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ABBREVIATIONS

acac - acetylacetonate

bipy - bipyridine

Bu n-butyl

t-Bu t-butyl

COT - cyclooctatriene

Cp - cyclopentadienyl

dam - bis(diphenyiarsino)methane

das - o-phenlenebis(dimethylarsine)
diphos - 1,2-bis(diphenylphosphino)ethane
dmpe - 1,2-bis(dimethylphosphino)ethane

dpm - bis(diphenyliphosphino)methane
Et - ethyl

Me - methyl

o-phen - o-phenanthroline

4] - phenyl

piper - piperidine
pom-pom - 1,2-bis{dimethylphosphito)ethane

Pr - propyl

i-Pr - isopropyl

Pz - pyrazine

TMEDA (tmen) - tetramethylethylenediamine
INTRODUCTION

This survey covers the 1978 literature and is the first year for my
participation. The coverage and format are very similar to those used by M.
Darensbourg, D. Darensbourg, and G. Dobson, although some differences in inter-
pretation naturally occur. The main journals were covered directly and a
computer search was accomplished to insured a comprehensive review of the
literature. This search used the same key word index that was used in previous
years to ensure comparable coverage.

Since this is my first year for the survey, I will explain the method used
to place papers in one section or another. A general division was made into
papers that dealt primarily with Synthesis and Reactivity or with
Physical Studies. The Synthesis and Reactivity Section is divided according
to the groups coordinated to the metal with aromatics, cyclopentadienyls, and
carbonyls having the lowest priority (i.e. CHMo(Cp)(CO)5 is in alkyls). The
Physical Studies Section is divided very similar to previous years although
the growth of photochemistry had led to a separate section on Photochemistry.
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DISSERTATIONS

Several dissertations appeared in 1978 dealing with Group VI organometallic
compounds. Alkyl and arylpentacarbonyltungsten anions were prepared and their
reactivity investigated;] the photochemistry and spectroscopy of w(C0)5L was
r‘epor'ted'2 the deposition of Cr vapor and aminodifluorophosphines was exam-
ined' react1ons of phosphorus ligands coordinated to Group VI metals were
observed' organophosphines of Mo and Cr were descmbed;5 carbanions were
observed to add to n6—arenetricarbony]chromium comp]exes;6 and the Freidel-
Crafts acylat1on of n5—C5 5Cr(C0)2N0 was reported.7 )

REVIEWS

Reviews of the following areas of Group VI organometallic chemistry were
published: matrix isolation of the Group VI metal carbony]s;8 ~reviews of the
photochemistry of isocyanides, M(CN@) . M=Cr, Ho, w,9 and of the photo-
reactions of alkyl halides with Mo(NZ) (d1phos)2, tungsten cyc]opéntadieny]
and tungsten and molybdenum cyc]obutanes,]] three reviews of the utility of
arenetricarbonylchromium in organic s_ynthes1s,]2 14 stereoselective prepara-

tions and reactions of cationic n4-d1ene and n3-a11y1 complexes of mo]ybdenum.]5

SYNTHESIS AND REACTIVITY

Metal carbonyls

A new synthesis of w(co)6 and Mo(CO)6 has been r'epor'ted.]6 The rea§tion
of the metal oxides with CO at 300°C and 2000 atm is reported to give the
hexacarbonyls in near quantitative yie]d-]e The use of u(co)6 in 1iquid

allylglycaolcarbonates led to plastic lenses with photochromic and IR- absorb1ng
17

capabilities.
The reaction of the hexacarbonyls with different species continues to

provide new complexes. A specific route to cis-substituted complexes of
molybdenum hexacarbonyl has been observed. 18 The reaction of piperidine with
MO(CO)6 in refluxing heptane led to cis-Mo{CO) (C5 1ONH)2' This'complex reacts
at moderate conditions (40°C) with L to give cis- Mo(CO)4L2 (L=PD3, PBu3,
P(0D) 5, etc.).'® '

Mo(CO)g + CgHy oNH =+ cis-Mo(CO) ,(C H, NH), L cis-Mo(CO),L, (1)

These cis-complexes are apparently sterically crowded as qualitative observa-

tion of the dissociations are ekp]ainab]e in terms of the ligand "cone ang]e".]8

Darensbourg has also reported a route to Mo(CO)SL(L=C0, P(C6H5)3, and P(C4H9)3)
species specifically labeled with oxygen-18 in the equatorial position. The
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metal carbonyl complex, Mo(CO) L, dissolved in dry benzene is added to 11 M
Na]SOH in the presence of a phase transfer catalyst, N- C4H9NI
n-C4H NI

9 .
—gs=——> Mo(C*0)gl (2)

18

MO(C0)5L + Na "OH

For ligands which are poorer electron-withdrawing than CO, the equatorial CO's
exchange much faster than the axia1.19 Reaction of the hexacarbonyls with the
new bidentate 1igand, (CH O)ZPCH P(OCH3)2 (pompom), led to both the mono-
and bis- subst1tuted complexes. M(pom- pom)(CO)4 (M=Cr, Mo) and M(pom- pom)z(CO)2
(M = Cr, Mo, N) The infrared frequencies indicate that pom-pom is a very
strong m-accepting ligand. 20 Another strong w-accepting ligand, 1,2-bis-
(difluorophosphino) ethane has been observed in complexes with Mo by replace-

ment of norbornadiene in (C7H8)MO(CO)4.21

(c7H8)Mo(co)4 + PF,CoH.PF, Mo(CO)4(PF2C2H4PF2) + C,Hg (3)

This ligand is a very strong w-acceptor as shown by infrared frequencies of

the carbonyls at 2074, 2005, 1991 and 1973 cm-].Z] A similar ligand, 1,2- -
bis(difluorophosphing) cyclohexane
(C7H8)2Ho + PF2C6H]OPF2 MO(PF2 6 ]O 2)3 (4)
19 31

P, and ]3C), and mass
22

This complex was characterized by IR, NMR ( H, F,
spectroscopy. This 1igand is also a strong pi-acceptor, bidentate. 1igand.
The photolytic reaction of pyrazine (pz) with Mo(CS)6 has been observed.23
Mo(CO)g + pz hv Mo(CO)gpz + (Mo(CO)g),pz (5)
Mo(CO)sz was detected in solution (absorption at 387 nm).23 Removal of the
solvent led to formation of (Mo(CO)S)sz, althcugh addition of pyrazine rever-
ses the reaction. The kinetics were studied and the UV-visible spectra inter-

23 peactions of L-07k' ( L= anion of succinimide,

preted in terms of pi-bonding.
phthalimide, and benztriazole) with the hexacarbonyls have been reported with

the

m(co), + L-ok* 190% ((cO)hL)-Kk* + co, (6)

product indicating a deoxygenation of the N-0 bond.24 Reaction also occurs

with CpH(C0)3CI by replacement of the chloride leading to pr(C0)3L.24 Re-
action with complete replacement of the CO's was observed with picoline acid
and peroxydisulfuryldifliuoride. The products observed were an eight-

coordinate complex Ho(ch)4, and M(SO F)3 (M = Cr, Mo, W), respectively.
Attachment of the metal carbonyls to a po]ymer was accomplished by reacting

25,26
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poly(styryl)bipyridine with M(CO)6 (M=Cr, Mo, W) in THF reflux. 2/ Infrared
characterization indicated a cis structure, po]ymer-Ph-bipy-M(CO)4.27 Ellis
extended his research on super-reduced metal carbonyl anions by synthesizing
NaM(C0), (M=Cr, Mo, W).?®

Na
(TMEDA)M(CO)4 Nﬁg> Na4M(CO)4 + TMEDA (7)

The reactian of (tetramethy]ethy]ened1am1ne) -TMEDA M(CO)4 with sodium in liquid
ammonia gave M(CO)4 in near quantitative yield. 28 The product was not iso-
lated but characterized by infrared bands centered at 1500 cm—] and by-

reactions such as the following.

Na4M(C0)4 + (CgHg)4SnCl = Naz((C6 5) )5Sn) ,M(CO), (8)

The bis substituted complex was the only product observed.28

Reactions of several more highly substituted derivatives of the hexacar-
bonyls were reported in the past year. Darensbourg and Salzer have reported a
series of reactions of Mo(CO) (triene) (triene=bicyclo[6.1.0]nona-2,4,6-

triene). 29

Mo(CO);(triene) + L +—M0(CO)3L(triene) (9)

L="3co, pay, P(0D),
They observe only cis products for all L except P(OCH )ﬂ which further sub-

stitutes.

13O
c© /7 O
+ Bco —
() \ CC)
N C
e}

o0
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This sequence provides a route to stereospecifically labelled Mo(C0)313C0L2,
L= phosphites and phosphines. The observatiogfgf stereospecifically labeled
product suggests that the intermediates, ﬁ> \||Mo(c0)4 and Mo(C0)4L, are
non-fluxiona].29 Interconversion of cis-trans isomers in seven coordinate
Mox(co)Z(L—L')2 (L-L* = unsymmetric, bidentate phosphines such as 1-dimethyl-
phosphine-2-diethylphosphinoethane) complexes has been studied by 3]P NMR.30
They suggest a monocapped trigonal prismatic structure with equal amounts of
cis and trans isomers giving an AA'BB* spectrum. Interconversion of cis and
trans isomers is postulated to occur through the pentagonal bipyramidal inter-

mediate.30

P
CP P) (D

Reactions at phosphorus ligands coordinated to Group VI carbonyls have
been observed. Reaction of Cr(CO)SPRC12 with Fe2(§0)9 Teads to an interesting
phosphorus meta]]ocyc]e-BT

CeHg - P - Cr(c0)g

(11)

(C0)4Fe —-—-Fe(C0)4

The crystal structure was Eeported.3] The synthesis of 1-diphenylphosphinyl-

alkylidenetriphenylphosphoranepentacarbonylchromium was reported from
() Cr(pp,c1) .32

(CO)SCrPDZC] + Et3P:CHR - (CO)SCY[PGZCR;PEt3] (11)
R = H, Me

The normally unstable tris{amino)-phosphine ligand has been prepared in a
complex with M(CO)5 (M=Cr,Mo,w).33
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(co)smpc]3 + 6NHy (CO)5MP(NH2)3 + 3NH4CT (12)

Characterization by IR, NMR, and mass spectra indicate the same binding proper-
ties as P(NMe2)3.33 In complexes of molybdenum, Mo(CO)A(P02C1)2, the coordin-

ated chlorodiphenylphosphine ligand was shown to react with alcohols, amines,

34

and thiols, leaving monodentate P-donor ligands, szx. A series of reactions

of these complexes were carrfed'out, the most interesting is be]ow;34
. Et N PP; N
cis Mo(C0),(PR,CY) + H 0 >~ {C0) ,Mb H™
4¥ 7275 2 4 //
Pp;———0 N
l Et3NH
SiCl Et,N
4 3 (13)

PO, —0 0—— PP
Vi 2
'(co)4Mo/ N -~
/ \

Pp,—0 0——pp,

Mo(CO),

Complexes with metal-nitrogen coordination have been observed in several
classes of nitrogen ligands. Diazene, hydrazine, and ammonija complexes with

N(CO)5 were prepared by reactions of_w(CO)sTHF.35
. - T/ ’ , .
H(CO)5THF + N2H4 [‘CO)SUJZNZHd + (C0)5”N2H4 (14)
4 oxidation
[(CO)SH]ZNZH2

The reactions were also accomplished with substituted derivatives (P(Z)3 and
PMe3) although the product stability was reduced.35 A1l of the complexes
undergo base catalyzed H-D exchange yielding N-D species. The reaction of
diazene was much more rapid than the hydrazine or ammonia complexes. The
diazene complex disproportionated to hydrazine and free N2.35 The reaction

of a thiocyanate complex with methyl fluorosulphonate produced coordinated

meth_y]thioc_yanate.36

[N(PP5),IL M'(NCS)(CO)S] + SFO,(0Me) - M(CO) g (NCSMe) (15)
M= Cr,l

X-Ray cfystallography confirmed the sequence Cr-N-C-S-Me. The Cr is octahedral

References p. 286
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with the trans CO having a shorter Cr-C bond and longer C-0 bond than the cis
CO's, consistent with the lower 7-acceptor capability for MeSCN. Thé C-S-C
angle is 98.7° very similar to the free 11'gand.36 Reaction of the nitrile
ligand in Cr(CO),NCR with @,P=CH, has been reported.>’ '

(CO)SCFNCR + ﬂ3P = CH2 *’(CO)5CrNH=CH-CH=P@3 (16)

The reaction of mixed amine tricarbonyls of molybdenum with Br2 and 12 has

been observed.38’39

Mo(CO)3LL' + Br, - [Mo(C0)3LL'Br]Br3

2
(17)

MO(CO)3LL' + I, - MO(CO)BLL'I2

2
L = o-phenanthroline (o-phen) and bipyridine (bipy)

L' = butylamine, piperidine, etc.

38,39

The complexes were characterized by IR and NMR. Nitrene .1igands have

been synthesized by the interaction of aryl azides with tungsten comp]exes.40

The aryl azides insert into W-P and li-H bonds.

WBr,(CO)5(P@;), + BN -~ WBr,(CO),(@N,PD.)
(18)
WH(CO),(NO)(PP5), + ON; ~ W(N;H)(CO)(NO)(PD5),

On the basis of IR and ]H NMR, the following structures were predicted.

Br P R
B /
C)(:\\\\VLfii’_r in C)(:\\\\'Jv’///h%\h|
- _N »
N\ \W4
co R P

ITI Iv
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Several dinitrogén compounds have been prepared, primarily with moly-
bdenum. George has reported a direct one-step synthesis of bis-{(dinitrogen)

complexes of Mo(0) from MoC15-4]
MoClg + N, + PRy N2ZH9s mo(n,), (PR3, (19)

The yield is up to 72% and is most effective for bisphosphino ligands.al The

reactions of bis(dinitrogen)bis{diphenyiphosphinoethane) molybdenum with ethyl
chloroformate and benzylpropionate have been reported. »43 The reaction with
benzylpropionate causes decarbonylation to MO(NZ)(CO)(diphos)z- Treatment of
this complex with argon leads to a five coordinate complex.

Mo(N,)(C0)(diphos), 2> Mo(CO)(diphos) (20)
2 2 2

The structures of both complexes have been determined. There is a very short
Mo-H interactjon in the position trans to CO in the five-coordinate comp]ex.43

CcO coO
P l P e |
<P>To<’°> i i /P)
N e
v VI

Reaction of tranJ-Mo(‘lz)(RCN)(dppe)2 and @COCT1 was reported to give HoC](N cop)-
(dppe)2 44 p crystal structure showed the Mo-N-N to be linear and less than a
double bond.** Arenediazo derivatives of o-phenylenebis{dimethylarsine)}-
tetracarbony]mo]ybdenum and tungsten were synthesized by reaction with

45
(B-RCH,N,,) (BF,)-

M(das)(CO)4 + (p—RC6 a 2)(BF ) -~ M(das)(CO) (N2 6 4R) T (2n)
A564C1

M(das)(CO)2C1(N2C6H4R)

References p. 286
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The tricarbonyl compound was postulated to be the facial isomer on the basis

of IR data.45

Several routes to isocyanide complexes of Cr, Mo, and W were reported
last year. By substitution of the CO from the hexacarbonyl, King and Heckley
prepared a series of a-methylbenzylisocyanide comp]exes.46 They prepared
LM(CO)S, cis—LZM(C0)4, and fac-L3M(C0)3 for M=Cr, Mo, 4. Use of pure enantio-
mers led to optically active complexes; rotation by the bis-substituted
complex is twice that of the mono-substituted suggestiﬁg that the metal has no

46 Seven-coordinate complexes with t-butyl-

effect on the asymmetric carbon.
isocyanide have been prepared by oxidative-addition to the hexacarbonyl
(Mo(CO)6 and w(c0)6) resulting in complete replacement of the CO’s.47

Mo(CO). + I, + 7 RNC - [(RNC) MolI, + 6CO (22)
6 2 7 2"

. A crystal structure of [Mo(t—C4H9NC)68r]+ showed a capped trigonal prism with
the bromide capping. NMR (]H and ]3C) indicates fluxional behavior.47 Re-
placement of the dinitrogen in bis(dinitrogen)bis(diphenyiphosphincethane)
molybdenum and tungsten gave a series of bis-substituted isocyanide com-

p]exes.48

M(N (diphos)2 + 2RCN -~ M(RCN)Z(diphOS)2

2)2
(23)
M= Mo, ¥ R = Me, t-Bu, 0, etc.
The jsocyanides are trans in the product. The infrared frequency, 1800-1850
cm_], is very low, approaching that of bridging isocyanides.48

Organometallic complexes containing metal-sulfur bonds have been reported
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for Cr, Mo, and 4. A number of sulfide and sulfoxide complexes of dihydro-
and tetrahydro-thiophene with chromium pentacarbonyl were prepared and charact-
erized-ag IR and NMR suggest binding of the sulfide to chromium but the
results were ambiguous for sulfoxides. The crystal structure of 2,5-dihydro-

thiophene-1-oxide chromium pentacarbonyl was determined.49 A
. Ip
S—Cr*(CO)5 S—Cr(CO)-
5
VIII IX

The reaction of thioketones with ditungsten dianions has led to sulfur co-
ordination-so
-2 e o NGele L
l.-12(CO)]0 + R R' C=S - //C—S w(CO)5
R

R, R' =0, p—CH30C6H4, p-CH3C6H4, C]OH]4’ C]OH]G (24)

These compounds were prepared in good yield and characterized by IR and NMR.50

Sulfur bonded monothio-g-diketone complexes, RCSCHOCR, have been studied (R =
CH3) in the complex M(CO)SL'.5] L is monodentate, and coordinated through
the sulfur as indicated by ]H NMR and IR. A crystal structure was done on
tetraethylammonium pentacarbonyl-[1,1,1-trifluoro-4-(2-thienyl)-4-thioxobutan-

2-onato-S]tungstate (0).5]
‘CO
ocC —~CO
ocC CO
A
Hj
6
—~
S
/
X

References p. 286
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There is very little distortion of the metal carbonyl framework.S] A rather

unusual sulfur ligand displaces THF in Cr(CO)sTHF.SZ'53 The crystal structure

«EC»B
gka

s/i \Fe(CO)j
\ :O/

XI

shows a quite short Cr-S bond suggesting that SFeCoZ(CO)9 is a strong sigma
donor and pi acceptor ligand. Pentacarbonyl complexes of Mo and W with another
unusual sulfur tigand [C5H5Cr(SCMe)3]ZS, were also r‘eported.54

Complexes of stannyl and germyl ylide complexes of the metal carbonyls
were reported. DuMont has reported reactions of H(CO)S(SnC12—THF) with
P(t—Bu)3 leading to H(CO)S(SnC12-P(CMe3)3) which was characterized by 31p
and '1%n NMR®® and reaction with (CH )351-P(t-Bu), Teading to H(CO),(SiCl-
(P(t—Bu)Z)) which was studied by IR.5 The reaction of M(C0)5(GeC]2—THF)
(M = Cr, W) with two equivalents of (CH3)3SiSR (R = methyl, mesitylene)
vias also reported.

SR

. /s .
M(CO)5(GeC12-THF) + 2(CH3)3S1SR - (CO)SCrGe + THF + (CH3)3S1C1 (25)
SR

Carbenes and carbynes

Carbenes. Several interesting carbenes were synthesized in 1978. ' The

synthesis of cycloheptatrienylidene tunsten pentacarbonyl was r‘epor‘ted.s8
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Li WO
= ~ ¥ — .
m + WHAMY Qe —— m QS3£> m EXVVi(ele))
1 VV\\..\J}E)DI 1 vy \\«V/S
\;"/ som— ——
(26)

Very low IR stretching frequencies for the CO's indicate a negative charge on
the W and thus a positive charge on the ring.58 The synthesis of carbenes by
reactions of pentacarbonyl metal dianions and cyclopentadienyl tricarbonyl
anions with dichloro compounds (chloromethylene)dimethylammonium ch]oridé was
described.59

NaZM(CO)5 + [N(Me)z(CHC1)]C1 *’(CO)SMCH(NMez) + 2NaCl (27)

2Na[C HM(C0) 3] + [N(Me),(CHCT)ICT - [Cp(CO)3MCH(NMe2)][CpM((;O)3]

The first reaction is simple salt elimination while the second is salt elimin-
ation with oxidative addition giving a cationic carbene complex. The quanti-
tative addition of (CH3)3P = CHSi(CH3)3 to coordinated carbon monoxide on the

hexacarbonyls led to trimethylphosphoranediyl(trimethylsiloxy)carbene

comp]exes_.60
OSi(CH3)3
M(CO)6 + (CH3)3P = CHSi(CH3)3 - (CO)SM =C (28)
C = P(Ch3)3
M=Cr, Mo, W
These complexes were characterized by IR and NMR spectroscopy.so’ Fluoride
abstraction by SbF5 from CpMo(CO)BCF3 has led to the first fluorocarbene
comp]ex.sl
CpMo(CO)BCF3 + SbF5 - [CpMo(CO)3CF2]SbF6 (29)

Although this complex could not be isolated it was identified by spectfoscopic'
]JC NMR.6] Lappert and Shaw synthesized bis-

techniques including ]gF and
(ethylthio)-carbene complexes of chromium and tungsten.62

Reférences p. 286
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SEt

M(CO)SNCMe + Na(tosNNC(SEt)Q) - M(CO)S(C\\\SEt ) (30)

tos = MeCgH,-p-S0,, M = Cr, W

The complex, (CO)SCrNCN(CzHS)Z, was prepared by a reaction that probably

N:
proceeded through a carbene intermediate, (CO)SCrC . before re-
63 N(C2H5)2
arranging to the nitrogen coordinated ligand. A crystal structure was

reported showing the Tinear Cr-N-C-N 1inkage.63

Reactions of Group VI metal carbenes have led to a variety of complexes.
Treatment of (CO)5W=C¢(¢) with cyclopentanone in n-hexane led to the ring-
opened product (C0)5H = C(OEt)[(CH2)3CH=C¢(¢), which was isolated and char-
acterized.64 Stereoselective synthesis of condensed aromatic ligands from

reactions of pentacarbonyl(carbene)chromium complexes with alkynes was re-

ported.65
CiH
/? A
(C0)Cr - c\A +0C =€~ (31)
r ~
| I\ 2
. Ar Cir«:(D)B

Ar = 2—C4H30
2—C10H7

Pentacarbonylchromium complexes with substituted phenyl, naphthyl-, furyl,
thienyl, and cyclopentenylcarbene ligands reacted with alkynes (tolan and 1-
pentyne) in a strongly stereoselective way to give substituted naphthol,
phenanthrene, benzofuran, benzothijophene, and indan ligands coordinated to a
tricarbonyl chromium fragment-65 The reaction of (2-furyl)phenyl carbene
compiexes with tolan Ted exclusively to naphthol complexes showing that the
phenyl ring is preferrably annellated with respect to the furyl and naphthyl

rings.65 Casey et al. have reported the addition of hydride to pentacarbonyl-

tungstenmethoxyphenylcarbene.66a
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p/OCH3 . )
(CO)gW = C + K'HB(OCH(CH,) )5~ ~ (32)
CH
65
] OCHy
(CO)eW™—¢ H
CeHs

A crystal structure determination of the product, tetraethylammonium (a-
methoxybenzyl)pentacarbonyltungstate, showed the W-C bond to be 2.34 K,
somewhat longer than a normal W-C bond.66a The barrier to rotation abecut the
phenyl ring - benzylic carbon single bond was evaluated from temperature
dependent NMR spectra. The value of 8.7 kcal/mole was attributed to a destabil-
ization of the transition state both sterically and e]ectrom‘caﬂy.666
Diphenylcarbene tungstenpentacarbonyl was reported to react with cyclic

enolethers cleaving the olefinic bond in a possible model for olefin

metathesis.ssb ’
OEt /W(CO)S
) /
(CO)SW = C/ + —_—
(33)

A crystal structure of the product shows no coordination from the double bond
to the tungsten.66b Cyclobutenone compounds have been synthesized by reaction

of alkynes with chromiumpentacarbonyl carbene.G-7
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OMe //})
_~OCHg (n-C Hy) ,0/70° M€E
(coyger - ¢ + = —gp— (34)
CH —
3
D 0,3

The Cr(CO)3 was interpreted as coordinated to the phenyl ring by the shift in
the nMR.%77 A similar reaction gives Cr(CO)

6 and another cyclobuteneone
compound.67
] C.H,,/C_H
-’ : “6114' 66
(C0)5Cr = C\‘ﬂ + (C2H5)2NC = CN(C2H5)2 259C
(35)
96 O
# 7
+ Cr(CO)6
[
NEt3 NEt

Carbonyl insertion into a metal carbene bond has been suggested in the re-

action converting the hexacarbonyls of chromium and tungsten into tetracarbonyl-
(carbene-thio) comp]exes.68

OEt

(l: -,OR“
' Et40BF, P4
M(CO)g + Li(CH(SR)R’ > 225 (CO), M IcI (36)
\

s —¢C
| R
R

M=¢Cr, W, R=Me, @, R* =@, R* = H, Et

These complexes were studied by IR, e]ectroniE spectra, NMR (]H and ]3C),



and mass spectra.68

Carbynes. ~ Reports of syntheses and reactions of group VI carbynes have
greatly increased in 1978. Clark and Schrock reported the reaction of neopen-
69

ty11ithium with tungstenhexachloride.

LGS U AgQl!

WClg + 6 LiCH,CMe; ——> W(CH,CMe,) 5(CCMe,) (37)

A similar product was observed in the corresponding reaction of MoC]s. Both
products are apparently dimers. The reaction of the tungsten neopentylicarbyne
with two moles of P(Me)3 led to an unusual alkyl, carbene, and carbyne complex
(alkyl, alkylidene, and alkylidyne in Schrock's nomenclature), H(CCMe3)(CHCMe3)—

(CH,CMe ) (PMe,),. 89

XII

Fischer has continued his excellent work on carbynes, primarily tungsten
carbynes. The structures of the complexes X(CO)4H(CCH3), X =Cl1, Br, I, were
reported.70 Normal octahedral coordination was observed with X trans to the
carbyne carbon. The W-C distances were 1.77 E and 1.82 K for the iodide and
bromide respectively.70 Reaction of the phenylcarbyne analogue, Br(CO)4H(CC6H5),
with bis(diphenylarsino)methane (dam) proceeded as fo]]ows:7]

o
Br(CO), W =CC H, + dam =29°C > Br(c0).(dam)¥ = CC.H, + CO
a 3 65

65
-Co l 40°

Br(CO)Z(dam)ZH = CCH;
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In these complexes dam is a monodentate ligand. The substitution is quite
facile suggesting that the carbyne accelerates the reaction. A dimer was alsy,
isolated and assigned the following structure based on IR and NMR data.71

C¢ XIII

The reactions of trans—X(CO)4M(CR) with P(CH3)9 suggest the route of acceler-
ated substitution is through an ylide complex. 2

=60% . x(co) 4Cr=C/

P(CH3)3

X(C0)4CrECR + P((:H3)3
R (39)

P(CH
60° /( 3)3

X(CO),M=CR + 2P(CH,), —22——>  X(CO),(P(CH,),)M=C
4 3’3 EAAE 1k LN
R

M=Mo, W, X=C1, Br, I, R=CH3, CH2C6H5, CGHS’ etc.

At higher temperatures two CO's are substituted by P(CH3)3 in the tungsten
comp]ex.72 An optically active carbyne complex, (—)Br(CO)4Cr(C]]H]9) was
prepared by the following series of reactions.
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. OCH
cr(C0) (+)LiC;gtg > (=)(cO)Cr - C
6 [(CH3Y3o]B'F4' 5 (40)

A]ZBr6

(-)Br(CO)4CrEC

The crystal structure was reported with the absolute configuration; the Cr-C
bond length was 1.49 R.73 Nucleophilic substitutions on trans-tetracarbonyl-
(organylcarbyne)tetrafluoroborato complexes of Cr and ¥ with PQ3, CN™, and '
SCN~ have been reported to give displacement of BF4“ Teading to the following

comp]exes.74
trans-SCN(CO)4MCR M= Cr, W, R=CH3, ?
trans-NC(CO)4MCR M=Cr, W, R=CH3, ]

[trans—(Q3P)(CO)4NCQ]+ BF,”
[trans—(¢3p)(co)4(:rcc:-n3]+ BF

‘The first product was assigned as an isothiocyanate by IR.74V Fischer and

" coworkers synthesized interesting ferrocéenylcarbyne complexes from the analog-

ous carbenes.75

OEt 'BBr3

(CO)SM-—C > Br(CO)4M—C— (41)

C5H4FeC5H5

M = Cr, Mo, W

The structure of Br(C0),CrC-C.H, FeC.H. was determined giving a Cr-C bond
4 54 55 -
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o
length of 1.71 A, normal octahedral coordination around Cr, and normal geo-
metry for ferrocene-75 Trans-halogeno-tetracarbonyl-dialkylaminocarbyne
complexes were synthesized from the alkoxy-carbene by reaction with boron

hah‘des.76 The crystal structure of the diethy]amino complex was determined

by X-ray diffraction-76

Distances are in A

XIv

The catjonic carbyne complex, [(CO)SCr(CNEtZ)][BF4] was shown to react with
PMe3 followed by cleavage of the metal carbon bond leading to the cationic
haif-ylide [Et2N~C(PMe3)2][BF4].77a A mechanism was proposed for this re-
action.77a

Aromatics and qyc]opentadieﬁy]s

Aromatics. Metal atom vaporizations have been the primary new means for
synthesis of arene complexes. A new technique for the synthesis of bisarenes
was reported involving vaporization of K atoms into a stirred solution of

M0C15 in THF in the presence of an arene (toluene or mef:hy]naphtha]ene).nb
MoClg + Arene + K i%%ga—> Mo(Arene)2 ‘ (a2)

The more normal cocondensation of Cr atoms with arenes led to only the bisarene,
Cr(arene)z, with no indication of any other product at 77°K or ]0°K.78' Twio
studies of the condensation of «,w-diphenyl alkanes and Cr atoms were re-
ported.79’80 Gladysz and coworkers observed only one product79 while Nesmeyanov
and coviorkers obtained mixtures which were separated by preparative thin
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XV

layer chromatography.80

@ )
Cr (CH2 h Cr

@ @@
OO

?
<

XVI
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These products were characterized by elemental analyses, mass spectra, and EPRé
of the iodides-ao The condensation of Cr and [2.2] pqracyclophane produced °

several compounds as shown be]ow.81

Cr

o &
O CH;@—%

The first bis arene tunsten hydride was synthesized by cocondensation of
benzene and tungsten followed by protcnation with dilute HC1 so]utions.82

Addition of PF6' causes precipitation of the hydride as a sa]t.82
T +
W(g) + CcHe  —> (C6H6)2H —— (CSHG)ZHH (43)

Two novel arene complexes of chromium have been synthesized by reaction
with Cr(CO)G. The reaction of diarylmethanes with two equivalents of Cr(CO)6

gave products with both arene rings h—coordinated.g3 Protonation leads to

OH +
\ HP?6

CH_— —_—

. 3 T 513 —_— Cl—!3
H

Cr(CO) 3 Cr (CO) 3 Cr (Co) 3 Cr(CO) 3

o O

(aa)



227

carbonium jons stabilized by coordination to the Cr. The blue carbonium salts
are carbon electrophiles. ]36 NMR and IR indicate delocalization of the
positive charge onto the Cr atoms.83 Reaction of 4-cyclohexylphosphorin with
Cr(CO)E results in coordination through both the heterocyclic aromatic ring
and th;ough the.phosphorus.84 The structure was deduced by IR, NMR, and mass

i . © il 6111
(45)
Cr(CO)6 + (::) _— c:(co)é
. P P
Cr (éo)5

spectra. The composition of organic impurities present in (Et@),M (M = Cr,Mo),
prepared by Friedel-Crafts reaction was determined by GC, IR, and mass spectro-

metry. The impurities arise in the transalkylation stage with Et@ under the

reaction of A]C]3.85

A number of complexes of bicyclic species have been reported. The

reaction of Cr(CO)6 with cis- and trans-1,3-dimethyiindan-5-amine produced the

tricarbonylchromium comp]ex.86

CH

Cr(co) 6 *
NKZ\ CFL NHz

3 Cr (CO}
3

(46)
ch

The trans isomer formed two diastereomers in equal amounts indicating no

preference by interaction with the amine.86 The reaction of Cr(CO)6 with

arenotropones has also been observed.87
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CH, CH,
Cr(co) + =0 > =0
1
CH
3 Cr(co)3 CH 4
(47)
CHgy cH
/
H
c, CH,
Cr(CO)3
XxX=5,0

The coordination of the chromium tricarbonyl varies with the arenotropone

used.87 The conversion from n6 - to ns-coordinated indenyl and fluorenyl
. 88

complexes were studied by Nesmeyanov and coworkers.

OO === OO

Cr (Co) 3
Cr (co)
o
(COY3Cr™ and n®~C4H;(CO)H™, M = Cr, Mo, W, by depro-

They prepared n5-C]3H9
- n6 although for Mo and W

tonation. Methylation and protonation led to n

stable methyl complexes are formed and for W a stable hydride was formed.

Mechanisms were postulated for each reaction.88 The structure of T1-methyl-

3,5-diphenylthiabenzene 1-oxide tricarbonylchromium, -molybdenum, and

-tungsten have been e]ucidated.89
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O
& % ’ ' 547
1@)f \
Me
(CHyCN) JM(CO); + S — @
@] Me .
Cr(CO)3
(49)
M==Cr, Mo, W
89

The ring was non-planar, but there was no evidence of sulfur coordination.
Benzo-1,2,3,6-diazadiborines were shown to react with Cr(CO)6 giving exclusive

coordination through the benzo ring.go

M CHq
XVII

These complexes were studied by NMR (]H, ]3C,.and ]]B) indicating that this

ligand has better donor properties than benzene.90 A large series of com-
plexes with possible competition between benzo groups and heterocycles show

exclusive coordination through the benzo ring, by NMR (]H and ]18), IR and

mass spectra.gl

Reactions. Photochemical reaction of (arene)Cr(CO)3 with fulvenes re-
sulted in quantitative displacement of the arene by the fu]vene.gz

Cx (CO
¢ )3 Cr(CO)3

(50)
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Photochemical reaction of '(arene)Cr(CO)B with CS, resulted in CO displacement
and formation of a carbon disulfide complex.

PMe3

hv ArCr(€0),£5, ——3—> ArCr(c0),Cs (51)

ArCr(CO)3 + CS2

Ar = hexamethylbenzene, mesitylene, and benzene

Further reaction with PMe3 produce a thiocarbonyl, ArCr(CO)ZCS. The infrared
spectrum shows very little difference in ArCr(CO)ZCS and ArCr(CO)3 in the
carbonyl stretching region; The CS stretch occurred at 1190 cm'].93 Another
photochemical reaction of ArCr(CO)3 was reported which resulted in displace-
ment of CO by cn.9%

hy R'X
* Tk @“ ’ - (52)

Cr (co) Cr Cr
3 yd 1
e . c//é\\c
0 O H o o N
Rl

A crystal structure determination showed the final product to be a coordinated
isocyanide formed by reaction of R'X with coordiq9ted cyam'de.94 Reaction of
(C.H.)Cr(C0),S{CH,), with CH,SO.F formed a cationic complex with a sulfonium
66 2 3’2 3773 + - 95
cation coordinated, [(CgHg)Cr(CO),S(CH3)5]" SO5F .
Reactions of the coordinated arenes on Groups VI metals were observed in
a few cases. Rausch and Gloth reported the preparation of (nG-pheny]]ithium)-

tricarbonylchromium and reactions of this complex.

Cxr (CO) 3

]
@ © = @

Cr (CO) 3 Cr (CO) 3

Reaction of the phenyliithiumchromiumtricarbonyl and organic halides, RX (R =

COOH, Si(CH3)3, C(O)CH3, P(C6H5)2) leads to substitution on the benzene.96



i + R ————»r i (54)

Cr(CO)3 Cr(CO)3

Coupling reactions were also observed as shown below with p_yridineag6

O (55)

Cr(co), cr(co)

Dieckman condensation of bis{ethyl-g-phenylpropionate) chromium led to [5]
Condensation of bis{benzal-

dibenzenechromocenophane-2-carbethoxy-3-one.

dehyde)chromium with ethylacetate produced bis(ethylcinnamate)chromium which
This reacts with KH to cyclize.

was hydrogenated to bis(ethyl-3-propionate).

HZCHZCOOCZHS < (:) >—CH2CH2

Cr Kil Cx CcOo

52CH2COOC H

COOCZH5
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The product was characterized by mass spec‘croscopy.g7 Stereospecific ring
expansion of arenechromium tricarbonyl complexes with ECH2C1-Li(N(Me2CH)2)

gave 2- or 3-substituted cycloheptatriene derivatives still coordinated to the

chromium tricarbonyl gr‘oup.g8

Cyclopentadienyls. The reaction of chromocene with cyclooctatriene (COT)
It was postulated that the CO1

produced a dichromium complex, (CpCr)2C8H8.99
opened to an eight carbon chain and coordinated to each Cr with both sigma and

7 bonds.

Cr-——CD

XVIII

Reaction of this compiex with CO gave (CpCr)Z(CO)5 and cyc?ooctatriene.99

Photolyses of Cp,MH, (M= Mo, W) caused rearrangements leading to several
22

products.IOO
(Cp) MoH, 52%2555”° [<“5C3H5)(”‘(”]:”5‘C5“4))M°]2

ha (57)

(Cp) ,HH, Fo L(Cp) H(H)(CH,) IPF,
+ cis and trans [(n5—65H5)(p-(n]:n5—C5H4))wH]2

The complexes are catalysts for the deoxygenation of epoxides.w0 Green and*
Simpson reported several reactians of bicyc]opentadieny]mo]ybdenum.wI
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i/H i n-BulLi RX i R i

MS Mo
/

%) o

Also reported were reactions with 1,2 dibromoethane, and I2. The iodide

complex reacted with NaSR to give sulfur derivatives-lOI Photolysis gave a

compliex of the formula CZOHIBMOZ‘]O] The formation of o-alkyl-t cyclopenta-

dienyl complexes with the tricarbonyls was obser‘ved.]02

(59)
:-1(c0)6 + _— M
(co)3

(58)

From ]3C NMR it was concluded that the three-membéred ring was completely
opened.102 The decomposition of Cp(co)3W(n]-(CpMn(CO)3))has been observed

to produce CpMn(C0)3, (pr(CO)3)2, and a product with two Cp(CO)3H groups
coordinated to the Cp ring of a single CpMn(CO)3.103 Reaction of
(CH3CN)3Cr(C0)8 with azulene afforded the first azulene derivative of chromium-

hexacarbonyl.

e
> (60)

(CH3CN)3Cr(CO)3 + Azulene )
Cr(co)
3

R =H, CH3

The Cr(CO)3 is coordinated only to the five-membered ring.w4 The methyl

substituted complex reacts with CHiLi to give tricarbonyl(1,7-10-n-2,4,6,6

tetramethylbicyclo[5.3.0ldeca-2,4,7.9 tetraen-1, y1)-chromate 1'0n.]04
Reactions of the cyclopentadienyltricarbonyl metal halides have yielded
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Several new cyclopentadienyl complexes. King and Gimeno prepared complexes of
the strong pi-accepting ligand, methylaminobis(difluorophosphine), with the
ligand replacing either one or two CO's.]OS The reaction of CpMo(CO)3C]

wth pyridine-(2)-carboxylic acid thioamides gave the optically active neutral
complexes CpMo(CO)ZLL* with LL* coordinated by pyridine-N and thioamide--s.]06
The diastereomers can be separated by chromatography and characterized by NMR.

CpMo(C0)3C1 + CH3N(PF2)2 _— CpMo(CO)Z((PFZ)ZNCH3)C1

+
(61)
CpMo((PFZ)ZNCH3)2CI

CpMo(CO)NO + CHyN(PF,) ——> CpMo(NO)((PFZ)ZNCHa)

Racemization of the isomers occurred at 90°C.106 Complexes of the type [M(Cp)-

{HC(N-P-tOIy])Z}(CO)L], (M =Mo, W (L = P¢3, As¢3, Sbﬂ3, P(0¢)33, P(OCH3)3)
were prepared by reaction of [M(Cp)(CO)LZCI] with potassium N,N*-di-p-toly-
107 These complexes were characterized by NMR ( 'H, ]3C, 3]P) and
107 Reaction of

formamidine.
IR and the bonding of metal-to-formamidine was discussed.
CpM(CO)3C1 with xanthate and thioxanthate ions leads to either dicarbonyl or
tricarbonyl products depending on the time of reaction,]08

+52CX' §
CDM(C0)3C] —_— CpM(CO)3 SCX -T>
-t A s (62)
CpM(CO)zs—C—X
X = OR, SR

Possible mechanisms are discussed with two paths probably involved, one with
€1~ displacement by xanthate (thioxanthate) and the second with CO displace-
ment. 108 Chloride abstraction by trimethylsilicon (tin) led to 1,3 diaryl-

109

triazenido-cyclopentadienyl-molybdenum dicarbonyl.

CpMo(C0)3C1 + (p-XC6H4)2N3Sn(CH3)3 _
(63)
(p—XCsH4)2N3Mo(C0)2(Cp) + Me3SnC] + CO

109

The triazene is apparently a three-electron donor. Octahydrotriborate com-

plexes of molybdenum and tungsten were prepared by reaction of CpM(CO)3X with

tetramethylammoniumoctahydrotriborate.]]0

,CpM(C0)3X + (CH3)4NB3H8 _— CpM(CO)ZB3H8 (64)

M= Mo, W

The compounds were investigated by proton and g yur. 110
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Reaction of cyclopentadienyltricarbonyl molybdenum hydride with biscyclo-
pentadienyltin produced HSn[Mo(Cp)(C0)3]3-]]] Reactions at the tin center
were investigated. Synthesis and stereochemistry of o-propargylic molybdenum
complexes coordinated by a phosphine or a phosphite ligand were descr‘ibéd.”2
The complexes, CpMo(CO)ZL(CHZCEC—R) (L=P¢3, P(0¢)3, P(OMe)3) (R = H, Me, 8),
react to give w-allyl complexes. An acid catalysis was observed and a reaction
scheme proposed.1]2 Reaction of the cyclopentadienylcarbonyl aniens with,
thiobenzophenones under phase transfer conditions produced fulvenes and the

cyclopentadienyl tricarbony! dimer.]]3

CPM(CO); + R @ o g _110° c = @
R’

Pl

(65)

+ sulfides

M= Mo, w " TN
[Cp“(CV)BJ2

Triphenylphosphine substituted anions, CpM(CO)2P¢3", reacted with tetrakis-
{trifluorometnyl)}allene leading to the sigma-bonded comp]ex.n4
CF
- _THF 0 2
(F3C)2C=C=C(CF3)2 + CpM(CO)2PQ3 :763> Cp(CO)Z(PQ)3)M-E-C~CF3 (66)
C(CH3)2
M =Moo, W

The alkyl complex produced an allyl complex in refluxing pentane.”4

A Mo formyl was prepared by reaction of LiEtsBH with Cp(CO)3Ho(C02Me) in THF
at —50°C.n5

Cp(CO) Mo (CO,Me) + LiEEyBH —THE-  CpMa(CO),(CHO) (CO,He) (67)

Abstraction of CH3 from P(OCH3)3 was observed by the complex CpMo(c0)3(EMe2).116
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CpMo(C0)3(EMe2) + P(OMe)3 > CpMo(CO)z(EMeZ)P(OMe)3
' (e8)

CpMo(CO)Z(EMe3)P(O)(OMe)2

E = As, Sb

Cyclopentadienyl complexes coordinated to nitrogen have been prepared
including some new bis(arenediazo) complexes of Mo and w-]]7 The compound
[CpMo(NZAr)(NZAr )P03]PF reacts with bidentate 1igands su??7as 2,2"' bipyridyl
and o-phenanthroline yielding cis, bis diarylazo Tligands. A study of
amine reactions with pr(CO) (CH COCH3) showed that the amine attacked the
coordinated CO in preference to the organic carbonyl producing pr(CO) (NH CH, )=
(CONHCH3) s A crystal structure determination was done on this compound. ﬁ

The reaction of Mo and W hydrazine complexes was studied this past year-.”9

[CPMo(CO) 5 (N H,)ICT + L > [CpMo(c0)3L]+ c1”

= PP, PMed, (69)

[CpM(CO)3(N2H4)]C] + acetone > [CpM(CO)3(NH2NCMe2)]+ c1”

M= Mo, W
These reactions provide a convenient high yield synthesis of the cations.
These compounds were characterized by NMR, IR, and conduct1’v1’ty.n9 In

addition the structure of the PFG— salt of the tungsten compound was deter-
mined. The hydrazone was coordinated through the amino-nitrogen rather than
the expected imino—nitrogen.llg

A trithiocarbonato complex of mo]ybdenum was prepared by reaction of
CpMo(CO) ;™ with €S, and CHyl. !0

CpMo(C0)4™ + CS, + CHgl > CpMo(CO), -

; _
s \S (70)
E/

\
SMe

The fluxional behavior of b1s(cyc]opentad1eny])d1th1ocarbamatomo]ybdenum
complexes has been investigated. 121 pe compound, [Mo(Cp)(n -CcH )(NO)(S CNRZ)] '
(R = CH3, Bu), was observed to undergo three independent f]ux1ona] processes,

(1) 1,2 shifts of the n]—CSH5 ring, (2) n —n5 ring interchange, and (3) CN
rotation of the SZC—NH2 group. Possible mechanisms are discussed. The
rotation of the aryl group in thiamidato complexes, Cp(CO)zMo-SC(R)NR'ER is
ortho substituted aryl and R' = CH3, C6H5, etc.), has been studied by H

NMR.]22 The barrier to rotation was determined from thé two isomers which



differ in the relationship of CgH 5 and the ortho substituent.]22

Larger Rings. A few complexes of Iarger rings were prepared this past year.
A paramagnetic, 17-electron species, n —(C7P7)Mo(acac)(NCS), was prepared by
reaction of the cationic aquo complex, [Mo(acac)(Hzo)(n —C )] with the thio-
cyanate anion. 123 The crystal structure was determined. The reaction be-
tween tricarbonyl(tropylium)tungsten{0) and molybdenum(0) cations and iodide
was studied by stopped-flow techniques to determine whether initial attack
occurs at the metal, at CO, or at tropylium 1‘on.]24 From stopped-flow spectro-
scopy and stopped-flow NMR data it was postulated that initial coordination of
iodide to the metal occurs, iodide is transferred to C7H7, acetone displaces

C0, and finally I~ displaces acetone.]24 Cycloheptatriene w(CO)3 has been

reduced with Na.]25

CH,I
Na - 3 .
HgWW(CO) > C7H9w(C0)3 —_— CH3U(C7H9)(C0)3 (71)

This compound is analogous to C5 5N(CO)3CH and was prepared electrochemically
in 80% yield. 125 Complexes with 1-phenyl-4,5-dihydroborepin were prepared by

reaction with M(CO)4(py)é (M = Cr, Mo, w).]26

M(CO),(py)y * Bg —— ' gp  (72)

M(co) ,

Olefins, acetylenes, dienes, and allyls. Only a few olefin complexes have

been synthesized this year. Cis- H(CO)4AsMe3(o1ef1n) complexes were prepared
photochemically from w(CO)SAsMe and olefin in THF. 127 The olefins used are
ethylene, dimethylmethylenemalonate, dimethylmaleate, and dimethy]fumarate-]27
Olefin complexes were also prepared from PMe3 and bisarsine complexes. TheSe
complexes were investigated by IR and NMR with the NMR data indicating hindered
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127 The barrier to rotation of ethylene in

128

rotation of the olefin.
Cph(CO) ,CHy(CH,) was measured by 'H NMR.
photochemical substitution of CZH4 for CO in pr(C0)3CH3.

This compound was prepared by

h“zC2H4
CpN(C0)3CH3 ——jxiy-———f> CpW(CO)Z(CzHA)CH3 (73)
The barrier to rotation about the metal-olefin bond was reported as 59 kJ/mo]e.lz8

Biscyc]opentadiepylmolybdenum (methylacetylene) was prepared by the
reaction of biscyclopentadienylmolybdenumdichloride with sodium amalgam in the

presence of methy]acety]ene.]29

- Na/H -
(CgHg)MoC1, + CH,C=CH T (CHg) Mo(CHaC=CH)  (74)

The structure was postulated as a metallocycle from 1H and 13C NMR.129

Dithioalkyne complexes of molybdenum and tungsten were synthesized by the

reaction of M(CO);(NCMe) 5 with CH3sc;cscn3.?3°

M(CO)3(NCMe)3 + CH3SCECSCH3 > M(CO)(CH3SCECSCH3)3 (75)

M= Mo, ¥

Also prepared was CpMC](CH3SC£CSCH3)2. These species are bonded through the

triple bond with no evidence of coordination to the su]fur-]30 c-Propargylic
molybdenum and tungsten complexes were alkoxycarbonylated by alcohols, water,

and thiols yielding pi-aliyl complexes in most Cases-]3]

0
CpHo(CO)5(CH C=cH) RO CpMo(CO), :§>-COR (76)

The reaction of the ¢-Z2-propynylmolybdenum complex with alcohols yielded

carbenoid complexes instead of the pi—a11y1.13]

Synthesis and reactions of a few allyl complexes have been reported. The

reaction of substituted anionic carbonyls of Mo and W with allyl halides

produced a series of allyl comp]exes.]32

. . . ——— \
fac—[MX(CO)3L2] + (ally)X > MX(LO)Z(” RC3H4)L2 (77)-
M= Mo, W L2 = 1,10 phenanthroline, 2,2' bipyridine

X==¢Cl, Br, I

These complexes were investigated by IR with force constant calculations on
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several comp]exes.132 Similar allyl complexes were prepared containing 8-
diketonate substituents, M(CO),(n -allyl)(diket)L (M = Mo, W, L = py, THF,
CH3CN, diket = acetylacetonate, etc.), for different allyls, diketones, and
L's.]33 The molecule is fluxional at -60°C for acetylacetonate complexes,

with the postulated structure as shown be]ow.]33

(:C)‘\\‘pL —
/l\ XIX
L

Attack on the coordinated allyl by pyridine and phosphines in the complex
. 4
[Cpﬂo(n3—C3H5)(CO)(NO)][PFGJ Jed to the following react]on.]a‘

(78)

[CpMo(C3H5)(co)(No)]+[pF6j‘ + L > [CpMo(C3H5L)(CO)(NO)]+PF6'

L= PR3, NCSH5
On the basis of IR and NMR evidence coordination through the olefin was
postulated with the 1igand attached to the carbon as a pyridinium or
phosphonium center instead of the often postulated n3 -1, complex with
L attached to the metal.m4 The reaction of bidentate arsine ligands
(QZAsCHZAsﬂ2 and ﬂéAsCHZCHzAs@Z) with MoX(CO)Z(n3-C3H5)(CH3CN)2 leads to
replacement of acetonitrile instead of X and allyl as observed for mono-

dentate 1igands.]35

Only a very few papers on group VI metal polyene complexes have

appeared. A complex of 5,6-dimethylene-7-oxabicyclo[2.2.1]hept-2-ene has

been prepared from Mo(CO)3(CH3CN)3.136
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O
=
XX
S
/
Mo
(CO)
A1l three of the olefin groups are apparently m:-:vo-.r'dinated.]36 Detailed

investigation of the IR and NMR of (diene)M(CO)4 (M = Cr, Mo, diene = 1,3-
butacdiene, 1,5-cyclooctadiene, and substituted derivatives) showed the dynamic
behavior proceeds through a trigonal prismatic transition state.137 The
reaction of the diene, C7H8M0(C0)4, with Me3CPF2 was observed.]38

C7H8Mo('CO)4 *+ MeqCPF, —> cis (Me3CPF2)2Mo(CO)4

C,Hg = bicyclo[2.2.1]hepta-2,5-diene (79)

The product was isolated in greater than 90% yie]d.138

Alkyls and hydrides

The synthesis of tetrakis (2,2'-dimethyi-1-phenylethenyl)chromium (IV)
139

was reported this year.
CrCI3.3THF + 4LiCP = CMe2 EE56~> cr{cg = CMe2)4 (80)

Green crystals were isolated and characterized by IR, NMR, ESR, and X-ray
crystallography. The carbons were tetrahedrally arranged around Cr with no
distortions. There was no evidence of multiple character to the Cr-C bonds.]39
Casey and Polichnowski prepared several tungsten alkyls by decarbonylation of

the acyls or by reaction of the carbonyl halide anions with alkyl lithium

species.140

- hv -

W(CO)Br™ + RLi > (C0)HR™ (81)
R = CHy, CeHy, CH.Cohy, etc.

Reaction of these pentacarbonyltungstenalkyls with HC1 gave RH and W(CO)/C1™.
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Reaction with CO and PQ3 at room temperature produced acyls for all alkyls
except benzy].]40 Bis(methyl)molybdenum complexes were prepared by reaction
of MoC1,-3THF with dimethylmagnesium in the presence of an arene and a phos-

131

phine.

MoCI3'3THF + PR3 + Mg(CH3)2 + arene ———>

(CHy), Mo(ns-arene)(PRs)Z (82)

Arene = benzene, toluene, or xylene
On the basis of IR and NMR (]H, ]3C= and 31?) a trans structure was assigned
to these complexes. Reaction with CO produced (CH3)2Mo(arene)(PR3)(C0) which
forms acetone on sitting; (arene)Mo(PR3)3 is the Mo product. 41 Reaction of

00
the molybdenum acyl, CpMo(c0)3(E-E-OCH3), with Li[(C,Hg);BH] at -50° in THF
00
resulted in formation of the formyl, Cp(CO)ZMo(CHO)(C—C-OCH3).]42
i 0
CpMo(CO)3R > CpMo(CO)Z(C—H)R (83)

-50°C, THF

This formyl complex which could not be isolated but was characterized by NMR
(12.9 §8), was formed in 17% yie]d.]42 Syntheses of chromium pentacarbonyl-
y1id complexes have been accomplished by reaction of Cr(CO)STHF with

R
7 183
(C6H5)3 P = C\ .
Rl
R R
Cr(CO).THF + (C.H_).P = ¢ eve, (CO).Cr - C - P(C.H.) (84)
5 653 N THE 5 : 65’3
R R
R=R' = H; R=H, R =CgH; R=R' =CH

The phosphorylide complex, (C6H5)Cr[CH2P(CH3)3][(CH2)2P(CH3)2]2, was {so1ated
in low yield as an intermediate in the reaction of tetramethyl phosphonium
choride and tris(1ithium)hexaphenyl chrom.‘:n‘:e(III).]44 The reaction of the
tris 1ithium compound with phenylacetylene yields the onium-stabilized complex
tris(phenylethynyl) tris(trimethylphosphonium methylide) chromjum(III),

144
(C6H5C2)3Cr[CH2P(CH3)3]3.
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The reaction of CpM(CO)3CH'3 with CO at high temperature and pressure gave
M(CO)6 with no evidence of acyls when studied in a high pressure IR ce]].]45
The reaction of this complex, CpM(CO)3CH3 with P(CH )3 gave the mono- and di-
substituted products, CpM(CO) (P(CH3) )CH and CpM(CO)(P(CH3)3)2CH upon

1rrad1at10n.]46

P(CH,)
CAM(CO) 4CH, —p oS5 CM(CO),(P(CHy)3)CHy, CPM(CO)(P(CH3)3),CHy  (85)

A side reaction leads to the dimer, Cp(CO)(P(CH3)3)2M—M(CO)3Cp. The indenyl
complex of chromium reacts to give ciS—Cr(CO)2L4 exc]usive]y.]zge Mo and W
indenyl compounds give photosubstitution of 1 or 2 carbonyls. Schrauzer
and coworkers have shown the R group (R = CH and C H ) in RMo(0) Br(b1py) to
have carbanionic reactivity.]47 Formation of hydrocarbons upon hydro]js1s is
accelerated by the presence of thiol Iigands.]47 Insertions of SO, into M-C
bonds have been studied. The stereochemistry of the insertion of SO2 into
threo-1,2-dideuterophenethyl compounds of tungsten (trans—(threo—ﬁCHDCHD)w(CO)Z—
(P(CH,).) (Cp) was shown to yield the sulfinate with inversion of configura-
t1’on.?45 In a series of papers on 502 insertions into Mo alkenyl complexes,

Wojcicki and coworkers investigated the alkene-sulfinato products.]49_]5]

CPMo(CO) , (P{OCH )3)CH CH = CRR' + SO,

0 R
> CpMo(C0),(POCLHL) ) - § - c -CH = CH, (86)
0 R
or
0 R
CpMo(C0).,(P(0C H e
pMo(C0),(P(OCHL)4) - S - CHy - CH = c‘\\\\
0 R
R = H, CHy
R'"= CHy, CgHg

The stable product depends on R and R'.]49 Similar products are observed for
insertions into CpM(CO),CH,CR = CR'R" 150
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//,R‘ 0 R' R
CpM(C0)3CH2~CR = c\\‘ + S0, > CpM(co)3 -S-Cc-C¢C (87)
R" : g R" CH,
or
0 _ R /,R'
M= Mo, W CpM(CO)3 - S - CH2 -C=C
’ O \Rll
with the product depending on R, R', R” and the meta].]50
CH e
CpMo(C0),CH,CH=CH, + SO, ~———— CpMa (CO), - w2 S (83)
3-"2 2 2 3745 CHé// S
or
0
CpMo(C0)3 - § ~ CH2 - CH = CH2
0

The structures were assigned by IR and the conversion from the alkene-coordin-

ated product to the sulfinato was observed.]5]

The preparation of phosphine tetrahydrides of molybdenum were reported

this year-.]52

Mo€ly + L + KBH, ————= H,Mol, (82}
L = PPEt,, PP,Me

Protonation of the tetrahydride of Y, H4ML4, was observed with HC]O4 and
CF3C02H producing [HSHL4]X, with the product characterized by IR and NMR.
Further evidence for radical mechanisms was obtained by Hoffman and Brown in a
study of the thermal and photochemical substitution reactions of the tricar-
honyl{cyclopentadienyl}hydrido compounds of tungsten and monbdenum.]Sq The
reaction of HH(CO)3Cp with PBu3 Ted to cis and trans products at non-repro-
ducible rates in the dark. Photolysis of the dimer, [N(CO)3Cp]2, with
HH(C0)3Cp in the presence of Tigand gave,?gzntum yields of 1000 with the more
nucleaphilic Tigand reacting much faster. Irradiation of szl-IH2 in thio~
phene or furan caused insertion of the szw unit into the heterocyclic C-H

bond to give the 2-thienyl or 2-furyl compiex.]Ss A study of the dynamics of

monocapped octahedral [MoH(CO)Z(P«P)Z]+ (P-P = dmpe, diphos, etc.) showed two
156 1he pair-

exchange mechanisms when investigated by H, 315, and 3¢ nr.

153
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wise mechanism (observed for diphos), corresponds to rotation of H about the
C0-Mo-CO axis and would constitute detection of a mono-capped octahedron s

pentagonal bipyramid interconversion.

co
<43 !\;;é P)
p- | ~lp
co
XXI

The non-pairwise does not involve dissociation, but the steps could not be
determined.]56 Reaction of Et4N+ u-H(M(C0)5)2" (formed by the reaction of
M(CO)6 with NaBH, in EtOH reflux) with a ligand L produces M(C0)4L2, M=Cr,
Mo, W, suggesting that p- H(M(CO)5)2 is an intermediate in the reaction of
NaBH M(c0)6, and 2L.]57 Initial substitution occurs on the binuclear complex
in a f1rst order, CO dissociative process, then break-up and further sub-
‘'stitution. No definitive evidence for the later steps were obtained although

a formyl was postu1ated.157 The reaction of the <u-hydrido bridged molybdenum

species with P¢3 was shown to produce stereospecifically the cis specie's.]58
C(i /co P< /
L0, (90) .

u-H(M(C0)5),” + PRy

AN A

Co CO CO CO

The reaction of the tr1pheny1phosph1ne comp]ex w1th CO produced stereo-
spec1f1ca11y 3c0 1abelied [ (n-H) (Mo(CO) )2] Detailed analysis of the IR
spectrum of this compound required coupling of the CO's on the two metals.
Using Cotton-Kraihanzel analysis, the interaction constants were calculated
for the equatorial CO's on both mc-:ta1s.]58
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Meta] -Metal bonded systems. A new high yield synthesis of the dimers,
(n PRC5H4)9M2(CO)6, (M = Cr, Mo, W), was reported from the reaction of (n -
H4)M(CO)3 with Fe2(504)3.

diglyme N _RC_H

5 -
(n ‘Rcs”4)M(C°)3 Fe,,(50,) /F,0 (n°-RCgH, ) My (CO) g (91)

A molybdenum hydride dimer was synthesized and characterized from reaction of
Mo acetate with sodium cyclopentadienide in THF. 160

Mo(II) + NaCp —THE (92)

This product was characterized by IR and NMR. Reaction with CO leads to
cleavage of the Mo-Mo bond and formation of the following product.‘]60

Mo—CO

XXII

This product was also characterized by IR and NMR. Complexation of diene
: 161

thiones to both Mo atoms has been observed by reaction with Cp2M02(C0)6.
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Mo~
C%R\ ////{/ \\
\//
S H
()‘-C:\
o
XXIII

The coordination was through the pi electron of the less substituted
double bond and the thiocarbonyl.'®' Rearrangements of the complex

(CO)4M[AS(CH3)2—M'(C0)3Cp]2 (M, M* = Cr, Mo, W) have led to a metal-metal

bonded system with bridging AS(CH3)2.162
(C0)4M[(AS(CH3)2_—M'(C0)3Cp]2 > (CO)SM[u—AS(CH3)2]M'(CO)ZCp (93)
and
(C0) M-As (CH4) ,-M* (C0) 1Cp

The first product has a metal-metal bond but the second does not. The metal-

meia]-bonded species are active for the catalytic polymerization

62

of norbornadiene.] Complexes with three sulfur atoms bridging two molyb-

denums have been prepared and studied.163

Low energy barriers were observed
for sulfur inversion in the complexes, M02(C0)2L(u—SR)3(n7—C7H7), (R = CH3,
C2H5, etc., L = CO, P(OCH3)3, etc.). Complete averaging of the R group
environments was observed by H MMR when L = CO, but only limited averaging
for other L.163 To further investigate this process, a crystal structure

determination of MoZ(CO)Z(P(OMe)3) (pZ-S(t—Bu))3 (n7—C7H7) was accomplish-
163
ed.
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R R
S S

P (OMe)
<§§§3_— <::;/:><:;::;m{ico ’

Mo

\\\\\S,/’/// Neo
R
R = t-Bu

XIv

The sulfurs are bridging asymmetrically, favoring the molybdenum bound to CO
and L. It was postulated that the phosphorus 1ligand has a dramatic effect on

the SR trans, affecting the inversion pr'ocess.]63

Several heterometal'dimers have been synthesized this year. Methane
elimination in the reaction of (Cp)ZZr(CH?)2 and CpMo(CO)3H resulted in
formation of a Zr-Mo bonded species, ((:p)Z(CHEI)ZrMo(Cp)((:0)3.]64

(Cp),Zr{CH3), + CpMo(CO)3H > (Cp)Z(CH3)ZrMo(Cp)(CO)3 - (94)

This compound was characterized by NMR, microanalysis, and reactions with CC]4
and d1’b1'-omoe1:'hane.]64 A similar reaction led to (Cp)ZNbMo(CO)36p.]65

(Cp) NbBH, + Cp(CO) Mo(te) —2ENZE0E - (cp) NbMo(C0),(Cp)
3

Reaction of (C0)4M(A5Me%C1)2 (M = Cr, Mo, W) with K2Fe(CO)a produced complexes
containing M-Fe bonds.
,AsMez

(C0) 4M(AsMe,C1), + K,Fe(C0), —> (C0) M -———i:::/,Fe(CO)3 (95)

AsMe2
M= Cr, Mo, W

q
The compounds were characterized by IR and NMR.'66 An unusual bimetallic
complex containing Fe and W, (Cp)(CO)Zw(n3—C5H5)h5—C5H4)2Fe), was prepared by
the reduction of [Cp(CO)ZH(n3—C5H5(C5H5)2)]I with sodium followed by addi-

7 The complex was characterized by IR, 1H NMR and mass spec-

tion of FeCl,.'®
167

trometry. The suggested structure is shown below.
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XXV

Reports on two complexes containing Mo = Mo double bonds have appeared.
Synthesis of MoZ(OR)GCO by reaction of CO with the triply bonded species,
MOZ(OR)G’ was reported.w8 The crystal structure determination showed the

carbonyl to occupy a bridging position.

0
C
RO\\‘MO/// \\\Mo’//OR XXVI
RO S><¢ OR
R R
R = t-Bu

Further reaction with CO gives l’404(0R)12(C0)4.]68 Mild oxidation of the

diazabutadiene complex, Mo(CO)ADAB'(DAB = diazabutadiene), resulted in a
species postulated to have the following structure. .

o 2L
klil/ \/\N/R]
(CO)3MO .= (*1(\1((30)3
/N NGO
R; \\ 47 R,
c ——=C
R R
2 2 XXVIT

R], R2
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This complex showed 5 or 6 bands in the carbonyl stretching region indicating

an asymmetry to the binding.]ﬁg

Several reports on complexes with triple bonds between the metals,
(CPM(CO)Z)Z’ have appeared. The reaction of [CpCr(CO)2]2 with acetylenes did
not produce an addition product, but rather gave substitution for CO.]70

_-C

c

V4
=
P L o)

[CpCr(CO)Z]2 + RC=CR ————> CpCr\fzfi,Cpr
0

The product was characterized by IR, NMR (]H and ]3C), and an X-ray crysta1
structure.170 Curtis and Klinger reported reaction of bis(cyc]opéntadieny]—

dicarbony]mo]ybﬁenum) with a number of species.]7]'_ '
Cp Mo, (C0)y + L ————>  trans (CpMo(CO),L), } (97)
L = P¢3, P(OMe)3
CpZMoz(CO)4 + 12 _— CpZMOZ(CO)4I2 (98)
CpZMoz(CO)4 + RC,R ————> (u—RCZR) (Cp2M02(00)4) (99)
?p
_—-CO0
P
~
CpMo,(CO), + PL(PRy), ———> >ee_l (100)
: PP MO-'\—CO .
3 | ~co
Cp

The latter complex contains both bridging and terminal CO’'s. Reaction of
the difodide complex, CpZMOZ(CO)4IZ’ with NaZFe(CO)4 led to u~Fe(CO)4f

171
(CPZMOZ(CO)4)'
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& co

R . o M0N0
szMoz(LO)4I2 + NaZFe(CO)4 —_— (C0)4Fe\\\l| (102)

Mo~co

i\TO
Cp

171

This compound has no bridging CO's. The reaction of CpZMoz(CO)4 with

acetylene was the subject of another study which led to a crystal structur‘e.]72

co c
\\Mof:::::éi::::;Mo/// " XXVITI
s N

S T

0 0

The bridging acetylene and two Mo atoms are almost tetrahedral. One CO is in

a semi-bridging position. The two molybdenum atoms are different probably due

to steric cr‘owd‘ing.172 The dynamics of these complexes were studied by ]3C

1 172 The addition of allene to CpZMoz(CO)4 has alsoc been studied.173

and 'H NMR.
The product, p-allene-bis(cyclopentadienyl)tetracarbonyldimolybdenum, was

characterized by X-ray crystallography; the structure is shown be1ow.]73

The NMR was invariant with temperature. The allene was strongly coordinated
and could not be replaced by CO or PQ3.]73 The reaction of CpZMoz(CO)4 with

a number of small molecules (CO NOZ’ CS2= CH3CN, 1,3 butadiene, and cyana-

178 2.

mides) has been reported. Only the cyanamides, HZNCN and MezNCN, gave a

reaction; the product was characterized by an X-ray structure. 174
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0 0
c c
cp
0C—pp — '::f' XXX
CD" \\\\ /// l
¢
!
CH, \\\CH3

A number of other multiply bonded metal-metal systems have been studied.
Possible metal-metal metatheses of the triple-bonded species, Mo (CH SiMe3)6
and w (CH S1Me3)6, were explored but no mixed product was observed Mixed
compounds were observed in the mass spectrum for reaction of Cp,M, (CO)4 at
80°C or photochemically at 25°C. 175 Preparation of an ethyl molybdenum
complex with a Mo=Mo bond by reaction of LiEt with the chloromolybdenum com-

pound-l76 was demonstrated.

M02C12(NMe2)4 + 2LiEt ——— MOZEtZ(NMe2)4 + LiC1l (103)
Reaction of the ethyl complex with CO led to reductive elimination with
formation of a MozMo bond.]76

MOZEtZ(NMeZ)4 + CO2 —_—— MOZ(OZCNMeZ)4 + C2H4 + C2H6 A (104)

X-ray and neutron diffraction of tris(cycloctatetraene)dimolybdenum and the
tungsten analogue, MZ(C8H8)3’ indicate a quadrupie bond between the metals, as

shown bel ow.]

=

M XXX I

Preparation of a CrzCr species by reaction of tetra-p-acetato-dichromium with
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bis(trimethylsilylmethyl)magnesium in the presence of P(CH3)3 was accomp]ished.jga

Cr2(02CMe)4 + MgR2 + P(CH3)3 _— Cr R (PMe )2 (105)
R = CH,Si(CHy)4

Reaction of the molybdenum-acetato complex with dime thylmagnesium produceu

Mo (Me) (PMe )4. Both of these compounds were studied by IR, NMR ( H, 31P

13 C), and X-ray crystallography and apparently have metal-metal quadruple

bonds-]78 Acidification of Cr(C5 5) with H02H302 led to bis{cyclopentadienyl)-

hexak1s(tr1f]uoro acetato)tr1chrom1um.] This compound is linear with

bridging trifluoro acetate groups and cyclopentadienyl groups on each terminal

chromium atom-179

Chelates _
Reports of chelate complexes of the Group VI metals have continued to

grow this year. The work of Nesmeyanov and co-workers has provided many of

the new complexes as derivatives of ArM(CO)3. Photolysis of alkenylarene metal
tricarbonyls for Cr, Mo, and W compounds in which the double bond is separated
from the arene moiety by a two-or three-atom chain results in CO dissociation
and intramolecular cyclization to give stable a]keny]arened1carbony]meta] com-

p]exes.]80
i h
(cay) _hv @ (106)
XCH = CH, \
M(co) M \EE;CH
(o), CH,
n=1, 2

Irradiation of styrenetricarbonyl-chromium and moliybdenum leads to dinuclear
]3C) 180

complexes. All of the complexes were studied by IR and NMR ('H and
The same type of reaction was effected with an arenephosphite chromium tri-

carbony].]gl
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Me Me
(CH,) oPR, -hu . (cuy)
v | e !
Cr(CO)3 | (107)
.- _Cr —— PR
Co co
R =0¢, ¢ n = '4,5

By using an arene triply substituted with difluorophosphite they effected

complete replacement of-the CO's.182

CH_CH OP]E‘2

/22
F,POCH,—CH,, @
: CH_CH_OPF
27727
Cr(CO)3 (108)

This complex was isolated in 50% yie]d.]g2 A similar synthetic technique was
183

studied by Donnini and Shaver for alkenylarene chromium complexes.

@y = @y
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6 _ _ ’ .
For the comp]exgs (n -CGHSXCHZCH—CHZ)Cr(CO)ZL for L = P@,, P(0¢)3, P(0C2H5)3,
and P(CH3)2¢, photolysis always leads to replacement of the ligand L by the
olefin, indicating that the Cr-L bond is photolabile for UV irradiation. 53

Several bidentate ligands based on phosphorus have been synthesized.
Methy]amihobis(dif]uorophosphine) complexes with Cr, Mo, and W have been

prepared by King and Gimeno.]84

M(CO)6 + CH3N(PF2)2 —hv M(CH3N(PF2)2)3 + 6 CO (110)
M= Cr, Mo, W

The volatile and air-stable complex was determined as the tris(bidentate) by
IR and NMR (]H, ]3C, and 3]P).]84 Reaction of the similar 1igand, 1,2 bis-

(difluorophosphino)cyclohexane with the hexacarbonyls produced a different

pr'oduct.]85

M(CO)6 + P2F4C6H10 —_— [M(CO)4P2F4C6H]O]X (111)

X =1-3

The bidentate 1igands bridge instead of chelating. It was suggested that the
product selection is kinetically controlled rather than ther-modynamicany.]85
Rauchfuss has synthesized new amino-phosphine chelating agents and prepared

molybdenum complexes of them.]86

Mo (CO)

B 4

¢2D ¢2P ¢2P - \
2 RNH MoR

J—
(:) 4, B _ 7 Fmocore 7
\H \H
(112)

The primary product was the disubstituted species although dinuclear complexes
viere also obtained.'®® The chelate Tigands, Me,XM'Me,CH,X'Me, (X, X' = N, P,
As, M' = Si, Ge), were prepared and reacted with the hexacarbonyls, forming
M(CO)4L (M = Cr, Mo, w).]87 The chemical and spectroscopic properties of this
bidentate 1igand were discussed in terms of bonding mode‘ls.]87

Nitrogen base chelates were prepared by several techniques, including the

reaction of amidines with tricarbony](ch]oro)cyc]opentadieny]mo]ybdenum.]88
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o R
’ L NS
CpMO(C0)4C1 + PC(:NRINHR %—» Cp-bilo\N../.-.cw (113)
co r'z

R = Me, @, etc.

A similar complex has been prepared by reaction of NEtaM(C0)5C] and KHC(NR)Z.189

ZCH (118)

R
N

<N

NEt,M(CO).C1 + K HC(NR), =
i
R

M=Cr, Mo, W
R = aryl, t-butyl

The anionic formamidino complexes were investigated by IR and NMR (]H and

13C). Reaction with PQ3 or py led to the facial substituted product.189 The

reaction of potassium N,N‘-dipheny1f0rmamidine with CpM(CO)3C1 Ted to two
190

products in equal yield.

+
. R R
CpM(C0)3C1 + K HC(NR)2 > n"N;;H ! /
o5 | & Cd’l\c~“\§¢C ok
G - COo 6‘\N>’ B

I \,

R=0,M=Cr, Mo, W (115)

The reactions and products were studied by IR and
190

]3C NMR and a mechanism

A ring contraction was observed in the reaction
191

proposed for the reaction.

The reaction
191

of cationic CpMo(CO)Z(chelate) complexes with methyllithium.
of cationic pyridinecarbaldimine complexes with CH3Li gave two products.

i
CO—o—7 ’ Mo N
3 i — 2 +
FriO) rem —— =l
“l (ale)] N °3
\7\, N
R H R B
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The structure of the second product with R = CH(CH3)C was determined
crysta]]ograph1cal1y. Both products were characterized by IR and NMR.]9]
New Cp(CO)ZMo chelate complexes were prepared witp 2-imidoyl fragments by
reaction of the sodium salt with N-methylbenzimidechloride.

NaCpMo(C0), '+ CHyN=C(C1)p -~ CpMO(CO)Z[C(ﬂ)N(CH3)C(¢)N(CH3)]+ cl (117)

which was assigned the following structure (XXXII) based on IR and NMR data.

P et
\\\\\\

Cp(CO)ZMq\\ ’//1 Cp(CO)ZMo

/
T @
CH3 CH3
XXXII - XXXIII

Protonation led to the second product (XXXITI).!92 The reaction cf P(OCH5) 5

and P(CH3)3 with tungsten cyclopentadienyl carbonyl acetyl acetylenes led to

chelate comp]exes-]

Cp

-

{
> 0C-W-P(OMe), (118)
7\

0 C-H
Q

/’ \\

CH3

CPH(CO) (C,H,) (COCH,) + P(0Me)

. 4
CpH(CO)(CZHZ)(COCH3) + PMe3 —_— Me3P -W-C (119)
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Insertion of acetylene into carbon-Mo and W bonds has also led to chelate

comp]exes.]94

Me Me

CPM(CO) 4R + 2-butyne ——> Cp(CO)ZM\/j[R (120)
T
0

M =Moo, R= CH3, CHZQ, COCF3

"

M COCF

W. R = CH;, COCFg
The structure was assigned from elemental analysis, mass spectra, IR and NMR.

Reaction of this species with L (L = CO, CNt-Bu, CNCgHy 1) Ted to n3-allylic
104 :

lactone compliexes. A crystal structure was done for R = CH3,'M = Mo, L =
t-butylisocyanide. 1In the reaction of 2-butyne with the Mo(CQCF3) complex
formation of an eight-membered ring containing an nz-ketenic group was observed
and a crystal structure was accomph‘shed.]94 A paramagnetic, tris-chelate

complex was prepared by reaction of CrCI3 with LiCH206H4—0-NMe2.]95

THF a2
CrCly + 3LiCH,C Hy-0-NMe, ———> Cr . (121)

(Me)2 3

The compound 1is pyrophoric and soluble in CHZCIZ, toluene, and THF. The
structure was suggested on the basis of analytical data, magnetic moment, (3.6

pB), and mass spectra.

Nitrosyls

Several reactions of bis(cyclopentadienyl dinitrosylchromium), [CpCr(NO)Z]Z,
have been studied. Reactions with carbanions occur by attack at the nitrogen
atom of one bridging nitrosyi 1igand.]96t—Buty1 gave, after hydrolysis,

dicyc]opentadieny]—u—(N-t—buty1hydroxylamido)—dinitrosyl—u—nitrosyldichromidm.

[CpCr(NO),], + t-ChpHgli ——> or ek (122)
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Methyl- or n-butyl-lithium gave dicyclopentadienyl-p-nitrosyldichromium with
methyleneamido-dinitrosyl-u-nitrosyldichromium with elimination of water by
abstraction of an a-hydrogen.]gs The dimer, [CpCr(NO)Z]Z, was cleaved to the
halide by I,, HC1, NOC1, SnCl,, SnCl,, Mn(C0)4C1, and CpFe(C0),C1.'% Reaction
of (Cp)¥M0(N0)I with carboxylic acid caused replacement of one cyclopenta-

dienyl.

(€p),MO(NO)T + RCOLH > CpMo(NO) (0,CR)I (123)

R = CH3, CZHS’ etc.

The carboxylate group is bidentate. This reaction with acid is characteristic
of o-C_.H A number of reactions of .cyclopentadienyl nitrosyl molybdenum were

557
r'epor‘ted.]98

The formation of [C5H5Cr(NO)2]2 was observed in the reaction of CpCr(CO)ZNO
with NO under photolysis, although the primary product was a nitrite.]gg

CpCr(CO), N0 - [cpcr(H0),]1, + CpCr(NO).NO (124)
2 NO 242 20,

Ready displacement of both CO's producing a seventeen-electron species CpCr(NO)Z,
which can dimerize or react with more NO to give the nitrite compound was
postu]ated.]gg An optically active nitrosyl complex, CpM(CO)(NO)L was prepar-
ed for M = Cr, Mo, ‘and W with L = chiral phosphorus 1igands by replacement of

CO in CpM(CO)2N0.200 Reaction of bis-(cyclopentadienyl)nitrosylmolybdenum
iodide with F,CCSCCF, Ted to CpMo(C H(CF,),) (1) (N0). 2%

(Cp)zMo(NO)I + F4CC=CCFy ———— > I -—/Mo@ (125)
ON
CF3 CFg

Nitrosylchloride was shown to oxidize Cr(CO)6 and C6H6Cr(co)3 to a
polymeric species, [CrC]Z(NO)g]E.202 At Tow temperature evideqce was obtained
for a solvated CrCl(CO)Z(NO). 02 Reaction of Mo and W pentacarbonyl amines
with NO in benzene produced [M(N0)3(Am)]2.203
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AM(C0)5Am + No benzeme . pyyo) (am), (126)

M=Mo, W
Am = BuNHZ, py. piper, etc. *

These dimers were characterized by NMR and IR with IR showing both-bridging
and terminal NO ]igands.203 CpM(CO)Z(NO) was synthesized in 60-93% yield by

cpM(co),.20%

THE

NaCpM(C0)4 + p-CgH,SO,N(NO)Me > CpM(C0) ,NO

CH,CT, | NOCT (127)

2
CpM(NO)201

The second reaction occurred in 80% yield. The first organometallic thio-
nitrosyl complex, CpCr(CO)ZNS was prepared.205 :

THF
Na[CpCr(CO)3] + 1/3 (S3N3C13) —7g° > CpCr(CO)z(NS) + CO + NaCl (128)

The NS 1igand was more effective in removing electron density from the Cr
center than NO as indicated by the IR of the carbonyl stretches.205

KINETICS AND MECHANISMS

Pickering and Angelici studied the substitution reactions of H(CO)3(CS)-

(o—phen).206

CO cO
ocC N oc N
) L —s ) . CO
sC N sC N
CcO L

(129)

The rate laﬁ showed both 1igand independent and 1ligand dependent terms with
the independent predominating, especially at higher temperatures. The com-
plex, w(CO)3(CS)(o—phen), is labilized compared to w(CO)4(o—phen) by 140
times.206 It was postulated that the strong-pi bonding of CS weakens all CO
bonds.?%® The rate and mechanism of facial-meridional isomerization were
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reported for fac 1,2-bis(diphenylphosphinoethane} (triisopropylphosphite)
tricarbonylmo]ybdenum(o)-207 The reaction showed a first order rate law with

the following mechanism proposed.

L
P co k1 P - _CO
( =— (
P co - P co
co co
(130)
k_o| ks
co CO
P L ks P
( - (
P co P co
co co

It was suggested that k_2 >> k2 indicating the greater stability of the inter-
mediate with the substituted ligand in the equatorial p]ane.207 A study of
the reaction of P(O-i-C3H-7)3 with-(2,5 dithiahexane)tetracarbonyltungsten(0)
showed non-linear plots of k vs [L] and a highly negative entropy of

. 208 . Gbs ) i 208
activation. A predominantly associative mechanism was suggested. The
kinetics and mechanism of the substitution reaction of (tmen)w(C0)4, (tmen =

N,N,N'N’-tetramethyl-ethylenediamine) were investigated.

(tmen)u(c0), + 2L > L,H(CO), ' (131)

L= P(OCGH5)3, P(OCH3)ZCCH3, P¢3, etc.
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For the different substrates the rate data supported a mechanism involving two
competing pathways, one involving unimolecular, reversible ring opening and
the other a concerted process involving an interchange of L and one end of the
b1dentate, chelating Tigand. 209 The ring opening process predommates.z09

The rate constants for the cis-trans isomerization of c15~M(C0)2(P—P)2 and
cis-[Mo(CO)Z(P-P)Z]+ were evaluated. 210

cis-M(C0),(P-P), —S—> cis-[M(C0),(P-P),1" (132)
+e~

trans- M(CO)Z(P P)2<;__ﬁ trans[M(CO) (p- P)Z]
+e”

(P-P) = dpm, diphos, dmpe
Rates of isomerization were independent of the bidentate ligand and [CO], s’
values were similar and negative, and there was no solvent dependence. It was
suggested that both the 17- and 18-electron complexes underwent a twist
‘mechanism for the cis-trans isomerization. 210 The reaction of aT}yl bromide
with (o- phen)Mo(CO)4 was shown to proceed by a two term rate law in CH,Cl,
and THF.

Mo(0-phen) (C0), + C3HcBr > (o—phen)MO(CO)Z(n3—C3H5)Br (133)
rate Kk, M1 + k, (M3 [L]
= (o-phen)Mo(C0)4, L= C3H58r

In 1,2‘dich10f0ethane only the first order step was observed. The suggested

mechanism is as fo]]ows.zn

co C3H5Br
(o~phen) Mo(CO)4 > (o-phen) Mo(CO); ———> (o-phen) %0(60)3
==~_—Br

/

N co -Cco

Br
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The reaction of halogens with bis{cyclopentadienyltricarbonyl-molybdenum and

-tungsten) to CpMo(CO)3X was shown to proceed by halogen bridged intermediates-Z]z
’ X
l
X
Cp Cp Cp / Cp
\ / ./ /
,Mo~————Mo\\ + XZ > Mo——Mo
o€ IV I\ TG ¢ 7\ I\>c¢
ccC ccC ’ 0 0
c C c C
00 00 0 0 0 0
(135)
Cp C +
p X Cp
NN
2 Mo X — Mo Mo\ X
AR VAR /1 7¢,
0C ccC 0C c C cC C
00 00 0 O
The iodide bridged complex, [@pMo(CO)3)ZI] B(C6H5)4 was isolated as confirma-
' 212

tion of the mechanism.2'? The reaction with bromine proceeded to CpMo(C0),Br.
The kinetics and mechanism of the inversion at sulfur were studied for M(CO)SS
(S = 2,5-dihydrothiophene sulfide or s—phenethy]methy]su]fide).2]3 The 8-

phenethyl complex was shown by ]3C and 1
-100°C. The inversion barrier, calculated from line broadening, was shown to

be AH%'= 10.0 kcal/mole and ﬂSf= 2.4 e.u. Ligand exchange occurs at higher
213

H NMR to exist as diastereomers at

temperature with rate-determining dissociation of the sulfide.

CATALYSIS AND ORGANIC SYNTHESIS
Dlefin metathesis
The interaction of AlBr, with W(CO)_.L (L = P@, and PBu,) was studied by
31 214,215 3 > 3 3
IR and 7 P NMR. ’ The presence of an IR absorption at 1665 was inter-

preted as an interaction of the aluminum with a carbonyl, L(C0)4W-CO—A]Br3.

It was suggested that the jnteraction was trans to the ligand L and that the
decreased electron density caused ready dissociation of the h‘gand.‘ﬂ4 The
products were w(CO)6 and M(C0)4Br2. An analogy between the reaction with A]Br?
and olefin metathesis by complexes (H(CO)5L) supported on alumina was draun.210
It was suggested that the interaction to the alumina is A1-0=C-W and that this
leads to facile dissociation of the ligand L.Z]6 The metathesis of propylene
by Mo(CO)6 supported on alumina was reported to occur with 99% selectivity to

ethylene and Z-I:autene.m7 The degenerate metathesis of CD, = CHCGH, 5 and
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(Z)-CDH = CHCLH 7 with MoC]z(NO) (P@.,), and (CH,),A1,C1, was studied by Casey
) E]é, 2V 7372 3/37°2°°3 )
and Fuinstra. The stereochemistry of this reaction provided further evidence

for a carbene intermediate, M = CHR.Z]8 Polymer supported tungsten compounds

£- o, - u(co),

g- CH, - W(C0);(Cp)

vere active for the metathesis of trans-3-heptene to 3-hexene and 4—octene.219

These complexes had activity and selectivity under mild conditions, ease of
separation, regenerability and r'euse.m9 The activity profile corresponded
to that of heterogeneous catalyses j.e.,low initial activity, rising to a
maximum, and then leveling off.2]9 The reaction of polystyrylbipyridine with
w(CO)6 led to binding of l-J(CO)4 groups to the po]ymer.220 As a cocatalyst
with CZHSAICI2 this species was active for the metathesis of 2-pentene to a
1:2:1 ratio of 2-butene, 2-pentene, and 3-hexene 1in 40 min. at room tempera-
ture. The presence of oxygen increased the rate.220 Irradiation (A = 350 mm)
of W(CO)G, CC]4, and an olefin led to metathesis,22] Use- of trans-2-pentene
produced 2-butene and 3-hexene with a 50% conversion ratio. The trans to cis
ratio was 4.1, and only 1% byproducts were abserved. The intermediates were
believed to be W(CO); and W(C0)C1 by IR and ESR.Z! The irradiation of
W(CO)6 with TiC14 also gave an active metathesis cata]_yst.222 It was
suggested that the key step in formation of the catalyst was the reaction of
sixteen-electron species, H(CO)5, with T1C14.222 The metathesis of 2-pentene
and 3-heptene has been studied in the presence of WC]G/A]EtC12/EtOH,
WC16/BuLi, and WC16/L1A1H4.223 Percents of metathesis as a function of time
viere reported.

Other catalytic reactions

A number of reactions were reported to be catalyzed by Group VI compounds
last year. King and co-workers have shown that hexacarbonyls (Cr(CO)S,
Mo(CO)6, and H(CO)B) were active homogeneous catalysts for the water-gas
shift reaction.224 These carbonyls were active in the presence of base (KOH,
' 224 Treatment

KBH4) in alcoholic solution at temperatures in excess of 100°C.
of the paramagnetic cation [(ns—C7H8)Mo(py)3]+ with methanethiol yields the
diamagnetic cation [(n6—C7H8)Mo-(p—SMe)4Mo(n6—C7H8)]+2, which undergoes
complete deuterium exchange of the toluene methyl hydrogens in DZO-Na3PO4
buffer (pb = 11) at 25°.225 The crystal structure was done showing four

symmetrically centered methanethiolate ligands.
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Cp
Mo

RS‘//;;y’\(;;\\‘
N\

SR

XXXIV
The Mc-Mo distance is 2.614 K suggesting a direct metal-metal bond.225
Arenetricarbonylmolybdenum (arene = toluene and mesitylene) was an active
cafa]yst for the isomerization of o]efins.226 The molybdenum compound was
more active at 100-120°C for olefin isomerization than the chromium analogue
with slightly different activities. Mixtures were obtained where more than

one product was possible.226

> 2-hexene (26%) + 3-hexene (74%) (136)

1-hexene

The reaction of styrene-divinylbenzene copolymers with Cr(C0)6 gave
polymer - Cr(CO)3 complexes which were active for hydrogenation of methyl-
sorbate.227 The complex lost activity after 2-cyc1es.227 A mixture of
tris(n3—a]1y])chromium and titanium tetrachloride was active for isoprene
po]ymem‘zation.228 It was postulated that a bimetallic compound was the

active species with bridged M-C bonds which are sites for stereospecific chain

propagation-228

Organic synthesis
A technique for the removal of organic ligands from AreneCr(C0)3 allowing

recovery of the Cr(CO)3 unit was reported.229

(nG—Arene) Cr(CO)3 Py, reflux Cr(C0)3(py)3

—-arene

BF 5, Et,0 (reflux) (137)

3>

arene

(n6-Arene)Cr(C0)3
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This reaction sequence was suggested as-a method for decomplexation of an

arene after reaction on Cr(CO)3. A high yield of arene and Cr(co)3(py)3 was
obtaingggand the Cr(CO)3(py)3 could be recomplexed with a new arene and used
again. The chromium tricarbonyl complex of N-methylindole underwent nucleo-

philic substitution with generation of 7-substituted indo]es.230

s\\-—/,s+
N it
til -78°, THF
CH3
Cr(CO)3
(138)
N
Cu(II) \
i ¥
CHO CH;11 CH3

The 7-substituted indole was isolated in 41% yie]d.230 Selective removal of
halogen from organic halides was accomplished using [(Cp)Cr(NO)2]2-23]
[CpCr(NO)Z]Z + RX > 2 CpCr(NO)ZX + R-R : (139)

This reaction couples diarylhaloalkanes to ethanes, but does not couple allyl
or methylallylhalides and does not react with alkyl halides. The complex

reacts with vic-dihaloalkanes to give a]kenes.23]
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C6H5 H
~o e
C6H5 CH - CH C6H5 > //C = C (140)
Br Br H \\CGHS
Br Br
N (141)
Br Br
CGHSCHBrCHBr2 > C6HSCH = CHBr (142)

The last reaction proceeded in 73% yield. Coupling was also effected by
w(CO)6 and Mo(CO)6 for carbonyl compounds (@CHO, EtCHO, and cyclohexanone) to
give olefins (stilbene, etc.),232 Methyl (methoxy)carbene chromium penta-

233

carbonyl was used in the synthesis of ketenimines.

OCH,
(CO)zCr - c\ + CgHy NG ———> (€0) 5Cr(Cy gty 7NO) (143)

CH,

The latter compound reacted with excess isocyanide to give

OCH
3 233 . . .
CH,,N=C=¢C and Cr(CO)SNCGH]],. Reaction with a protonic

611
\\OCH
3 233
source gives carbenes as below.

(CO) 5Cr‘—C

XXXV .
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PHOTOCHEMISTRY

A detailed study of photochemical substitutions of the hexacarbonyls was
reported.234 In cyclohexane the quantum yield was 0.67 for substitution of

Cr(CO)G.

M(CO)g + L —W - mco)L + co (144)

To determine whether concentration effects had led to non-unity quantum yields
the reaction of Cr(CO)6 with CH3CN (neat) was investigated.234 The quantum
yield was 0.7 indicating that concentration effects were not significant. A
plot of solvent viscosity with extrapolation to zero viscosity gave a quantum
yield of 0.68.234 The reaction.of w(CO)6 with 1igands was also quantum
deficient (quantum yield = 0.72). Only a very small wavelength dependence of
the quantum yield was noted.234 The data was interpreted as indicating the
presence of an excited singlet which does not lead to dissociation but could
cross very efficiently to a triplet which was dissociative.234 Photosub-
stitution of the amine pentacarbonyl complexes of the Group VI metals was

observed with ]3C0.235 Two processes were observed - replacement of amine by

]3CO and incorporation of ]3C0 into M(CO)5 amine exclusively in the cis

position.235
* *
M(CO).amine —— > M(CO).  + M(CO). amine (145)
5 ]360 6 5
amine = py, piper -
The relative ease of the two reactions is dependent on the metal. With 1ight

of 313 or 366 nm the amine is dissociated preferentially for Mo and H.235

For Cr the quantum yield for CO dissociation is comparable to that of amine
dissociation. The photoreactivity for CO dissociation was summarized as

Cr > Mo > lf; for amine dissociation, Cr ~ Mo > w.235 Darensbourg and Murphy

.also studied the photosubstitution of Mo(CO)5P¢3 and Mo(CO)4(PE3)2. The
reactions of Mo(CO)sPQJ3 are summarized below.
Mo(CO) PPy + PPy hv (366, 313 nm) . g Mo(C0),(PR3), - 863
trans Mo(CO)4(P¢3)2 142
(146)

Mo(CO) PPy + 3¢ cis labeled Mo(CO) P,
trans labeled Mo(CO)5P¢3

Mo(CO) PRy + CO —M_> Mo(CO)g  Low Quantum Yield
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The reactions are consistent with loss of both cis and trans CO with the CS
form of the intermediate the most stab]e.236 Dissociation of P03 from
Mo(C_0)4(P¢3)2 was also consistent with this.236 The photosubstitution reactiv-
ity of a series of bis(substituted pyridine) tungsten tetracarbonyls was
reported by Abrahamson and wrighton.237 The comp]exes studied were cis-
N(CO)4X2 (X = 3,4-dimethylpyridine, 4-ethylpyridine, 3-benzoylpyridine, etc.).
Spectral data showed that the tungsten - pyridine charge-transfer state moves
to lower energy with more electron-withdrawing substituents on the pyridine
while the ligand field states are insensitive to these changes.237 Photo~
substitution occurred in all cases upon irradiation into the lowest energy
absorption system, but the quantum efficiency was very dependent on whether

the lowest energy excited state was ligand field or W + pyridine charge-
transfer in character.237 W-pyridine charge transfer was unreactive (quantum
yield = 0.001). Complexes with ligand field lowest excited states are photo-

substitution labile (quantum yield = 0.4).23

Geoffroy and Bradley have described the photoinduced elimination of H2

238
from (CP)ZMOHZ'
hv
(Cp)2M0H2 > (Cp)ZMo + Hy, (147)
The intermediate was trapped by reaction with CC, CZHZ’ P(Et)3 and P¢3. The
quantum yield was 0.1 with 366 nm irradiation.238 From deuterium labeling

they suggested a direct concerted elimination of H, and not H-, H', or y-.238

The photoreaction of methyl- or n]—benzyl—pr(CO)3 viere reported to depend on
the reaction conditions.23° Both compounds produce the dimer, [CpH(CO)3]2, by
W-R bond scission but the n‘-benzy! complex also produces (n3—CH2C6H5)—H(Cp)(CO)2
by CO dissociation.23? Photolysis (310-490 nm) in the presence of PO, Ted to
CpH(CO)Z(PQ3)(CH3) and a dependence on the cation for the reaction pathway and
quantum efficiency in reactions of H(C0)5X_, X = Br, NCO, N3.240 For the
cations, Li', As¢4+, PPN* (p-nitrido-bis triphenylphosphorus), and NEt4+,~ the
efficiency of the photochemical transformation and the nature of the photo-
products depend on the cation. The quantum efficiency varied by > 300% when
Lit, NEt4+, and As¢4+ salts of H(CO)SBr- vere irradiated at 436 nm.240
Irradiation of H(CO)5N3_ led to H(CO)SNCO' and w(CO)6 when PPNY was the .
cation; the quantum yield for production of these products using the Asﬂ4

salt of the azide was zero.240 Conjugated dienes, e.g. 1,3-butadiene or

trans, trans-2,4-hexadiene, underwent [4S + 6S] cycloaddition with tricarbonyl-
1,3,5-cycloheptatrienechromium(0) on irradiation with UV 1ight.24] Tricar-
bonyl-bicyclof4.4.1]Jundeca-1,3, 7-trienechromium(0) complexes, Cr‘(CO)BCHH17

and Cr(C0)3C13H18, were isolated. The latter complex had a crystal structure
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done and both were characterized by IR, NMR, and mass spectra.24]

(C:()%éir‘\\‘\\\

XXXVI

Flash photolysis of the tungsten-dinitrogen complex, w(NZ)Z(diphos)Z, in the
presence of an alkyl halide produced either WX(NZR)(diphos)2 or
[wx(NzRH)(diphos)z]x.242

W(N,),(diphos), —%- WX(N,R) (diphos), + [WX(N,RH) (diphos),Ix  (148)
RX = CH3COC1, t-BuBr

The reaction was assumed to involve a free radical mechanism, with initial
cleavage of the R-X bond.242 Abrahamson and Wrighton prepared mixed metal
dimers such as Cp(CO)3MCo(CO)4 and Cp(C0)3MFe(CO)2Cp, (M = Mo, W) by photo-
lysis of the dimers [Cp(CO)sMl, with Co,(CO)g and [CoFe(C0),1,.2%

Co,(CO)g + Cp,M,(CO)g N 2Cp(C0) jMCa(C0), (149)
Cp,Fe,(C0), + Cp,M,(CO) v 2Cp(C0) ;MFe(C0) ,Cp

The electronic spectra were reported and assigned. Flash photolysis of the
mixed metal dimers, M-M', (Cp)(CO)3MCo(CO)4 and Cp(CO)3MFe(CO)2Cp (M= Mo, W,

resulted in formation of the homonuclear dimers, M-M and M'-M', consistent

with homolytic fission of metal-metal bond.243 Photoreaction of the mixed

dimers was observed with CC14, RX, and I2 Teading to cleavage of the metal-

metal bond-243‘

A substantial body of research was published on photolyses of the car-
bonyls isolated in matrices at low temperature. Use of polarized bhoto]ysis
and spectroscopy on matrix isolated M(CO)6 provided data that led to a pro-
posed mechanism for the photochemical reaction_244 The first step was postu-
lated to be photoinduced dissociation of CO forming M(CO)S. Internal rearrange-
ment of M(CO)5 from the square pyramidal to trigonal bipyramidal and back to

. - . . 4
square pyramidal was followed by recombination with a 11gand.2'4
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M(co), N :::>L<::: = } (150)

The intermediate M(CO)5 generated by photolysis of M(CO)G, M = Cr, Mo, W,
with 314 nm radiation, was shown to react with N2 when isolated in a N2
matrix forming Cr(CO) N2.245 The complex was characterized by infrared and
Raman spectroscopy.24g Evidence for Cr(CO)B(NO)2 was obtained in frozen gas
matrices from photolytic reaction of Cr(CO)6 with NO and Cr(NO)4 with CO.246

Cr(C0)y T2 Cr(C0)4(NO), <—fo— Cr(NO), (151)

Isotopic labeling studies indicated D3h geometry for the five-coordinate
SpeCies.246 Photolysis of Cr(CO)sPCI3 in an argon matrix produced only

Cr(co)5 by PClg dissociation while photolysis of Cr(C0)5(pyrazine) caused CO
dissociation producing only Cr(C0)4(pyrazine).247 Similar results were also
obtained on photolysis (1 = 229, 254, 280, 313, and 366) of W(CO)PC1,.2%®

Only l-J(CO)5 was observed, with no evidence for w(CO)4PC13. Prolonged irradi-
ation produced w(C0)4.248 The reasons for the selective dissociation of PC13
were discussed,248 Ultraviolet photolysis of benzenechromium-tricarbonyl gave
C6H6Cr(CO)2 by €0 dissociation.249 The reaction could be reversed by irradi-
ation with visible 11’ght.249 Although not strictly organometallic, Klotzbucher

and 0zin reported the photoaggregation of Cr and Mo atoms to clusters of knovin

. - _ 250
size, CrnMom, n=0-3, m= 0-3.

SPECTROSCOPIC STUDIES

Infrared and Raman
Infrared and Raman spectroscopic studies were greatly reduced in number

from preceding years. A Raman investigation of the hexacarbonyls, M(CO)6 M =
Cr, Mo, %) was reported with the relative intensities of the v(C0) and
251 The relative intensities of the A]g and Eg stretching modes of C-0

+{M-C).
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and M-C for the hexacarbonyls were interpreted in terms of exact and approxi-
mate derived bond polarizability models. The results were in good agreement
for the v(CO) but not for the low frequency v(M-C) bands.25] For all cases
the transverse and the corresponding longitudinal derivatives were of opposite
sign.ZS] Infrared investigations of M(CO)4((C6 5)2P(CH2)3P(C6 5)2) led to the
assignment of vw(M-C) and vw(M-P) modes.2 Fischer and coworkers investigated
the infrared and Raman spectra of trans—X(CO)4w=CCH3.253’254 Use of trans
x(c0)4|-JCCH3 (X = Br, C1), and trans Br(CO)4WCCD3 andzgglgg;zed Raman spectro-
scopy allowed assignment of the W=C stretching mode. In the undeuterated
complex this mode 1s coupled to the symmetric deformation. The force constant

is 7.4 mdynes/A confirming the triple bond.Zs"’254 Raman spectra of mixed crystals
of Cr(CO)6 and Mo(CO)6 were reported. 255 Intermolecular coupling of modes

occurred leading to a spectrum that is not just a mixture of the two spectra.

The vibrational spectra of mixed crystals of chromium-, molybdenum-, and
256 Although the

255

tungsten-tricarbonyl mesitylene complexes were also reported.
Cr structure was not isomorphous with that of Mo and W, it still forms mixed
crystals with Mo and W species. The carbon monoxide stretches showed one mode
behavior.256 The Raman spectrum of solid Cr(CSHS)2 was recorded from 10-1200

cm—] at ambient and low temperatures.257 This data was used to calculate

distortions from D5d s_ymmetr_y.257

Magnetic Studies. From NMR(]H and 130) studies of (Arene)ZCr it was found
that the chemistry and stability of these complexes can be correlated with the
sum of the Hammett o, parameters of the substituents.258 It was proposed that
unsymmetrical chromarenes exhibit an internally compensating stabilization
effect analogous to that of the chromiumtricarbony] moiety.258 NMR ('H, 3]P

]3C) was also used to investigate allyl rotations about the bond in the

pseudooctahedra] molybdenum and tungsten complexes (n —C )M(CO) {L- L) PF
where L-L is a bidentate phosphorus.259 13C NMR study of the metal carbonyls,
CpM(C0)3X (M = Mo and W, X220C1, Br, I, CH, and CH3c02), showed two carbonyl
resonances in a 1:2 ratio. This is consistent with the “piano stool”
structure and suggests that structures of substituted compiexes can be assign-
ed as cis or trans based on the number of resonances observed. 260 The barrier
to rotation about the Mo-C band in CH Mo(CO) Cp was measured by 13
techn1ques.26] The barrier was rather lnrge, greater than 6 kcal/mole.
The 13C chemical shift upon complexation for ArCr(CO)3, Ar = benzene, hexamethyl-
benzene, and hexaethylbenzene, was studied by solid state NMR.262 The upfield
change in ]3C chemical shift was assigned to a very large (> 50 ppm) specific
increase in screening when the external magnetic field lies in the plane of

the aromatic ring along the bonds to the substituents.262 The NMR (H) of

C relaxation
261
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C6H6Cr(co)3 was recorded in a nematic solvent and natural abundance ]3C
satellites due to ring and carbonyl carbons were observed.263 The structural

data were in agreement with previous structural work and indirect proton-proton-

coupling constants were determined.263

Chromium tricarbonyl complexes with a-substituted trans-4,4'-dimethyl-
stilbenes were also studied by NMR.264 The coordination site of Cr(CO)3 in
diarylimines derived from aromatic aldehydes or ketones and aromatic
amines has been studied.265 Electron density was not the only factor involved;
tha energy, symmetry, and representativity must also be considered.265
Electron transfer in the system (Arene)ZCr/(Arene)ZCr+ was studied by ESR and
H NMR 1ine broadem’ng.266 The rate constants for electron exchange between
bis—(ns—arene)chromium(o) complexes of toluene, p-xylene, mesitylene, and
durene and the corresponding radical cation showed no dependence on the degree
of methylation. The rate constant, koy = 3 x 108 2 mole'ls_l, approaches the
diffusion controlled limit.266 The ESR spectrum of aromatic ketals complexed
with Cr(CO)3 was measured.2o7 A strong decrease of the hyperfine coupling
constant in comparison to the uncomplexed ketone was observed. This decrease
was explained as a result of the sigma-electron density of Cr(CO)3.267 The
combination of magnetic circular dichroism and resonance Raman were used to
show that four different electronic transitions make up one charge-transfer
band of Ho(C0),(2-imino-methyl-pyridine).?%8 The magnetic susceptibility of
chromocene, (CSHS)ZCr, was studied between 0.90 and 300°K.269 This data was
interpreted bﬁssmp]oying complete ligand field theory in a sliightly distorted

CGV symmetry.

1

Photoelectron spectra, electronic spectra, and calculations
A number of photoelectron spectral studies, primarily on the metal carbonyls

were reported this year. Satellites were observed in the X-ray photoelectron
spectra (ESCA) of the metal hexacarbonyls in the gas phase.270 The satellites
were assigned to a shake-up process, simultaneous excitation of core and
valence electrons. The spectra were tentatively assigned to specific transi-
tions.270 The photoelectron spectra of pentacarbonyl-chromium, -molybdenum,
and -tungsten complexes with ligands having pi-acceptor and sigma-donor
capabilities were recorded.271 For the complexes, LM(CO)5 (M = Cr, Mo, W;

L= PEt3, PMe, P(NMe2)3, P(OEt)3, P(OMe)3, and PF3), the pi-acceptor capa-
bilities were reflected in the splitting of the t,_ , while sigma-donor property
was reflected by the ionization potential of M—P.Eg] The orders observed are

as follows:
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pi-acceptor PR3 < P(NR < P(OR)3 < PFq

2)3
sigma-donor PR, > P(OR), > P(NR,), > PF
3 3 23 3

A similar study using u.v. photoelectron spectroscopy was éccomp1ished on
M(CO)sPX5, (M = Cr, Mo, W; X = F, C1, Br).2’% It was found that pi-back-
bonding more than compensates for the poor sigma donating ability. The
electron density on the metal gave the following order for the ligands.

PF3 < €0 < PC]3 y PBr3

and for the meta]s.272

W< Mo < Cr

X-ray photoelectron studies were also reported on M(CO)SL, L = NZHZ’ N2H4,

and NH3.273 The results, primarily satellite lines from shake-up processes,
were discussed in terms of sigma-donor and pi-acceptor bonding.273 A study
was also done on Cr(CO)SL complexes where L = organosulfide and organophos—

phine Hgands.274 The photoelectron spectrum of NMe6 was reported and dis-

cussed.275

A few reports of electronic absorption studies appeared in 1978. Absorption
spectra of the pyridazine, pyrazine, and pyrimidine tungstenpeniacarbonyl
complexes were’recorded.276 The data was interpreted with HOMO primarily
localized on the metal and with LUMO of considerable 1igand character.276
The spectra of (diazene)pentacarbonyl metal complexes (M = Cr, Mo, W, diazene
= cyclohexyldiazene, 2,3-diazanorbornene, and 4-R-3,3-bis{methoxycarbonyl-1-
pyrazoline)) were assigned with the lowest band a metal charge transfer.2’/ A

1,2 shift of the M(CO); group along the N=N linkage is observed in 13¢ and 'H
NMR.277 The electronic absorption spectra of (C6H6)M(C0)3 (M = Cr, Mo, 4)
contained 4, 6, and 7 bands respective1y.278 The effects of electron-donating
and electron-accepting substituents were examined.278 The electronic spectra
of chromoc$ne, (gp)ZCr, was also rgcordeg ang asgigned.zgg zgge broad band at
21.97 cm x 10 2 H .

was assigned to “A + 27w, T9, , and

Several molecular orbital calculations primarily on aromatic and cyclo-
pentadienyl complexes were reported. INDO SCF calculations on (CsHs)Cr(CsHs)
showed the predominantly metal a-levels have e, <2y < ey, with the e
interacting primarily with the pi orbitals on CSHS and the metal ey primarily

interacting with the C6H6 pi—orbita]s.280 Calculations on (CGHG)ZCr gave the

following electronic structure:281
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- ’ *
el (n—CGHG) < elg(ﬂ(CGHG)) < eZg(3d) < a]g(3d) <e 19(3d)
INDO calculations on benzy]Cr(c0)3+ showed a strong back donation from

Cr(dxz_ 2) to the non-bonding w- orbital of benzy].282 The CHg group is bent
40° towards the Cr. - The suggested structure is shown be]ow-28

XXXVII

Calculations have also been reported on Cr(CO)5 where the C4v was found to be
the lowest electronic state;283 on Mo(PH3)4(C2H4)2 for different conforma-
tions of the trans ethy]enes;284 on (cyc]oheptatriene)Cr(CO)3 and (fulvene)-
Cr‘(CO)3 where barriers to rotation were discu55ed;285 on the conformational
preferences of substituted cyclopentadienyl and heterocyclopentadienyl com-

plexes, such as diazabora]ene;286 and on the metal-metal interaction in

Crz(CH3)8_2-287
Miscellaneous physical studies

Photoelectron spectroscopy, UY, and 13C NMR were used to study the
bonding properties of M(CO)SL (M =Cr, W, L = amine, pyridine, or azine).
No correlation was observed between the sigma-donating ability (pKa value),
ionization potential of the lone pair in the free ligand, and the stabiliza-
tion energy upon complexation. The orbital energies of the d-orbitals were
assigned with the e Toier than b2 by 0.2-0.3 eV for the full range of com-
pounds. There was evidence for pi-interactions between imines and M(CO)S.
The complex, H(C0),(CS)L, was studied by IR and 13¢ g 289

288

288

trans- W(C0)},(CS)T + Agt + L + trans-H(C0),(CS)L Z cis-H(CO),{CcS)L (152)
L= P(OQ)3, P(OCH3)3, P03, etc.

Cis-trans equilibrium constants were correlated with Graham w-acceptor values
for the Tligand L.289 The CS ligand seemed to offer a buffering effect as
witnessed by 13¢ NMR of the CS and trans C0.289 On the basis of electronic

absorption, Raman, IR, and NMR (]3C and ]5N) spectra, it was concluded that



M(C0)4DAB complexes have C2v symmetry.290 Similar studies of Mo(C0)4_xL

(PR )X (x =0, 1, 2; = DAB, pyridine-2-carbaldehydeimine, and bipy) showed
the DAB 1igand to be a much better pi-acceptor than the other two 11gands.29]
Darensbourg and Davis reported a mass spectral study of cis- M(CO) ( CO)(p1per—
idine) (M = Cr, W). 292 Low voltage mass spectra of cis M(CO) ( CO) piper-
idine showed loss of CO to occur statistically. It was suggested that the
seventeen-electron, six coordinate species, M(CO) (]3C0) (p1per1d1ne) i
fluxional prior to CO d1ssoc1at1on.292 Mass spectra of (Cp) Mng3 (CP)ZHHZ’

(MeZCHC5H4)2MoH2, (Me CHC H4)2wH2 were also reported this year.

Only two electrochemical studies were reported in 1978. The electro-
chemical reduction of arylmethoxycarbene complexes of Cr, Mo, and W was
accompanied by a change in the conformation of the aryl ring from a perpen-
dicular to a coplanar geometry.relative to the M—C(carbene)—o_p]ane.294 The
reaction was studied by cyclic voltammetry of carbenes which are constrained

294 Reduction of seven-coordinate,

to the planar or perpendicular geometry.
295

substituted Mo(II) and W(II) complexes, M(CO)3(P¢3)2X2, has been reported.
When the reduction was done under CO for M = Mo the product observed was
Mo(CO)SC1'. Under argon Mo(C0)4(PQ)3)2 was observed in the expected yield for
disproportionation of Mo(CO)g(P§Z)3)2C12.295 In all other cases M(CO)SX" was
the only product observed.

The heats of formation of (Cp)zw(CH3)2 and (Cp)ZMo(CH3)_2 were
evaluated from the following reaction.

(Cp)ZM(CH3)2 + HC1 > (Cp)ZMC12 + CH4 (153)

M= Mo, W

The reaction was studied by calorimetry giving the standard heats of formation.

H°f [(Cp)ZMo(Me)Z] = 283.8 + 3.8 kd/mole

AH°f[(Cp)2H(Me)2] = 295.6 + 3.5 kd/mole

These values allowed derivation of the bond-enthalpy values, D(Mo-Me) = 149.5
kd/mole and D(W-Me) = 197.8 kJ/mo]e.296 Micraocalorimetric measurements were

also made on the decomposition reactions of pyridine and acetonitrile com-

plexes with Cr, Mo, and W carbonyl comp]exes.297 The bond enthalpies eval-

uated from these calculations are below.297
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Cr-py (102 kd/mole)
Mo-py (146 kd/mole) Mo-NCCH3 (135 kd/mole)
M-py (173 kd/mole) N-NCCH3 (169 kd/mole)

The order for the bonds is D(M-CO) > D(M-py) > D(M-NCCH;).2Y The effect of
complexation by tricarbonylchromium on the thermodynamic stability of stable
carbocations was evaluated as the pKpt's for the ionization equilibria between
a number of p,p" substituted diphenylmethanols.298 The Cr(CO)3 group can make
the complexed cation either more or less stable than the free ion depending on
the structure. The effect of complexation was explained in terms of electronic
and conformational effects-298 A phase transition was observed at 185°K for

C4H4SCr(CO)3, which was assigned to a monoclinic + triclinic transition. %Y

STRUCTURE DETERMINATIONS

The structures of Cr(CO)s-THF300 and diethylaminonitrile chromium penta-
carbony]30] were determined by X-ray crystallography. The Cr-N=C-N was linear
with a Cr-N bond length of 2.063.301 The carbonyls were norma1.300’30] The

structure of (C0)M(t-BuS(CH,) S-t-Bu (n=2,3) showed a distorted octahedron. 302

Co
Cco CcO
CcO
S
S
XXXIX

The smaller ring was more highly strained (S-W-S angle is 80°) as shown by

the structure. Release of the ring strain was believed to be the driving

force for reactions of this comp]ex.302 The reaction of Cr(CO)4(P¢2H)2 and
CF3CECCF3 led to a product with the ligand 1,2,3,4-tetrakis (diphenylphosphino)-

1,4-difluorobutadiene chelating to two Cr(CO)4 groups by the 1,4 and 2,3

Reaction with @C=CCOQEt gave a different product, as

phosphine gr-oups.j03
303

shown below, also characterized by crystallography.
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P COOEt

o,/ \g ;o

oc co
~e -

Cr Cr (Cc0) ,Cr
o | - | >co S Hon

co \__, o 8

XL XLI

Crystal structures of trans-chloro-and trans-bromo-phenyl-carbyne chromium
tetracarbonyl were reported.304

X__
180°
f . XLII
Distances
X=C1 X=Br
Cr-X 2.40 2.57
Cr-C 1.68 1.68
cC-9 1.46 1.48

The halogen chromium bond was shortened and the Cr-C bond was typical for
CrEC—R.3O4 Reaction of H(CO)6 with N,N'-di-3,5-xylylformamidine produced
[HZ(CO)Z—{u—HC(N—3,5—xy1y])2}2 {HC(N—3,5-xy1y1)2} {(N-3,5-xy1y1)CH,}] which
has the two tungstens bridged by 2 CO and two formamidino groups.3 5,306 This
reaction and the structure was reported by two groups.305’3o6 The tungstens
were pentagonal bipyramidal with a W-W distance of 2.464A which was ascribed
to a double bond.306 The structure of hexakis{phenylisocyanide)chromium(0),
Cr(CNC )6’ showed the isocyanide groups to have an almost octahedral arrange-
ment around chromium with Cr-C and C-N bond lengths of 1.938 and 1. 1776A
respect1ve]y.307 The 1igands were nearly linear with Cr-C-N, 174°, and

c-n-C, 173°.3%7 codeposition of Cr atoms with (CHy),NPF, and CHN(PF,),
_produced CH3N(PF2)2CV(PF2N(CH3)2)4 which was characterized by a crystal
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structure determination.308

. Both single-crystal neutron and X-ray diffraction techniques were used to
elucidate the structure of the bis{triphenylphosphine)iminium salt of
Crz(CO)lo(u-H)—.309 The bridging hydrogen is displaced symmetrically between
two chromiums with the two chromiums eclipsed giving overall pseudo—D4h geometry.
The anisotropic character of the thermal ellipsoid of the bridging hydrogen
indicated a slxght]y bent (Crz(co)loﬂ) anion of C2 -2mm geometry as observed
for the Et4 salt.30 The location of the bridging hydrogen in Mo (Cp) (C0)4
(p- P(CH )2) was the subject of another stud_y.310

123°
ﬁ?///“H co
(g
Cp—Mo >  Mo—Cp

N

XLIII

The X-ray location af the hydrogen is displaced toward the metal-metal bond
from the reutron-diffraction position. 1In both cases the Mo-H-Mo bond was
bent. 310 Churchill, et.al. have determined the crystal structure of the
mixed-metal clusters (uZ-H)Osaw(CO)}Z(Cp) and (uZ—H)30$3w(CO)11(Cp).31]

The metals form a tetrahedral array with the tungsten coordinated to Cp and
two terminal carbonyls and another CO asymmetrically coupling W to gne Os.
For the trihydride the bridging CO was replaced by two H's bridging the W to
05-311 The structures of two molybdenum-methyltrimethylsilyl complexes (XLIV
and XLV) have been determined.3]2

TMe3 Me3S1CH2C -0 c1
CH,SiMe
Me,SiCH,—Mo & 3 ‘ v \
] CHZSﬂ"'le3 oc / l \ - l\\ co
1 pMe. C1
3 0—CCH,SiMe,

XLIV XLV
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Both solution and solid state structure determinations (XLVI) were done on

ﬂ(n3-C3H5)(dicarbonyl)(pentane-2,4-dionato)-pyridine mo]ybdenum(II).313
.CO GG’N\/j
— o N W
) LI
CcoO™ . O Mo — N
el
il ber ‘\co
cO
XLVI XLVII

The molecule was fluxional at room temperature and a second isomer was
detected at low temperature. The fluxionality arose by rotation of one
trigonal face with respect to the second and the second isomer came by dissoc-
iation of a 1igand.3]3 The structure (XLVII) of an unusual gallium-molybdenum

allyl was also determined.ﬂ4

The structure of NMe4(Cp)Cr(CO)3 vias determined showing the expected
configuration-3]5 One of the cyclopendienyls in (Cp)gw(co)2 (XLVIII) has been
shown to be nonplanar (20° deviation from planarity).

XLVIII XLIX
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The nonplanar Cp was considered as an allyl + an olefin, thus maintaining 18
eléctrons around the tungst@n.:ﬂ6 Atwood and coworkers have reported the

synthesis and structure of a closely related ccmpound by reaction of CpN(CO)2C13
317

aﬁd NaC5H5.
CpW(C0),C15 + NaCH, —> CooHagh(CO), . (154)

The structure (L) of the optically active, square-pyramidal molybdenum

complex, CpMo(CO)z(PﬂNMe(,;\\Me )C1 was r'epor'ted.3]8
2
Cp Cp
; !
o o
c1 // \\co o \\NO
@,P co 2,P
2[ 2 \ CH3
e
N N—CZ0
H/// N\ H | \
Chs c— CHy H
/\
2 CH3
L LI

The complex interconverts rapidly in solution. Replacement of one CO and a Cl
with NO produced the optically active complex, CpMo(CO)(NO)L (L = PﬂgN(CH3)-
(CMeH@), which was also characterized by X-ray crystallography (LI). A
structure determination of Cp(CO)3MngCI showed the Mo-Hg-C1 angle to be 160°
and Mo-Hg = 2.673 3.320 The non-linearity was attributed to secondary halogen
interactions of the Hg with two chlorides 3.075 E away (the primary Hg-Cl was
2.437 E).320 The structures (LII and LIII) of two molybdenum complexes

containing n]~ and nz- iminoacyl 1igands were reported by Adams and Chodosh.321

CH

3
/

/c\\ 9 /CH3
ac - Mo — N N—C _co
/ \' Ho\\

Cp €O /I co

Cp o

LIT LIII
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The C and N bonded iminoacyl was considered a three-electron donor. The Mo-N
o o

bond length was 2.143 A in the first complex and 3.062 A in the second-32]

Bernal and coworkers determined the structure and absolute configuration (LIV)

of a square pyrahida] molybdenum comp]ex.322
Cp
oc I 0 0 0
\MO —N ~ / \ /
/ Mo Mo
oc \ ™~ ,/// ™~
N=¢C C 0 Cp
//(:\
7] CH
l 3 LV
H
LIV
The structure of an oxo bridged cyclopentadiene molybdenum dimer (LV) is shown
323
above.

The distance between the two benzene rings was shown to be shorter than

usual in 3-8-n-[2.2.7 paracyclophane chromium tricarbonyl (L\II).324

@ @ crcon,

LVI

The crystal structure of exo (LVIII) and endo (LVII) 2-methyl-1-indanol-
chromium tricarbonyl was reported.325
H CH3
- —H
CH3
H .OH
™OH
Cr(CO)3 Cr(CO)3
LVII . LVIII
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In both structures the five-membered ring was bent towards the chromium; the

two structures differed in whether the methyl group was on the same side as OH
or up in the "equatorial” position.325 It was suggested that these structures

aid in the interpretation of reductions of cyclic ethers to a]coho]s.325 The
structure of dicarbonyl bis(tetraphenylcyclobutadiene) molybdenum (LIX) was
sterically crowded as shown by the 0C-M-CO angle of 83.6°.320

o @
X

& P~ _CO

N ) ~co
g/

) @ &

LIX
The contacts between CO's and ﬂ4c4 groups led to asymmetry in the bonding of

the cyclobutadienes.326 Reaction of w(CO)6 with indene led to (C9H7)2w(C0)3
and [(ns—C9H7)w(CO)3]2 and the structure of the first (LX) was determined.

©
)=

LX

The complex contains a planar ns—CgH7 ring and a w-allyl, n3—1igand, which is
bent back by 26° with the distance to non-bonding carbons, 3.2 A. It was
suggested that n3—indenyl species are likely intermediates in reactions.327
Structures of two tetraphenylborate complexes of molybdenum (LXI and LXII)

with coordination to a phenyl ring were studied.328
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géZBES gégyg

Mo
MO(CO)3

LXI ) LXI1
In cycloheptatrienyl(tetraphenylborato)molybdenum, the Mo was sandwiched
between the cycloheptatriene and one phenyl ring from B¢4_. In the tetra-
ethylammonium salt of tricarbonyl(tetraphenylborato)molybdate there were three

carbonyls and one phenyl ring bound to Mo. 1In both complexes the distance to

the carbon bound to B was considerably longer than the other five Mo-C dis-
tances.328 The crystal structure (LXIII) of (CgH”N)Cr:(CO)3 which contains 6-

dimethylaminofulvene coordinated to Cr was reported.

+ .
- N(CH3)2 A 0

_ C
C@/\H 0.

Cr(CO)3 6

LXIII LXIV

The structure of 3a-4:8-8a-n-(dimethy1-5,7 cyclohepta[blfuran-one-6) chromium

tricarbonyl (LXIV) showed that the heterocycle-ortho-fused to the tropone does
not modify the structure of the complex obtained when Cr condenses on arenotro-

pones.330

Structures of several metal-metal bonded complexes were reported in 1978.

Curtis and coworkers reported the structures of the complexes (CpM(CO)Z)2 for

M = Cr, Mo where a MzM exists. 31>332
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00 00

cCC cc
Cp—Mo = Mo—Cp Cp—Cr = Cr—Cp

cceC cc

00 00

LXV LXVI

In the molybdenum complex (LXV) the carbonyls are bent over the triple bond,
Mo-Mo-C angle was 67°, and the M-C-0 angle is 176°, very unusual for bridging
331 :

co. They suggested
="
_— \
Mo—————Mo

with CO as a four-electron donor. The Cp-Mo-Mo-Cp was very nearly Hnear.331

The chromium complex (LXVI) was similar in the semi-bridging CO's {Cr-Cr-CO
angle was 74°) but the Cr-Cr-Cp angle was 160°.332  The bonding in these
complexes was discussed from the molecular orbita]s.337’332 Reaction of the
tungsten analogue, Cp2w2(C0)4, with C,H, produced szwz(LO) (LZHZ) (LXVII)

which was characterized by X-ray crystallography.

0
C C
N ) N
~7 T [ co
cp \"*-’\C
0

LXVII

The w2c2 core is pseudotetrahedral with a single semi-bridging CO. 333 Acety-

lene complexes with Cr and Mo were also reported Cr (CO)(Cp) (¢C2¢)2 and
Mo, (Cp),{(Me0,CC,CO,Me) (HC,H) (Me0,CC,CO M) 5T
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9

/)
C
) \C/é/ﬂ

A

Cp—Cr = Cr—Cp
~ 7

c
0

LXVIII
The acetylenes were linked by C-C bonds. In the molybdenum complex four
acetylenes were linked to an eight carbon chain. It was suggested that these
bimetallic centers are intermediates in cyclizations catalyzed by transition
meta]s.334 A very long Cr-Cr bond, 3.19 Z, was observed in the structure of
Cr2(C0)7(Cp)As(CH3)2, probably from the steric crowding around the chromiums.
The X-ray analysis of di-u-(phenylthio)bis {dicarbonyl(Cp)Mo(II)} showed the
Mo atoms to be joined by two symmetrical thiophenyl bridges with a Mo-Mo
distance of 3.916 3.336 The coordination around each Mo was pseudo-square
pyramida1.336 Chromium atoms bridged by.trimethylsilylmethyl were shown in
the crystal structure (LXIX) of di-p-trimethylsilylmethyl-bis[(trimethylphos-

335

phine)(trimethy]si]y]methy])chromium(II)].337
SiMe

l 3 SiMe,

l

CH c
2 PN

MeySiCH, [\ PHe (MeSTCH,)) J-———H(CH,SiMe,),

“Cr =z Cr \\\ ///

/\\ N c

Me3P CHZS1Me3 l'
qHz S1Me3

SiMe;  xrIx LXX

The structure and bonding were discussed; the Cr-Cr distance of 2.1007 A was
consistent with a quadruple bond.337 A tungsten complex (LXX) with bridging
alkylidyne groups, bis(u-trimethylsi]y]methy])ditungsten, was also reported.338

The alkylidyne groups and W atoms were coplanar; the W-W distance was typical

for single bonded tungstens.338
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