanced as the size of the phosphorus
Tigand increased within a series of phosphine or phosphite derivatives. The
cis-Mo(C0)4L2 species were found to react stereospecifically with ]3C0 to

afford cis—Mo(C0)4(]3CO)L derivat‘ives.zo9
. 13 s 13 .
c1s-Mo(C0)4L2 + "7CO - c1s—Mo(CO)4( CO)L + L (122)

trans-Mo(C0), (PPh 3co -~ cis-Mo(co)4(]3co)PPh3 (123)

3z * ]
L = phosphine or phosphites

The intermediate (Mo(CO)4L) was shown to be nonfluxional during its solution

lifetime although the trans—Mo(CO)4(PPh3)2 species reacted with 13
209

C0 to give
stereospecifically the cis—Mo(C0)4(13CG)L complex. Nucleophilic attack of
OH™ at the carbon atom of a chromium-bound CO was observed with a subsequent
process leading to the extrusion of C02.210 These two processes were studied
for the reaction of ]80-enriched NaOH with Cr(CO)6 in a biphasic medium in the

presence of a phase-transfer catalyst. Oxygen exchange was faster than

. — Cr(C

Cr(CO)6 + OH -
e SN p-H[Cr(CO)S]2 + CO

2

metal hydride (u-H[Cr(CO)SJZ') formation with concomitant production of
COZ.210 The kinetic parameters for the reaction of p-H[Cr(CO)S]Z_

with CO in alcohol solvents to afford Cr(CO)6 and H, were determined.
a very nice piece of work Shriver and coworkers showed that the presence of a

211 The addition of AlBr
211 3

210 In

Lewis acid assisted the methyl migration reaction.
to CpMo(CO)3CH3 in toluene led to Lewis acid coordinated metal acetyls.
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CpNO(CO)BCH3 + A]Br3 - CpMo_(CO)2

Br C—CH,y (124)
\ .0
A1

Br2

co

CpMo(C0) ;—C(0A1Br4)CH,

Reaction with CO was facile and hydrolysis of A]Br3 led to simple metal
acy13.21] The halopentacarbonyl compounds of molybdenum and tungsten reacted
with phosphines in polar aprotic solvents with CO substitution to give the
ionic derivatives [LM(CO)4X] (X=C1, Br; M=Mo, W; L = PEt, P(OPh)3,

PPhy, etc.).?'?

M(CO)SX— + L~ M(CO)4LX— + CO (125)

M=Mo, ¥; X=2C1, Br; L = PEt P(OPh)3, 3

The substitution of the halide ligand which was catalyzed by protic solvents,
provided a convenient route to the neutral comp]exes LM(CO)5 and LL® M(CO)4 (L
= phosphines; L' NH3, py, piper, etc. )

The rates of combination of pyridine with five-coordinate species formed
via laser flash photolytic M-CO bond scission in Mo(CO)4(dppe) and w(CO)Q(P—
en) (P-en = ethylenediphosphine) in cyclohexane was determined at room tem-

p(—:‘r‘ature.m3

Mo(C0), (dppe) flash photolysis . Mo(C0) 5(dppe) —BY > Mo(C0)(dppelpy (126)

Free energies of activation for these reactions were 2-5 kcal/mole. These
results indicated that transition states leading to formation of combination
products closely resemble the 1'ntermed1'ates.2]3 Hexacarbonyltungsten(0)
reacted with (Ph P) NX salts (X = CN”, OCN™, SCN”) in chlorobenzene at 90°-
120°C to afford [PPN] [W(C0)5XI™(X = OCN”, SCN”) and [PPN1,"[u(CO),(cN),172. 21

Rate data showed the f0110w1ng rate 1aw.214

rate = kz[w(co)ej[PPN+x’]

This was interpreted in terms of a mechanism involving initial attack of the

anionic nucleophiles at a carbonyl carbon of the substrate. The following

scheme was suggested.214
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(C0) W-CO + [PPN]T[X] ~ (€0)gu-Co

X -+- PPN

{
v

CO + [(C0)gHXI[PPNTT < (CO)cW ==+ cO [PPNT

X
X = OCN™, SCN~

The data suggested that no coordinatively unsaturated species formed during
214 Asali and Dobson suggested that most reactions

of anionic nucleophiles involve interaction at the carbon of a bound CO in a
214

the substitution process.
bimolecular path. Kinetic data were obtained on the substitution reaction
of [(Me3CSCH2)2]w(CO)4 with PBu3 showing the existence of two competing
reaction paths, one of unimolecular ring opening and the second of displace-
ment of one end of the chelating ligand by PBu3.215
The kinetics of the reaction of trans-bromo(tetracarbonyl)-phenylcarbyne-
tungsten with L (L = PPh3, AsPh3, P(OPh)3, etc.) were studied in a variety of

solvents.Z]6

trans-Br(C0)4w = C-Ph + L - mer—Br(C0)3LHEC—Ph (126)
L= PPh3, AsPh3, P(OPh)3, etc.

The formation of the monosubstituted carbyne complex followed a 15t order rate

law with the rate dependent on neither the nature of the substituent nucieo-
phiie nor on its concentra’cion.Z]6 The rate decreased with increasing polarity
of the solvent. The activation parameters found were AHT = 98-108 kd/mole and
LS% = 26-53 eu.Z]6 The data were interpreted on the basis of a CO dissocia-
tive mechanism.2]6 The stereochemistry and mechanisms of the HgC]2 cleavage

of threo-1,2-dideuteriophenmethyl compounds of tungsten were studied.‘?]7

PhCHDCHDN(CO)Z(PEt3)(Cp) + HgC]Z -~ PhCHDCHDHgC1

The reaction occurred with retention of configuration. It was suggested that

this proceeds by an oxidative (SE) process.2]7

CATALYSIS AND ORGANIC SYNTHESIS

Olefin Metathesis

Studies of Group VI catalysts for olefin metathesis have continued in
1979. A series of catalytic systems for olefin metathesis M(NO)ZXZ(PPh3)2 +
EtA]C]2 (M = Mo, W; X =CI1, Br, I), M(CO)SPPh3 + EtAT.C]2 + 02 (M = Mo, W),
(arene)M(CO)3 + EtA1C12 (arene = benzene, mesitylene; M = Cr, Mo, W) were
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218 The stereoselectivity was determined

examined for their stereoselectivity.
for cis- and trans- RCH:CHCH3 by the trans/cis ratios of 2-butenes. The
variations in stereoselectivity observed (Cr > Mo >> W) was explained as a

result of the 1,3-diaxial interaction.218 Grubbs and Happin examined the

metathesis of cis-cis-2,8-decadiene with Mo(NO)Z(C1)2(PPh3)2 and HC16 +
SnMe4.2]9 The metathesis was studied for those catalysts with cis,cis-2,8-
decadiene and cis,cis,—Z,S—decadiene—],1,1,10,10,10—d6. The isotopic labeling
in the 2-butene product provided further evidence for a carbene mechanism in

219 Metathesis of acetylenes was observed with

the metathesis reaction.
Mo(C0)4(PhOH) as a catalyst.??0 o Toly1CzcPh was converted into PhCZCPh and
p-toly1C=C-(p-tolyl) in n-octane at the reflux temperature.

Mo (C0)5(PhOH)

p-CH3C6H4CECC6H5 > C6H5CECC6H5

+

p-CH3C6H4CEC(p—C6H4CH3) (127)

Other molybdenum complexes, such as MO(CO)B(NHB)B’ Mo(CO)3(MeCN)3, trans-Mo
(C0)4(PPh3)2 and cis-Mo(CO) (dppm)z, also catalyzed metathesis, the first two
in the absence of phenol.22 Coordinatively unsaturatea species such as
“Mo(C0)3" were considered to be active in promoting metathesis with the

phenol a good leaving group instead of assisting in removal of complexed
acetylene from mo]ybdenum.220 The temperature-programmed decomposition of the
hexacarbonyls (Cr(CO)6, Mo(CO)6 and N(C0)6) supported on Si0, gave rise to a
single, narrow peak which was uncharacteristic of high surface area supports.
The hexacarbonyls provided a route to low-valent, supported Cr, Mo, W which
could not be achieved by the traditional methods of catalyst synthesis. The
nature of the active sites for the metathesis of propylene was suggested to be
due to both a subcarbonyl species which was formed near 100°C and mildly
oxidized and decarbonylated species which were formed at higher temperatures.ZZ]
These materials were slightly active for propylene hydrogenation and the

chemistry of these catalysts was compared to the hexacarbonyls supported on
221
A1203.
The photo-induced metathesis [H(C0)6—CC14—hv] of cis- and trans-RCH=CHMe

gave 2-butene in a very high yield trans but low cis stereose]ectivity.222

221

hv

H{CO), + CCl, > RCH=CHR + MeCH=CHMe (128)

RCH=CHMe

Propene behaved 1ike a cis olefin. The results were interpreted in terms of a
dinuclear tungsten intermediate, which required high steric constraints in the

trans-alkylidenation step.222
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At ambient temperature an active species generated by the electroreduction of
wc16 with an aluminum anode catalyzed the metathesis of internal olefins (2-

223

pentene) with good activity and selectivity. A terminal olefin such as 1-

octene, in the presence of a wC16-EtA1C12 catalytic system with PhCl as so%;gnt
underwent polymerization and the solvent underwent concomitant alkylation.
Addition of Ni(P(OPh)3)4 to this system caused the formatijon of internal

olefins. Through cross-and homometathesis, a series of olefinic products was

224 The reaction of CD3Li with NC]6 and MoC]5 was studied at various
225

formed.
Li-Mo and Li-W ratios. The decomposition of the W or Mo organometallic
intermediate gave CD4, CZDG and CZD4‘ The formation of CD5 was ascribed to

CD2: which by recombination of CDZ: fragments gave C2D4.

Other Catalytic Reactions

Considerably more reports of catalytic reactions by Group VI compounds
appeared in 1979, especially polymerizations. A review of the use of the
metal carbonyls as initiators of radical reactions of organic halogen com-
pounds was pubHshed.226
was reported-227 Alkylibenzenes, C6H5(CH2)nH with n = 1-5, were formed in the

reaction of H(CO)6 and A1C13 in benzene treated with CO and H2 under pressure

The catalytic alkylation of benzene with CO and H,

at 200°C. The chain length was maximized at n = 2.227
H(CO)G/A1C13

C6H6 + CO + H2 500°C > CGHS(CHZ)nH (129)

n=1-56

N(CO)6 was reported to be completely recovered, although activity decreased

during reaction, probably because A1C13 was used up.227 Mo(CO)E absorbed on

A1203 was shown to be highly active for propene hydrogenation.2 8 The hydro-
229

genation of norbornadiene was catalyzed by Cr(co)6.
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HZICr(CO)6 N .
hvy
norbornadiene > norbornene tricyclene

The hydrogenation was studied at pressures up to 80 Bar. The norbornene/-
tricyclene ratio increased considerably with increasing pressure and above 40
Bar both double honds were hydrogenated to give norbornane.?2?  Active Mo
catalysts prepared by H2 and 02 treatment of the product of SiO2 or A1203

with Mo(C3H5)4 were examined by XPS, UV refiectance, IR, Raman, ESR and Tumines-
cence spectroscop_y.230 The fixed catalyst active centers had the tetrahedral
dioxo structure of 6-valent Mo with coordinative unsaturation. These pro-
perties were essential for abstraction of H from C-H bonds of a substrate.
Molybdenum hexacarbonyl was shown to be active for electron transfer reac-
tions-231 The dehydration of dimethylphenylcarbinal by Mo(CO)6 in CCI4 was
characterized by an induction period during which C]Z was generated; C12

activated the dehydration.231 C12 or Br2 activated Mo(CO)6 in the reactions
232

230

of hydroperoxide epoxidation of 1-hexene and dehydration of PhCMeZOH.
Under the reaction conditions the Mo did not change its zero valency, while in
the absence of olefin or PhCMezgg it underwent oxidative destruction with
irreversible Toss of CO groups.

The activity of a series of arenetricarbonyl complexes of Cr, Mo and W for
the polymerization of phenylacetylenes was investigated.233 The relative

reactivities of the compounds varied as below.

Me3C6H3M0(C0)3 > Me3C6H3Cr(C0)3
The tungsten analogue (Me3CGH3w(CO)3) didn't initiate the polymerization of
PhCECH.233 The polymerization was first order in acetylene and in metal

complex. The activity for chromium complexes changes as f011ows.233

MeOC6H5Cr(CO)3 < EtC6H5Cr(C0)3 < MeC6H5Cr(CO)3 < C1C6H5Cr(CO)3

A linear structure was suggested for poly(phenylacetylene) on the basis of IR
Spectra.233 In a series of patents Goodyear workers reported a series of
po]ymerizations.234'237 A solution of HC16 and Et3A12C13 was found to be
active for ring-opening solution polymerization of cycliopentene and dicyclo-
pentadiene leading to gel-free rubber-like po‘l_ymers.234 The same catalyst

solution was also active for the co-polymerization of cyclopentadiene and
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bicycloheptane mixture to give polymers with high impact strength which could
be 01l extended and used as general purpose rubbers.235 Conjugated diolefins
(isoprene, 1,3-butadiene, etc.) were polymerized to rubbers by catalysts
containing alkyls of Al, Mg or Zn, Cr alkoncates and phosphite esters.236’237

A chromium-dad (dad = 1,4 diaza-1,3-diene) system was able to transform isoprene
in a highly specific manner to 2,7-dimethyl-2, trans-4,6-octatriene which

involved tail-to-tail linkage with a double hydrogen shift.Z30

>

‘QhT//”<§: <§§/’J<§b Cr(dad)2 SN SEN

It was suggested that the specificity arose from steric interactions.238 Pi-

alkenyl compeunds of chromium were used to polymerize dienes.239 The cyclode-

gradation of polydienes was reported for a molybdenum-trichlorodistearate-
240

organcaluminum catalyst.

Organic_Synthesis

Thermal decomposition of dicyclopentadienone in the presence of M(Co)6

A
(M = Cr, Mo, W) yielded indanone.z*]

M(CO)6
——

X X (130)

Q==

Z2-Bromocyclopentadienone dimer, on the other hand, afforded 4-bromoindanone

under the same conditions. The reactions provided a 507 yield of the indan-

ne_241

o No corresponding organometallic complexes were isolated, although the

mechanism was discussed.24] Isomerization of ergosterol acetate with Cr(CO)6

242 Similar isomerization of

in octane gave 81% of ergosterol B2 acetate.
242

ergosterol 83 acetate gave 78% ergosterol B] acetate.
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I Cr‘(CO)6 §

N ﬁ g -\_\;\
Molybdenum hexacarbonyl on alumina was shown to be effective in dehalogenation
reactions.?*3 The compounds, RC(0)CH,Br (R = 4-MeOC(H,, 4-C1CgH, 4-BrigH,,
4-PhC.H,, 1-adamantyl, 2-naphthyl), and MO(CO)6 on alumina producéd dehalo-
genated monoketones in 60-88% yield after 18 hours at room temperature. This
heterogeneous method was reported to be superior to the homogeneous reaction
in terms of simplicity, mildness, speed and yie]d.243 It was found that
Cp2M0H2 was a mild reducing agent in selective reductions of organic halides

and a-diketones.244 Among many organic halides Ph—CHZ-CBrz-CH3 was reduced

o>
(2]
<

stereoselectively to the monobromo stage.

Cp2M0H2
Ph-CH —CBrz—CH _ Ph—CHZ—CHBr—CH3 (132)

2 3
szMoD2

Ph—CHC]—COZEt —_— Ph—CHD—COZEt (133)
The reaction mechanism was studied with optically active Ph-CHC]—COZEt and
Cp,MoD, giving Ph-CHD-CO,Et with no optical activity.?*® Use of radical
agents confirmed a radical-chain mechanism. Selective reduction of x-ketyl
was also effected with CpZMoHZ. A radical mechanism was suggested for this
reduction a]so.244 Oxiranes and olefins were obtained from the reactions of
free and complexed phenylmethnylsulfonium methylides with tricarbonylchromium
with benzophenone, benzaldehyde and cyclohexanone.245 Good yields were

obtained from benzophenone, but only low yields from the other two.245

PHOTOCHEMISTRY

The photochemical decomposition of M(CO)6 (M = Cr, Mo, W) was studied in
polychlorinated solvents by ESR using spin traps.246 Decomposition of M(CO)6
by UV Tight in CC]4 solution in the presence of PhCHN(O)CMe3 gave PhCH(CC13)—
N(O-)CMe3, in the presence of nitrosodurene, Cr(CO)6 and w(CO)6 gave 2,3,5,3-
CI3CN(O-)CGHMe 246 The partial photoionization cross sections of the valence

4-
Tevels of Cr(CO)6 were reported in the photon energy range of 30 to 100 eV.247
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The 4o derived Tevel showed a resonance at ~ 18 eV kinetic energy. This
resonance was seen in gas phase CO at 12 eV and in CO absorbed on Ni(100) at
20 eV.247 The Cr(CO)6 data showed tnat the large shift in kinetic energy of
the resonance in absorbed CO was due to potential changes upon bonding, not
changes in the C-0 ch's’cance.z47

complex, H(P(OMe)3)6.248

The following reaction yielded the new

benzene . +P(0Me)3
80°, 2h -benzene, 112°

WCl,(py),*2py + K + KI > W(P(OMe);) (134)

¥ hv,
HoW(P(OMe) 5) g

+
H4N(P(0Me)3)4

The complex, N(P(OMe)3)6, was shown to be photochemically very reactive by the
synthesis of seven- and eight-coordinate tungsten hydrides, HZN(P(OMe)3)5 and
H w(P(OMe) ) 248 Photolys1s of Mo(CO) in the presence of cyclopentadiene

produced 1n1t1a11y Mo(CO) (n C 6) 249 Continued irradiation led to several

products which were descr1bed by the following reactions.249

Mo(cO), ™=  Mo(CO). + CO 5% o0y (n2-C H) (135)
6 <= 5 A

Mo(C0) . (n?-CoH,) —s> Mo(CO),(n -CoH.) + CO (136)
5y 5'6 41 56

Mo(C0)4(n*-Cotlg) —>  (n°-CgHg )Mo (CO) JH + CO (137)

o - 3
CPMO(CO)3H THs—/ MO(CO)Z(CP)(W -C5H7) + CO (138)

Upon reacting cis-H(CO),P(OMe) 5(NHCH o) with 17CO in octane at 78° for a
prolonged period, a statistical mixture of cis- and trans- w(CO) ( CO)P(OMe)3

was obtained. 250

cis-H(C0),(P(OMe) ) (NHCH, ) + 13C0 » cis-H(c0),(*3c0) (P(OMe) ;) (139)

v

statistical mixture

If the reaction was stopped earlier in the substitution process, the
H(C0)4(13C0)(P(0Me)3) product was enriched more in the equatorial position.
It was determined that a non-dissociative intramolecular path was involved by
preparing C]S- 0 labeled H(CO)5P(OMe)3 and following the equilibrium in the
f ]2C160.250 The equilibration occurred with no loss in 180

1.290 1y photochemistry of the complexes, w(CO)gL (L = py,

presence o
labeled material.
3-bromopyridine, HZS)’ in frozen gas matrices was investigated. IR spectro-
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scopic evidence was presented to show that photodetachment of bulky ligands
with relatively high molecular weights took place in gas matrices at 10°K. UV
photolysis of H(CO)SL isolated at high dilution in methane or argon matrices
produced IR absorptions for w(CO)5 and free L.25]

hv

W(co)glL > U(Co)g + L (140)

The reaction was shown to be photochromic since irradiation with visible
T1ight regenerated H(CO)SL- Photodetachment of L in CO and N2 matrices led to
H(CO)6 and w(CO)SNZ, respectively.25] The photochemistry of Cr(CO)SL (L =
PC]3, py. pyrazine) was also investigated in argon matrices.252 Photolysis
of Cr(CO)SPCI3 in an Ar matrix at 10°K with different wavelengths () = 229,
254, 280, 313 and 366 nm) resulted in formation of Cr(CO)S.
Cr(CO)spy and Cr(CO)s(pyrazine) in an Ar matrix caused dissociation of CO or

Photolysis of

the unique 1ligand depending on the wavelength or irradiating 1ight.25

Cr(Co)gL ~ cis—Cr(CO)4L + Cr(C0); (141)

L= PCI3, py, pyrazine

The five-coordinate species cis—Cr(CO)4py and cis—Cr(CO)4(pyrazine) were
formed. Regeneration of the octahedral complexes was not quantitative be-

.252 Dahlgren and

cause of rearrangement to the trans complexes, Cr(C0)4L
Zink reported the photochemistry of several derivatives of tungstenhexa-
253 The photochemistry and electronic and infrared spectroscopy of
N(CO)SX (X =C1~, Br, 17, NCO™ and CS) were reported. The lowest excited
state of H(CO)SCS was metal to ligand charge transfer as shown by magnetic

253 The lowest excited state of the anions

carbonyl.

circular dichroism spectroscopy.
was primarily ligand field. The low photoreactivity (& < 0.1) of all of

these compounds was interpreted in terms of excited state bonding properties.
The photochemistry of azidopentacarbonyltungsten(0) was very dependent on the

253

cation.254

PPN'U(CO) N,™ + CO hv W(CO)NCO™ @ = 0.06 (142)

As(Ph)4+w(CO)5N3' M 5 noncarbonyl ¢ = 0.07 (143)
. s . 13 . 254

CO dissociation also occurred and was studied by "~CO labeling. The

photoactive excited state was assigned to an admixture of both azide to metal
charge transfer and ligand field character on the basis of electronic, mag-
netic circular dichroism, vibrational and emission spectra. A model of the
excited-state potential surfaces was proposed.254

Organocyclotriarsine, CH3C(CH2AS)3, reacted with the Group VI metal hexa-
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carbonyls under ultraviolet irradiation to give the compiexes CH3C(CH2AS)3-
M((:O)5 (M = Mo, g%s [CH3C(CH2AS)3]2M(CO)4 (M = Cr, W), and [CH3C(CH2A5)3M0—
(€0),3, (n > 2).
h
M(CC)g + CH3c(CH2As)3-——i—~> CH4C(CH,AS ) JM(CO) (144)
[CH;C(CH,AS) 1,M(CO),

-+
[CH3C(CH2AS)3M0(CO)4]n

The reactions depended on the solvent employed and the molar ratios of the
reagents. Starting with C7H8MO(CO)3 yielded the polymeric complex

255
[CH3C(CH2AS)3M0(CO)3]n.
the basis of their mass, infrared, far infrared and Raman spectra.

The structures of the compounds were discussed on
255 The
resonance Raman effect was used to explain differasnces in the photochemical
reactivity of M(C0)4(a—di-imine) (di-imine = 2,iminomethylpyridine) compounds
“which were irradiated within the metal to w-di-imine charge transfer band.256
Group VIB carbonyl complexes of pyrazino[2.3-f] quinoxaline or 1,4,5,8 tetra-

azaphenanthrene were synthesized photochemicaTIy.257

XXKIV
These complexes were studied by IR and electronic spectra.257 The CO force
constants showed that there was more backbonding in these complexes than in
the analogous 1,10-phenanthroline complexes. This was ascribed to the two
additional electron-withdrawing nitrogen atoms.257
Photolysis of szsz was studied in low temperature matrices and in.solu-
258,259 .v. photolysis of Cp,MH,, Cp,HD,, CpW(CO) and CpM(CH,)H in

an argon matrix at 10°K led to a common product believed to be szw.258
258

tion.

Similar experiments with Mo gave similar results. Photolysis of solutions

of szsz produced H2 and led to insertions into C-H bonds of both aliphatic

and aromatic compounds.259
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Cp2H(H)(p—C6H4F) + CpZN(H)(m-CquF)
hv | C6H5F

hv hv
CpoH(H) (p-C H 0Me) *"MeTcsﬁg CDZHHZ W Cp,H(H) (CgHg)

hv ],2—”82C6H4

0D

Me

Insertion into fluorobenzene gave CpZNH(C6H4F-3) while insertion into mesityl-
259

ene gave CpZNH(CH C.H.Me,-3,5). The mechanism was discussed. Irradiation

276372
of di—na—cyclopentadienyl—mo1ybdenum and tungsten complexes led to photo-

induced substitution by pyridine, acetonitrile, or dimethylpheny1phosphine.ZGO
Cp,MX, —2’7,\ Cp,MXS or Cp,MS, (145)

M= Mo, Wy X = CH,, Br; S = py, CH3CN, PMeZPh

3>
Monosubstituted product was formed by irradiation of the d-d transition (390-
450 nm) while disubstituted product was formed by irradiation of the charge
transition (390 > X > 220 nm).260 The photo-induced methyl-metal bond cleavage
in CpM(CO)3CH3 compounds (M = Cr, Mo, W) was studied by ESR.26] The Cr and Mo
compounds exnibited signals due to paramagnetic species in which the methyl-
metal bond was preserved; no such signals were observed for the W analogue.
The formation of these paramagnetic species was believed to proceed by both
electron and methyl transfer. A mechanism was postulated for these reactions.zs]
Photo-induced reactions of tetraneopentylchromium (Cr(CHZCMe3)4) and
trimesitylchromium tetrahydrofuranate (Cr(2,4,6—Me3C6H2)3THF) were jnvesti-
gated.262 Upon photolysis, both function as active catalysts for the poly-
merization of vinyl monomers such as styrene and for the polymerization of

ethylene under mild conch‘t1‘ons.262 The photochemical synthesis of [{arene)-
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Cr(CO)ZCN]' derivatives in the presence of KCN, followed by electrophilic
attack of benzoyl chloride on the cyanide ligand, afforded benzoyl isocyanide

complexes of the type (arene)Cr(CO)z(CNCOPh).262
(arene)Cr(C0); — > (arene)cr(co), on” —PRCOCT (arene)Cr(C0),(CNCOPh)

¥ hv (146)
(arene)Cr(CO)P(OPh)3'(CNCOPh)
Spectroscopic properties of these complexes suggested that N-acyl isocyan-
ides have electronic properties close ts those of carbon monoxide. Specific

photochemical substitution of CO by P(OPh), in (arene)Cr(CO)Z(CNCOPh) confirm-

ed the strength of the Cr-CNCOPh bond and provided a new route to chiral

263 264

complexes. Photosubstitution of PPh3 for CO on XXXV was reported.

H(CO) 5Cp H(C0)4Cp (147)

PPh
hv
Mn(CO)3 Mn(CO)ZPPh3

XXXV

SPECTROSCOPIC STUDIES

Infrared and Raman

Studies of infrared and Raman spectra continued to decline in 1979. The
IR and Raman spectra in the CO stretching region of Cr(CO)6 were recorded in
n-hexane, CC14, CHC]3 and benzene.265 The half-band widths were different,
showing different sensitivities to solvent effects and were dominated by
vibrational relaxation. 265 Isotopic infrared data were 0bta1ned for HHZ(CO)]0
using C]BO 266 There was very 1ittle shift observed from the C O compiex in
the 900 cm -1 region. This data ruled out Fermi resonance for the extra bands
seen. 266 The resonance Raman and electronic absorption spectra of M(C0)4(DAB)
(DAB = diazabutadiene) in alkane solutions or glasses below 200°C indicated
the existence of a second isomer in which the M(CO)4 moiety had pseudo C
symmetry.2 67 Infrared spectra in the range from 2200 to 300 cm -1 and Raman
spectra in the range of 220 to 50 cm_] of the carbyne complexes trans-
CI(CO)4 r‘H trans—Br(P0)4w:C CH trans- I(CO) W=C-~ CH and of the deuterated
compound trans Br(co)qw =C~ CD3 were 1nvest1gated and the gggds ass1gned.268 A
preliminary normal coordinate analysis was accomplished. The vibrational

spectra and valence force field were determined for methyl benzoatodicarbonyl-
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selenocarbonylchromium, (n6—C6H5C02CH3)Cr(CO)ZCSe.269 The stretching frequency
for the CSe ligand, v(CSe), was 1055 cm-]. The effects of the ]1gands on the

269 Tpe IR and Raman spectra of (n6-naphtha1ene)-

270

CO stretches were discussed.
chromium tricarbonyl were obtained and band assignments made. On coordina-
tion, several C-C vibrational frequencies of the naphthalene ring increased,

whereas several C-H nonplanar frequencies decreased.270

Nuclear Magnetic Resonance

The use of NMR to study Group VI metal organometallics has grown with the
continued use of 13C NMR and with the growth of other types, especially 170
NMR. The 3¢ NMR spectra of nP-arene chromium complexes XCEHsCr(CO), L (L =
CGo, PPh3; X = aliphatic and aromatic substituents) were 1nvest1gated.27]
The effect of the nature of the substituent X on the chemical shifts of the
carbons in the aromatic ring was analyzed showing a correlation between
6(]30) and op (Taft s constant) for both the C(4) nuclei and for C(3) (meta)
271 The C NMR spectra of arenechrom1umtr1carbony1 complexes were also
recorded in trifluoroacetic ac1d. 2 The complexes C6H6Cr(C0)3,

C.H XCr(CO)ZPPh3 (X = H, Me, OMe, Ph, COZMe), etc. were studied. In CF3C02H

6'5
the signals of all the C nuclei in the benzene ring were shifted to weaker

atoms.

field in comparison to their position in neutral media. This shift to weaker
field (10-12 ppm) arose from protonation inducing de-screening of the C nuclei
of the n6—arene 1igand.272 The ]3C NMR spectra of chalcocarbonyl complexes
(nﬁ—C6H6)Cr(CO)2CX and (n6—C6H5C02Me)Cr(CO)ZCX (X = 0, S, Se) were recorded
between -30° and -50°C. The chemical shift data suggested that the pi-acceptor/

sigma-donor capacity of these 1igands increased in the order.273

CO0 < CS < CSe

]BC NMR and SCCC MO studies were reported on substituted benzophenonetri-

carbonylchromium comp]exes.274 ]3C NMR on the unsubstituted and p-F, p-C1 and
p—OCH3 derivatives with the substituents on the uncomplexed ring, showed a
small substituent effect on the complexed ring and on the carbons of the
Cr(CO)3 group. The SCCC MO calculations showed the ring to be more negatively

214 ]3C NMR relaxation mechanisms were

275

charged than before complexation.
studied in a series of methyl compounds, inciuding CpMo(CQ) CH3

NMR spectra of 7 0 in natural abundance were obtained for Cr(C0)6, HO\L0)6
and H(CO)6 with 1ine widths of less than 10 Hz.276
NMR shielding values observed by FTNMR on Greoup VI carbonyl complexes were
]70H2.277 The carbonyl ]70 shift
trends were generally opposite to those for the carbonyl ]30 chemical shifts
as expected by metal pi-backbonding to the carbonyl antibonding orbitals.

The natural abundance ]70

shown to range 300-400 ppm downfield from
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There was an upfield shift in the carbonyl oxygen shielding values from Cr to
Mo to w.277 Natural abundance ]70 NMR shifts were determined for tungsten
carbonyl compounds, an(CO)G_n, and shown to vary depending on the sigma-
donor/pi~acceptor ratios for the 1igands.278 The ]3C and ]70 NMR spectra of
6_an)Cr(CO)2(CX) (R =H, C1,
Me, OMe, etc.; X = 0, S; n = 0-3), were measured at 30°C in CH2C12 solution.
Linear regression analyses relating the observed ]3C and ]70 chemical shifts
of the CO and CS ligands with the primary CX stretching force constants, kCX’

a series of arenechromium(0) complexes, (n—C6H
279

indicated a definite correlation only for 6(]3C0) Vs. kCO‘ The much poorer

(]3CS) and 5(C170) suggested that these chemical shifts were

279 In contrast to T3C and ]70

correlations for &
not influenced by the same factors as 6(13C0).
NMR studies on other substituted metal carbonyls, replacement of a CO group by
CS in (n6—C6H6_an)Cr(CO)3 produced an upfield shift in 6(]3C0) and a down-
field shift in 5(C170). This difference was attributed to a greater net
electron-withdrawing capacity of CS compared to CO in the Cr(CO)Z(CS) moiety.
The ]3C and ]70 carbonyl shielding values exhibited opposite trends on going
from 2750 S in CS and on changing the electronegativity of R in C6H6_nRn

ring.

15

=
N NMR was also used to investigate Group VI organometallics. ]“N NMR

signals at the natural abundance level were detected for eight nitrosyl com-
plexes, CpM(CO),NO, CpM(NO),CI, etc. (M = Cr, Mo, W).289 15 a11 cases the '°n
resonance was a single sharp line. Comparisons were made to the 13C NMR
spectra. 280 2955 NMR of carbenes, (CO)GMC(Y)SiR, (M = Cr, Mo, W3 Y = OCHg,
NMeZ) and carbynes, XMEC-STR3 (M =Cr, Mo, W; X = Br(C0)4, Cp(CO)Z; R = Ph)
viere reported.281 The chemical shift data were used to distinguish whether
SiR3 was bound to carbene or via a heteroatom. By varying R it was shown that
carbenes and carbynes behaved as vinyl groups (for & 2951).281 The electron-
releasing effect of the substituent Y was also investigated. The shift was
smallest for Mo; this was attributed to a pi-interaction between transition
metals and silicon transmitted by hyperconjugation or silicon d—orbita1s-28]

An investigation of the ring current contribution to the ]H NMR chemical

shifts of benzenetricarbonylchromium complexes ([2.2]1-metacyclophanes or [2.2]-
metaparacyclophane) was presented.282 The evidence indicated that the ring
current shielding in benzenetricarbonylchromium complexes was considerably
reduced above the ring plane. The observations were suggested to strongly
favor the ring current disrupture hypothesis.282 The 13C Forsen-Hoffman spin-
saturation method was used to evaluate the fluxionality of tricarbony](n6-
cyclooctatetraene)-chromium and -tungsten.283 It was shown that the mechanism
of metal migration in M(C0)3(n6—C8H8) was a combination of 1,2- and 1,3-

shifts. The mechanism was discussed.
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Photoelectron Spectra, Electronic Spectra, and Calculations

Photoelectron spectra. Parameter-free MO calculations on various hole
states and calculated intensities of the satellites in the X-ray photoeilectron
spectrum of Cr(CO)E.284 The electronic absorption, photoelectron, T3¢ MMR and
vibrational spectra of a series of M(CO)SL complexes (M = Cr, W and L = imidazole,
pyrazole, isoxazole, thiazole and isothazole) were reported and assigned.285

N—N N—0

& &

The results were used to interpret the sigma- and pi- bonding between the
metal and the nitrogen donor 1igand.285 The He(I) photoelectron spectrum of
Cr(CO)SCSe was measured and all ionization potentials were slightly lower than
those of the related thiot:arl:)on;,l].286 The PES spectrum of C6H6Cr(CO)ZCSe was
also reported and indicated a significant transfer of electron density from
the benzene ring to the chromium atom.286 The satellite structure in the XPES
of [Mo(CNR)7][PF6]2 (R = CHs, C(CH3)3 or C6H11) was recorded and assigned by
comparison to Mo(CO)s. Gas phase UV photoelectron spectra were reported for
methylaminobis(difiuorophosphine) and its tris complexes, ML3 (M = Cr, Mo,
w).288 Ionization occurred at relatively low ionization energy (7.7-7.9 eV).
An assignment was proposed for the ijonization processes.288 X-ray photo-
eiectron spectra of polyhydride complexes of tungsten and molybdenum, H4ML4 (M
= Mo, W; L = PHPhZ, PMePhZ, PEtPhZ, PEtZPh, and P(O—i—Pr)3) showed the
tungsten to have a negative charge while the charge on molybdenum was 0.
Photoelectron spectra of Group VI metal complexes, M(CO)3(n6—C7H8), were
assigned using experimental criteria and quantum mechanical calculations.
Agreement between computed and measured ionization energies was found for
molecular orbitals mainly ligand in character although for the mainly d-
orbitals on the metal correlations did not hold. Relaxation terms dominated

the energy associated with ionization processes in this case.290

289

290
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Electronic Spectra

The electronic structure of Cr(CO) was studied by X-ray fluorescence
spectroscopy. 291 The order of succe551on of the MOs was established with the
MOs associated with the 3d orbitals as the upper occupied orbitals. The ex-

perimental results were compared with nonempirical ca]cu]ations.zg]

Optical
spectra of Mo(CO)6 were measured in Ar matrices at 10°K, focusing on the in-
tense ]A]g ]T]u transitions at 286 and 230 nm. 292 A detailed band shape
analysis was performed on both absorption bands and excited state electronic
parameters were obtained. The distortion of the CO moiety was found to be
small for both transitions.292 Transition-state Xa calculations were per-
formed for the low-lying allowed metal-to-ligand and metal charge-transfer
transitions as well as for the metal-localized d(t2 ) = p(t ) excitation.
The resu]ts confirmed assignment of the electronic absorpt]on bands to d(t2 )
~CO(~ )(t and t2u)’ however the r levels of CO 1n MO(CO)6 and H(C0)6
differed considerably from the = level in free C0.2%%

were also obtained for M(CO)6 (M = Cr, Mo, W) and M(CO)Spy (M = Mo, W) com-
293

Luminescence spectra

plexes in argon and methane matrices at 12°K for the first time. The new

L1 1 1

emissions at 340-360 nm were assigned ]T A]g or ng - A]g because of

their positions relative to the absorpti;g bands and the observation of a
triplet sensitized emission at 400 nm.293 The energy diagram of the metal d-
orbitals in M(C0)5L (L = piper, py. SEt2, PC1 37 P(C6H11)3) complexes was
described taking into account mutual electron rep]us1on and Tigand field
effects.z94
tion and photoelectron spectra. The ligand field transitions were assigned in

detail and the shifts by replacement of L were discussed.294 It was stated

The parameters governing the diagram were estimated from absorp-

that in general the lowest LF transition shifted to higher energy when sigma-
donor and pi-acceptor properties increased. The lowest excited state was

* 294 With the use of M.C.D. spectra, the
nature of the lowest .1e1d excited state of Cr(CO) L complexes (L = piper, py,

295 This data was used to explain the
295

shown to have mainly o, character.

NMe3 or pyrazine)was characterized.
photochemical behavior of these complexes. The electronic emission and
absorption spectra were reported for trans—w(dppe)z(Nz)2 and trans—w(dppe)z(co)z.
Different electronic transitions within the first CT band of M(CO)4L (M=

Cr, Mo, W: L = 1,4 diazabutadiene and pyridine-2-carbaldehydeimine) were
detected and assigned.297 The MCD and electronic absorption spectra of
Mo(CO)4(pyridine—2—carba1dehyde-(N—pheny1)-imine) revealed that the first Mo

to L charge transfer band consisted of different electronic transitions which

296

were assigned with the help of resonance Raman spectra. The resonance Raman

gave detailed information about the properties of the excited states.297

Oxidation of the complexes trans—[M(CNR)Z(dppe)Zj (M = Mo, W; R = Me, t-Bu or
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4-CH366H4) with difodine or silver salts gave the paramagnetic cations, trans-
[M(CNR) , (dppe) ,17. 2%

[H(CNR) ,(dppe) ] X930 [m(CNR), (dppe),]" (148)

Mixtures of products were produced when CIZ or Br2 vere the oxidizing agents
with the seven-cacrdinate cations [MX(CNR)Z(dppe)ZJ+ also formed. The oxida-
298

tion and electronic spectra were explained by a simple MD scheme.

Calculations. Extended Hiickel MO calculations on Mo(CO)Z(PH3)4, Mo(CO)3(PH3)3,
Mo(oz)(PH3)4, and the related cationic species showed that the relative
stabilities of the geometric isomers containing strong pi-acid or pi-donor
ligands depend on the number of valence electrons and in a complimentary
fashion on whether the ligands were pi-donors or pi—acceptors.299 INDQ SCF MO
calculations were carried out for the formaily d6 system bis(ns—pyridine)
chromium, Cr(CSHSN)Z, and the corresponding cation.300 For the neutral molecule
the results indicated that the nitrogen hetercatom should lead to an ioniza-

tion potential about 1.5 eV greater than for the bis-benzene complex.300

Extended CNDO/2 calculations of (n®-PhX)Cr(C0), (X = H, Me, NH,, OH. F) were
used to rationalize the substituent effects on the dipele moment and IR.301

The Wiberg indices and bonding in (n®-PhX)Cr(C0), were discussed. % cnpo/2
calculations were also reported for C6H6Cr(CO)3 and C6H6Cr(C0)2N2.302 The
electronic structures were investigated with trends in bond strength correlated
with infrared frequency-302 Calculations of the observed regioselactivity in
nucleophilic attack on the complexes CpMLL®{(allyl) and -(ethylene) (L=CO,

L*=NQ), were attempted.3o3

Thermochemistry. The vapor pressures and heats of sublimation of a number of

H(CO)5L complexes (M=Cr, Mo, W; L=piper, py., pyrazine, pyrazole, thiazole)
were determined by the Knudsen effusiaon method.304 The results were compared

with similar complexes and dipole moment measurements from the h‘terature.304

These compliexes underwent both disproportionation and substitution in a CO
305 Heats of reaction were deter-

atmosphere, when heated on a thermobalance.
mined and heats of formation were calculated. Combined with heats of sub-
limation of these complexes, individual metal-ligand bond energies were
eva’luated.305 The thermochemistry of bis-arene and arenetricarbonyl-chromium
compounds containing hexamethylbenzene, 1,3,5-trimethylbenzene and naphthalene
ware reported.306 Microcalorimetric measurements at elevated temperatures of
the heats of thermal decomposition and iodination have led to values of the

standard enthalpies of formation of the following compounds.306
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&ML (kd/moTe) AH sublimation (kd/mole
(n6—1,3,5—C6H3Me3)20r 63 104
6
(n —C6Me6)2Cr -88 119
(naph)ZCr 407
(naph)Cr(c0), -258 107

Measurements by the vacuum sublimation microcalorimetric technique gave the
values above. These data allowed evaluation of the bond enthalpy contribu-
tions of the metal-ligand bonds in the gaseous metal complexes, [n6—C6H3Me3—
crl (151), [n®-CgMe~Crl (155), [naph-crl (145) kd/mole.3*® Bond enthalpy

contributions in CpZML2 complexes (M = Mo, W; L = H, CH3, C1) were evaluated

by the solution calorimetric measurements of the reaction with CC14.307

CpghH, + 2CCT, ~  CpyMCl, + CHC1 4 (149)
M= Mo, W

The values D (Mo-H) 251.4 kd/mole and D (W-H) 305.2 kd/mole were determined.30’
Miscellaneous Physical Studies. The nature of the quenching of the lumines-
cent state of uranyl ion by M(CO)6 (M = Cr, Mo, W) was studied in aprotic
solvents.308 Flash photolysis and ESR and IR spectroscopy showed that the
quenching process takes place with formation of the reactive intermediate,
M(c0);*.3% A method for determining Ag, Cr, Co, Cu, Fe, Mn, Ni, V, Ti and Zn
in w(CO)6 was described.309
carbon powder to an interrupted a.c. arc and the spectra were photographed in
the range of 270-350 nm., The method could be used to determine metals down to
309 Pulse radiolysis of cyclo-

Powdered samples were applied as mixtures with

5 x 1073 with a relative precision of + 15%.
hexane solutions of the hexacarbonyls of Cr, Mo, and W yielded transient
visible absorptions with Rmax at 505 nm, 410 nm and 415 nm, respectively,
assigned by comparison with photochemical data to the related pentacarbonyls.
The following reactions were responsible for the pentacarbonyl formation by

310

pulse radio]ysis.310

M(CO)6 + e~ (solvated) -+ M(CO)G“ (150)
P + .

M(CO)6 + CGH]Z - M(CO)5 + CO + C6H12 (151)

In argon saturated solutions the pentacarbonyls decayed by 1St order kinetics.
Reaction of the pentacarbonyls with cyclohexane, HZ’ N2 and CO were detected
and the reaction rates measured.3]0 Spectra of transient M(CO)SCBHIO and
M(CO)SN2 were reported.3]0 X-ray analysis of the reaction of w(CO)6 and
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Mo(CO)6 with atomic hydrogen in a glow-discharge plasma indicated the absence
of known oxide and carbide phases in the product and indicated the formatian
of compounds of the formula WCO‘901_3H}'4 and M00-400_8H0_9.3]I An examina-~
tion was reported of the first field free region metastable fragmentations of
(ns-—PhMe)Cr‘(CO)3 using the linked scan technique.3'? The molecular ion frag-
mented exclusively by single and multiple €O loss. The ion [C7H8Cr(co)2]'+
fragmented directly to [C7H8Cr]‘+.312 The Tow and figh resoiution mass
spectra of CpCr(NO)ZCI and of CpZCrZ(NO)g(p—NO)(u-X) compounds with X = NO,
NHZ’ etc. were measured and interpreted. 3 The degradation of the dinuclear
ccmpliexes was determined by the group )(.“ﬂ3 A report of the gas phase molecular
anion formation by ne-cycloheptatriene derivatives of zerovalent chromium,
molybdenum and tungsten appeared.3]4 These compounds formed molecular anions
in high abundance in their negative ion mass spectra.314

Olefinic and aromatic sandwich complexes of Cr were oxidized and reduced
electrochemically.315 Oxidation at a Pt electrode was in most cases chemi-
cally reversible. The oxidation of complexes with an 18-electron configura=-
tion was observed in a potential range of E1/2 = ~0.65 to -0.8 V whereas
oxidation of complexes with a 17-electron configuration occurred between E]/2
= ~0.2 and -0.4 V.3]5 Only one 18-electron complex, but all 17-electron
complexes were reduced in THF. Most of these electron transitions were

chemicalily reversib]e.3]5

STRUCTURAL DETERMINATIONS

Accurate X-ray data for Cr(CO)S(XPh3) (X = As,Sb,Bi) {XXXVI) when compared
with data for Cr(CO)SPPh3 showed significant variations in C-X~-C and Cr-X-C
bond angles as well as in Cr-X distances consistent with increasing s-orbital

participation in Cr-X bonding down the series P < As < Sb < Bf.3]6
co TO
oc l co 0 co
/
\_Cr C\Cr/
ac”” \ o oc/{ o
XPh3 S
X = As, Sb, Bi S = 2,2,4,4-tetramethyl-3-thietanone
XXXVI XXXVII

The crystal and molecular structure of pentacarbonyl(2,2,4,4-tetramethyl-3-
thietanone) chromium(0) (XXXVII) was reported.3]7 The thietanone ligand,

coordinated to the Cr through the S, displayed similarities with the bonding
geometry of cyclobutanone but the endocyélic’ borid angle about the carbonyl C
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was ~10° larger and that about the S was 11° smaller than their analogs in
317 The crystal structure of (triphos)Co(u-CSZ)-Cr(CG)5
(XXXVIII) was determined.3'8 The CS, group was found to hold together the
triphos Co and Cr(CO)5 fragments. The cobalt atom was coordinated to the

cyclobutanone.

three phosphorus atoms of triphos and by the €C=S linkage, through pi-bonding.

The other sulfur atom of the CS2 group was sigma bonded to the chromium atom.3]8
p o CI"
co P co
/ /
//—Coéf”C:tts-———Cr-——-CO \\\\\-Mo —
P
[ s o«:/I p | Tco
P Co co
p°p°p = triphos XXXIX

XXXVIII

The crystal structure of 1,4-diphenyl-2,2'-3,3',5,5',6,6'-octamethylcyclo-1,4-
diphospha-2,3,5,6-tetrasilahexane, (PhPSiZMe4)2Mo(C0)4 (XXXIX) was determined
by X-ray diffraction.3]9 The coordination of boat-shaped (PhPSiZMe4) Tligand
to Mo(CO)G produced a distogted octahedral environment about the Mo. The Si-
Si (2.3598A) and P-S1 (2.275A) distances were not altered from the free ligand.
The re]ati&e]y 1ong Mo-P (2-5923) distances were interpreted “in terms of

reduced pi-bcnding from the metal caused the presence of silyl groups.3]9

In
the crystal structure of N(C0)3(P(Me2pz)2(Ph)), the COs occupied fac positions
in an irregular octahedron about the metal. The phenylbis(3,5-dimethyl-
pyrazolyl )}phosphine 1igand was coordinated to the tungsten atom through the
two nitrogen atoms of the pyrazolyl rings and to two carbon atoms of the

phenyl ring as a tridentate 11‘gand.320 Reactions of hexamethyltungsten, wMeG,

Ted to WMe-PMe,, trans—wMez(PMe3)4 and HNZ(PMe3)5. The crystal structure of
trans—wMez(PMe3)4 (XL) was determined showing distorted octahedral geometry.32]
lCMe3
Me c
Me,Po | PMe ll
Ny 3 MeCHyC —— 1 — Pj
- \\ i b
Me.,P PMe
3 3 MELC
Me 3
XL XLI

Churchill and Youngs reported the crystal structure of w(ECCMe3)(=CHCMe3)—
(CH,CMe, ) (dmpe) 322323
aikylidene, and metal-alkyl linkages in a distorted square pyramidal environ-

This complex contained metal-alkylidyne, metal-
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ment around tungsten with the neopentylidyne in the special site and with
neopentylidene and neopentyl ligands in adjacent basal sites. The bond
lenaths confirmed the formulation, W=C (1.7853), W=C (1:9423), and W-C
(2.2587\)_322’323 NMR (13C and 2951’) and X-ray structure determination of
pentacarbonyl {furyl[tris(trimethylsilyl)]siloxycarbene}chromium (XLII) showed
the central Si atom to have a distorted trigonal-bipyramidal configuration by

interac;ion with the oxygen of the furyl moiety both in solution and solid
324

state. The Si-0 bond within the carbene ligand was lengthened and could
be cleaved in ether solution by L1‘Br.324
OSi(SiMe3)3 //,NEtZ
(CO)5Cr=C (CO)SCr=C\\\

\\{If;> SnPh
XLIT XLIIT

Pentacarbonyl (diethylamino- (triphenylstannyl)carbene)chromium{0Q) (XLIII) was
prepared by reaction of the cationic carbyne complex [(CO)SCrECNEtZJBF4 with

325
Ph3SnK.

[(CO)SCrECNEt2]+ + Ph,SnK > (C0)Cr=C(NEt,)SnPh, (152)

(=
A structure determination showed a Cr-C distance of 2.11A and a Sn-C(carbene)
Q
distance of 2.24A.325

The structures of cis—bromodicarbony](Cp)(PPh3)m01ybdenum (XLIV) and
trans-dicarbonylcyclopentadienyliodo(phenylisocyanide)molbydenum (XLV) were

Cp Cp
' |
I
MO\ Mo
s
Br \co I// xco
PPH co o CNPh
XLIV XLV
326,327

reported. The crystal structure of carbonylcyclopentadienyl-1,5-n-
[{n-methylene-1)cyclopentenonato-2] triphenylphosphinemolybdenum(IT) was
(XLVI) reported showing a pseudo tetrahedral environment around the molybdenum
with the phosphine, the carbonyl groups, the cyclopentadienyl group and the

allylic ketone occupying the four vertices.
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Cp
l
Cr
/ l AN
I NO

NPh2

XLVI XLVII

The crystal structure of (ns—cyclopentadienyl)(dipheny] amido)iodonitrosyl-
chromium (XLVII) also showed a pseudotetrahedral arrangement arcund chromium. 322
The migration of an alkylthio group across an enone ligand coordinated to
tungsten was demonstrated from reaction CDN(SR)(CO)3with acetylenes, with X-
ray structures of the two products (XLVIII and XLIX), one of which contained

an alkyl-carbene 1igand which functions as a three-electron donor.330

? cv
l
(CO)ZH 0 —u —Co
~ 1 1
\ /C(R )C(O)SR R ) —R"
C
R“ Oll \‘Rll

R' = Me, R" = CF3 R' = Me, R" = COZI".e

XLVII XLIX

The synthesis and X-ray structural analysis of a molybdenum complex with r;z—

coordinated benzaldehyde were reported from the following reaction.331
Cp Q Cp
l "
Mo(CO) + P-RC.H,MgBr —_ PhC — Mo(CO0)
O / 2 64 N
f \ /" \cen
MelNH 0

= NMe
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The structure of the methyldiazo complex pr(CO)Z(NZCH3) (L) was determined
at -140°C by X-ray diffraction techm’ques.332 The complex, prepared by
reaction of C'H’ZN2 with pr(C())3H, contained a normal methyl group attached in

a singly bent fashion to the W-N-N linkage. The W-N bond length was 1.856A.33%

Cp ' j
™ @E( @
(c0)2w—N=N’ N —
Cr(CO)ZNO

L N LI

The preparation and crystal structure of dicarbonylcyclopentadienyl-nitro-

sylchromium and dicarbonylfluorenylnitrosylchromium (LI) were reported.333

The cyclopentadienyl complex was disordered such that the nitrosyl couldn't be

distinguished from carbony]s.333 The structure of tricarbonyl(4,6,8-trimethyl-
azulene)chromium (LIT) was determined by ]30 NMR and X-ray ana]ysis.334 The
analysis showed the azulene ligand was coordinated to the Cr(CO)3 group only
via the five membered ring.334
Me
Me Cr(CO)3
Cr(CO)3
LII LIII

Arenetricarbonylchromium compounds formed 1:1 charge transfer adducts with
1,3,5-trinitrobenzene in solution, but only a few were stable in the crystal-

335 the structure of a 1:1 adduct of phenanthrenetricarbonylchromium

1ine form.
with 1,3,5-trinitrobenzene (LIII) was reported. The structure was composed of
stacks of alternating donor and acceptor mo]ecu]es.335 The structure of
tricarbony](],1—dimethoxy—Z,4,6-tripheny1—ks—phosphorin)chromium (LIV) was

determined.336
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H
Ph
Ph—
Ph
Cr(co), Cr(C0),
LIV LY

The structure of tricarbonyi(1,2,3,4,5,6-n-3-ethylendo-7-phenyl-1,3,5-cyclo-

d.337

heptatriene)chromium (LV) was describe The structure orientation of the

aromatic was endo.337
J. L. Atwood and co-workers reported the crystal structure of (nG—CGHG)-
Mo(CHg),(PPhMe,) (LVI) and (n®-CHgCH3)Mo(CH,), (PPhMe,). 3% The presence of

the methyl group on the toluene did not alter the electronic environment of

the mo]ybdenﬁm.338

CeHg Cp co” Cp~

i NS |
Mo Mo Mo
S \\” PN /1 \
Phite ,p e cp H co ¢o
Me
co
LVI LVII

The structure of [Cp210(H)(CO)]+[CpMo(CO)3]' (LVII) was determined at -125°¢.339

The anion, CpMo(CO)3_, suffered only minor distortion from a symmetric “piano
stool" configuration. In the cation, szMo(CO)HT, the Mo-CO distance was
longer than in the anion while the M-C(Cp) distance was shorter than in the
anion, suggesting as expected that the lTower oxidation state has enhanced pi-
339 The geometry of MoC1(C0),(n3-C4Hg) (P(OCH,)4), (LVIII) vas des-
cribed as pentagonal bipyramidal with C1 and one CO occupying axial sites, and

bonding.

the allyl occupying two adjacent sites of the equatorial plane and the two

P(OCH3)3 groups trans.340 The plane was rather distorted.340
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€0 CoHy
l - ~ ! 0o
P \ E Mo
Mo \
- ~ -~ co
w0 | e
Cl
p = P(oz:H3)3 Y= [MezGa(NH2C5H7)(OCHZCHZNHZ)
T OLVIII LIX

3
In the structure of [MeZGa(NH2C5H7)(OCHZCHZNHQ]MO(CO)Z(n -C4H7) (LIX), the Mo
atom had a distorted octahedral environment with n —C4H7 occupying one of the
six coordination sites, the gallate ligand a tridentate chelating ligand in

. . . - . 4
the facial arrangement with two carbonyls complieting the Coord1nat1on.3'1

The crystal and molecular structure of tricarbonyl-1,6-bis(diphenylphosphino)-

trans-hex-3-ene molybdeum was reported.342

R R
S S
Cp N\ no o / Cp
Mo Mo~ o \ Mo
s 7\ SNV
NO \\\s Cp NO 5 NO
R R
trans cis
LX LXI

The preparation and crystal structures of trans-[CpMo(NO)(SCZHS)]2 (LX) and

cis-[CpMo(NO)(SCH(CH3)2)]2 (LXI) were reported.343 The following reaction

produced an antiferromagnetic dimer.344

CpCr + HSCMe, > Cp2Cr2(S)(SCMe3)2 (153)
The structure was determined (LXII) showing a Cr-Cr distance of 2.689.344
C S C C Co CQMIEO CQ\M//CO co
C r r— e 0
T | /NN
S S
y c ¢C
CMe3 CMe3 0 0 P co
P = PPh,
LXTI LXIII
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A low-temperature {17°K) neutron diffraction study of [(Ph P)2N] [Cr(CO)]O(
D)]™ was carried out to examine the nature of the Cr-D-Cr bond. 45 The
deuterium atom was located at the midpoint of Cr-Cr 1line on a crystallographic
center of symmetry, but was believed to be the result of a four-fold dis-
order.3%° an x-ray structure determination of Et4N+ (u-H)[Moz(CO)gPPh3]'
(LXIII) affirmed the positioning of PPh3 as cis to the bridging hydride in a
(bent, staggered) melecular anion framework.346 The Mo-Mo separation was
3.47362, the bend of the molecular anion framework was 162.7°, the Mo-H-Mo
angle was 127° and the hydride was located asymmetrically between the Mo

346 The Mo-
P bond was quite long (2. 565A) corroborating the solution chem1stry.346 The
molecular structures of CrZ(CO) (AsMeZ)2 (LXIV) and CrFe(C0) (AsMe2)2 were
determined and compared to that of FeZ(CO) (AsMe2)2 347 The metal-metal bond
lengths were 2. 994A for the dichromium complex and 2. 829A for the iron-
chromium species. The fact that the MZASZ core was planar for Crz(CO)B(AsMez)2

atoms, with the shorter Mo-H d1stance being to the Mo(CO)5 moiety.

and folded (pseudotetrahedral) for the other two complexes was explained by

the steric demands of the h'gands.347
oc TO/ Xiz\fo co Cp i°
co
\Cr _ Cr< \Mo——- Mn<
/ H \ /
oc | ae” | ca ac co
co Me2 co co
LXIV LXV

The structure of the compound Cp(CO)Mo(u-(nS:n]-C5H4))Mn(CO)4 (LXV) was
determined by X-ray diffraction.348 The configuration around Mn was approxi-
mately octahedral; the configuration around Mo was very similar to Cp2M0H2

The C5H4 ring was described as a cyc]opentad1eny1 ring rather than a d1ene—
carbenoid ring. The Mn-C bond was 2.005A and_the Ho-hn distance was 2. 961A.348
The crystal structuresof trans Cp(H)W[ - (n n5-C H )]ZNH(Cp), and cis- and
trans- Cp(CH SiMe )w[u (n n -C H4)]2 wH(Cp) (LXVI) were determined. 349 The
tungsten atoms were separated by about 3. 8A in all three compounds and were

bridged by cyclopentadienyl ]igands.349
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W

H ///Sg22§1\\\ Cp
~— \\\<§2§7//,w;::j Me35f"'"<g§F§>
R

Cr(CO)3

R = H, CHZSiMe3
LXVI LXVII
The crystal structure of tricarbonyl[trimethy](nG—pheny1)Si1ane]chr0mium was
determined and shown to have the configuration as shown in LXVII.350
The mild carbonylation {room temperature, 1 atmosphere pressure) of Mo (O—
t- Bu)6 in hexane-pyridine solvent mixtures yielded a green crystalline com—
pound, Mo(0-t-Bu) (py) (CO)Z.351
tion showing norma] values for M-CO bond lengths although the frequencies were
very low (1908 and 1768 cm-]). The pi-donor properties of the alkoxy 1igands
were thought to be invo]ved.35] The crystal structure of di-p-acetato-
bis[(trimethylphosphine){trimethylsilylmethyl)molybdenum(II)] showed a very
short Mo-Mo distance (2,09843), consistent with the presence of a quadruple
bond. 392 The compounds, [Me,P(CH,),1,Cr, and [Me,P(CH,),1,M0,, vere investi-
gated crystallographically and shown to be isomorphous with extremely short
metal-metal bonds (1.895 and 2.0823, respective]y).353
Churchill and Hollander reported the crystal structure of the mixed metal

The structure was solved by X-ray diffrac-

. ' , 354
cluster, (Q—H)3OS3U(C0)]]Cp (LXVILL).
Cp Cp
/N(CO) NO
" co /////’
I/H O(CO) P—Pt"- S0 t-P
R - /
0s(C0)4 co
Ty ’///
1
Cp
P = PEt,
LXVIII LXIX

The cluster compounds Pt M,Cp,(CO).L, (M = Mo, W; L = PEt,, PPh,) were pre-
27272 62 355 3 3
pared from cis—PtC]ZL2 and NaM(C0)3Cp.
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cis PtC12L2 + NanM(CO)3 _— PtZMZCDZ(CO)GLZ (154)

M=Mo, W; L = PEt3, PPh3
The compounds were characterized by a planar, triangular centrosymmetric
arrangement of the metal atoms and by strongly asymmetric carbonyl bridges,
which was shown by the crystal structure determination of PtZNOZCPZ(CO)G(PEt3)2
(LXIV).355 The compound [Cpl‘-io(CO)3HgMo]4 was isolated as an additional

product of the reaction between Cp2H02(60)6, 2-butenyl chloride and sodium
ama]gam.356 The X-ray structure revealed that the compound had a slightly
distorted cubane structure with the cubane unit built up by two different

metal atoms (Mo and Hg).356
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