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MEMORANDUM,
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presented at the Climax Second International Conference on the Chemistry
and Uses of Molybdenum, Oxford, September,1976, and is published as a
paper in the Proceedings of the Climax- Second International Conference on
the Chemistry and Uses of Molybdenum, 1576. A copy of the paper is

appended,







SUMMARY.

The amidino-group has the potential to act as a uni-dentate,
bidentate or a bridging group, and in addition the potential to chelate
either through ¢, ocor o or T attachment. New amidino-complexes of
molybdenum and tungsten are described. Structures of the complexes and
the nature of the bonding of the amidino-group to the metal are discussed
and mechanisms proposed for the various reactions.

Lithioamidines and H2NC(Me)NH react with [Cn§c5H5)M(co)3ci]

(M = Mo,W) to produce yellow carbamoyl-type complexes [(’1’205}15)]\’[(00)2
con(R7)C(R)NR"], U;R=H,f;m; R =Me, R’=H,Ph, p-tolyl; R =Ph, R'= Me)
supposedly by nucleophilic attack at a carbonyl group, whereas reactions of
parent N, NZ disubstituted amidines appear to centre at the metal to produce
[(qic5u5)m(co)2ip’NC(R)NR’}], (II, R =H,R"=Ph; R =Me, R =Ph,p-tolyl;
R = Ph, R'=Me). No reaction occurred when the above compounds were reacted

with neutral ligands such as PFh_, or hex-2-ene,

3

Decarbonylation of (I) to yield (II) is achieved thermally or
photolytically in small yields. I.r. data provides support for the
generation of metal-tricarbonyl intermediates of the type [(01 2C5HS)M0(CO)3
{R'NC(R)N(Me)RY]"’I_ in the photolytic reactions undertaken in the presence
of Mel.

Reactions of lithiocamidines with [bnECBHS)Mo(co)2(PPh3)01} yielded
(I1), whereas parent amidines gave a non-carbonyl compound [("7-5-05HSM002R'NC
(R)NR’_(_—] and a monocarbonyl complex which may be of the type [(”]ECBHS)MO(CO)
(PPh3)zR’NC(R)NR'j]. The lithioderivative of 2-aminopyridine reacted with
[("]2051{5)1‘-‘[0(00)301] to yield a yellowish carbamoyl-type complex [(-WIECSHS)MO
(CO)2C0NHC5H 'N], while its neutral derivative gave traces of a dicarbonyl

4

complex, Some exploratory reactions are also described.
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-—CHAPTER 1

INTRODUCTION,




1,1 General Considerations.

The ability of carbon monoxide to bond to transition metals in
low oxidation states relies on the simultaneous o—donation of the lone pair
of electrons from the weakly donating carbon monoxide and the back donation
from non-bonding metal d-orbitals to the antibonding TW-orbitals of the
carbon monoxide molecule. This 'gynergic effect' prevents excessive build
up of electron density on the metal and results in a metal-carbon bond
order greater than one, Replacement of a carbonyl group by another ligand
results in competition between the new and remaining ligands for the bonding
potentialities of the metal. Thus the stability to disproportionation of
the complex will depend upon the relative o= and T[~bonding capabilities of
the ligands concerned. Displacement of a carbonyl group in a binary metal
carbonyl (i.e. the metal formally in zero oxidation state) by a ligand with
no TM-acceptor properties (e.g. _organic amines or ammonia) will strengthen
the remaining metal-carbon bonds via increased dn;1$bonding (i.e. more
electron density available and less competition), but only up to a certain

1 120°

point, e.g. Cr(co)6 + liq.NH, === Cr(CO)3(NH + 3C0

3 3)3
Further substitution past the M(CO)3B3 stage is not possible

since the remaining groups are not able to dissipate the further charge

build-up which would be caused.2 If the ligand L, however, had M-acceptor

properties (e.g. NO, N_,CZH4), then dissipation of excessive electronic

charge would not be the sole responsibility of the carbonyl groups and it

may be possible to effect further replacement of CO from an M(CO)3L3 complex,
Interest has recently been focused on those complexes which

contain a nitrogen atom and which are able to reduce the electron density

on the metal. This has led to the developments in the chemistry of

unsaturated organonitrogen ligands in which a 'sinergic effect' may also

operate.




1.2 The 18-electron Rule,

One of the most useful and generally applicable concepts in the
chemistry of the metal carbonyls and their derivatives is the "18-electron
rule", which may also be known as the "effective atomic number" or 'rare gas"
rule, That is, the central metal atom accepts a number of additional
electrons from its surrounding ligands so that it achieves a formally closed
shell, or 'noble" gas configuration, This simple rule has heen very
successful in predicting the stoichiometry of complexes that the few compounds
which do not conform to the rule are still considered as '"exceptions".

The inert-gas formalism can be applied whatever types of ligands

are involved, but many compounds can be regarded in at least two ways for

this electron counting procedure. For example, the compound Fb(CO)412 may
be considered to be composed of (i) Fe® (8-electrons), two I' radicals

(2x1 electrons) and four carbonyl groups (4x2 electrons), or (ii) F@+I¢

(6 electrons), two I  anions (2x2 electrons)and the four carbonyl groups

(4x2 electrons). In either case there is no net charge on the complex, and
the total number of electrons is 18. The apparent difference in formal
oxidation state of the metal atom has little real meaning in most cases in
which strong metal-ligand bonding exists, although according to the definition
of oxidation state, the iodine anion acts as a two-electron donor. The
assignment of oxidation states to the metal is often only for the purpose

of "electron counting".

Polynuclear, but particularly binuclear species, are common among
the metal carbonyls and their derivatives. Dimanganese decacarbonyl,
Mhz(CO)lo, exemplifies the simplest type of compound, in which the two halves
of the molecule are joined only by a metal-metal bond, but in others, e.g.
Co2(CO)8, bonding also involves bridging carbonyl groups. Bidentate ligands,

which are more normally encountered in a chelating capacity, are also known

3
to act as bridges, e.g. ethylenediamine (en) in {M(CO)4eél M = Cr, Mo,W




. 4 5
and L(CO)BM(en)3M(CO)3] , M=Cr, Mo. In some cases, both ligand bridges

and a metal-metal bond are required to satisfy the inert gas rule, For
example, a group of compounds of composition LFe(CO)3SRJ2 are diamagnetic,
but an electron count gives a total of only 17-electrons per iron atom.
The postulated metal-metal bond tc complete the electron shell and account
1
for the diamagnetism, has been verified by X-ray studies.
- [ P , .

In the compounds LGW2C5H5)M0(CO)2{RNC(R)NHR f] to be discussed
in Chapters 3 and 4, the amidino ligand acts as a three electron donor to
the metal (3-electrons), Mo(6-electrons), cyclopentadienyl ring (5-electrons),

and 2 carbonyl groups (2x2 = 4~electrons); thus these complexes obey the

18—electron rule,

1.3 Infrared Spectra.

Infrared spectroscopy has proved one of the most useful tools in
studies of transition metal carbonyls and-their derivatives. - The carbonyl
stretching frequencies of metal carbonyl compounds are found between about
2150 and 1650 cm_l, a region normally free of any other absorptions, and
a study of the high resolution spectrum of a compound in this area can often
be very informative.

The symmetiry properties of a carbonyl complex determine the number
and type of infrared active vibrational modes which are expected for the
carbonyl groups, and the arrangement of the groups in a compléx can often
be deduced from the absorption pattern. The method has certain limitations,
however, notably that the ligands are usually regarded as points when
considering the overall symmetry of the molecule and splitting of bands is
sometimes observed, caused by the local symmetry of the ligand and lowering
of the symmetry through crystal packing in the solid. Accidental coincidence
of bands is also observed,

The CO stretching frequencies are a reflection of the bonding

capabilities of other ligands present in a complex, since they reflect the



C-0 bond order. Strongly electronegative groups such as halide ions or
perfluoroalkyl and perfluoroacyl groups inductively withdraw charge from

the metal, reducing its back-donating ability and resulting in an increased
C-0 bond order, reflected in the CO stiretching frequencies which are higher
than in the parent carbonyl complexes? Conversely, ligands such as amines,
with no W-acceptor properties donate charge to the metal resulting in carbonyl
frequencies which are much lower than those of the parent carbonyl.

There have been numerous comparisons of the relative o=donor and
T=acceptor abilities of different 1igangé%0using carbonyl frequencies
themselves and the application of semi-qualitative force constant calculations
have verified the qualitative conclusions and yielded some new onEQ%O The
donor—acceptor properties of ligands are not constant, but vary with the
nature of the central atom and its environment, In general, unsaturated
nitrogen-containing ligands are thought to possess small acceptor abilities;
pyridine, in the disubstituted complexes [h1(00)4(py)é](rﬂ = Cr,Mo,W) does
accept electrons, but in the [M(CO)Spy] complexes, the 5 carbonyl groups
accept all the electron density and pyridine is purely a donor? A comparison
of the force constant-bond order relationship for [(dien)Mo(CO)s] (dien =
diethylene triamine) and (acetoni'hril’-e)3Mo(CO)3 suggests that the carbon-
nitrogen multiple bond has a small, but real ability to accept electrons from
the metal.

However, there is some discussion in the literature as to the
reliability of carbonyl frequency shifts as a measure of the Ww-bonding abilities
of ligands, Angelicilhas studied the CO stretching frequencies of a number
of substituted complexes, as a function of the pKa values of the ligands,

He assumed that the aqueous pKa values of the ligands are a relative measure
of the ability of L to donate o-~bonding electrons to the metal, and by

comparing non -bonding ligands (e.g. amines) and w-bonding ligands (pyridine

and phosphines) he concluded that the carbonyl frequency shifts could be




explained in terms of ¢-bonding only, and could not be rationalised in terms
of w=bonding between metal and pyridine or phosphine. In view of the large
amount of data which suggests that phosphines and pyridines deo w-bond to

the metal, Angelici questions the relationship between T=bonding ability of

ligands and the CO frequencies of their metal carbonyl complexes.

le4 Metal Cyclopentadienyls.

A new field of organometallic chemistry was introduced in 1951

by the discovery of ferrocene, This independent discovery by Kealy and
12 13
Pauson, and Miller et al, stimulated intensive research in the field of

cyclopentadienylmetal chemistry and led to the synthesis of several hundred

14-19

of compounds, which had been reviewed on many occasions. Two general

approaches have been applied to the synthesis of cyclopentadienylmetal
17

compounds: direct formation of cyclopentadienyl-metal bonds; and trans-

formation of cyclopentadienyl-metal compounds to other related compounds.

Bonding.

Figure 1.1 depicts the features of the bond between the transition
18

metal and the cyclopentadienyl ring in the W-cyclopentadienyl derivatives.
In order to understand this type of bonding, it is first necessary to

consider the molecular orbitals of the symmetrical, planar, pentagonal C_H

55
ring. These can be divided into the following three types:

5

a) A bonding orbital - this orbital has no nodes, and, in the C5H anion,
contains an electron pair.

b) El bonding orbitals - these orbitals represent a degenerate pair.
Each orbital has a single node. The two nodes in the two orbitals
of this degenerate pair are perpendicular, i.e. they form 90° angles
with one another. In the C5Hg anion, each of the two degenerate E1

bonding orbitals contains an electron pair,

¢) E, antibonding orbitals - these orbitals, like the E;, bonding orbitals,

1

represent a degenerate pair., FEach Ep orbital has two perpendicular nodes,




Ring orbkital

Forward (o) bond A (bonding)

Forward (o) bond Ela(bonding)
: Forward (w) bond : Elb(bonding)
M
Reverse (B) bond ~ Eza(antibonding)
Reverse (8) bond E2b(antibonding)
Figure 1,1 The components of the metal -7 cyclopentadienyl bond.




The two pairs of perpendicular nodes in the two orbitals of this

degenerate pair form 450 angles with one another, In the CSHE anion,

neither of the two degenerate E2 antibonding orbitals contains an

electron pair.

The C5H'5- anion in the W-cyclopentadienyl metal derivatives may

be regarded as a trideniate ligand, i.e. a ligand that donates three electron
pairs to the metal atom. The filled (A) bonding orbital of the CSHE ring
can donate its electron pair to the metal atom by forming a o-~bond with 2
metal hybrid orbital. The pair of orthogonal filled E1 bonding orbitals
of C5Hg ring can donate their two electron pairs to the metal atom by forming
a pair of orthogonal TW=bonds with appropriate metal orbitals., The CSHE ring
thus donates its three electron pairs to the metal atom by means of a metal-
ring triple bond composed of one o-bond and two orthogonal tr~bonds similar
to the carbon-—carbon triple bond in acetylene and its derivatives. Further-
more, the metal-ring triple bond in W-cyclopentadienyl metal derivatives with
only one o-bond and two orthogonal ‘m-bonds uses different metal orbitals than
the three o=bonds between metal atoms and either of three monodentate ligands
such as carbonyl groups or a nondelocalized tridentate ligand such as
diethylenetriamine. The differences in the metal orbitals involved in the
forward boending mean that in the hexacovalent derivative Cr(CO)6 the
¢~bonding involves the use of S,Ijx,Fmv,p'z, dzz, and d.'x'?—y2 metal orbitals,

whereas in the similarly formal hexacovalent derivatives C Mn(CO)3 and

575
(05}{5)2Fe the forward bonding uses the 5, p..-x, p..'y, P-z, dxz and dyz metal
orbhitals assuming that the C5H5-M axis is considered to be the z-axis.
The retrodative bonding that occurs in the bonding of metal
carbonyls, also occurs in the W~cyclopentadienylmetal derivatives, but to

a lesser extent than in the metal carbonyls. The retrodative bonding in

fl—cyclopentadienylmetal derivatives involves partial back donation of the

electron pair in a binodal metal orbital not involved in the forward bonding



(generally the dx2—y2 and dxy orbitals) to the empty binodal ligand.E2
orbitals, Since these reverse metal-ligand bonds in W-cyclopentadienylmetal
compounds have two perpendicular nodal planes, this type of back bonding in

TY-cyclopentadienylmetal derivatives may be regarded as retrodative 8-bonding.

This contrasts with the reverse metal-ligand bonds in metal carbonyls, which

have but one nodal plane and, therefore, represent retrodative T-bonding.

1.5 ﬂECyclopentadienyl Metal Carbonyls and related Compounds.
20
Since the first preparation by Wilkinson of the binuclear

cyclopentadienyl carbonyl compounds of molybdenum and tungsten, a large
number of different cyclopentadienyl metal carbonyl compounds have been
described. The structures of some are illustrated in Figure 1,2. With
very few exceptions these compounds obey the 18-electron ruli% The simplest
derivatives of the elements Cr, Fe and Ni are binuclear and held together
either by metal-metal—bonds or by bridging carbonyl groups and metal-metal
bonds, whereas the two halves of the molecule[ﬁLCSHSOS(CO)z]2 are held
together purely by a 2-electron metal-metal bond; no evidence for any
carbonyl bridged isomer has been obtained in the latter casgf The
ruthenium complex is intermediate in character and an equilibrium between
bridged and unbridged forms has been observed in solution from studies of
the infrared spectrum in the carbonyl stretching region. Thus the tendency
to form structures involving bridging carbonyl groups seems to fall off in
order lst_>2nd>3rd transition series. These trends may be due to the
increase in the size of the metal atoms with increase in atomic number,
The metal-metal distance may become too large for a CO ligand to bridge.
Similar complexes containing bridging nitrosyl, isocyanide,
phosphine, and hydride ligands, are known, A number of W-cyclopentadienyl
metal complexes are known which contain clusters of three or more metal atoms,

held together by metal-metal bonds and sometimes by bridging ligands as well.

Of particular interest is the nickel complex, in which the two carbonyl groups



Mononuclear complex

Binﬁclear - only terminal CO groups

\;?\\

Ni

Trinuclear - triply bridging CO groups

Mgure 1.2

Binuclear - with bridging CO groups

Qf"\?“"
g

Trinuclear - bridgiggCO groups

Binuclear - bridging nitrosyl

Some w-cyclopentadienyl carbonyl and nitrosyl complexes,
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each bridge all three metal atoms,

qicyclopentadienyl metal carbonyls are usually rather stable
thermally, and in the solid state most resist oxidation by oxygen at room
temperature. They can often be reduced by sodium amalgam to yield

ﬁécyclopentadienyl carbonyl anions. This reduction may proceed either by

loss of carbon monoxide, e.g. '|]505H5v(co)4 %}éﬁﬁ——» (Na+)2Eq§-C5H5V(CO)3]2-

+ CO or by cleavage of a metal-metal bond, e.g.

I12e 8.7 (c0), ), Na/lie 2112 s pe(c0) )17 Wa*

THF
5 Na/H ) -
U'05H5M°(CO)3]2 T—HFA.-E—P 2[)§CSH5M0(CO)3] Na
1.6. OQrzanonitrogen Derivatives,

The importance of organonitrogen groups in transition metal
chemistry has been recognised for many years, particularly in the field of
homogeneous catalysis where organonitrogen-metal intermediates are postuliiéi?
More recently, interest has been focused on the versatility of the bonding in
unsaturated organonitrogen groups, especially those containing carbon-nitrogen
and nitrogen-nitrogen multiple bonded systems, the reactions of which, in the
presence of transition metal carbonyl complexes have recently been revieweg?
The versatility of organonitrogen groups in bonéing to low valent transition
metals is illustrated in Figure 1l.3. The various bonding modes possible

for the amidino-group will be discussed later in the context of the work

described.




11

Mgure 1,3 Some QOrganonitrogen Complexes.

0
N N
<E§—M/L NNR ol \Ni/C\N'/\'\\C
o — N N\ i K
\co NN N

(a) 24 Terminal (v) 2

Ortho-dletallated



C C
o C O

(g) °

T~ bonded heterocyclic

Ph

|
N

Co N
N
|

Ph
(i) 32

o , o attachment.

2
M = M2C-H,

(n) 31

Mo(co)2

¢ — Tbonded
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CHAPTER 2

A Survey of HECyclopentadienyltricarbonylmolybdenum

and — tungsten Complexes.
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In this Chapter the wide variety of‘ﬂécyclopentadienylmolybdenum
and - tungsten complexes are reviewed, Derivatives are known with
substituent groups from most groups of the Periodic Table, and except for
those derivatives which have wide synthetic use, the complexes are discussed
in the context of the Periodic Group of the atom attached to the metal,

All complexes appear to obey the 18-electron rule. Consequently the

ligands attached to molybdenum or tungsten, in addition to the”iécyclo-
pentadienyl group, provide a total of seven electrons to the bonding. Thus
derivatives are of the general typeE]ECSHSM(CO)xLB_x@, where L is a neutral
two—electron donor molecule such as a phosphine or nitrogen base, and X is

a one-electron donor such as a halogen, pseudo-halogen, eic. or another

metal fragment. ’ﬁECyclopentadienylmolybdenum and - tungsten complexes of
the types given above are usually rather thermally stable, and in the solid
state commonly resist oxidation under normal conditions. The complexes have
traditionally been popular in organometallic chemistry for studies involving

the formation of bonds between a transition metal and some other element.

2.1 Routes into91éCyclopentadienylmolybdenum and - tungsten Chemistry,

Such routes inevitably involve the'ﬂEcyclopentadienyltricarbonyl
dimers and their carbonylate anions, hydrido-, and halo-derivatives as
starting materials, all of which are most conveniently prepared from the
hexacarbonyls, M(CO)6 (M = Mo,W). Each of these types of complexes will be
discussed below separately before the other derivatives which are classified

according to the nature of the atom coordinated to the metal,

a) EqECPM(co)3]2 (M = Mo,W) "

These air stable, moderately soluble, purple red complexes were
first prepared by Wilkinson1 in a vapour phase reaction of cyclopentadiene
with metal carbonyls at elevated temperatures (Mo, 240°, yield 30%; W~s250°).

Wilson and Shoemaker2 suggested a nonlinear structure with a metal-metal bond

* Cp is used throughout the thesis as an abbreviation for the ﬂécyclopentadienyl
group.
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and with six terminal carbonyl groups, as shown in Figure 1.

1
e
C

Figure 1 Structure of [('ffECpMo(CO)B]2 .

Reduction of [CpM(CO)3]2 (M = Mo,W) by Na/K alloy in THF at room temperature
provides a rapid and clean method for the production of BnﬁKCO§3]-,
precipitated as [¢pCo] [bpM(CC-);J and Hg[cpm(co)B]Z, whereas oxidative metal-
metal bond cleavage results from photolysis in the presence of halogen

4

containing compounds,

~ photolysis |
E]p]\’i(CO);jz o, 5o 2[(7pM(CO)301:I

The simultaneous photolysis of [CpM(CO)SI2 with dimers of the
v s N\ . " ’ A . s
type [ﬁ 2(00)10] (M"= Mn,Re) yields L(CO)sM M(CO)3CpJ51n good yield, which
on photolysis at 366nm in CCl4 produces L CpM(CO)BC;]. In the presence of
phosphines and phosphites the photolysis of the molybdenum dimer causes the
substitution of two carbonyl groups to form complexes of the type
. 1
. ; , i n
[coMo(cO) L], L - PPh,, P(OCH,) CMe, P(CR); (R = Bt, We,Pr’, Bu 1.
Interestingly the photolysis of [Cp(CO)BMoGe(CZHB)Meé] produced a new

5 —
fnicyclopentadienylcarbonyl compl ex EQECpMo(CO)z]z, albeit in small yield,

in addition toEﬂECpMo(CO)3]2. The tetracarbonyl dimer was formulated with
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8
a Mo=Mo triple bond tocoformwith the 18-electron rule.

b) LCEM(co)3H] (M = Mo,W).

The hexacarbonyls react with metalcyclopentdienides, M°Cp
(M= Li, Na, K), in dimethylformamide at 130° to give [CpM(CO)i]M’
(M = Mo,W% which are converted to oxygen sensitive prM(CO)3HJ by treatment
with acids, usually acetic acid? Purification by vacuum sublimation yields
a bright yellow molybdenum derivative (m.p.50_20), and a pale yellow tungsten
derivative (m.p. 66-1°). lbpMO(C0)3H] loses hydrogen on heating or exposure
to aig and forms [bpMo(Co)3]2. {pr(CO)3H]is much}more thermally stable

but is also more light-sensitive than LQpMo(CO)3ﬁ}.

¢) Halogen derivatives,

The orange-red (X = C1) and red (X = Br,I) halide complexes 9.10
- ’ - ?

[CpM(CO)j‘X] were prepared by Piper and Wilkinson starting from [cpM(co)BH].
They were also prepared from cleavage of the metal-metal bond of [CpM(CO)

1114
by photolysis or heating in halogenated solvents. A variety of ligands

32

(L) of the type RiP, RyAs, etc. react with [CpM(CO)3X] by replacement of

one, two or all three carbonyl groups to form complexes of the type
_ 15-27 28,29
{ppM(CO)2LXJ , [bpM(CO)LQX], and [bpML3X]. A rather novel reaction, which

involves the elimination of a phosphine rather than carbon monoxide as is
30,31

usual, involves the photolysis of [bpM(CO)ZLX] (M = Mo,W; L = P(OPh3), PPh,

P(C6H11)3; X =1I,Cl1; L = CO) which yields [?pM(CO)2X]2. Here the halide

probably acts as a three electron bridging group, and is a particularly

unusual product to form since halogen bridges are commonly cleaved by
32

phosphines, etc. Some reported preparations and reactions of halide

derivatives are summerized in Scheme 2,1.
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12,13
[..f—c;:m(co)}]z

[aP-cam(co) 3_xx,xx]
15-29

The Preparation and Some Reactions of [bpM(CO)3X] (M = Mo,W;

9,10
5
[4, ~CpMo(CO) 3HJ
35
[-"95—CpM(CO)2(NH<h Nuco)]
33 HOL a
[tr)S-Cpblo(CO)3Me]
SnBr2
v
[‘IIS-CPM(CO);‘Z hV }” S'CPM.(CO)3X €
5,13
f
E:P-cpr-io(co) 4_nLn]C1.
24,34 hy.
{*;s-c;m(co)zx—,\2 L
30_32 N -
[475—(5 pMo( CO) 2)(2]
11
SCHEME 2.1.
X = C1,Br,I) Complexes.
a) Reaction for X = C1, ¢cl,, I, MeI, Br,N = bromosuccinimide.
b) Ph CO CH : CHI, I,
c) With Sn X, (X = F,C1,Br,I)
d) A wide variety of cyclopentadienyl molybdenum and tungsten carbonyl
complexes.
e) L = phosphines and phosphites.
£) L = NHy, NyH,, NH,R, FEty; L, = Diphos.
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2.2 Q”?l and ”)B—Alkyl Derivatives.

Alkyl and aryl complexes of cyclopentadienyl molybdenum
and tungsten carbonyl were first prepared by Fiper and Wilkinsoi, whose paper
in 1956 is regarded as one of thg classic papers in transition metal
organometallic chemistry. These complexes are mostly prepared starting
from [Cpl\'I(CO)3]Na (M = Mo,W) with alkyl or aryl halides, as illustrated in
Schemes 2,2 and 2.3. Some known o-alkyl derivatives are listed in Table 2.1,
together with some physical properties. Decarbonylation of EI-S-CpFI(CO)B‘ﬁl—}?.J

complexes, where R is allyl or related group to form mw-derivatives

Enicpm(co)zﬂiﬁ] can be achieved thermally or by irradiation with U.V. light.

Oc,/:;; 0 i VAN
C 0 c=_¢
0 H,. CH=CT
& Ci,. CH=CH, H/l l{
0 H

(M = Mo,W)
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45 _3,9,10
[coM(cO) yCH OMe] b [eom{ co) ;i
1 | chm(co3w.rg] - (9
[com(co) 3(.,71-01{212}1)] ~ [cpm(co) BR]
MeX
%
3?» RX/e 3631
3
\ 0) 4 (W CH \xcf'\’ .,EPM(CO)f] CH20HCH2]
[ovo(c0)y=cMep] wy o3
2
a
51\0“‘"2 \[1 36 y
el b ,
42 wer 4| C4H3SCH2M(CO)3CP
LSa(c0) MoNe| &
&
©
&
' 1
[enn(co) y(o*onysony)] ¥ e, - @p(co)3&1(§2)]
41 [m-P~C gH , CH_Mo(CO) 1Cp]
40

SCHEME 2.2 Some Preparations of 6=Alkyl Derivatives.

a) M= Mo,W.

b)  With CHN,.

¢) R=Et, CyH,

a) With 2_- Chloromethylthiophene or 3- Bromomethylthiophene,
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Table 2.1 Some Properties of o=Alkyl Compounds.

Complex Colour M. p. W (C0),cm=1
ﬁECpMo(CO)BMe yellow 124° 2020(VsS),1937(Vs)
ﬂQCpMo(co)3Et yellow 77.5-8.5 | 2016(Vs),1932(Vs)
WQCpMo(co)3pr—iso yellow 29-30° 2010(Vs),1930(Vs)
CpW(CO)3Me lemon yellow 144.7=5.3 | 2020(Vs),1930( VS), 1740(W)
CpW(CO)3Et yellow 93-3.5 2020(Vs),1920( Vs)
CpMo(co)BrV}I-CHZCHCH2 pale yellow ail 2021(V3),1511(Vs),1856(VS)
cpMo(co)én§c3H5 lemon yellow | ~s134  |1961(VS),1886(s),1871(VS)
-Cp(co)3M04%CH3SCH2 yellow 66-67° 2029(S),1952,1943( VS)
cp(co)2M0w10H3SCH2 yellow-orange | 65-67° 1922(S),1838(5S)
Cp(co)SMonlCHzph yellow 87-88°
€p(CO) Mo"2PRCH, red 83-85°
m_FC g ,CH,Mo(CO)1Cp | yellow ° 102-104°  |2017(s),1937(VS)
wl2_04H3SCH2Mo(co)3Cp yellow g 2027(S),1944(8),1940(5S)
ﬂ13_043330H2Mo(co)3Cp yellow ) 2025(8),1945(8),1935(8)
qé2_C4H3SCH2Mo(CO)2Cp red-orange im.p.63987° 1967(8),1963(Sh,1895(5)1882(m)
”§3_C4H3SCH2Mo(co)ZCp red-orange ) for ﬂl 1970(s),1897(s),1884(m)
ﬂ12_04H3SCH2w(co)3Cp yellow )fé?fi??é? 2024(s),1934(sh),1930(8)
ﬂl3_c4H3SCH2w(co)30p yellow 3for‘ﬂé 2010(S),1941(S),1928(8)

1 ) complexes
CpMo(CO)4(1)=Me NCH,) |pale yellow 2037(m),1969(S),1953(m)
pr(co)3¢71Me2NCH2) yellow 2045(5),1961(Vs),1945(S)
CpMo(CO),,(#EMe NCH,) | yellow 1936(S),1844(S)
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a 48 b 47
[cpMo( cO) 3x] CpMo(CO) 3Na]

~,

f >
[eam(cod ] epMs(c0),H]
a 46 c 49

SCHEME 2.3  Some Freparations of #luoroalkyl Derivatives,

a) Cpﬁo(CO)jX (X = halide) with silver perfivorocarboxylates

R = R0, Ry = CFyy CyFy, n-Cifg.
b)  with GyF.COC). R = COC4F,. _
c) with C,F ge R = CF,CP,

d) with CeFgli. R = COCcFe. Fo = Io,W.

o=Alkyl complexes on reaction with phosgphines etc. may undergo carhonyl

insertion reactions to give the corresponding acyl complexes

li 27, £)0-57 - :
[ﬁ=CpH(CO)2L(CGR)J, and it was fouud that the rate constant for cleavage

Q

of the metal-carbon bond h1fnZCpH(CD)SR] complexes decreasss in the fellowins
58
order Me;>CH2Ph)>Et. These and other reported insertion rezclions are givoen

in Table 2,2. The alkyl ligand groups may be of a wide variety of different

groups, and have various substituenis ag illusirsted by the following

= ~ - -y 2 Ty oy - N yees 1. 5 Arfrel 1Y ’-'*' 7 1 Y o 5 - T
complexes of the tjp&[”—Cph(hO)BQHEAJ. (X = 66H4F1"3' 06ﬂ5’ C6H40°ﬂ3‘Es
50 60 40 61 45 62 63 64 65
CR,CL, O~ = CHe,, 6:6}{4("1—1-'_), COPh, €1, Br, OHe,I, XC.H g0 Meoco,

65 66 66 67 67
E10C0, CO,4, OO, C.M Pusty X (.76}13(3,5--1‘—]7’!:)2).
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Table 2,2 Reactions of[ﬂECpMo(CO)Bglyith Neutral Ligands,
reaction
R L conditions Products Ref.
Me ONCH, 4 benzene, R.T. CpMo(CO)z(CNcéHll)(COMe) 50
CH,Ph ONC H, 4 benzene, R.T. CpMo(CO)Z(CNC6H11)COCHzPh 50
CpMo(CO)3(CNC6H11)CH2Ph 50

| CH,CAH, PK | CNCH, ) benzene, R.T. CpMo(CO)B[CiCH2C6H4X—B£=NC6Eﬁl50
| Me,Ph Me ,CNC MeCN,R.T. CpMo(Cdb{Me3CNC(COR)} 27
| PhCH,,E% KCN MeOH X [CoMo(C0) ,(CN) (COR)] 51
| NC(CH2)3
T Me PhyAs acetonitrile CpMo(COCH3)(CO)2AsPh3 52
Mo [(Me3Si)2cH}ZSn Cp(co)3Mo_snL(Me3Si)2cH]2Me 53
{ Me [(Pn),PoscPn] |Mecn, 25° Cplo(CO) ,(COMe )L 54
E CH,Ph [(Pn),Pc=cPn) |Mecw, 25° Cplo( CO) ,( COCH ,Ph)L 54
§ Me,Et PR’3,P(0R’)3 CpMo(CO)z(Fﬁg)(COR) 55
{ cpMo(co)2 P(ong) (COR) 55
H
| Me,Et,CH,Ph | SO, CpMo(CO),R. 0, 55

CH,Ph phosphines or |acetonitrile PhCHZ.COMe(CO)z(L)Cp 56

phosphites

C3Hq phosphines or |acetonitrile C3HSCOMO(CO)2(L)Cp 56
‘ o phosrhites

¢ 4y PPhy acetonitrile | CH,.CH 2 CH.CH,(OMe(CO) ,0p
* (PPh,) 56

Me PPh,y THF, 65° CpMo(CO)zL(Ph)3P(COCH3)] 57

Bt co EtCOMo(CO)BCp 59
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Some interesting W~allyl complexes.

Treatment of[ﬂ§C7H7Mo(CO)2IJMith CSH5Na in THF gave an orange crystalline

= 4 o
volatile complex EHQCDMO(CO)2ﬂ207H7_?’6’ The most probable structure for

this complex is that in Figure 2(i)

(i (i)

Figure 2 Structures of[ﬂicsﬂsmo(co)zqéc7ﬁ7]

In this structure the molybdenum atom receives three electrons from the

2

T—cycloheptatrienyl ring, five electrons from v<cyclopentadienyl ring and

four electrons from the two carbonyl groups giving it the desired inert gas
70,71
configuration. Spectroscopic study of the complex and the similarity of

its i.r. spectrum to that of the T-allyl derivatives strongly suggests an
equilibrium between structures (ii) and (iii) shown in Figure ;? Red
crystals of a related.complex[ﬂECpMo(CO)z(C7H7Fe(00)31 were obtained from
photochemical reaction oquECpMo(CO)z(ﬂ§C7H7)] with [FE(CO)S] and/or
Fe2(co);? The heterodinuclear complex has a structure in which the
B}ECpMe(GO)él group lies over one face of the (C7H7) ring and interacts
with a sequence of three carbon atoms (a T-allyl-tyre complex), while
Fe(CO\B lies over the other face and interacts with a hutadiene-like

13

sequence of four carbon atoms.
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3

An unusual preparative route to 1=allyl derivatives is illustrated by the

reaction of[ﬂiCpMo(CO)2(FPh3)CH(R)C : cnlj with RZH(R2 = MeO,PhS,EtO,MeZCO)
T4

to form the following derivative:

Pph3
Rl = H, Me, Fh; R° = MeO, PhS, EtO, Me ,CO
Another interesting reaction involveshomoallyl bromides which react with

- 75
[CpMo(CO)33 to yield anti-~ and syn- forms of the products given below.

5 - :
-cpMo(co)3 + Br(CHz)Z—CH

")
CH-R THF q-CpMo(co)zﬂ;c4néﬁ (R = H,Me)

CH-R + FPhy THF;!WECpMo(CO)Z(PPh3)(CO)(CH2)2

gl
HECDMO(CO); + Br(CH,), CH

—CH = CH-R +"]§CPM0(CO)2—1TC4H7R
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b) Carbamoyl Derivatives.

The carboxamido complexes were prepared by Jetz and Angelici from
76

primary and secondary alkylamines according to the equations,

n-izspr.@(co);L + 2R —— m2cpM(CO) 3(CONR,) + RZNH;

Z + 2RNH, —-—-;nPCPM( co) 3(comm) + RNH”;

(M = Mo,W), and it was indicated by their ‘H.n.m.r. spectra that the two

2126 pit( 60 )

methyl groups were non-equivalent, presumably caused by restricted rotation
around the C-N bond of the carboxamido group. In contrast to the stable
complexesEWQCSHSW(CO)BCONHR] (R = Me,CMeB), the molybdenum analogues were

toc unstable to iscolate in pure form and readily decompesed to
76
EnECSHSMO(CO)S]Z' The use of an excess of the primary amine may lead to
- _ 76
the formation of 1,3._ dialkylureas and EHECpﬂ(CO)s] accordigg to the equation.

5 + — _ + “
2-CpM(CO)y + ACHyNH, —— L’YIECpM(CO)Bj + 2CHNH + CH,NHC NHCH,

-~ It was shown that the reaction proceeded by initial formation of the
carboxamido complex, which reacted with excess amine to generate CH3NCO

as an intermediate, Purther reaction with the amine rapidly yielded

1,3 - dimethylurea

0
(n;icp\w(co) c// CH + CH.NH >
' 3'\\ //3 32 -
N
|
H 9
CHyNH} + (12Cp)H(CO), ¢ om .
b N S >
¥ 0
CH4NH, i

(-’Vlicp)‘nl(CO)3 + ol NGO —2—E—p CH,NHCNFCH,

An interesting reaction is that of EﬁECpW(CO)BH] with CH3NCO to produce the

% :
arboxamido complex, M=CpYW(CO,1 EtaN )2 i
car I ("=Cp)W(COH + CHyNCO 537 7|=CpH(C0) ;C(0)NHCH,
which formally appears to be an insertion of CH3NCO into the W_H bond, but
15t
mechaqdcally it almost certainly proceeds by nucleophylic attack of
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EqECpW(CO)3]_ on the isocyanate,
Some spectroscopic data on carbamoyl complexes are given in
Table 2.3 for comparative purposes in connection with the experiment work

reported later in this thesis,

Table 2.3 Infrared Data for Carbamoyl Complexes,

Complex Solvent L)(CO),cm-'1
M50pw(co)300NHCH3 cc1,, 20185, 1928VS, 1597m
")-S-pr(co)3comnc(CH3)3 Hexane 20165, 1930VS, 1627m
«}Epr(co)300N(0H3)2 Hexane 2016S, 1928VS, 1576m
ﬂécpw(co)3com(CH2)5 Heptane 20158, 1930VS, 1926SSh,1571m
ﬂicpMo(co)3c0NHCH3 cc1, 20208, 1935VS, 1614m

: ﬂQCpMo(co)BCON(CH3)2 | Hexane’ 20198, I94IVS, 1934S, 1594m
ﬂlicp Mo(CO)BCON(CHz)S Heptane 20188, 1937VS, 19315Sh,1590m
12 pMo( C0) ,CONHR, R NH, 19338, 1807VS, 15338
126 pii ( CO) LCONHR RNH, 1937Vs, 17828, 1798VS, 15295

More recently the reaction of metal carbonyl hydrideEﬂECpM(CO)BH]

(M = Mo,w) with pentamethylenediaziridine provided a new route to cyclic

35

carbamoyl complexes as indicated below.
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v

_,ILnmcoll,

2L nM(CO)H + N
H
Ry Ro
" >< + H20 . NH3 +
N H2 NH>

M = Mo,W
In = (co)2 (C5H5)
R], R2 = pentamethylene.
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When the carbamoyl complexes (I) (M = Mo,W) were heated with [ﬁCONHé})they
gave iﬁECp(CO)2MN : CRR%] (RRl = pentamethylene; M = Mo,W), whereas

treatment of (I) with HC1l gave EHQCpM(CO)3Cﬂ.

2.3, Nitrogen Derivatives.

Introduction

Few complexes have been reported in which the nitrogen group,
NR2 or amines and related compounds bonds to molybdenum or tungsten in

cyclopentadienyl carbonyl complexes. K”]-S-CSHs)Mo(CO)ZNMezl2 has been
7 _
prepared using Ne,SilMe,, and |(412C.H )No(CO),(IN : CBu'Ph)C1] in the
3 2 5°5 2 78

reaction between [QQECSH SiN : GButPh, but others are

5)Mo(co)3ci] and Me,
rare. The inability of the NR2 groups to form stable complexes with the
majority of transition metals has been rationalised in terms of the
incompatibility of a "hard-base™ with a "soft-acid",

- 7 An important purpose of this section is to place the work on
amidino—complexes of molybdenum and tungsten, to be described in the
following chapter, in perspective with studies made on other org,nonitrogen
ligand sysiems. Other ligand systems discussed will be the nitrosyl group
(NO), the methyleneamino group (N : CR2), the aza allyl/allene group
(ch NCR,), and the amidine group (RN : C(R”) NR). All these groups act
as three electron donor ligands to the metal atom, The preparation,
properties and some reactions of these ligand complexes will be discussed

in addition to their structures and bondings.

(a) Nitrosyl Derivatives,

The orange nitrosyl complex[ﬂECpM(CO)ﬁNol, first prepared by
19 -
Fischer in 1955 from the direct reaction of the carbonylate anion

[ = _— .
B]szMo(CO)él with nitric oxide IS readily converted into the mono-
substituted products[ﬂECpM(CO)(NO)ﬁ] by refluxing with phosphorus ITI
80-82

compounds in suitable solvents, In these products the metal atom is

pseudo tetrahedrally surrounded by four different substituents. Irradiation,
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2 pMo(Nox{;3H5) 1

A
1) 2650 (N0)(00) (3 21,0 :CHCH, 3., M) [2C pho(NO(CO ), :CHMe )]
- - I
s Critte,, | BH.
4
5 +
[y2cMo(w0) (co)(¢ 1))
19 i 12
o %0 eem(co),]T | Bi2eso(co) ],
[nZcpmo(NOIL,| T ’ [ 0)I_]
\ 726 pHo (N )12J2
86
, NO A B
¢
v4
-’)”ECpM(CO)ZNO
. NOC1
80-82
) E NO
[m2epM( co) (¥o)L] C1N0 5
: /. 4]2-CpM(I*TO)2Cl
[ 2CpM(CO) yNa m2cpM( c0) JH 88
84 g

v& [12c o co) B 2]"
N& E“iiCpM(CO)z(NO )1~
85

Scheme 2.4 Some of the Freparations and Reactions of[NECpM(CO)z(NO)] (M=Mo,W).

A - with CBHSBr and Ag PFE

B - with CHCl,, I,

C - with L = PPhy, (Ph),PCH, CH, P (Ph)g.

D - with L = [P(cH,), 061{5], [P(ocu3)3] , [PPh3] .
E - with NaH(Si)2 (CH3)6
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however, produces further substitution and the disubstituted producis
EHECpMo(NO)Lél are formeg? Some additional preparations and reactions of
B|§CpM(CO)2Nd} are given in Scheme 2,4, An interesting nitrosyl-type
complex is formed in the reaction between (CH3)20(NO)Br and NaMo(CO)3Cp.
X-ray crystallograghy showed that the (CH3)20N0 group in tgz purple complex
[(CH3)20(N0)M0(CO)2Cg]bonds to the metal through three atoms, carbon, nitrogen

and oxygen,

(v) Methyleneamino Derivatives.

The type of complex formed in the reactions of methyleneamino-—

derivatives with transition metal complexes are considerably influenced by

89
the substituents on the methyleneamino-group. The reaction of Ph2C : NLi
or Ph,C : NSiMe, with[ﬂlﬁcpm(co)3x] (M = Mo,W; X = Cl,Br,I) produce the

. 90 91
complexes tﬂéCpM(CO)gN : CPhé] and [ﬁECpM(CO)N : CPh2]2 (M = Mo,brown;

M = W, blue), whereas the reaction of PhC : NLi with EqQCpM(co)301] in

the presence of added substrates such as PhZCO, Me,CO, PhCN, PhNCO, PhNH

2 2!

-5 89,92
and trans - PhCH = CHPh, yields a blue form of {12CpM(CO)N : CPh,) (M = Mo,W).
In both typesof complexes the N : CR2 group acts as a 3~electron donor
replacing both the halogen and acarbonyl group from the starting complex
Eq205H5M(00)3Ci] . It is believed that the different derivatives arising
from the presence of different substituents may be entirely due to steric

93

rather than electronic factors. The spectral features of the two forms of
&ﬂECpMo(CO)2NCPhé] are entirely different as shown in Table 2.4, but the
same formulations have been assigned on the basis of the analytical and mass
spectral datg? It is aprarent that the blue material from the preparative
route involving PhZC : NLi has a close similarity with those of other
tﬂszMo(CO)zN : CR2] complexes whereas the brown material is distinctly

az
different with no known methyleneamino analogues.
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Table 2.4 I.r. Spectroscopic Data for Methyleneamino-Carbonyl Complexes.

Complexes by, (CO),Cm_1
EHECpMo(co)EN:CPhe]'r 1955VW, Sh, 1920S, 18565, 1802ms
YNQCpMo(co)zwchhz]T 1964S, 19495, 18795, 1874S
W2cpi(co) pr:cpn, 1 t 19565, 1040S, 18695, 1863S
UQpr(co)N:Cthjz-r 19368, 1847S, 19303, 1836
M2 pmo( co)N:cPn ], 18608, 1826W,Sh
2 pio(co) zcBu®, ] 1 1968S, 18848, 1949S, 1851S
[ﬂQpr(co)ZN:CBug 1+ 1946Sh, 1862Sh, 19295, 1833S
U2¢pMo(cO) N :0BuPh] ¥ 1942Vs, 1855VS, 18254
Eﬂipr(co)2N:CButPh} * 1931VS, 1836VS, 1B10W,Sh
(2 pmo( €0 ) 2 C( p-toly1) )" 19495, 18555
M2 pi(co) prsc(p-toly1), ]~ __ 1938s, 18385 _ ~

+: nujol mull, * KBr disc.

w =
Blue complexes of the typdj]QCpM(CO)ZN:Csz (M = Mo,W; R = But, p-tolyl)

were produced from the reaction ofEQQCpM(CO)3Ci} with RZC:N SiMe3 or
94,95
R,C:NLi. The reactions ofﬁnicpm(co)3cﬂ (M = Mo,W) with PhBu®C:NLi, and

the reaction ofEﬂECpW(CO)3Cﬂ with PhBu'C:NSiMe, produced complexes of the

3
typeBIECpM(CO)zN:CButPh], thus closely resembling the reactions with
93
But2C:NLi and Buzc:NSiMe3. Reactions of complexes of the type

. 93
tﬂQCpM(CO)ZN:CRé] again depend on the substituent group. Diphenylmethylene-

amino-derivatives of the typeEqicpm(co)ZN:cphzj (M = Mo,W) readily dimerise,
Q

V4
with loss of carbon monoxide to the complexesEHQCpM(CO)N:CPh2]2, but attempts
to dimerise the t-butyl, p-tolyl, and phenyl-t-butyl derivatives were
93-95 91 95

unsuccessful. For R = Ph, p-tolyl no reaction occurred with PPh3 under

forcing conditions over many days, but when R = But, reactions occurred
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5 - - t . |
formlng[’ﬂ—CpM(CO)(PgZS) zH] and {PPhBBu ][qécpmm 4] in monoglyme and CCl,

solvents respectively. With iodine, diphenyl derivatives produced

_ o , .
b]ECp3M31304} complexeé} whereas t-butyl and Ph-But complexes gave
G

- - 7 9
b]§CpM(CO)12NCRé} and lﬂECpM(CO)ZIZN:CBu Ph. In contrast to all other

methyleneamino complexes,E]ECpM(CO)?N:CPhBut] ‘with PPh3 forms a substitution
42 .

7.

product ['qic pMo(CO)( PPhy )N :CPhBu' ]
It is interesting that the complexEﬂ§CpM(CO)DNCBut2] in
solution undergoes reversible i.r. and 1Hn.m.r. spectral changes with
change in temperature which is dug to rotational changes about the metal-
94

nitrogen bond as shown in Figure 3. Conformation (a) is adopted in the

solid state.

i=2

reeecaaccennamens

Figure 3 Structure of EWECpMo(CO)2NCBut2J

It is believed that for all types of R group in R.C:N ligands the

2

M-MN-C skeleton is linear as a result of maximum overlap of the nitrogen
96
7

lone pair (in a p orbital) with suifable metal 4 orbitals. This was

1

C¢onfirmed by the single “Hn.m.r. signal obserg%d at-60° and the preliminary

X-ray structural data forkHQCpM(COb N:CButzj-
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(¢) Aza allyl/allene Derivatives.

The aza—allyl/allene complexes are the products of an unusual

reaction between[ﬂ-CpN(CO\ Ci] (M = Mo,4) and a lithioketimine tLlN CR 1
91,0

(R = Ph,p-tolyl) in 1 : 2 molar ratic. The products Eq—CpM(CO)sz CNCRZ]

are stable for several months in air at room temperature and are unreactive

91

to neutral ligands such as phosphines in refluxing chloroform or toluene.
It is interesting to note that whereas the complex EHECpM(CO)ZPh2CNCPhé]

is gelden brown in the solid state, its solution in polar organic solvents
o1

is intensely purple even when dilute. Several bonding modes of the ligand

may be envisaged as shown in Figure 4, but variable temperature studies on

b)QCpM(CO {ggftolyl) CNC(Eftolyl)zy] between =20 and +7O showed that the
90
bonding of the aza-allyl group to the metal to be of the o ~1rtype.

Epimerisation occurs at the higher temperature through processes of rotation

99

and interchange of ¢ -T bonding as shown in Figures 5 and 6.

! N i
R M R PN R
Liinear or bent & —w Form
aza-allyl form
(4) (B)
M
w
_S=N=cY \c —c{
R “R R” “R
Aza-allene ligand Aziridino—form
(c) (D)
R R
' |
Ry B8+ C F g
Sc=N7 R R\C_ 77Np
R lg. N
(E) (F)

Figure 4 Possible structures for (ﬂ-CBHS)M(CO)Z(RZCNCRz).
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ForEWECpM(CO)2(Brtolyl)?CNC(Bftolyl)Z] , two forms exist in the solid state
i 95

(form A and B), for M = Mo is form A, and for M = W, form B results, Form

A has an aza-allene group rather than aza-allyl group as shown in Figure 7

95
and the planes of the -CR2 group are perpendicular, The two C-N bond lengths

PN
correspond essentially to a single and a double with C N € = 1280, whereas
the Mo-C and Mo-N bond lengths are slightly less than accepted single-bond
lengths indicating extensive back donation into the ligand anti-bonding
95
>

orbitals,

Table 2.5 Infrared Spectroscopic Data for Aza—al;yl[allene Complexes.

Complex Form by (CO),(Cm_l)
EPCpMo(co)z(thcNCthjj nujol mull | 19278, 18458
CHC1, Soln. | 1934S, 18425
[12p(0) ( PhCNCPh,)] . nujol mull |1918S, 1835S

CHCly soln. | 19338, 18358

]ﬁQCpMo(CO)zi(Eftolyl)ZCNC(Eftolyl)zﬁ KBr 19368, 18218
CS, soln. |19388, 1844S
hexane soln.| 19498, 1856S, br

MQCpW(CO)2Z(E—tolyl)ZCNC(grtolyl)2j] KBr 19348, 18158

Form A €S, soln. 19328, 1838s
hexane sol. {19445, 18508, br

EﬁCpW(CO)zE(E—tolyl)ZCNC(Eftolyl)z}] KBr 1931S, 18308

Form B CS, soln. 19323, 1838sS
hexane soln.|1944S, 18508, br

EPCpMo(CO)2Z(27t01y1)(EfMeOC6H4)CNC KBr disc 19308, 1831s

(E-tolyl)(27Me006H4)}]

MECpMo(CO)ei(E—tolyl)(Ph)CNC(Ph)(Ertolylg] KBr 1924s, 1841s

. a

hécpMo(co)z%(p-CF3c6H4)20Nc(p-CF306H4)2§] KBr 1962s, 1883s

19548, 1857s

a
hicpw(co)z{(p-CF306H4)20Nc(p-CF306H4)2§] KBr 19638, 1880s

a

19548, 18663

Two isomers exist in the solig state




(d) Amidino-Derivatives.

The amidino group [RlNC(R)NR%]is another potential three atom
delocalised W=ligand and efforts have been made to attach it to molybdenum

for purposes of comparison with the isoelectronic W-allyl and carboxylato-—
89

groups., In an attempt to produce an amidine derivative Mo(CO)6 was heated
with RNHC(Fh) : NR(R = Fh,gftolyl), but the products were red, air stable
crystaﬂine solids containing only the deprotonated ligands attached to the
metal, Analytical and spectral data indicated the general formulation
[MoziﬁNC(R)NﬁYi% which has a cupric acetate type structure with four bridging
amidinoe groups. The central skeleton, that which is left after deleting

the phenyl groups (Figure 8), has essentially D4h symmetry. For the molecule
as a whole this symmetry is degraded to 02 by the fact that all of the phenyl

groups are rotationally oriented so as to be neither parallel nor perpendicular
—_ 100
.FQ the NCNMoMo plane.

|
—~C

N —

l
N-—-——
,,,bﬂdf:;\_~ fi]ﬂ
Mo P
/ \
_-N

—

NoN

/

Figure 8 Structure of tetrakis(N,Nl—diphenylbenzamidinaio)—dimolybdenum.

™~

The complex was found to be resistant to attack by carhon monoxide (even under

89
31

coordination in the trans-position to a strong metal-metal multiple bond,

very high pressure), pyridine and PPh_, reflects the weak tendency for
The novel complexes En20pMo(co)2 R'HC(Ph)NRF] (M = Mo,¥; R’= H,Ph,p-tolyl)
were isolated as air sensitive golden yellow solids from the reaction of

lithioamidines with Eqicpm(co)3ci] (M = Mo,W) in ether at temperatures
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101
between 0 and 25  C. That the amidino group acis as a strong three—electron-

donor was indicated by the lack of reaction of the amidino—complexes with
89
(PPh3) and (CO) even under forcing conditions, and was confirmed by
. . 1 . .
spectroscopic data (i.r. and “Hn.m.r.) given in Table 2.6.
The siructure of amidino complexes will be discussed in detail in Chapter 4.

Other complexes with metal-nitrogen bonds which are not discussed

individually are listed in Table 2.7.

Table 2.7 Some additional metal ( M = Mo,W) — nitrogen complexes

reported in the literature,

Ref,
-'!]QCpMo(co)zN(HCMePh) = CH - § T 102
")icp(co)z Mo : N. N R.C (COzEt). C. OH (R = H,Me) 103
"]-S-CpMo(CO)z ¥ = NCH,SiMe, 104
p)
nj2C pMo( CO) 2NN( P-CH0C g 4) 105
[
-"]ZCpMo(co)z(NzAr) 106
4]§cpMo(co)2(06H4N2ph) 107
120 pM0(C0) [ Me € :C 1M, | 108
M2 pio( CO) 4(CH,NCO) 109
m> :
M2CpMo(CO) N R(R = Ph,p-tolyl, P-CH0C gHy, P~ONC gH 1-CMH702N2) 110
12C pMo( o) 3N3FoCy 111
A 5 ) ] 1
N2Cp w(co)2cor;1120H2N}12 112

2.4 B, Al, TI Derivatives,

The synthesis of a new class of 'reactive mixed metal' complexes

containing a metal-metal bond between aluminium and a Group (V1) transition
113
metal was first reported by Kroll and McVicker in 1971.
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R ALR™+ H-—Mo(C H )(co) L ——> R,

(R = alkyl; R’= alkyl or H;j L = CO, MePPhy, PPh )

Al—Mo(C H. )(co) L + R'H
T

The protolysis reaction, which is also observed with the tungsten
analogue, proceeds readily at ambient temperature with the following order
of reactivity: 2A1HJ>A1Ft3:>A1hi§ When complexes (II) reacts with
stoich iometric amounts of weak organic acids (phenol, acetylacetone), a

fast quantitative cleavage of the aluminium - molybdenum bond takes place,
indicating that the reactivity of the mixed metal-metal bond is greater

than that of the A1-C bond towards protolytic attati? Both cis- and trans-
isomers of complexes (II) are possible, by analogy with the hydrides (I)

(L = phosphine), and 1Hn.m.r. study indicated that exchange between the two

113
isome.ric forms takes place.

Thallium (]) derivatives were prepared by metathetical reactions
of PIa[M(fJO)3Cp] (M = Mo,W) and thallium (I) nitrate or sul phate in watil}
The yellow products Tl[M(CO)3Cp] were sufficiently stable to be stored
under an atmosphere of argon without decomposition for a few days at room
temperatuii? In THF, [C02(C0)81 undergoes oxidative addition with
Tl[W(C0)3C§] to form the mixed-metal complex TlL(Co(CO)4 ?[W(CO) Cp]4
The thalliun (III ) derivatives T1 LM(CO)3Cp]3 (1 = Mo,W) were isolated as
very dark red crystals from the reaction of thallium (III) chloride and
Na[y(co) Cb} in T%%f They were also prepared by King from the reaction

between hexacarbonylmolybdenum and thallium (I) cyclopentadienide, and

115
structure (III) was suggested.

S e
oc™ \/l

OC Tl
OC—-I\L/CO

&

11
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116
Another TI complex was prepared according to the following equation.

Me3TI + HMo -mPCp(co)3 —_— Me2T1[Mow§0p(co)3] + CH4 .
Boron halides X,BCl ( X = Ph,Cl) react with Na[M(co)Bﬂécﬁﬂ

- |

(M = Mo,W) to yield the metal-boron compoundsl_XZB—M(CO)EVECé].4)

X,BCl + Nam(co)3Cp —_ X2B—M(CO)3Cp + NaCl (M = Mo,W; X = Ph,Cl)

2
Their thermal stability increases in the series Cr, Mo, W and X = Cl,C6H5.
The dichlorides form 1 : 1 adducts with triethylamine, e.g. (C 5)3N Cl

B-H(CO) ,(12Cp).

Table 2.8 Properties of some T! and B Derivatives,

Compound Colour M Pe Y (co),cm™t
TL[Mo(co)3(Cpi] yellow 230 dec. 1932Vs, 18408, 181278
TL[W(c0),(Cp)] yellow 275 dec.. | 1925VS, 18368, 18038
TL[MO(CO)3(Cp)]3 deep red | 225-30 dec.

L.[W(c0)5(cp) ]y red 275-85 dec

L] Co(co\4]2[W(co)3(Cpﬂ deep red | 74-76

Ph,BMo(C0);Cp brown 85 2058, 1961, 1901
Ph,,BW(CO) Cp dark brown | 168 1984, 1945, 1865
C12BM0(CO)3Cp dark brown | 45-50 2049, 1984, 1949
0123w(co)30p brown 75-18 1984, 1949, 1923
a) in THF

2.5 i, Ge, Sn, Pb Derivatives. 14,117-120

These complexes were prepared mainly from tﬂ—CpN(CO) ]
126-138
kﬁ pM(CO) H1 orlﬂ-CpM(CO)-}Na ( M = Mo,W). Some of these preparations
are summarised in Schemes 2.5 and 2.6. Cyclopentadienyl molybdenum and

tungsten carbonyl complexes containing Si, Ge, Sn, Pb undergo either metal-

metal or metal-non metal bond cleavage in their reactions, as discussed below,
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Sn derivatives tend to undergo Sn-C rather than Sn-M cleavage, in contrast
138

to Si and Qe analogues for which M- bond cleavage is more common.

(1) Reactions resulting in the cleavage of the metal-metal bond:

139,140
Most of the reactions of this type are summarised in the following equations:
138
E M
R3EM0(CO)30p +* X, — R3 L + L3 (CO)ZCp eq(l)
R=Me; E =5n; M= Mo; X2 = 012; solvent = 05H12

Table 2,9 Properties of Some Si, Ge, Sn, Pb Complexes.

Complex Colour M. p. V/ (co), cm—1 Ref.
Cp(CO)3MoSnCI3 yellow 164 20608, 1996Sh, 1972s 120
Cp(CO)3WSnC13 yellow 187 2042s, 1972Sh, 1950s, 1924Sh | 120
Cp(CO)BMoSi013 149-151 2041, 1976, 1959 118
Cp(CO)BMoSeCN dark red 105 dec 2050, 1979, 1962 121
Cp(CO)3WSeCN . | red-orange _| 131-133 dec | 2046, 1967, 1948 121
Cp(CO)3MoGePPh3 pale green | 219-222 dec | 2008, 1925, 1918 126
Cp(CO)BMoSnMeB pale yellow | 97-98 1997, 1922, 1895 126
Cp(CO)3MoSnMe201 pale yellow | 89-90 2013, 1947, 1913 126
Cp(CO)BMoSnPh3 pale green |211-214 2004, 1934, 1909 126
Cp(CO)3MonMe3 pale orange | 93-95 1992, 1921, 1895 126
Cp(CO)BMonPhB yellow 200 dec 2002, 1934, 1910 126
Cp(CO)BWGePh3 pale yellow | 240 dec 2004, 1930, 1911 126
Cp(CO)BWSnMeB pale yellow [119-120 1994, 1915, 1891 126
Cp(CO)BWSnPhB pale green |227-228 2014, 1927, 1902 126
Cp(CO)BWPbPh3 yellow 214-215 dec |1999, 1927, 1907 126
[?p(CO)3MoJZSnMe2 yellow 156-159 dec |2004,1988,1937,1925,1910,1894| 126
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R=Me, Phy M= Mo,d; B = Sn; X, = I,; solvent = CHCl
' 2.2 313
-'I]ECpM(CO)BSiRZCH i CH, + HX ——>~|§cla(co)3rm +XSiR,CH : CH, —eq(2)

X = halogen, CFBCO cCc1,C0,; R = CH3,01

2! 3’72
c - 141
ﬂicp(CO)3MEMe3+Me3P = CHy — EHECp(CO)3Mo]LMe3P—CH —EMe_ ]

2 ¥

;
I + MeyP = CHy === Me, P = Cll-Ele, + U'le4p] E"|§Cp(CO)3M]-A——eq(3)

M= Mo,W; F = 3i,5n

142
"\]?-CPMO(CO)3G9R3 + HC1 —-—';’YIECpMo(CO)3H + R3GeC1 eq(4)

(ii) Reactions resulting in the cleavage of metal-non-metal bond:
(a) The reactions of chlorosilicon and chlorogermanium transition metal

complexes with AgBFA, produce in high yield the corresponding fluoro
' 143

derivatives according to the equation:

1
LnM--MlClmR3_m + mAgBF, — LnM-M" FmR

4 3-m + MAgCl + mBF‘3 —eq(5)

143 144 145

¥ 2 , R R -
\Ln = .f\q-(l:z(éco)y M= Mo or W M =Si,Gej X Ry = Y, Fhyt, LY2CH;C}12],
ME;Y, MeY, where Y = Cl,Fj).

The later reaction proceeds rapidly in either coordinating or aromatic

143

solvents and the fluoro derivatives are produced in high yield. The
infrared spectra in the carbonyl stretching region are relatively insensitive

to the substitution of chlorine by fluorine, and the W-accepting ability of

143
the group (IV) ligand has increased only slightly. When the reaction shown

in equation (5) was attempted with transition metal-tin compounds, the product

- _ 143
isolated was ionic, i.e. bﬂECpMo(CO)BSn(Ph)é}BF4. Cleavage of Si-H bond was

achieved by the reaction of CCl4 or CBr4 with complexes of the type

[“ﬂECpM(CO) 3Six3] (Xy = Hie,, HMeCl, HCl,; M = Mo,W) to produce the halogenated
125
501, Me,Br, Me012;013).

In a series of C1/F and H/F exchange processes, the complexes

complexes EniCp(CO)3MSiY3]( Y = Me

[Ho1 ,81M(C0) 3Cp] and [HMeC15iM(CO) 3Cp] (M = Mo,W) were converted to
o~ 146
E?‘SSiM(CO)_,)Cp] and [P MeSiM(CO)Cp| respectively.

(b) Reactions which lead to cleavage of group (IVB) metal-carbon bonds are:




46

The reactions of HCl or HBr with systems containing Sn-M bonds resulted in

partial or complete replacement of the organic groups hound to Sn.

138,147

R,SnM(C0) Cp + HCL — R;_ C1. SnM(CO) 1Cp ——eq(6) [Re = Me, Ph; M = Mo,W;

Solvent = CCl4, diethyl ether, CH2Cl2, pentane].
Other reactions involving group (IV) - carbon bond cleavage are summarised

in the following equations:

143

w]?-cpMo(co)3cePh2F + PR benzene , v2c oio(CO) J0ePhF, — 1126 pio( CO) J0eF.
5 5 144
12Ccp(CO) M - SiF,(CH=CH,) + AgBF, ———> %=Cp(CO) JM-SiF;.

2.6 a) Phosphine and Phosphite Derivatives.

Phosphorus ligands have the ability to substitute one or two

carbonyl groups from cyclopentadienyl molybdeTgngngstg?gfzgnlgaicarbonyl
Ty IV Iy L4V
complexes to form complexes of the typeEﬂQCpM(CO)3_nLnX} (L = wide variety of

phosphines and phosphites; X = hydrides, halides, alkyl and acyl groups).PPh3,
however, react with [(NC)2 C = C(Cl)Mo(CO)3Cp] with complete replacement of
2

all three carbonyl groups to formEﬁZCpMo(PPh3)2 &g = C(CN)Zj Cif Of several
factors which determine the degree of substitution, steric features appear
to dominaii? e.g. the main difference between the behaviour of the ligands
(PPh3) and (Diphos)(only the latter forms disubstituted products) is likely
t0 be steric in nature. It is known that compounds having the general
formula @]ECpMo(CO)3_nLnX] may be formally considered to be seven coordinate
complexes of molyhdenum withbthe cyclopentadienyl ring occupying three
coordination positioni? The idealised lowest-energy configuration of such

compounds would involve the four remaining ligands located approximately at

the corners of a sqguare such that a structure similar to a square pyramid

would result. The possibility of the existence of two geometric isomers

15

arises from this square pyramidal geometry.
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0C— Mo X oc/Moix
C
o co G
trans cis
L/Moi?( L/MO\X
/™ [ Mo
CO trans L cis
1Hn.m.r. study has shown that for the complexes where X = acyl group, only
151
the trans isomers occur in scolution, while cis— trans interconversion occurs
151,152
in analogous alkyl, halide and hydride complexes. The relative proportions

. 152
of these isomers depend markedly on~the mature of I and X.

The ligands [L = P(OR) 3 (R =Me,Et; iC3H,; n-C 4}19),13(001+12) 3CCH3; P(OC3H5) 3
P(OC3H5)2(06H5);P(OC3H5)(06H5)51 were observed to effect disproportionation
ofEQECpMo(CO)B]E in benzene at room temperature to yield ionicEHECpMo(CO)2L2]+
EqupMo(CO)é(: prior to the formation of neutralEf]é-CpMo(CO)zL]2 or neutral
ﬁ']écPMo(co) oL L'l_'?? E)}E-Cpr-io(CO)zLCOMe] (L = PPh3,P(0Ph) 3)are thermally
decarbonylated in variety of solvents to the corresponding methyl derivatives

— 154
h)chMo(CO)2LMe] which reacts with tetracyanoethylene to give the insertion

products [’J')S-CpMo(CO)?(L_)C(CN)E,C(CN)ZMe—_] a.nd[l‘]szMo(CO)zLN : C: C (CI\?)C(CI‘I),,Me]
155 ' -
in 10-40% yield.
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155
Cyanoalkyl complex isomerise to the keteniminato complex in solution.
LI N
- UERN :
N\
] G
[M]-(,:—C'-R L &
c L N N
N N
metal cyanoalkyl metal keteniminate

] - a,icp(Mo(co)ZL.

Transition metal - substituted dioxaphospholanes were prepared according to
156

the equation.

-35°C (M = Mo)
¢ (M= W) >

P—C1 + Na[M(co')3c§_|

0 Me

by §Cp(CO)3M - P ;“e +NaCl
Me
0 Me

I

As a consequence of the basicity of the EB element this species can be readily

converted to bridged dinuclear or cationic mononuclear complexes

(’ 0
Me
n?c Me
126p(00) i ~ ¥
)§) Me
] Me
I L. 0 d 2

r Me 0 +
+MeT >’/ \
Me
P - 1(CO) 3!')§Cp T
Me /

Me 0
L Me _

156

A phosphino derivative was formed from the reaction:
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m50p(co)3m - si(Me), + C1 - R(Me),
~(Me) _sic1
3

(»qicp(co)3 M- P(Me),>

+(Me) ,FC + MeI
e MiB +
4]§Cp(CO)3M—fl’ - P c1™ B]ECp(CO)BMP(Me)3_\+ T
Me Me
L .
(M = Mo,W)
Table 2,10 SomeEWECpM(CQ)ELX] (M = Mo,W) Complexes.
L X _
56 24 24 56 148 148 57 21 56 57
PFhy H, C;é I, ngnzco, EtCO, MeCO, C4F.CO, (CF5)2co,c4H7co, Me
PhCH,, C,H-CO.
20 2' "35
PQq—C4H9)3 Hl.,0
n J/
PPhBu, 1.
19 23 56 148 148
PBuy €1, I, PhCH,CO, EtCO, MeCO.
24
FEt 1.
3 24
P(c;yclohexyl)3 I.
23
P(NMe2)3 I.
19 19 19 19 148 148 19
p(OMe)3 H, €1, Br, I, EtCO, MeCO, Me.
19 19 24 56 148 148 127 127 127 127 127
P(OPh)3 H,'gl, I, PhCH,CO, EtCO, MeCO, Me, PhCH,, Bt, CF,C0,, Me y5n,
127 =
C.Hce.
23 > 148 148
P(OEt)3 1, EtCO, MeCO.
20 15 15 15 56 148 148
P(OMe)3CR R, C1, Br, I, PhCH,CO, EtCO, MeCO,

(R = Me,Et,Pr)




b) As and Sb Derivatives.

An interesting complex (i) is formed whenEUECpMo(CO)3i] is heated
with [MezAs(CH2)301} in benzene for 12h. at the reflux temperature. The
product obtained as purple prisms undergoes cyclisation when reduced with
a three fold excess of sodium amalgam in THF giving (ii), as air-stable yellow
needles, as shown in Figure 9. Trityl fluoroborate abstracts hydrogen this
product to give the cationic species (iii), which was indicated by the high
frequency of i.r. the ¥ (CO) stretching vibrations (20 15m, 1930S; Nujol),
approximately 800m_1 to higher frequencies than those found in the neutral
starting material, complex (ii?? Reaction of (iii) with a methanol solution
of KCN did not lead to addition to the coordinated double bond, but resulted
in displacement of the alkene giving (iv) in small yield together with
extensive decomposition, As and Sb compounds normally act as 3 electron
donors in their derivatives and substitute carbonyl groups but occasionally
As and Sh(V) derivatives result as in.the“complex [?;;MeZSbM(CO)3égi Additionaln

preparations and properties of complexes containing As and Sb are given in

Tahle 2,11,

l Fa—{g l
Mo
NMe é\
\\\_,//’ Me ///2/ \\ co
X H
1"{e/'llg x‘t" C’
Me™ T Ny
' o, CH -—CH
(1) CHo 2 2
\
CH,C1 (i)
Ph
3CBF, | NH,PF,
| ¥CN l + PF_
/° NS MeOH Mo 6
Me /do \ cc  Me 00 \\co
7 N
e o S o=,
| . Me -
CH2—CI[\\ CH2
(iv) CH, (iii)

Tl 5 .
Figure 9 —CpMo(CO)ZI Me,AsCyH,C1 and complexes derived from it,
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Table 2.11 Infrared Data for Some As and Sb Derivatives.

Complex Form y(()O),cm_l Ref.
[-’QQCpMo(CO)Z(AsPhB)Cl] 2 cHC1, 1975, 1886 24
E“-IQCpMo(co)(AsPh3)201] a CHC1, 1791 24
[ﬂicpMo(co)z(prh3)01] a CHOL 1974, 1884 24
E'licpMo(co)(SbPh3)2cﬂ a cuel, 1796 24
(12 o (C0) ,( Aserh,) 1| co1, 1968, 1882 24
(12¢ pho( cO ) (AsiePh, ), 1] 2 cc1, 1807 24
ijpMo(CO)Z(ASPhB)I] a cHel, 1966, 1883 24
[2¢ pio( c0) 5 prh3)1] a e, 1964, 1880 24
["]ECpMo(CO)(SbPh_,))ZIJ a ce1, 1812 24
[HECpMo(CO)Z(AsPhﬁBr] a oHC1, 1978VS, 1850VS 25
YflicpMo(CO)e(SbPh3)BrJ & CHC1, 1980VS, 1889VS 25
.E']E-Cp\'I(CO)z(AsPh?))Cl] a CHCIB- 1962Vs, 1870Vs _ 25
[“\Qpr(co)2(SbPh3)01] a cHe1, 1965VS, 1870VS 25
(W26 pM( co) 4SbBr, | b 158
["\?-cpmswrez(co) S 159
["]ECpMo(COCHB)(CO)2AsPh3] d CHC1, 19408, 1860VS, 1600m 160
156 om( co) 4S5Me ,Br | e 161
E'ECp]‘do(CO)3As(C6F'5)2] f t::;r:zichloro— 20268, 19668, 1942S. 162
e oo {As(CF3)2§(co)3] g gszy e 2040VS, 1974VS, 1956VS 163

a) Prepared by U.V. irradiatien ofEY]QCpM(CO)BX] (M = Mo,W; X= C1,Br,I) with

AsPhB, SbPh3 and AsMePh,.

[ =4 -
b) Prepared from[-"]-)-CpM(CO)3J Na with SbBr

3.

-
c) Prepared fromE’IszM(CO)B] Na with Me,AsCl.

d) Prepared from["licpMo(co)3cz-13] with AsPh

e) Prepared f‘romE’flz(?p]'ﬁ(CO)3SbM92] with Bry.

f) Prepared fromEY]iCpMo(CO)S]_

[(C6F5 )2 AS]20

3-

g) Prepared from[’Y]-B-CpMo(CO)ﬂg with (CF3)4A52.

N - 5
with L(C6F5)2Ascl:[ or from [2CeMo(CO) Jévith




2.7 3, Se, Te Derivatives,

Known cyclopentadienyl molyb%gnum and tungsten carbonyl complexes
’
containing Se and Te groups are few in number compared with sulphur
167
3]2
materials for the preparation of dithiocarbamate complexes[ﬂECpM(CO)2320NRé]

_ 166 _
derivatives. bﬂiCpW(CO)301] andEWQCpMo(CO) were used as starting

(M= Mo,W; R-= Me,Et,1~IR2(R2=Me2,Et2,05H10)] ]’.6jén which the group is

chelated to the metal through two sulphur atoms, as shown in Pigure 10,

Figure 10 The structure of EqupM(CO)252@NR23 complex,
Red-brown crystals oﬂBIECpMo(CO)chNMeé] were ohtained from the reaction of
C1CSNMe,, with[712CpMo(C0) ;)" or[rqicpMo(co)zpphB] , the bidentate thio-
carboxamido group bonds through C and S atoms.169 Interestingly the
coordinated sulphur atoms can be readily alkylated using [Me3d}BF4 accordinéézoz
.J]ECpMo(CO)ZCSNMez + [Me3o]+ —_— EY|ECpMo(co)zc(SMe)MJIez]”.

The reaction between dimethyl disulphide and the cyclopentadienyl
tricarbonylhydride of molybdenum and tungsten has been reported by Treichel
and Morris to yield the binuclear complexes (I; M = Mo,;g? On the basis

of additional experimental evidence this result was confirmed for the molybdenum

compound, but found that the tungsten compound is better represented by the
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171
mononuclear structure (II; M = W), Each of the complexes (I) and (II)
undergo CS2 insertion producing the stable alkyl trithiocarbonate complexes

171
— ~C OC;M<CO

(I11).

0
co R ¢O 0 C—M
I S | | ~co
Q>0 & p
| S \\ /I
co B O \\-Cf/
|
I 11 SR
EqQCpW(CO)3(SRi] (R = Me,p-tolyl) were also prepared from the reaction of

172
EﬂEpr(CO)3I} with RSK, However, it was not possible to prepare and

isolate a pure sample of the p-tolyl complex because of its rapid conversion

mon
to the binuclear_Eulphur—bridged compound upon loss of carbon~-£ oxide in

solution at room temperature. Moreover, this binuclear sulphur-bridged
compound reacted with carbon monoxide in THF when heated at reflux temperature

172
[~
to form the mononuclear species [2CpM(CO) 3( P-CH,C 6HAS)]. Interestingly the

3
dinuclear metal carbonyl complex with a single methylthio bridge
[M-s(cn3)—m’] {M = Cp(CO)BMo,Cp(CO) W, M= Cr(co)s,w(co)S,Mn(co)ch}
can be prepared (a) from the free organometallic Lewis bases M - SCH3
and the metal carbonyl unit M”, and (b) from the methylthiostannane derivatives
(CH3)BSn—SCH3—M' ang7§he halides M—Cl, They are deeply coloured, crystalline

and mostly air stable,

An additional route to sulphur—containing derivatives involves insertion
of sulphur dioxide; for example, SO, insertion was achieved for
L-'Y] -5-cpMo(co)31é] (R = Me,Et,CHZPh) and D]QCpMo(co)z(PPh3)Me] to afford the

55
golden or yellow crystalline productslﬁECpMo(CO)BsozR].
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Table 2.12 Infrared Data for Sulphur Derivatives.
Complex 2)(00),cm’1 Ref
EWECpMo(CO)ZSCH3]2 19655, 19478, 1877S, 1869s, 1852ma 170
1967Vs, 1948S, 1940(Sh), 18798, 1862(sn)a 172
1852(sh) &
b
EWECpW(CO)zsCH3]2 20348, 15483 ) 172
1955VS, 1930(Sh), 1861S, 1852(Sh) 172
EWQpr(co)3(cn3s)] 2030VS, 1943VS ° 172
[ﬂicpw(co)3(P-CH306H4s)] 2033VS, 1948VS ° 172
Ymicpw(co)z(P-cH3c6H4s)]2 1893m, 18485 ° 172
[NQCpMo(co)3(P-CH3C6H4S)] 2040VS, 1950VS ° 172
fﬂicpMo(co)z(P-CH3C6H4s]2 1964Sh, 1954VS, 1873Vs ©° 172
2 Mo (C0) 480,0H; ] 20581S, 1975VS °© 55,
EHQCpMo(co)3so2czH5] 2056VS, 1985VS © 55
EﬂECPMo(co)BSOZCHzcéﬂsj 2056VS, 1996VS, 1973vs ° 55
EnicpMo(co)z(PPh3)3020H3_ 1982m, 1901V§ °© 55

a) Cyclohexane solution,

c) CH013

b) CCl4 solution,

solution,




2.8 JIonic Derivatives.

The cationic complexes can be considered to be disubstituted

derivatives of the yellow, air stable carbonyl oatlons[ﬂ—CpM(CO ]+
24

(M = Mo,W), which were prepared by treatment of [CpM(CO)3Ci} with AlCl3

at 60-70 and 240 atm. CO pressure in 06H6, and then isolated as the
174

hexafluorophosphate salts. This cation can be assumed to have a structure in
24
which the carbonyl groups are disposed in a local CAl/symmetry. Hence, it is
- -
possible that cations of the typetﬂ£CpMo(CO)2L2J * where L = unidentalz ligand

could exist in two isomeric forms in which cis and trans carbonyl groups have

24 34,175
been displaced. Ionic complexes of the tvoesh\ ZC ph( CO) I]X and
24,176

[ —CpM(CO)ZLé]X have been prepared according to the eguation:

ﬂ]—CpM(C0)3 X+ L — Eq—cpm(co)3_anjx

(M = Mo,W; n = 0,1; x = 1,2; X = halogen; L = phosphines, phosphites, alkyls,
ammonia derivatives). The catiUnEﬂECpMo(CO) ( PPh ) ] however, could not be
prepared under normal conditions, but it could be prepared provided the
reaction was carried out in the presence of A1013, when yellow crystals of
tﬂJ—CpMo(CO)Q(PPh3) W AlCl4 separatesﬁ Furthermore, yellow {bpMo(CO)Z(Diphosﬂ
[bpMo(CO)B] complexes were formed by the unsymmetrical cleavage of the
metal-metal bond of"']ECpMo(CO);]2 upon reaction with chelating ditertiary
phosphines in hydrocarbon solventi?6 The yellow complexesEHQCpM(CO)zLé}X

are considered as intermediates in formation of neutral complexes. In

general the cationic complexes undergo nucleophilic reactions, e.g. }H adds

177
ton2c 20pM0(C0) ¢ 2H4] to give [ 20plo(c0) {CH CH?j2 N,

[ 20pM(c0);R ] complexes [ = Mo,H; R = Me,Bt,(CH,),Br, PrCH,,NC
(CH ) ] react with KCN in methanol to afford the corresponding cyano{acyl)
51,179,180
metallates K [120 pM(CO)z(CNS(COR) Moreover, the reaction of

tn—CpMo(CO) (CH2)3Br] with KCN yielded the cis~ and trans-complexes
180

KLﬂ-CpMo(CO)Z(CU)(Cﬁg 3CNf] Anionic complexes undergo electrophilic

reactions i.e, E’ﬁCpMo(CO)2 @NN&X_ undergoes chemical reactions via halide
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displacement from CH2C1CN,Me3GeBr,Me3SnC1,Ph3PbI in THF to form the neutral
180
complexes B]QCpMo(CO)Z(CNMe)R]{? = CHZCN,GeMeB,SnMeS,PbPh3]. Another example

for electrophilic reactions of the anion complexesEWECpMo(CO)z(CNCHB)j—
and EUECpMo(CO)zﬁ]— (L = phosphines and phosphites) with acetic acid form

180,17
— [~ ¥
the hydride derivatives EQQCpMo(CO)z(CNCH3)H] and b\QCpMo(CO)ZLH} respectively.,

2.9 Transition Metal Derivatives.

The complex HgEWQCpM(CO)3]2 (M = Mo,W) prepared from the anion
. 3
5 -
EWiCpM(CO)3& and Hg(CN)z, undergoes metal-exchange reaction with excess zinc

and cadmium metals in a polar solvent such as THF to form the analogue
5 5 181
complexes Zn!ﬂ-CpM(CO)3]2 and Cd[ﬁ—CpM(CO)S]z. The spectra and properties

of these complexes are consistent with structures involving linear arrangements

181,182
of three metal atoms linked by non-polar, covalent metal-to—metal bonds.

Phosphine and phosphite ligands [} = PPh3, P(OMe)3, P(OPh)B] substitute one
i R
carbonyl group from Hg‘ﬂ]dcp M(COﬁ}]Z and EﬂECpM(CO)3HgX] (M = Mo,W;

X = Cl,Br,I) [fhe latter complex was prepared by exchange reaction between
_ 183 - 184
\ﬂ§CpM(CO)3]2 Hg and HgX2 or between hWQCpMo(CO)3MgBé] and HgClzj to form
_ 185
— 5
the substituted complex LnECpM(co)2p]2 Hg and bﬂiCpM(co)qLHgk] respectively.

E}6F5HgMo(CO)3q§C§] was prepared in good yield from the reaction of 06F5HgBr
- - 186
with NaJM2CpMo(co)3J in THF. Attempts to prepare [béFSHgW(CO)f]ECp] by the
- 186
above method gave HgLW(CO) ﬂQCp1 and Hg(C,F.),. Redistribution occurs very
32 6°572" 1 g6

rapidly with mercuric bromide at room temperature.
C6F5HgMo(CO)jW§CP + HgBr2 _—_ C6F5HgBr + BngMo(CO)3ﬂ§Cp

and substitution reactions occur with PPh3, P(OPh)3, in ethanol at reflux to

give the newscompounds B]ECpMo(CO)z(PPh3)06F%] and EnECpMo(co)zip(OPh)‘}cépé]
186 - -

in good yield. Mercury derivatives are in general yellow crystals, air stable

and moderately soluble in polar solvents,

[ﬁhBPAu-W(CO)3ﬂ§C§] in which the phosphorus, gold and tungsten atoms gre

collinear was prepared by the reaction betweenEWECpW(CO)ijNa and [thPAuC£)
187 )

in THF solution, but it has been found more convenient to use the reaction
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187
between the hydride [-"\ECpM(CO)BH] with the metal-halide, The products
[nicp(co)BM-ER] ]_M = Mo,W; E = Au,Cu; R = PPh3,P(C,yclohexy1)3, P(OPh)3

187

(o—triars)] , are diamagnetic and are non-electrolytes in nitrobenzene.

Yellow crystals of the type {iﬂ]%pM(CO)BAg] n]’ {tﬂ]?-cpl\’lo(CO)3Cu.+1;-OH2.%1\TH3]n],

or u_"flECpW(CO)BCuOHz}n] were prepared by the reaction of a solution of
Na Lﬂ]ECpM(CO);j (M = Mo,W) in bis (2-methoxyethyl) ether and water with AgNO

188 ) 3
in water or with CuCl in 5% aqueous ammonia. The salts {Me4N:\ &‘xgj_M(CO)3

.-ﬂ?.cpgz-] and [Me 1) [c:u{M(co)3ij ,] were prepared by the reaction of solid
CuCl or aqueous AgNO3 with Na Ew]chm(co); (M = Mo,W) in bis (2-methoxyethyl)
ether-water, and the salt [Me4rﬂ Elg{Mo(COth} ;_':J(CO)BCp;,Z] was prepared from
solid [%l]-B-Cpl\'Io(CO):sAg}n'] and an aqueous bis (2-methoxyethyl) ether solution
of Na[W(CO);%? The covalent compounds are very light and air sensitive
but the [Me4l\]] |:iﬂ’ {M(CO)3(Cp)} 2] salts (M = Mo,W; M’= Cu.Ag) are more
resistant to oxidation. The salts are insoluble in non-polar solvents, and
their solutions in THF or pyridine have high conductivitiiZ? Similarity
between the i.r. spectra of the E&g{M(CO)?)(Cp)Z 2]_ salts and their neutral
Qf!]ECpM(CO)J 2,I*Lg] analogues imply that the two series are isostructural with
linear M-Ag-M or M-Hg-M :syster:;zé.3

Three novel compounds containing Pt-Mo and Pd-Mo bonds were prepared

189
according to the equations:

2 trans-Pth2012+3Na[«]QCpMo(co)3] —— 3NaCl + tra.ns-Pthzcl E?]ECpI\’Io(CO)3] .

trans-PtPy, ()ﬁ]ic;pMo(co)3]2 ) (1)
1) -
trans-FaFy,Cl, + 2Na ‘ﬂ}QCpMo(CO)B] ——> 2NaCl + trans-PdPyz[ﬁﬁc;;Mo(co) 31
(111)

Complexes (II) and (III) have the same crystal structure, as was shown by
their X-ray powder photographs. The platinum compounds are stable in air

but decompose slowly in THF, while the palladium compound decomposes slowly
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189
in air and very rapidly in solution.

It is noteworthy that the carbonyl stretching frequencies of the two trans -
PtRyQCIﬁHECpMo(CO)BJ and EEEEEfPtRYZEIECPMO(CO)él2 in sclution are very
similar. The three bands are comparable with those reported by Haines,
Nyholm and Stlddi?g for[h (C0\3M0—Auﬂ], and the insensitivity to the nature
of the groups attached to the metal is consistent with the soft character of
the PtII centre,

Another Pd-Mo complex was formed from the reaction of the chelated palladium
compound ( IV) withﬁ1§CpMo(co)3]"in THF/pentane solution at -10°C.  In this

180
complex the metal-metal bond is trans with respect to the Pd-carbon-o -bond.

c Fy
\\\\ k///// 72 \\\\\
+}~]3,E)[—CpMo(CO)3]———} + NaCl
} /C'\_/\._; ,.p/ \/
X v ¢1 ‘ [QpMO(CO)3]
(IV) WNHPh Iﬂ Ph
2 pm( ¢ 60),Na (M = Mo,W) react with [mn(co) k] (X = C1,Br) in THF solution
191

to give the new metal-metal, red completesEﬂ~Cp(CO) MoMn(CO)SJ. Similarly

3

the reaction OIEqupNaJ with Mo(CO\é in THF gave afier addition of [ﬁeCl(CO\ 1
191
yellow-orangetﬂ p(CO)1MRe(CO)53 (M = Mo,W). The same products were obtained

either by continuous or flash photolysis of degassed isoostane solutions of
kWQCpM(CO)é]z (M = Mo,W) and M 2(00)10(M = Mn,Re).

hy N
CpM (co g + M (co)10 T — CcpM(CO)

3 - M'(CO)S.

The reaction of the sodium salt of tricarbonylcyclopentadienyl-
molybdenum with tricarbonylcyclopentadienyltungsteniodide gave:
ﬂECpMo(CO)3Na + ﬂECPW(C°)3I —— Nal + MECp(CO)3Mo.W(CO)3Cp.

It is believed that this was the firstlcarbonyl complex with a metal-metal
92

bond between different transition metals,

2.10 Lli,Na,K,Mg Derivatives.

E“5CPM(CO)3]M’ (M = Mo,W; M’= Li,Na,K) complexes were prepared from




the reaction of the hexacarbonyls M(co)6 (M = Mo,W) with the metal cyclo-
. 3,9
pentadienide (M“Cp) (M = Li,NgK) in dimethylformamide at 1300  Molybdenum
193,194

carbonyl derivatives of magnesium were prepared by many routes. The most
general method is the reductive cleavage of the qécyclopentadienylmolybdenum-

tricarbonyl dimer or halide with a dilute magnesium amalgam in the presence of
196
a Lewis base (B). The product complexes B4MgEﬂ§CpMo(CO)3]2 (B = C,Hg0,0cH,N)

can be isolated as crystalline solids but they are extremely sensitive to air.
Upon air exposure the complexes are rapidly oxidized to Mg0 and the correspond-
ing dimeric carbonyl complexiZ? Some of the properties of B4MgEﬂ§CpMo(CO)3]2
complexes are given in Table 2,13,
Burlitch and co-workers have determined the crystal structure of
(o)
[( Ry)4Mg(Mo(CO)3Cp);j? The molecule exhibits essentially octahedral

coordination about the magnesium atom, with the equatorial positions occupied

by the four pyridine molecules and the axial positions are filled by the two

Mo(CO).Cp) groups. Each (Mo(CO).Cp) group is bonded to the central magnesium
3 3

atom via the oxygen atom of a single carbonyl group, as shown in Figure 11,

0 178.1

C

C/ M°1.886 v’
0 \C

177.2 .189

Q
(@ )g
it
(@]
=
1

Figure 11 A portion of the structure ofﬁ720pMo(CO)3]2Mg(CSH5N)4.
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Table 2.13 Properties of Some Mg Derivatives,
Y (c0),cm™1
Compound. Colour Nujol mull Benzene Soln.

(€ ,4110) jis [Mo(€0) 10p] off-white | 1908VS 1925VS
1810VS 1825VS

1674VS 1668VS

(CSHSN)4Mg[M0(CO)3Cp]2 light green |1918VS 1922VS
1826Vs 1825VS
1659VS 1665VS

(C4H80)4Mg[Mo(CO)2(PMthz)Cp]z yellow 1802VS 18008
1627VS 1732VS

1617VS

(C4H80)4Mg[Mo(co)2(P(04H9)3)c§]2 clear yellow|1788VS,br _ 1791VS
1604VS, br 1737V8S

17028

16878

16248

1592V5
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This chapter describes the preparation and properties of some
new amidino derivatives of molybdenum and tungsten. Lithioamidines and
HENC(Me)NH react with [bWECBHB)M(CO)301] (M = Mo,W) to produce yellow
carbamoyl-type complexes [KﬁécsHs)M(CO)zcoN(R’)C(R)NR'], (I; R = H, R'= Ph;
R = Me, R'= H, Ph,p-tolyl; R = Ph, R'= Me) whereas reactions of parent N, N -
disubstituted amidines give orange complexes of the type [Qﬂ§C5H5)M(CO)2
{R’NC(R)NR’U, (II: R=H, R'= Ph; R=Me, R = Ph, p—tolyl; R = Ph, R'= Me).
(II))were also produced,in small yields, from thermal or photolytical

decarbonylation of (I).

3,1 General Aspects:

2
N, N'- Dimethylbenzamidine% and NN" - di-p-tolyl acetamidine were

synthesised by standard methods, and N,N/—diphenylacetamidine, NN” —diphenyl-
formamdine, acetamidine hydrochloride, 2-Aminopyridine, NN’-Dicyclohexylcarbodi-

imide, triphenylphosphine and 2-hexene were obtained commercially. The free

3

benzamidine was obtained from the hydrochloride hydrate by a standard method.

N-Butyl-lithium, Ca. 1.5 and 2.13 M in hexane, was used as supplied

. : 4

commercially without purification. Complexes lﬂﬂ205H5)M(CO)3C;] (M = Mo,W?),
[("12¢ 1, )Mo ( CO) 4 CH )75 [(m2C.H,)Mo(CO) ,( PPh,)c1],  [(720.H, IMo(CO) ]5 and
515 300H3 )0y LU]05Hg MOLCO) 5L PPy CLL, 515/M0(C0) 3] and

Fe2(CO)q were prepared by standard methods.

Solvents: Solvents were degassed (lo-lmmHg) before use and stored under
nitrogen. Hydrocarbon solvents and di-ethyl ether were dried over sodium
wire, and monoglyme was freshly distilled, under nitrogen from LiALH4. All

solvents were transferred by syringe against a counter flow of nitrogen, and
reactions were performed with rigorous exclusion of air.

Nitrogen supply: 'White spot' nitrogen direct from the storage tank was used,

and a constant pressure of nitrogen was maintained in the system by comnecting

one outlet to an o0il bubbler.
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Specira: Infrared spectra in the range 4000 - 250 cm?lwere recorded on a
Perkin-Elmer 457 instrument. Spectra of solid samples were recorded in

the form of nujol mulls between KBr plates or as pressed KBr discs. Solution
spectra were recorded using a solution cell with KBr windows (separation O.lmm.)
which was filled using a syringe., Nuclear magnetic resonance specira were
recorded using a Varian A56/6OD spectrometer fitted with a variable temperature

controller, operating at 60 MHZ/sec. Samples were normally in CDC1l, or CS

3 2
sclution. The internal reference standard was tetramethylsilane, Sample
tubes were filled by syringe against a counter-current of nitrogen. Mass
spectra were recorded on a A.E,I, MS9 mass spectrometer at 70 eV and an
accelerating potential of 8KV, with a source temperature between 80° and 220°

(depending on the sample) and electromagnetic scanning. Compounds were

introduced by direct insertion into the ion source,

Analysis: — Carbon, hydrogen and nitrogen contents of the complex were™ ~ —
determined with a Ferkin-Elmer 240 Tlemental Analyser, and molybdenum and
tungsten contents by atomic absorption spectroscopy using a Perkin-Elmer 403
spectrophotometer, Combustion methods of anglysis have not proved entirely
reliable for the complexes reported here and elsewhere even though the author
was confident that pure samples were used. Consequently identification has

been based on both elemental analyses and spectroscopic data.

3.2 Reactions of [9505}_15)1\/1(00)301] (M = Mo,W) with smidines:

3.2.1 Reaction of [42C

5§5§MO(CO)3Ci] with [}hﬂHC(Me)Nf@] . ~ This reaction
was performed on several occasions under different conditions (temperature,
molar ratio).

[(n]QCBHS)Mo(co)301] (0.50g, 1.78mmol) and [PhNHC(Me)NP};J (0.75g, 3.57mmol)
were dissolved in toluene (35m1), and the mixture stirred at 50 - 550 for

9.5h, During this period a colour change from orange to orange-brown took

place and a white precipitate separated, At the end of the reaction,
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monitored using the 2060 cm'_1 i.r. absorption of the carbonyl chloride,
filt .ration yielded an orange filt rate. The filt rate was reduced in
volume (200, in vacuo) and on cooling to -20° yielded orange crystals of
{knécsHS)Mo(co)gthc(Me)NPh}] . which were recrystallised from diethyl ether
(30m1) (yield : 0.44g, 57%).

The white precipitate was extiracted with chloroform/hexane mixture
(5 : 1), which was reduced to a small bulk, and cooled to -20° when white
crystals separated out. This compound was identified as[PhHHC(Me)NHPh] Yol”
by elemental analysis, mass spectrometry and comparing the i.r. spectrum with

that of an authentic sample.

Properties of EKQECSES)MO(CQ)ZiPhNQLMe)NPhi] : The orange crystals melted
with decomposition at 138 - 141° and were both thermally and air stable at
room temperature, but solutions were susceptible to aerial oxidation, It
decomposed when stirred in toluene under nitrogen at 60° for 1h. giving a
br;wn precipitate of a non-carbonyl material. It was very soluble in
chloroform and dichloromethane, soluble in diethyl ether and toluene,
moderately soluble in acetone, and insoluble in hexane,

Analysis:  Found C, 5%9.11; H, 3.82; N, 6.36; Mo, 20.66. 021H18M0N202
requires C, 59.16; H, 4.25; N, 6.56; Mo, 22.50%.

Infrared spectrum (KBr disc): Two very strong carbonyl absorptions were

observed at 1953(VS),1850(VS). The full spectrum is: 1953(Vs), 1850(Vs),
1828(sh), 1594(M), 1578(W), 1498(M-S), 1450(W), 1427(M-S), 1370(M-¥), 1477(Sh),
1299(W), 1272(M-W), 1229(M), 1178(M-W), 1159(W), 1082(W), 1068(WW), 1059(W),
1035(W), 1014(W), 854(W), 841(w), 818(M), T72(M=W), 753(M), 699(M), 547(M-W),
524(M-W)Y, 502(W), 433(W),455(M-W), 429(W) em™L, Y (CC) (toluene) : 1980(Sh),
1953(s), 1859(S) om .

n.m.r. spectrum (CDCl3, - 50%): Multiplet signal at 2.417(centre of

multiplet) typical of phenyl groups, and singlets at 3.87y, 7.6l due to

(q§C5Ii5) and Me protons respectively.
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Temperature c(cH,) q1505H5 2(C gl )
-30° T.61 T 3.87 7 2.37 =
-10° T.67r 4,00 v 2.55 1

0° 7.757 4.00 ¥ 2,521
20° 7.787 4405 7 2.61 7

Mass spectrum : (direct insertion probe at source temperature). The spectrum

obtained showed the parent ion and breakdown pattern associated with
Kﬂ§c5HS)Mo(co)2}PhNC(Me)Nph}] « The major molybdenum containing ions

observed are listed in Table 111,1,

3.2.2 Reactions of [Qn§c5g5)@(co)30i] with [thHnge)NPhJ . - [6q205H5)w(co)3
01] (0.50g, 1.36mmol) and [PhNHc(Me)NP@ (0.57g., 2.71mmol) were dissolved in
toluene (BBml), and the mixture stirred at 70 —80o for 17.5h. The procedure
described previously was followed_and orange crystals oéiizi§C5H5)W(CO)2iPhNC
(Me)NPh}] (mepa. 143 - 1440) were obtained by crystallisation of the crude

product from diethyl ether.

Properties of {bﬂ§C5§5ELQQlQzPhNQLMe)Hthj : The orange crystals were stable
in air at room temperature, but in solution decomposition occurred fairly
rapidly. They were insoluble in cyclohexane and carbon tetrachloride, very
soluble in dichloromethane, chloroform, diethylether and toluene,

Analysis: Found C, 49.23; H, 3.58; N, 5.45; W, 36.84. C21H18WN202
requires C, 49.05; H, 3.53; N, 5.44; W, 35.75%.

Infrared spectrum (KBr disc): 1927(VS), 1812(VS), 1600(M), 1584(W), 1499(M-S),

1451(1), 1426(M-s), 1372(M-W}, 1318{WW), 1300(W), 1278(wW), 1230(M), 1180(W),
1160(W), 1118( W), 1083(W), 1071(V4), 1036(M-4), 1016(HM-W), B16(VW), 845(VW),
824 (), T73(W), 755(M), 700(M), 549(W), 526(u-H), 465(M=H) cm™ . ¥ (cO)

(toluene): 1942(s), 1842(s) et
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3.2.3 Reaction of Rq505§5)Mo(go)30£) with [(gftolyl)NHC(Me)N(petolyl)] . -

@nQCSHS)Mo(co)Bcﬂ (0.50g, 1.78mmol) and |(p-tolyl)NHC(Me)N(p-tolyl)]
(0.85g, 3.56mmol) were dissolved in toluene (35ml) and heated at 50 — 60°

for S5h. during which time reaction occurred precipitating white
[kgftolyl)NHC(Me)NH(tholyl)}+Cl-. The reaction mixture was filtered and
the procedure described previously was followed. Orange cystals of
RﬂECSHS)Mo(CO)zi(Eftolyl)NC(Me)N(Eftolyl)}] were obtained by crystallisation

of th

(]
Q

rude product from diethyl ether (30ml).

Froperties of [fn§c5§5)Mo(co)2{(p-tolyl)ngme)m(p—tolyl)f] . Stability and
- K
solubility were similar to those described for [ﬁn205H5)Mo(CO)3{PhNC(Me)NFh}] .

It melted with decomposition at 152 — 154°.

Analysis: Found C, 60.88; H, 4.98; N, 5.53; Mo, 15.11. MoN O2

Ca3tiypllol,
requires C, 60.79; H, 4.88; N, 6.16; Mo, 21,11%.

Infrared spectrum (KBr disc): Two strong C-0 stretching vibrations were

observed at 1942 and 1842, The full spectrum is: 1942(S), 1842(S), 1820(Sh)
1648(w), 1578(W), 1510(M-S), 1500(Sh), 1480(M), 1425(M-8), 1370(M-W), 1320(W),
1295(W), 1272(M-W), 1230(M), 1116(M-W), 1022(N-W), 1012(M-), 813(M), 530(W),

-1

522(M), 442(W) cm ~. Y (CC) (toluene): 1951(S), 1857(s) em 2,

1Hn.m.r. spectrum: The complex was dissolved in CDC1l

3 on warming, but some
insoluble decomposition material was produced. Decomposition arose either
by reaction of the complex with CDCl3 or by exposure to air. The spectrum
consists of a multiplet at 2,587 (centre of multiplet) (8H), and singlets at
3.967 (5H), 7.307 (6H), 7.797% (3H)s The signals are due to 2(C6H4),[}q§csﬂ5),
2(Me) and Me protons respectively, No splitting of the Me and 2Me signals

were observed at -870.

Mass spectrum (direct insertion probe at source temperature): The spectrum

obtained showed the parent ion and breakdown pattern associated with


http://i5.ll
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RﬂECSHS)Mo(CO)z{(E—tolyl)NC(Me)N(Ertolylﬂ]. The major molybdenum containing

ions observed are listed in Table II1,.2.

Identification of the white precipitate:

1) The white precipitate was recrystalised from chloroform/hexane mixture
(5 : 1) into well-formed crystals of ((Eftolyl)NHC(Me)NH(R—tolylj] * e,
which wers insoluble in distilled water and acetone, but very soluble in
chloroform |m/e 238 (p*). Found C, 7Q22; H, 6.78; N, 10.54. G gy QN €1
requires ¢, 69.93; H, 6.91; N, 10.19% .

2) Sublimation: A white sublimate of [(g—tolyl)NH2C(Me)N(27tolyl5}01 was
yielded as a result of purification of the white precipitate by sublimation.
[Found €, 70.29; H, 6.74; N, G.84. C) iV ,C1 requires C, 69.93; H, 6.91;

N, 10.19%].

3) _Direct preparation of[(gftolyl)NHZC(Me)N(Ertolyl)]Cl for comparative
purposes: [(Eftolyl)NHC(Me)N(R-tolyl)] (0.50g) was dissolved in methanol
(5m1), and HC1 (dil.,) (2ml) was added to the reaction mixture by a syringe.
Shaking the reaction flask for a few minutes and allowing the mixture to
settle for 30 minutes followed by pumping the solvent to dryness yielded a
white powder [Found C, 69.51; H, 6.55; N, 9.72; C1, 13.38., Found for

the white precipitate C, 7C.22; H, 6.78; N, 10.54%] .

3.2.4 Reaction of [CHQCSHE)WLQO)BCl] with [(p—tolyl)NHC(Me)N(p~tolyl)]. -
BﬂECSHS)H(CO)3Cﬂ (0.50g, 1.36mmol) and [(p-tolyl)NHC(Me)N(p-toly1l)]

(0.65g, 2.71lmmol) were stirred in toluene (35ml) at 80 — 90° for 10h., The
reaction mixture was filtered and the procedure outlined for [%HECSH )Mo(CO)3Cﬂ
followed. Orange crystals m.p. (decomp.) 158° of [bqécsHs)W(CO)zi(Eftolyl)
NC(Me)N(grtolyl){} were obtained by crystallisation of the crude product from
diethyl ether (25ml).

Analysis for [bn295g5)W(co)2{(p-tolyl)Nc(Me)N(p-tolyl)}] : PFound C, 50.71;

H, 3.75; N, 5.18. C23H22WN202 requires C, 50.93; H, 4.08; N, 5.16%.
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Infrared spectrum (KBr disc): 1920(VS), 1822(Vs), 1643(M-W), 1615(M-W),

1578(W), 1510(M=S), 1496(W), 1488(W), 1422(M), 138%(W), 1370(M-W), 1319(M-W),
1295(W), 1273(W), 1230(M), 1183(W), 1118(M-W), 1012(M-W), 858(W), 820(W),
810(M), 713(W), 528(M), 465(W), 443(W), om™:

1833(S) em™ L.

. Y (c0) (toluene): 1939(8S),

lHn.m.r. spectrum (CDCl3L730°): The spectrum consists of a multiplet with

four signals at 2.347v , 2,477, 2.577, 2.717 due to 2(C6H4) protons, and
singlets at 3.82T1, 7.227, 7.767T due to OqQCSHS), 2(Me), and Me protons

respectively. No splitting of the 2(Me) and Me protons was observed at—70°.

3.2,5 Reaction of [gfﬂﬁcsg_ELMo(co)Bcﬂ with [MeNHth)NMg)] . - [(4]-5-051{5)
Mo(C0)501]  (0.50g, 1.78mmol) and [MeNHC(Pn)iMe] (0.53g, 3.57Tmmol) were stirred
in toluene (40ml) at 60-650. The solution turned orange-brown with deposition
of a white precipitate [{MeNHC(Ph)NHMé} Cl], and the reaction was shown to be
compleke by i.r. spectroscopy afte¥—1li5h. The sa;ution was fil%e?ed, and

on removal of the solvent (200, in vacuo) gave a viscous material which was

extracted with diethyl ether (25ml) and yielded orange crystals of

[(-qéc 5Hg e CO) 2iMeNC( Ph)NMe{] (m.p. 125-126°),

mnalysis for [(120cH, Mo(c0), fwenc(Pmme}] : Found ¢, 53.65; H, 4.23;
N, 7.09; Mo, 26.53. C16H16 MoN202 requires G, 52,74; H, 4.42; N, 7.68;

Mo, 26.33%.

Infrared Spectrum (KBr disc): 1941(VS), 1853(Vs), 1828(s), 1583(W), 1522(M),

1489(4), 1448(W), 1402(M), 1252(M-W), 1168(W), 1116(W), 1081(W), 1055(%),
1039(%), 1028(wW), 933(wW), 813(M), 782(M), 712(M), 551(W), 520(M-W), 488(W),
462(M-H) cm 1. L (CO) (toluene): 1948(Vs), 1918(w), 1854(Vs); (csz): 1551(Vs)

1858(vs) em L.

1Hn.m.r. Spectrum: The spectrum in CDCL3 colution at 110 consists of two

sharp singlets at 6.587 (6H) and 3,897 (5H) due to (2Me) and (-’V|§C5H5) protons
respectively. A multiplet due to the phenyl group, centred at 2,287 and

2,067 was also observed.
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Mass Spectrum (direct insertion probe at source temperature): The parent

- 0
ion, corresponding to lﬂﬂQGSHB)Mo(CO)22MeNC(Ph)NMe}] * and ions formed in
the expected breakdown of this, were all ohserved. The major peaks in the

spectrum are listed in Table III.3.

3,2.6 Reaction of [@n§05g5)wg091301] with |MeNHC(Ph)WMe] . The above

procedure was followed using ]]ﬂ§C5H5)w(00)3Cﬂ (0.50g, 1l.36mmol) and
[MeNHC(Ph)NMé] (0.40g, 2.7lmmol) in toluene (35ml), and the reaction mixture
was heated at 80-90° for 2.15h. Orange crystals of l}ﬂ§C5H5)W(CO)2iMeNC
(Pn)NMe]} (m.p. 132-133°) were obtained by crystallisation of the crude

product from diethyl ether (25ml).

Analysis for [cqicsg5)w(co)2jMeNc(Ph)NMef]: Found C, 42.38; H, 3.12; N, 6,05;

W, 43.10, C;gH,WN,0, requires C, 42.49; H, 3.56; N, 6.19; Y, 40.65%

Infrared spectrum(KBr disc): 1923(VS), 1900(Sh), 1832(vs),_112§£y), 1789(w),
1e5é(m), 1583(W), 1520(M), 1489(W), 1448(W), 1425(W), 1403(M), 1260(M-W),
1163(W), 1114(W), 1082(W), 1058(W), 1040(%), 1028(¥-W), 1011(W), 935(W),
822(M), 783(M), 740(W), 714(M), 532(M-w), 516(¥), 485(W), 472(M-W) —

v (c0) (toluene): 1932(5), 1832(S) em ~.

Yin.m.r. epectrum:(CDCl3)
5
Temperature Cyils (n-CBHS) 2(Me)
10° 2.15Tr 3737 6,497
-80° 1.99%; 3.60¥ 6.397

T multiplet
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: - . 2
3.2.7 Reaction of \(n§c5§5)Mo(co)3ci] with [PhNHC(H)NPh) . - [(q-c5n5)Mo
(003301] (0.50g, 1.78mmol) and [fhﬂHC(H)NPh] (0.70g, 3.5Tmmol) were stirred
in toluene (40ml) under nitrogen at 60—700. A darkening in colour occurred
gradually, and was accompanied by separation of a white precipitate [identified

as iPhNHC(H)NHFhECl. Found C, 66.69; H, 4.45; N, 11,02, H, N C1

EELELP!
requires C, 66.76; H, 5.60; N, 11.97%]. The reaction was shown by
spectrophotometry to be complete after 17h. Filt ration of the mixture and
evaporation of the filt. rate, gave an orange powder, which was recrystallised

from diethyl ether (30ml) to give orange crystals of [(fl]zcsHs)Mo(CO)zlPhNC(H)
NPh]] (m.p. 158 - 160°).

_ &
Analysis for L(q§c535)mo(co)szhmc(ﬂ)gphij : Found G, 58.94; H, 4.05;

N, 4.44; Mo, 33.95. 020H16MON202 requires C, 58.26; H, 3.91; N, 6.79;

Mo, 23.27%.

Infrared spectrum (KBr disc): 1950(S), 1870(S), 1830(Sh), 1602(M), 1540(M-S),

1515(M), 1498(M), 1292(W), 1277(M-S), 1250(W), 1236(M-W), 1183(M-W), 1161(M),
1087(W), 1070(W), 1038(M-W), 1020(M-W), 1012(W), 1004(W), 980(W), 962(W),
932(M-d), 896(W), 860(W), 849(W), 840(W), 835(W), 820(M-8), 760(M-S), 695(M-S),
560(W), 547(M-H), 539(M), 511(wW), 481(W), 455(M) om T. L (CO) (toluene):
1963(s), 1872(S) om _.

ltn.m.r. spectrum: (CSZ)

Temperature 2(C6H5) (YIQCSHS) (cH)
20° 2.45+ (10) T 3.89 1 (5) 3.997 (1)
10" 2,417 (10) T 3.847 (5) 3,977 (1)

T multiplet

* Phe formulation of this complex as E('Y)éc H )Mo(CO)ZZPhNC(H)NPh}Jis
based on spectroscopic and other data, and on go parisons with related
derivatives, Since these analytical data were obtained on a pure sample,
the poor agreement between the experimentally determined Mo and N contents
and the theoretical contents can not be adequately explained, Data obtained
for different samples generally corresponded poorly with theoretical values, .
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- |_-) r -
Table III.4 Mass Spectral Data for L(AEC51-_{:)Mo(co)nle\:cQH)NPh}] .
") 4

Ton m/e m* fg:f‘“em

[(41205H5)Mo(co)zfphmc(H)NPhj] * 414

359 co
|:(.q1§c5H5)Mo(co){quc(H)NPh}] * 386

332 co
L g o {prave (yen ] * 358

306 HCN
[ 20515 o J( Py gl + 331
r(-'n-c ‘V[o(P““_,] + 254
R«] Ho )Mo (co)i Prnc(E)NPR]] ** 193
[(In-S-C Hg Mo {PNC( )P} ] ** 179
[ 505}1 Mo }(Ph) N} ] ** 165.5
[(~1§c51{5)Mo(PhN‘)] ++ — 127 -

3.3 Reactions of [(41505}_;_:)51(00)301] (M = Mo,W) with Lithioamidines,
4

3,3.1 Reaction of [(nZCSEE)nqo(co)301] with LiN(Ph)C(Me)N(Ph), — A suspension
s

of LiN(Ph)C(Me)N(Ph) was prepared by the addition of n-butyl-lithium in hexane
(1.2ml, 1.5M) to [(PhNHC(i\'Ie)I\T(Ph)—J (0.372, 1.78mmol) in diethyl ether (50ml)
previously cooled to the liquid nitrogen temperature (—1960), the mixture *hen
being allowed to warm slowly to ambient temperature. After stirring for

20 minutes the solution was added to a frozen solution of B“E05h \Mo(CO\ ]
(0.50g, 1.78mmol) in ether (40ml), then the mixture allowed to warm slowly to
ambient temperature. The solution turned yellow-orange with deposition of a
white solid. The reaction was shown to be complete by i.r. spectroscopy
after 1.,15h, at room temperature, Filteration of the mixture and
evaporation of the filterate, gave a yellow powder. Recrystallisation from

chloroform/hexane mixtures yielded yellow crystals of qu—C H Mo(CO)QCON(Ph)
c(Me)N(Pn)]
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Properties of [bﬁ§05ﬂ5§Mo(CO)200N(Ph§C(Me)N(PhY] &~ The yellow crystals
melted with decomposition at (16603. They were stable in air at room
temperature, but in solution decomposition occurred. They were very soluble
in chloroform and dichloromethane, moderately soluble in toluene, sparingly

soluble in diethyl ether, and insoluble in hexane.

Analysis: Found C, 56.46; H, 5.27; N, 6,05; Mo, 18,29, 022H18M0N203

requires C, 53.15; H, 3.99; N, 6.16; Mo, 21.11%.

Infrared spectrum (KBr disc): Two strong carbonyl absorptions at 1950(VS),

1862(VS) due to the two terminal carbonyl groups, and a carbamoyl absorption
at 1620(M-8) were observed. The full spectrum is: 1950(VS), 1862(Vs),
1620(M-8), 1595(W), 1492(M), 1454(W), 1418(M), 1378(W), 1271(M), 1212(W),
1179(W), 1080(W), 1068(W), 1042(M-W), 1015(¥W), 960(M), 918(M~-W), 852(W),
838(wW), 813(M-W), 8oo(u-w), 782(W), 758(M), 719(W), TO3(M), 648(M-), 615(W),
591( VW), 563(W), 537(M-W), 518(M-W), 481(VW), 447(W) cm-l. Y (C0) -(toluene):
1960(8), 1878(s), (CHCl3): 1963(Vs), 1879(s) em L,

lHn.m.r. spectrum: (CDCl3, 200): The spectrum consists of a multiplet centred

at 2,187 (10H), and singlets at 4.137 (5H) and 7.70 v (31).

Mass spectrum: A parent peak, corresponding to [KﬁECBHS)Mo(CO)zcoﬂ(Ph)

C(Me)N(Ph)] *, was observed at (m/e 456). The breakdown pattern consisted
of successive loss of carbonyl groups followed by loss of MeCN, The

observed metal-containing ions are listed in Table III.5.

3.3.2 Reaction of RQ;CSE5QW§CO!,Q;J with LiN(Ph)C(Me)li(Ph), — A suspension

of LiN(Ph)C(Me)N(Ph) was formed from [Pmmc(Me)NPh] (0.28g, 1.36mmol) and
Bu'Li in hexane (0.90ml, 1.5H), in ether (50ml) by mixing at (-196°), allowing
the mixture to warm, then stirring the mixture of the white precipitate at
ambient temperature for 30 minutes. Addition of this mixture to a frozen
solution of [(-'»1205H5)w(co)301] (0.50g, 1.36mmol) in ether (40ml) and stirring

for 3h. at ambient temperature gave a yellow-brown solution and a fine white
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precipitate. Filt.ration of the mixture and evaporation of the filt rate
(200, in vacuo), gave a yellow powder, Yellow crystals of[ﬁ§C5H5)W(CO}2
CON(Ph)C(Me)NPh (m.p. 184-185°C decomp.) were obtained by crystallisation of

the crude product from chloroform/hexane mixtures.

Analysis for {CQQCSES)w(co)ECON(Ph)c(MelNPh] . Found C, 46.17; H, 4.72;

Ny 5¢73.  C,,HygWli,0y requires C, 48.72; H, 3.34; N, 5.16%.

Infrared spectrum (KBr disc): Two gtrong carbonyl absorptions were observed at

1940(Vs), 1850(S) due to the two terminal carbonyl groups. A medium-strong
absorption assigned to the carbamoyl group occurred at 1619(M). The full
spectrum is: 1940(VS), 1850(S), 1619(M), 1556(M), 1493(M), 1426(M-W), 1380(W),
1275(M), 1081(wW), 1042(W), 958(M=d), 826(wW), 805(M-), 785(W), 760(M), 720(W),
707(M), 651(W), 617(%W), 590(W), 568(H), 537(W), 517(W) o™, Y (co} (CH013):

1948(Vs), 1853(VS) om L.

lHn.m.r. spectrum (CDC13): An attempt was made to record the 1Hn.m.r. spectrum

of this material, but the sample decomposed rapidly at room temperature,
Attempts to produce a solution of the complex in CDCl3 at low temperature (00)

also failed.

3.3.3 Reaction of [GQ205§£)MO(CO)3Ci] with LiN(p-tolyl)C(Me)N(p-tolyl). —

The lithioamidine suspension prepared by the method previously described from
[ggftolyl)NHC(Me)N(E7toly1ﬂ (0.42g, 1.78mmol) and Bu"Li(l.2ml, 1.5M in hexane)
in ether (50ml) was mixed at liquid nitrogen temperature with a solution of
[@nicsHS)Mo(co)3cﬂ (0.50g, 1.78mmol) in ether (40Oml), the mixture then being
allowed to warm slowly to ambient temperature. The reaction was shown by

i.r. spectroscopy to be virtually complete after 1.10h. at room temperature.
Following the procedure described previously, yvellow crystals of [@\ECSHS)MO
(CO)QCON(Bftolyl)C(Me)N(B—tolyl)] (m.p. 158-159°) were obtained by crystal-
lisation of the crude product from dichloromethane/hexane mixtures {0.20 g,

37.16% yield).



Analysis for (m2C

H_)Mo(CO) ,CON( p~tolyl)c(Me)N(p-tolyl)] :

Found C, 57.40;

C, 59.75; H, 4.59;

Infrared spectrum (KBr disc): 1952(Vs), 1865(S), 1630(S), 1578(W),

1425(M), 1378(W), 1311(W),
1016(W), 960(W), 935(W),

5=5
H, 3.41;

N, 5.80;

N, 5.34;

Mo, 14.39.

Mo, 19.89%.

1271(M), 1216(M-H ), 1180(W),

872(W), 836(wW),

c, H, Mol .0

24722

810(M), 783(M-¥),

273

1115(M-H),

requires

1032(W),

758(M), T728(M-H),

T13(W), 622(M-W), 582(M-i), 538(W), 521(M-W), 501(W), 480(W), 443(W}) om L
7/
v(co) (CH013): 1961(Vs), 1873(s), 1627(sh), 1608(M) om .
lin.m.r. spectrum (CD013):
Temperature  C(CH,) 2(cH,) (nECSHB) 2(CgH,)

+ 20 T.807(3) T7.207(6) 4,227 (5) 2.247(8)
- 30 T.737 (3)  7.147(6) 4.13 71 (5) 2,177 (8)
-4 7.727 (3)  7.147(6) 4.127(5) 2,177 (8)
+ 20 T.77r (3)  7.167 (6) 4,207 (5) 2.247 (8)

1512(M-8),

Table II1.6 Mass Spectral Data for [bn§c5§F)Mo(co)ZCON(p:tolxl)c(Me)N(p;tolyljll
P

Ion m/e m* Fragment
lost

[@\205H5)MO(CO)2CON(Bftoly1)C(Me)N(Eftolyl)] + 484

429 co
RmECSHB)MO(CO)2N(grt01y1)C(Me)N(Eftolyl)] + 456.

401 co
Knic H )Mo(CO)N(tholyl)c(Me)N(grtolyly] + 428

373 co
1 50 i )MoiN(Eftolyl)C(He)H(Ertolyl)}] + 400

322 MeCN
Kﬂ—C H )Mo%(pftolyl)zN}] + 359
K“LC5H5)M0§(2¢tolyl)N}] * 2683
Eﬂécsﬂs)Mo(Ertolyl)j + 254
KMEC5H5)M0(CQN(tholy1)C(Me)N(Eftolvl)] ++ 214
(ﬂ-c )no N( p-tolyl)C(Me)N(p-toly1)}] ** 200
[ p-toly p
Rﬂ-05;5)Moiﬁgrtoly1)2N}] 179.5
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3.3.4 Reaction of [(ff\écB}_{_S)ﬂ(co)Bcﬂ with LiN{p—tolyl)C(Me)N(p-tolyl) . -
This reaction was attempted several times under varying conditions (solvent,
temperature, molar ratio). The lithio-reagent formed from [(p~tolyl)NHC(Me)
N(B—tolylﬂ (0.65g, 2.7lmmol} and Bu'Li (1.27ml, 2.13M in hexane) in ether
solution (50ml) was added to a frozen solution of [GWECSHs)W(CO)3C£] (0.50g,
1.36mmol) in ether (40ml). The mixture was stirred at room temperature for
3h. when a colour change from orsnge to deep yellow occurred and a precipitate
separated, Filt .ration of the mixture followed by evaporation of the

filt rate (2000, in vacuo), gave a viscous materisl. - Attempts to obtain
crystals of the complex from many different solventi mixtures failed, the same
yellow-brown viscous material being recovered on each occasion. The i.r.
spectrum showed similarities with those of the other amidino-metal complexes
described previously as [@ﬂECSHS)W(CO)ZCON(Rl)C(R)NRl] complexes, Y (C0) (KBr

disc): 1944(Vs), 1853(8); ..(ﬂ’h)’ 1952(vs),_1_861(s) om™.

Mass spectrum: Even after many attempts no tungsten containing ions could be

observed.
The same reaction was attempted with molar-ratio 1 : 1, but the starting
material [(ﬁ')§c5ﬂ5)w(co)301] was recovered after a period of 3.30h, of stirring

at room temperature.

3.3.5 Reaction of [(alicsgc)rao(co)pﬂ with LiN(Me)C(Ph)N(Me). The lithium
~ )

compound prepared from[KMe)NHC(Ph)N(Mej] (0.26g, 1.78mmol) and BunLi(l.Zml,

1.5M in hexane) in ether (50ml) was added to a frozen solution of [QW§C5H5)M0
(CO)3C1] (Ce50g, 1.78mmol) also in ether (40ml) and the mixture was stirred for
2h. at room temperature. At the end of the reaction, as indicated by i.r.
spectroscopy, the solvent was removed (200, in vacuo), and the residue extracted
with dichloromethane/hexane mixtures (5 ; 1). Fractional crystallisation

techniques enabled yellow crystals of [('Y]-B-CSHS)MO(CO)2CON(Me)C(Ph)I‘-'.'Me] (mepel74-

175°) to be isolated.




Analytical data for Ilm§c5§5)Mo(co)ZCON(Me)c(Ph)NMé] : Found, C,51.76;
H, 3.41; N, 6.91; Mo, 24.79. 017H16M0N203 requires C, 52.04; H, 4.11;

N, T.13; Mo, 24.45%

Infrared spectrum X(CO) (nujol): 1949(S), 1861(Sh), 1853(VsS); (K¥Br disc):

1950(Vs), 1862(s), 1612(M), 1600(M), 1542(M-d), 1502(M-W, 1450(W), 1428(w),
1395(W), 1242(M), 1200(W), 1060(M-W), 1017(M-W), 930(Sh), 917(Sh), 882(N-W),
860(w), 832(w), 819(M-Ww), 781(M-W), 718(M), 700(Sh), 628(W), 615(W), 600(W),
548(M-w), 51¢(¥), 502(W), 463(M-W), 403(W) emt. Y (co) (CHCls): 1963(Vvs),
1877(8s) om L,

1

n.m.r. spectrum (CDCIB,OO): The spectrum showed a multiplet for the phenyl
group at (1.9771, 2.36r) (5H), and singlets at 4.1t (5H), 6.29+ (3H), 6.717 (3H)

due to GﬂECSH ), (N-Me), end (N-Me) protons respectively.
[ =4
>

3.3.6 Reactions of [0]§c5§F)w(co)Jcil with LiN(Me)C(Ph)N(Me). - This reaction
o o4

waé performed on several occasions under different conditions (soclvent,
temperature, molar ratio). The amidine (0.20g, 1.36mmol) was converted into
the lithio-derivative as described previously,and transferred to a flask
containing a frozen mixture of carbonyl chloride (0.50g, l.36mmol) in ether
(40m1), The resulting mixture was allowed to warm to room temperature and
then stirred for 3h. During this period a colour change from light orange to
deep yellow took place and some precipitation occurred. At the end of the
reaction, as indicated by the consumption of all the carbonyl chloride (as
monitored by i.r. spectroscopy), the solvent was removed in vacuo (200; 10—lmmHg)
and the residue extracted with a chloroform/hexane mixtures (5 : 1). Several
attempts at fractional crystallisation of the product from this and different
solvent mixtures gave only a yellow-brown powder, Analytical data proved
unreliable, but the complex [bnicsﬂ5)w(co)2c0N(Me)c(Ph)NMe] was characterised
by mass spectrometry, and only by comparison of spectroscopic data with those

of the NN-~diphenyl acetamidine complexes. V(CO)(KBr disc): 1946(S), 1852(8);
(CHCl3): 1953(S), 1864(S) cm-l,
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3¢3.7 Reaction of [(01205115 Mo(CO)3Cﬂ with LiN(Ph)C(H)N(Fh).™ The lithio
reagent prepared from the amidine (0,35g, 1.78mmol) in ether (50ml) was added
to a frozen solution of the carbonyl chloride (0.50g, 1.7Smmol) also in ether
(40ml) and the mixture, after warming to room temperature, was stirred for 3.3h.
An i.r. spectrum of the reaction solution at this stage showed some remaining
carbonyl chloride, therefore another portion (1,78mmol) of the lithioamidine
solution was added by =2 syringe, and the reaction mixture was stirred for an
additional 3h. at room temperature. At the end of the reaction, as indicated
by i.r. spectroscopy, the mixture was filtered and the solvent removed from

the filt rate (20°, 107 mmHg). The residue was extracted with a chloroform/
hexane mixtures (5 : 1), and a yellow powder separated after cooling the
mixture to -200. A1l attempts to purify the product from traces of

[PRNHCHNPR| and [(’*l 5051{5)1\40(00) 3]2 failed, but the presence of the complex
)KﬂECSH5)Mo(CO)ZCON(Ph)C(H)NPﬂ]was shown by mass spectrometry and by comparison

of spectroscopic data with those of the other amidino-complexes. V (CO)(XBr

disc): 1956(5),1869(5); (CHCL,): 1969(Vs), 1886(S) on . e (PH)as2.

Table I1II.7 Mass Spectral Data for Qﬂ@csgclnqo(cgzcomPh)cm\rph].
g

IR
[(m§c5}15)Mo(co)200N( PRYC(H)NPR] * | 442 °
387 co
I 205}15\1-.70( CO),N( Fn)C(H)PR| * 414
359 co
[(ﬂ]icsﬂs)Mo(co)N(Ph)c(H)NPh_] + 386
332 co
[(41§C5H5)Mo§_NPhC( 7)NPh}] * 358
306 HCN
[(41205H5 Mo {(Ph) N} 331
5 ++
[(ﬂ]2C5H5)Mo((30)21\!(Ph)C(H)NPh] 207
5 ++
[("26 5Hs Yo {NPRC(H)N PR ] 179
[(26 58 Mof (P) 4] *+ 165.5




3.3.8 Attempted reaction of ﬂﬂ§§5§5)w(00)301]with LiN(Ph)C(H)NPh. =~ The
lithioamidine suspension prepared from a frozen solution of &%NHC(H)NF%)
(0.25g, 1.26mmol) and Bu Li (0.84ml, 1.5V in hexane) in ether (50ml) was added
to a frozen solution of [bn§c535)w(co)3ci] (C.47g, 1.26mmol) also in ether
(40m1) at —1960. The resulting mixture after warming to room iemperature and
heating to 80—900 for 15.5h. failed to show by i.r. spectroscopy that reaction
had occurred, and work-up of the solution caused the starting complex to be

recovered.

3.3.2 Reaction of [@nicggglmo(co))ci] with LiNHC(Me)NH, - A solution of
A [

n-butyl-~lithium in hexane (2.37ml, 1.5M, 3,56mmol) was added by syringe to

a suspension of [HZNC(Me)NHZ]CI (04172, 1.78mmol) in monoglyme (50ml) at room
temperature, An immediate reaction occurred and the mixture became very clear.
Addition of this mixture to a frozen solution of RﬂgcsHS)Mo(CO)3Cﬂ (0.50g,

— 1.78mmol) in ether (40ml), and stirring at room temperature for 1.,15h. gave

a yellow-orange solution and a fine light ccloured precipitate. Evaporation
of the filt .rate (in vacuo, 200) gave a yellow powder, Yellow crystals of
[ﬂngCSHB)Mo(CO)zCON(H)C(hde)NH] were obtained by crystallisation of the

crude product from chloroform/hexane mixtures at (—200).

Properties of LLq§C5§5)Mo(co)200N(H)C(Me)NH] t The yellow crystals melted at

155O - 156O and were both thermally and air stable at room temperature, but
solutions were susceptible to aerial oxidation. It was very soluble in
chloroform, moderately soluble in toluene, but insoluble in dichloromethane,

diethyl ether and hexane,

Analysis: Found €, 37.5); H, 3,96; W, 9.69; Mo, 30,69, C_._.H MoN.O
===l oo PR T ’ 1010 0273

requires C, 39.75; H, 3.33; N, 9.26; Mo, 31.75%.

Infrared spectrum (KBr disc): 1953(S), 1923(Sh), 1853(S), 1630(M-W), 1550(M-S},

1428(M-W), 1270(W), 1230(W), 1202(W), 1093(M), 1068 (), 1010(W), 998(W),

835(i), 822(M), 540(M-H), 530(W), 512(W), 490(M-H), 448(M-H) om™t. L (cO)
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(CHCl3): 1968(s), 1879(s) om L.

3.3.10  Reaction of [(m205§5)ngco)39;lyith NH.C(Me)NH. - A solution of

n-butyl lithium (2.37ml, 1.5M, 3.56mmol) in hexane was added by syringe to a
suspension of [ﬂzNC(Me)NHé]Cl (0.34g, 3.56mmol) in monoglyme at room temperature.
The resulting mixture was stirred for 2h. at room temperature before it was
added to a solution of [OQ-C5H5)M0(CO)3Ci] (0.50g, 1.78mmol) also in monoglyme at
room temperature. The original deep orange colour of the solution gradually
became yellow and the reaction was shown to be complete by i.r. spectroscopy
after 2h, at room temperature. Filt ration of the mixture and evaporation of
the filt rate gave a yellow powder, Recrystallisation of the residue from
dichloromethane/hexane mixtures (5 : 1) yielded yellow crystals identified by i.r.
spectroscopy, mass spectrometry, and analytical data as [@qECBHS)Mo(CO)QCON(H)C

(Me)NE)| m/e 304 (F").

3.3.11 Reaction of [Qnicsﬂﬁggéco)301] with NE C(Me)NH. - A solution of
[vu,C(Me)MH| was formed fromc[Nﬁ;EIhe)NHz]Cl (0.34g, 3.56mmol) and Bu’Li (2.37ml,
1.5M, 3.56mmol) in monoglyme (75ml) by mixing at room temperature, then stirring
the mixture af ambient temperature for 2h. Addition of this mixture to a
solution of \jq-& )N(CO) Cﬂ (0.66g, 1.78mmol) in monoglyme (40ml) at room
temperature, and stirring for 4h. gave a yellow-orange solution and a white
precipitate. At the end of the reaction, as indicated by the consumption of all
the carbonyl chloride as monitored by i.r. spectroscopy, the solvent was removed
in vacuo (éoo; 10_1mmHg), and the residue extracted with a dichloromethane/hexane
mixtures (5 : 1)s Practional crystallisation techniques enabled yellow crystals
of KnQCSHB)w(co)zcow(H)c(Me)Nﬁ] [@.p.(decomp.)188§] to be isolated. Found

c, 27.84; H, 2,67; N, T.39. C-0H10WN 0, requires C, 30.79; H,2.58; N, 7.17%,
I.r. & (CO) (XBr): 1949(s), 181g9(s ), 1791(Sh ), 1627(M-d), 1558(M-S), 1428(M-W)
1388(W), 1358(W), 1269(W), 1211(M), 1069(M), 1060(W), 1020(W), 1010(W), 1001(W),
852(W), 843(W), 821(M), 636(M-W), 637(W), 620(W), 602(W), 540(M-W), 517(M-4),
491(W), 456(M-W) cm . (cHC1,): 1950(VS), 1859(S) om L,
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3.4 Decarbonylation reactions:

3.4.1 U.v. irradiation of f(m§c5g5)Mo(co)200N(Ph)g(Me)N(PhiL. - A solution

of the complex in toluene contained in a silica flask was irradiated with 300
watt Hg lamp. The original yellow colour of the solution gradually became
orange, and the reaction was allowed to continue for 16 minutes. After

1

pumping the reaction mixture to dryness (20°, 10 ™"mm Hg), an i.r. spectroscopic

examination of the residue showed the presence of a new carbonyl containing
species with an absorption at 2060 cm_l. The complex was believed to be of
the type l}nECSHS)Mo(CO)3ZNPhC(Me)NPh3] and to be the intermediate in the
decarbonylation reaction, In an attempt to obtain thedecarbonylated complex,
the intermediate complex was dissolved in toluene and exposed to u.v. light

for an additional 40 minutes, after which decomposition to non-carbonyl

material occurred.

In an attempt to stabilise the intermediate complex [@qécsHs)Mo(co)B{NPhc(Me)

NPh}] s Subsequent reactions were attempted in the presence of Mel,

3.4.2 U.ve.irradiation of [QnécSHS)Mo(co)9com(Ph)c(Mg)NEg] with Mel., — Mel
(0.10ml1) was added by a syringe to a solution of [KﬂECSHS)Mo(CO)chN(Ph)C(Me)
NPﬂ} in toluene, and the resulting mixture was irradiated with a 300 watt Hg
lamp. The solution darkened from yellow to orange as the reaction proceeded,
and the reaction was allowed to continue for 12 minutes., ¥ilt ration of the
reaction mixture and evaporation of the filt .rate in vacuo gave a product in
small yield believed to be XKnQCSHS)Mo(co)BiNPhc(Me)NMerm}] I. The nature
of the complex is based solely upon the presence of VY (C0) stretching
vibration above 2000 cm—1 which is consistent only with the occurrence of a

terminal tricarbonyl unit in the complex.

3.4.3 Thermal decarbonylation of [@1ECHEF)MO(CO)QCON(Ph)C(Me)NPﬁl -  The
s -

complex was dissolved in toluene, and MeI (0.30ml) was added by a syringe to

the mixture. DNo reaction was observed after stirring the reaction mixture

for 3 days at room temperature. Heating to 70° caused reaction to occur and
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was complete, as indicated by i.r. spectroscopy, after 10Oh, During which
time the original yellow colour of the solution gradually became dark orange.
An i.r. spectrum of the solution indicated a new absorption at 2048 cm-l. The

product could not be isolated in a pure form because of its small quantity,

3.4.4 U,v, irradiation of [(n]icSH_;)Mo(cc}200N(p-toly1)c(Me)N(p—tolyl)] with
7

HeI, - MeI (0.10ml) was added to a solution of @WQCSH5)M0(CO)2CON(2—toly1)
C(Me)N(Eftolyli] in toluene (40ml). Irradiation of the resulting mixture
with a 300 watt Hg lamp for 23 minutes followed by filteration of the solution
gave an orange filterate. A viscous material was obtained after evaporation
of the filt rate (in vacuo, 200). Extraction of the viscous material with
diethyl ether (30ml), followed by concentration of the resultant solution

(in vacuo, 200), and cooling to -20° yielded three tyres of complexes in small
quantities, identified by i.r. SPectroscopy/hass spectrometry as [}“205H5)Mo
(00)2{(2-t01y1)1~rc(Me)N(p_-tolyl)]]- m/e 456(F"), [(fnic,jﬂ;j;\m-o(co)3ZN(E—tolyl) -
C(Me)NMe(p-tolyl)}] I, and ]:(-TPCSHS)MO(CO);]I m/e 374 (F).

The nature of [(0)75-05}{5)1"10( co)3§N(2-toly1)C(Me)NMe( p-tolyl)}] I is based on the
mass spectrum of its thermolysis products, and upon the presence of a WV (C0)

strefching vibration at 2048 cm_l.

3.4.5 U.v. irradiation of [(ﬂECSESNMogco\gcom(H)c(Me)NH] . - In an attempt
to decarbonylate the yellow complex [KMECSHS)MO(GO)QCON(H)C(Me)NHJ , it was
dissolved in toluene and heated with stirring at 800, but no reaction was
observed after a period of 12h, The solution was transferred to a silica

tube and irradiated with a 300 watt Hg lamp. The original yellow colour of
the solution gradually became orange and after 0.53h. the solution was filtered.
An i.r. spectrum of the residgg indicated some residual starting material
[bQQCBHS)Mo(CO)2CON(H)C(M3)NH] , and new carbonyl absorptions due to a complex
identified by mass spectrometry as IKM205H5)2(M0)2(00)3{NHC(Me)NH12] m/e 518

(P*).  The filterate was evaporated (invacuo, 20°), and the residue was
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extracted with diethyl ether (30m1). Concentration of the resultant solution
| (in vacuo, 20°) and cooling to —-20° enabled crystals of [fﬂécsHS)Mo(CO)3]2 to
be isolated. The second set of materisl isolated in small yield from ether
solution were brown crystals. Sufficient material was obtained only for a
mass spectrum which gave Mo2 isotopic patterns at m/e 518 and 434 corresponding
to [(’\]2051{5)21\11%00)3iNHC(Me)NH32]+ and [('I]ECSHSBVIOziI\TI{C(Ivie)NH}ZJ"'

respectively,

3.5 Miscellaneous reactions:

3,5.1 Reaction of [(12C H Wo(C0) ], with PhNHC(Me)NPh. - [(q]-S-cSHS)Mo(co)3] )
) 2

(0.50g, 1.02mmol) in toluene solution (35ml) was sitrred with PhNHG(Me)NPh
(0.43g, 2.03mmol) and the mixture heated to the reflux temperature of 13,5h.

At the end of the reaction as monitored by i.r. spectroscopy, the solvent was

removed (in vacuo, 20°) and the residue extracted with diethyl ether (30ml)a
Fractional crystallisation techniques enabled orange crystals of [QWECSHB)MO

(co)z"LPth(Me)NPh}]to be isolated(in low yield). m/e (F") 428,

J.5.2 Reaction of [bﬂécsgg Mo(CO),Cl]with Li-2-aminopyridine., — A solution
~ -

of [LiNHCSH4ﬂ]was prepared by the addition of Bu Li (1.67m1, 2,13M in hexane)

to [ﬁH205H4ﬁ] (0.34g, 3.56mmol) in ether (50ml) at —1960, the mixture then

being allowed to warm slowly to room temperature. After stirring for 30 minutes
the solution was added to a frozen solution of [("l]-S-CS}{B)Mo(CO:)301] (0.50g,
1.78mmol) also in ether (40ml) and the resulting mixture was allowed to warm
slowly to room temperature. The original orange colour of the solution

turned dark brown in colour after 15minutes, and the reaction was shown to be
complete by i.r. spectroscopy after 3.15h. at room temperature. The solution
was evaporated (in vacuo, 20°), and the residue was extracted with chloroform/
hexane mixtures (5 ¢ 1). Concentration of the resultant solution (20°, in

vacuo) and cooling to -20° yielded brown viscous material, which on recrystal-

lisation from diethyl ether gave yellowish powder of RqQCSHS)Mo(CO)2CONHCBH4ﬁ].




Found: C, 44.67; H, 2.19; W, 12.84. C,.H MoN.0, requires C, 46.17;

273
H, 2.98; N, 8.28%.
The major metal containing ions observed are: m/e 340 lpHECSHS)Mo(CO)2CONH05H4§H1
5 + T3 + o 5
312 ‘_(-4]-051{5)MO(CO)ZNHCSH4N] , 284 L(~|-05H5)Mo(co)NHcSH4N] , 256 (2 o )Mo
+
NHc5H4N] .
I.r. Y (COXXBr) 1959(Vs), 1873(S), 1619(M-u); (CH2C12) 1964(Vvs), 1881(s),

1617(M-S) em 2,

- =4
Properties of LOﬂiC5§F)Mo(CO)DCONH05§4N] :+ The yellowish powder was stable
5 2

in air at room temperature, but solutions were susceptible to aerial oxidation,
It was insoluble in hexane, but soluble in chloroform, dichloromethane, and
diethyl ether, Even after several crystallisations, attempts to obtain
crystals of the complex failed, the sawe yellowish powder being recovered on

each occasion,

3.5.3  Reaction of [(-’\1§CSH_:J)M0(CO)3011 with 2-aminopyridine. - (_.(’Tl]_ébsHS)Mo(CO)3 _

Cl} (0.50g, 1.78mmol) and [NH205&dﬂ (0.34g, 3.56mmol) were stirred in toluene

(35ml) at 70—900. A darkening in colour, accompanied by separation of a

precipitate took place, and the reaction was shown spectrophotometrically to
be complete after Th. The solution was evaporated (in vacuo, 200), and an
i.r. spectrum of the hrown residue indicated traces of a dicarbonyl complex
Y (co) (¥Br) 1952(Vs), 1841(S) cm™. Even after many attempts to obtain

its mass spectrum, no molybdenum containing ions could be detected,

-
3.5.4 Reaction of E(”[QCSI_{:)MO(CO)E(PPh3XJ1] with LiNPhC(Me)¥Ph. - A solution
J

of LiNPhC(Me)NPh was prepared by dissolving [H N(Ph}c(Me)N(Ph)] (0.14g, 0.67mmol)

in monoglyme (50m1), cooling to liquid nitrogen temperature and adding Bu'Li
(0.45m1, 1.5M in hexane) by syringe. The solution was stirred at room
temperature for 30 ﬁinutes, before it was added to a solution of [QWQCSH5§M0
(00)2(PPh3)Cll (0.35g, 0.6Tmmol) in monoglyme (40ml) at -196°.  After stirring

at room temperature for 5h. during which time the progress of the reaction was
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very slow, the temperature was raised to 70-80° for 2h. At the end of the
reaction, as indicated by the consumption of the reactant complex (shown by
i.T. Spectroscopic monitoring of the 2 (CO) stretching region), filt.ration
yielded an orange solution which was evaporated to dryness (in vacuo, 200).
Extraction with diethyl ether (40ml), followed by concentration of the
resultant solution (200, in vacuo) and cooling to —20° yielded orange crystals

of [(«\505}15)1\@0(00)2§ph1qc(rae)mph}] , mfe (F*) 428,

3.5.5- Reaction of [(-’:]-5-C5H5)MO(CO)2(PPh3)Cﬂ with PhNHC(Me)NPh. — The amidine
(0.41g, 1.94mmol) and [('q§c5n5)Mo(co)2(PPh3)c1] (0.50%, 0.97mmol) in toluene
(35m1) were heated with reflux at 80 -130° for 14hr. The colour of the
solution became progressively brown and a brown precipitate slowly separated.
The reaction mixture was filtered from a2 brown non-carbonyl material which was
identified by mass spectrometry as [(112Cp)MoO{PhNC(Me)NFR]] , m/e (F*) 388.

- When this experiment was repeated, heating at 80—90° for 38h., the i.r.
spectrun of the product showed a single carbonyl stretching frequency at

1800 cm_l, may be due to a monocarbonyl complex of the type [QQECBHS)MO(CO)

(PP, ){PriC(Me)NFR]] .

3.5.6 Attempted reaction of I:(ﬂ]§c5§5)1vro(co)3cﬂ with l:csHHNCNCSP_IHL -
Bﬂ§C5H5)M°(CO)3Ci] (0.56g, 2.,00mmol) was dissolved in toluene (20ml), and a
suspension of [_—CGHlll‘ICI\ICsHll] (0.41g, 2.00mmol) in toluene (25ml) added by
syringe at room temperature. After heating the reaction mixture to 80-100°
for 5h,, during which time the progress of the reaction was very slow, the
temperature was raised to reflux tempersture for 2h, After the consumption
of the reactant complex (shown by i.r. spectroscopic monitoring of the J (CO)
stretching region), the solution was filtered leaving a brown non-carbonyl
precipitate. Concentration of the filt .rate (200, in vacuo) and cooling to
—20° yielded [(4)5051{5 )Mo(co\3] o1 and an unidentified brown non-carbonyl

material which was soluble in chloroform,
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3.5.7 Attempted reaction of [(01205115)1»10(00)3@113)] with [C6EIJ.IJC}TC5E1iL -

A solution of [("]ECSHS)I‘-'IO(CO)}(CHB)] (0.47g, 1.79mmol) in toluene (25ml) was
added to a suspension of [béHllNCNC6H1i] (0.37g, 1.79mmol) in toluene (25ml).
The original yellow colour of the solution turned light green after 2h. heating
at 50 - 1000, and gradually became blackish after an additional period of 2h,
An i.r, spectrum of the reaction solution at this stage showed some remaining
starting material, hence the solution was heated at 80 - 110° for an additional
14h. The solution was filtered from a beige non-carbonyl organic precipitate
which was insoluble in toluene, diethyl ether, hexane, and sparingly soluble

in dichloromethane, but very soluble in chloroform, Concentration of the

filt rate (200, in vacuo) and cooling to -20° yielded residual unreacted

. : > .
starting material [Kﬂ—C5H5)Mo(CO)3(Ch3)] .

3.5.8 Attempted reaction of ,__(-’1120535)1\'10(00)2{(p—tolyl)NC(Me)N(p—tolyl)}L] with

EPh,. - A small quantity of [(N\-§c5H5)Mo(co)2{( p-tolyl YNC(Me )N(p-toly1)] ]
(0.04g, 0.09mmol) was ground with [PPhi] (0.02g, 0.09mmol), and the mixture
was placed in a small flask (25ml). The flask was evacuated (lo-lmmHg) and
the solid heated at 100—1500, but no reaction was observed during a period of

6.75h.

3.5.9 Attempted reaction of [(ﬂ§c5§E1Mo(co)200N(Ph\.c(Me)NPhl with hex-2-ene. -
J

A small quantity of E0'|§CSH5)MO(CO)2CON( Ph)C(Me)NFh| was dissolved in toluene
(30ml), and hex—2-ene (0.50ml) was added by syringe. The resulting mixture
was heated at 50—60O for 1.5h. but since the progress of the reaction was very
slow, the temperature was raised to 95—100o (reflux). The original yellow
colour of the solution gradually became olive-green in colour and after 1.5h.
the solution was filtered. The residue was a non-carbonyl decomposition
material, olive—green in colour which was inseluble in chloroform, An i,r.

spectrum of the yellow filt ratie indicated some residual starting material.
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3.5.10 Attempted reaction of \:(«15-051{:)Mo(00\.30ﬂ with [NHC(Pn)NH ] . -
J (4

A clear solution of ﬁ\rHc(Ph)NHZ] was formed from B’:6H5C(NH)NH2.HCI.H20]
(0.62g, 3.5Tmmol) and Bu'Li (3.35ml, 2.13M in hexane) in monoglyme (80ml) by
mixing at room temperature. The resulting mixture was stirred for lh, at
room temperature before it was added to a solution of [}QECSHs)Mo(CO)301J
(0.50g, 1.78mmol) also in monoglyme (40ml) at room temperature. A colour
change from dark orange to red occurred after heating the reaction mixture at

60—700. Only formation of [(-’V\ECBHS)MO(CO)B;]2 occurred over 1lh,

3.5.11 Reaction of R»\§c535m°(g9)3cﬂ with [WHC(Pn)WH,J . -  Benzamidine
(0.43g, 0.36mmol) prepared from benzamidinum chloride monohydrate, and
[(rv]QCSHS)Mo(co)301] (0.50g, 1.78mmol) were dissolved in toluene (35ml) and
the mixture heated at 60 - 70° for 1.15h. At the end of the reaction,
monitored using the 2060 cm_1 i.r. absorption of the carbonyl chloride,
filt. ration yielded an orange-red solution, Concentration of -the filt rate
and cooling to —20°, yieided the dimer lkﬂ205H5)Mo(CO)3]2 and two types of

yellow complexes in very low yield, The yellow products were recrystallised

from diethyl ether,and fractional crystallisation techniques enabled them to
separate, The first complex was identified by mass spectrometry as
[((1]205}15)3\402(00)521\7}120(Ph)NH}] , m/e (P') 580, while the second material had
a monomolybdenum pattern and was identified as [@ﬂéCBHS)MO(CO)zgﬁNC(Ph) 3],
m/e 383. The highest fragmentation pattern, however, arose from (P-2¢0)%.
These products were isolated in very low yield, so their identification was

based solely on their mass spectra,

3.5.12 Attempted reaction of fﬁb2(_co)q] with LPhC(Cl)NPh] . — A suspension
of [Fez(co)g‘] (0.50g, 1.3Tmmol) and [PhC(C1)NPh| (0.59g, 2.75mmol) in monoglyme
(45ml) was heated at 60-70° for 11h,, during which time a colour change from
yellow-orange to brown took place and a brown precipitate separated. After

heating for additional 12h, at 70 - 800, the solution was filtered leaving a
g g
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light brown residue identified by mass spectrometry as PhngHPh m/e (PH) 197.

The filt, rate was evaporated (200, in vacuo) to yield the residual starting

material [Ph(C1)CNPh..

3.5.13 Attempted reaction of [Fe,c,(co)q] with [PhNHG(Me)NPh]Cl. - [PhNHC(Me)
NPh]Cl (0.95g, 3,85mmol) [?ormed from passing HC1 gas through a solution of
[thHC(Me)NPﬁ] in chloroformj, partly dissolved and partly suspended in toluene
(55m1) was stirred with [?92(00)5] (0.70g, 1.92mmol). The resulting mixture
was heated for 30 minutes at 50-—70O when a colour change from light orange to
clear red took place and precipitation occurred. The reaction mixture was
heated at 80° for 3h. during which time the progress of the reaction was very
slow, the temperature was raised to 90—950. A colour change from red to pale
yellow occurred after lh, with separation of brownish viscous precipitate,

The i.r. spectrum of the solution at this stage indicated large quantity of
residual starting material [?b2(co)é}’refluxing for 30h. led onlIyto eventual

decomposition.

3.5.14 Attempted reaction of LNHC(Me)NH,:] with [(fniccg 3Mo(CO))Cl] . - In
Ll Py -

p,
an attempt to produce [NHG(Me)NH,], [WHC(Me)MH,] ©1 (0.34g, 3.56mmol) was
reacted with metal sodium in monoglyme (50ml). The mixture was heated to

70 - 80° for 1.15h. before it was added to a solution of [(!\'\E'CSHS)MO(CO) 301:(
(0.50g, l.78mmol) also in monoglyme (40ml) at room temperature. The reaction
mixture was heated for 4h. at 70 - 800, then the solvent was evaporated

o . . . L :
(207, in vacuo)., An i.r. spectrum of the residue indicated some residual

starting material [KﬂECSHS)Mo(CO)3C1] but large quantities of [Cq§C5H5)Mo(CO)3]2.
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4.1 Reactions using amidines, -

The chlorides, [('q 2<:5HS)Mo(co)3c1] (M = Mo,W), react with amidines
[R’Nc(R)NHR’; R=HR=Ph; R=Me, R'= Ph, p-tolyl; R = Ph, R'= M{] in

toluene solution at 50 - 70° (M

Mo), 70 = 90° (M = W) to form orange

complexes of the type [%WQCSHS)M(CO)2EﬁhC(R)NREq, which are soluble in polar
organic solvents, but iﬁsoluble in non-polar solvents, The liberated HCl is
trapped by part of sample of the amidine used, so consequently complete reaction
occurs only after the addition of two molar equivalents of the amidine to one

of the carbonyl chloride. The amidinum chloride [R‘NHC(R)NHR']" Cl~ separates
from toluene solution and is more readily removed from this solvent than from
many other solvents in which the reaction is performed., Recrystallisation of
the white powder for analytical purposes, is achieved using chloroform/hexane
mixtures. Interestingly acetamidine, [h2NC(Me)Nﬁ] yields a yellow tricarbonyl
complex R4]§C5H5)lﬂo(00)ZCONHC(Me)NH] whereas [(ﬂ-S-CSHS)Mo(co)z{PhNC(Me)NPh}] was
produced in low yield ffgﬁ the reactio;_;}—ﬁ, N', diphenylaéetémidine with
[bq§C5H5)Mo(CO)£12. The orange products were recrystallised from diethyl ether
as well formed crystals, which analysed correctly for dicarbonyl complexes,

The products proved unreactive to neutral ligands such as triphenyl phosphine
even after 6.75h. heating at 100 - 150o in the absence of a solvent. They

were both thermally and air stable at room temperature, melting between 125 -
160° some with decomposition, but solutions were susceptible to aerial oxidation.
However, when [bﬂECSHS)Mo(CO)ZiPhNC(Me)NPEI] was heated in toluene under nitrogen
at 600 for lh., it decomposed to a brown non-carbonyl material, which was not
identified,

Neutral amidines themselves are potential bidentate ligands as demon-~
strated by Hieber{ and efforts have been made to attach them to molybdenum for
purposes of comparison with the isoelectronic M-allyl and carboxylato groups.
Inglii attempted the reaction of [RVHC(Ph)NR; R = Ph, p-tolyl]with M(CO) ¢

(M = Mo,Cr) which led to loss of hydrogen and formation of the crystalline
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3
product Mz[ﬁNC(Ph)NRJ4 with the cupric acetate type of structure. On the

other hand, N-arylamidines react with palladium (11) chloride to give grey-
green [fd(Am—H)Ci]n with 6-membered ortho-metallated ring systems?
In the mass spectrum, each of the orange complexes ,prepared as part of
the present study,produced a parent ion distribution pattern corresponding %o
[GWEC5H5)M(CO>2§R’NC(R)NR’K].+’ and ions corresponding to loss of one and two
carbonyl groups. Fragmentation occurred subsequently by loss of the RCN group,
a pattern observed also for aza allyl/allene complexes? The highest
fragmentation pattern arose from (P—2CO)+ ions, Further spectroscopic data
(i.r. and 1Hn.m.r., given in Chapter 3) confirm that these are dicarbonyl
complexes in which the amidino group is acting as a 3-electron donor ligand.
Only two strong 4 (C0) stretching frequencies positioned below 2000 cm_1 are
observed, the higher frequency band being at ( ~ 1950 - 1960 cm ) and the

lower band at ( ~ 1850 - 1870 cm-l); both absorptions are close to the ¥ (CO)

absorptions for aza allyl/allene complexes, Loss of hydrogen from the ligand

is confirmed by the formation of [ﬁﬁHC(R)NHHi]Cl salts in the reactions, and
the absence of VY (NH) and corfesponding 1Hn.mer. signals. Fully delocalised,
symmetrical T—allyl ligands chelate metals with the metal placed above the
skeletal plane of the grou?, whereas bidentate carboxy]ato-groups chelate
metals through o, & attachment, as in LRu(OCOR Y(CHNR)(CO)( FPh )2] (R =
p-tolyl); R = Me, Et, Ph), with the metal lying in the plane of chelating
carboxylato groups? Other iso—electronic groups intermediate between the
two extremes represented by the allyl and carboxylato-—groups, are aza allyl/
allene, amidino, and iriazino ligands. The aza allyl/allene group is a
bidentate ligand , and its bonding to the metal is believed to be of the

o, T type, whereas the triazenyl group is either monodentate or bidentate
as shown by Robinson and Uttle;? but Knoii suggested bidentate structure only,

either bridging or chelating through 6, o attachment. Finally, amidino

groups are known to act as monodentate l-electron donor in [ZMeNC(Ph)N(Meﬁ M
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12
(Me) ] (M'= Si,Sn), and to bridge between metals in Mo 1PhNC(Fh.NPh}4, or to

chelate through o, o~ ~ attachment in LPdéErtolleC(Ne)Ngjolyl} ].

The amidino-group may fulfil its 3-electron donor role by bonding
through either (i) one nitrogen atom, or (ii) more than one skeletal atom;
the latter is preferred, however, for two reasons. In the first place,
complexes of the type [WECpM(CO)zNRR’] (M = Mo,") are not known and attempts
to prepare them have faileé? Secondly, the orange amidino-complexes are
found to have carbonyl stretching frequencies at positions close to those of
the 2-aza-allyl complexes., Bonding through one nitrogen atom would cause
the i{wo nitrogen substituents to be distinguishable by 1Hn.m.r. techniques,
particularly at low temperatures, but no differences were observed experiment-
ally. Three possible modes of attachment are feasible for such a group;
structure (A) has a delocalised, pseudo-W-allylic arrangement, (B) has
localised o, W—bonding in which a M-N o - bond is—supported by alkene-~type
bonding through the C=N double bond, as in aza allyl/allene complexes, (C)
has the chelate ring completed by lone pair donation from the second nitrogen
atom, as found in the triazene complex B\QCpMo(CO)éN%(Ph)é] , and (D) has a
o, o - attached delocalised group with the metal lying in the NCN plane.

The latter type of attachment is adopted in bidentate triazino and carboxylato

complexes,
ﬁ/ f\\)l/ N, / i
- N\ N\ \
M— \;C—R M /\C—R M/ C—R
/ N/ \s,/ \ /
R

(A) (B) (C) (D)
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Structure (D) is preferred on several accounts; it is adopted in the complexes

[ra R—-tolleC(Me%lg-B—tol_ylj 2%\? [rac1 ,(me) fc 1, NC(Me)Ne H, ] ;]? [TaC1 fiC 1,

NC(Me)N‘ifC3H1}2]1 although one amidino-group in the last complex adopts a
\ mode intermediate between structure (C) and (D)., o - bonding through nitrogen
is generally preferred to W-bonding via a >C ¢ N-system, and is particularly
illustrated by the above palladium complex for which, in the context of the
large variety of known palladium complexes, all four stiructures are feasible,
Certainly no absorption in the 1600 cm_1 region of the i,r., spectrum can be
assigned readily to a.ll(NCN) stretching frequency, and indeed, the NCN
stretching frequencies appear to be moved to lower energies to regions
complicated by absorptions arising from substituent groups.

Variable temperature 1Hn.m.r. data are more consistent with either

structures (A) and (D), and spectra for the complexes[:MQCpMo(CO)Z{ﬁNC(R)NRif]

(R=H, R"= Ph; R = Me, R'= Ph, p~tolyl; R = Ph, R'= Me) remained little

changed in CDCl3 down to the freezing point of the solution, The complex
[(-'i]QCp)Mo(co)Q{(R-tolyl)Nc(Me)N(E—tolyl)}J have one signal at 730 T due to the
two methyl groups of the (Bfiolyl) group indicating that the two methyl groups
are equivalent, and no splitting of this signal was observed at —870. This
is in contrast to the aza-allyl complex IZNECp)M(CO)zzﬁg—tolyl)ZCNC(Eftolyl)zi%
which have four signals of equal intensity due to the methyl protons,
indicating that all four methyl groups are non-equivalent at low temperature,
but at 700 these signals coalesce to a broader signal of the four original
signals indicating that all four methyl groups are equivalent on the 1Hn.m.r.
time scale, Similarly, the triazene complex [RZNSRhCSHlé]ll has equivalent
terminal nitrogen atoms (triaza-y-allyl structure), but at lower temperature
the terminal nitrogen atoms become non-equivalent, possibly due to

stabilization of ¢, T form at low temperatures.

Thus for the present amidino complexes the environments of both nitrogen

substituents remain identical throughout the temperature range. The
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possibility of rapid interchange between structures based on (B) and (C), as
shown below cannot be entirely eliminated, although such process can normally
be slowed dovmn sufficiently at -30° for individual substituent groups in

different environments to be detected.

V4

ﬁ R
N
v o _— w Ne-r
"/ ./
N, N,
R R
R ﬁ/

N N _
vl Ne-r  T= e R
~/ N,/
R’ R’

A related process has been observed for the interchange of nitrogen atoms of

. _ 18
the monodentate amidino-complexes L{Mem:C(Ph)NMg}M(Me)3](¥;= Si or Sn), and
the triazino derivative [Pt(PPh3)2Cl( p-tolylNNN-p-tolyl)] as detected by

1Hn.m.r. studies. Although in the solid state, attachment of only one nitrogen

to the metal is demonstrated. hﬂe
N — SiMe
/NMe - 3
phC e —— phC

\\\hl__ Sihﬂ93 Q§k
I NMe
Me
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For the present complexes structure (D) is most consistent with all the
spectroscopic data, and with the known bonding behaviour of chelating nitrogen

ligands, and is preferred.

4.2 Reactions with lithiocamidines. -

| ENPCSHS)M(CO)BCi] (M = Mo,W) react smoothly with lithioamidines
[LiN(R")C(RNR'] (R = Me, R'= Fh, p-tolyl; R= Ph, R = Me; R =H, R = Ph;
R = Me, R'= H) and the neutral acetamidine [ WHC(Me)NH Jbetween 0 and 20° in
ethers to form yellow complexes of composition [bqQCSHS)MO(CO)3iR'NC(R)NR'S].
They were very soluble in chloroform and dichloromethane, moderately soluble
in toluene, sparingly soluble in diethyl ether, but insoluble in hexane.
Solutions of the complexes were susceptible to aerial oxidation, but solids
were air stable, No reaction could be achieved between the complexes and
neutral ligands such as hex-2-ene in toluene at 100°.

-~ In the mass spectrometer parent ions are detected only at low source
temperatures, and then the ion current transmitted by the parent ion is low
compared with that transmitted by the [P-CO]* and [P-3c0]* ions. The i.r.
spectra exhibit two very strong absorptions in the 1870 - 1970 cm—1 region,
assigned to terminal Y (CO) stretching frequencies with the higher frequency
absorption having a higher intensity than the lower absorpt;on, and a medium
intensity absorption at Ca. 1610 - 1630 cm—l. The intensity and position of
the last absorption is consistent with previous observations on carbamoyl
carbonyl groups [MC(O)N] , as shown in Table 4,1 . PFurther i.r. data on
carbamoyl complexes are given in Chapter 2, Table 2,3.

Although the carbamoyl functional groups have been known in organic
chemistry for over a century, only in the past 13 years have inorganic
analogues been reported. The first known carbamoyl complex [RZNCOFe(CO)2
Oq§C5H5)] was prepared by K?géfl as an unstable, orange, volatile solid
from the reaction of RNCOCL (R = Me, Et) with [Fe(CO)2(0]§C5H5)] “.  In

recent years many more transition metal complexes containing the carbamoyl
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’ 20-30 31,32
ligand, — C(O)NRR”, have been prepared and reviewed. With few exceptions
cationic metal carbonyl complexes react with primary and secondary alkylamines

to form carboxamido complexes according to eq.l.

0
=z
LnMe=0"+20H, ———> LnMc? 4+ BNH! —-——eq.l.
2 \NHR 3
26 27 28,29 30 33 33
Such reactions have been found for complexes of Ru, Re, Fe, Mn, Mo, and W.

This reaction represents by far the most general method of preparing carbamoyl
32
complexes, and is presumed to proceed by nucleophilic attack of the amine at

the carbon atom of a terminal carbonyl group with loss of a proton to another
26,28,31

amine molecule to give m{;. cis~Mn(CO) 4(NH21\'ie)(CONIme) was shown by

4

X-ray crystallography to have the following structureg

0
C
I , CO
1 %M
- 1.47
C
H3NH \ ] CHy
c o L.as|[HT
0 0

35

Behrens and co-workers had previously suggested this structure for [Eis—Re(CO)4

(NH3)(CONH2)} and {?is—Re(CO)4(NH2Me)(CONHMe)] which were prepared from

Re(CO)501 and NH, or CH,NH,.

3 3

Some possible bonding modes for the present complexes are given in the
Pigure (P IlD)-Structure (E) has a conventional carbamoyl group but the metal
remains a l6-electron system, so this structure can be easily eliminated on
the basis of i.r. data and on failing to conform to the 18-electron rule,
usually followed by these types of complexes. Structures (F) and (G) have

3-electron donor groups forming 5-membered rings, the difference arising from

the possibility of either the nitrogen lone pair of electrons or the TT-electrons
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0f the C-N bond providing the second attachment to the metal. Otherwise

they are both basically carbamoyl derivatives. Bonding as an aza-keten

group fR’R’N+ =C=q1 (R°= R'N:CR),(H) and (I) may occur, structure (H) and (I)
representing the two extremes of alkene-type attachment. Structures involving
rings containing oxygen as well as two nitrogen atoms are dismissed on the basis
of the 1600 = 1700 cm_1 absorptions,

Related complexes of manganese of the type [Mn(CO)4CON(R’)C(R)NRif2
have been prepared, and as for these complexes structure (F} is preferred on
the basis of a 5-membered metallocyclic ring rather than a 3-membered ring,
and on the stereochemistry of the chelate group. In (G) the MoC(O)N and NCN
planes are non—coincidental and against extensive delocalisation of the ligand
group favoured by i.r. data. The three membered ring structure (I) may be

expected to have an associated ligand absorption in the carbonyl stretching

- region higher than normal carbamoyl complexes and close to those of related

acyl complexes because of the involvement of the nitrogen lone pair in bonding

with the metal. Indeed acyl 2 (CO) absorptions for complexes of the type
36

CH,,C_H i n=1,2)

3ty 3-n
1642 cm—l, very close to the region (1610 - 1630)

[(A\ECSHS)MO(CO)E,LCOR] (R L = Ph_Plfe or Ph PEt

3-n

occur in the region 1635
for the present complexes, However, since no second absorption in the latter
region, assignable to the VY (CN) stretching frequency of the free imino-group
is detected, structure (P) is the favoured structure.

Two types of nitrogen substituents are expected for a complex with
structure (F), and for the N, Nledimethyl—benzamidino—complex, two methyl

Ynom.r. signals are indeed detected at 6.297 and 6,717 (0°). However,

when the nitrogen substituents are P-tolyl groups, no observable difference in

the p-methyl groups is detectable and a single resonance is observed at 7.20 T

(200) [-7.143T at -49°J e Similar behaviour was noticed for the corresponding
2

manganese complexes Ean(co)400N(R-toly1)nzc(R)N(B-tolyl)] (R = Me,Ph%,L therefore,

the conclusion must now be that the methyl protons of p-tolyl groups are

insensitive
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to the differences, both electronic and steric, between the two nitrogen atoms
of the carbamidino-complexes,

Lithioamidines and acetamidine produce carbamoyl-type complexes
whereas N, N”-disubstituted amidines lead to carbon monoxide displacement.
Thus the nucleophilicity of the nitrogen atoms appear critical in determining
the course of the reactions. The highly nucleophilic lithio-derivatives prefer
to attack thecarbon of a coordinated carbonyl group to form carbamoyl complexes,
whereas the less nucleophilic parent amidines appear to attack the metal directly
to eliminate amidiq#m chloride and displace carbon monoxide, Interestingly,
the amidines with hydrogen attached to nitrogen, which have intermediate
nucleophilicity also attack the carbon monoxide preferentially. Steric factors
do not appear to be of importance in controlliﬁg the course of the reactions.
N, N —disubstituted amidines and their lithio-—derivatives are both large
molecules, and most probably oligomeric in the solvents used, whereas acetamid-
ine is comparatively small, Yet the expected reagents of greatest and least bulk

undergo comparable reactions.

4,3 Decarbonylation studies, -

Yellow carbamoyl-type complexes are decarbonylated in toluene solution
using u.v, irradiation, or heating at 70o to yield an orange solution from which
RﬂECSHs)Mo(CO)ZZR'NC(R)NR@] complexes were isolated in small quantity. Much
decomposition occurs, and the decarbonylation route provides an inefficient, low
yield means of obtaining the orange complexes,

Attempted decarbonylations of carbamoyl complexes (M—C(O)NRZ) are
known to produce cleavage of the —=C(O)-N bond to generate a terminal carbonyl
group with elimination of the R2N group. Thus for the carbamidino complexes
cleavage of the —C(0)-N bond will generate the complex [KﬂECSHS)Mo(CO)3N(RﬁCGﬂNRJ
having a unidentate amidino-group. The free nitrogen atom may then attack the

metal centre and displace a carbonyl group. The final product is identical to

the product expected from an acyl-type decarbonylation reaction although the
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mechanism will be different. Interestingly the corresponding manganese
derivatives[ﬁn(00)4iCO.N(R’).C(R):NR'}§2 furnished the first examples of
carbamoyl complexes which decarbonylate with the formation of metal -nitrogen
bonds. The action of heat, or u,v. irradiation in cyclohexane on the
carbamoyl complexes [Mn(CO)4{CO.N(R/).C(R):NR'r]causes decarbonylation to occur
giving [Mn(CO)4{R’N.C(R):NH3] derivatives which have symmetrical delocalised
amidino-ll-system but it has not been established whether or not the attachment

of the group to the metal is similar to that of 7-C HSMn(CO)4.

3
In the present derivatives, the nitrogen group is not lost from the

complex but remains attached to the metal through the second nitrogen atom.

Subsequent attack at the metal by the free nitrogen will result in displacement
=
of carbon monoxide and generation of [ﬁqQCSHB)Mo(CO)?ngNC(R)Nnik]complexes,

as shown helow:

| ’,
B M°\ - el " —Mo ' CR-CO
/ ’l \ - / 1/
, R / -
?J 4 \\\N,/ \\R \\\P
R’ Flz R’
(1) (ii) (iii)
yellow intermediate : orange

In crder to test the validity of this proposed mechanism, attempts were made
to isolate [pqs—C5H5)M0(CO)3N(R')C(R)NRi]type complexes by irradiating the

carbamoyl~type complexes in the presence of methyl iodide. Reaction of the
free nitrogen with Mel would thus prevent further attack at the metal centre

and displacement of carbon monoxide.
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M}ECSHS Mo(CO)ZCON(R’)C(R)NR’ + MeI 2Y5, fﬂ]ECSHBMo(co)31-I(R’ )C(R)N(Me)R]I
Indeed an absorption aboveZOOOom—l, for example at 2048 for the N,N'-di
p-tolylacetamidino derivative, was detected which is consistent only with the
occurrence of a terminal tricarbonyl unit in the complex, although efforts to
obtain pure samples of the solid products failed. Thus good evidence exists
for the detection of an intermediate~type complex in the decarbonylation
reaction. Interestingly, \t(’Y\ics}I5)Mo(CO)3]I and [(n1505H5)Mo(co)3] , have
been detected in addition to [(41-5-051{5)T-’io(CC)ztR'NC(R)NR'ﬂ o Acetamidine,
unlike N, N”-disubstituted amidines, yield the yellow tricarbonyl complex, but
attempted decarbonylation of this complex yields only [9“205H53M°(C°)j]2 and
a dimolybdenum complex, identified by mass spectrometry as [Qq§C5H5)2Mq§CO)3

{nmc(me ) WH] ]

4.4 Additional Reactions., —

A new type of amidine is 2-amino pyridine, which can be considered
as a derivative of benzyl by replacement of two carbon atoms with two nitrogen
atomse. It is known that the benzyl group attaches the metal atom through an
allylic sequence of three carbon atoms, one of which is the exocyclic methylene

37,38
carbon atom, as in {fqicsHS)Mo(00)2(C6HSCH2)] .

MolC0ly(CsHs)

Reactions bhetween 2-aminopyridine and the carbonyl chloride were attempted in
order to achieve insertion of -N=C=N group into Mo-C bond to obtain amidino-
complexes.

The lithioderivative of 2-aminopyridine reacts with L_(fqicsns)lvro(co)fﬂ

in ether at 0%toyiéld a yellowish carbamoyl complex Rm505ﬂ5)Mo(CO)2CONHCSH4N] '
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whereas the reaction of parent 2-aminopyridine with the carbonyl chloride in
toluene at 70-90° gave traces of a dicarbonyl complex JV (CO)(¥Br)1952(Vs),
1841(S) cm_l. No molybdenum containing ions could be detected in its mass
spectrum. Attempts to obtain substituted products by reaction of lithio-
amidines with [(n]-S-CSHS)Mo(co)z( PPh3)01] yielded [(012051{5)1»10(00) 2§_R’Nc(n)rm’}],
while parent amidine react with.iKﬂECSHs)Mo(CO)z(PPhB)Cil to give the non-
carbonyl complex [quCSHS)MOOER'NC(R)NR*}]. A new absorption in the i.r.
spectrum at 1800 cm_l was also detected which may be due to a monocarhbonyl
complex of the type [CpMo(co)(PPh3){R’ NC(R)NR’}].  In an attempt to achieve
insertion reaction to obtain amidino-complexes, &ﬂéCsHs)Mo(CO)3X] (X = Me,C1)
was reacted with dicyclohexylecarbodiimide in refluxing toluene, but even

after prolonged periods of time the only products obtained were [}QECSHS)MO
(00)3]2 and a non-carbonyl decomposition material. Attempted reactions of

[pez(co)9‘§wi.t.h_.[rzhc(01.)NP1§{ or [PhNHC(Me)NPH]Cl in toluene also. failed,
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Thrce-Skeletal Atom Organonitrogen Derivatives of l\ Tolybdenum

By Bann Gaylani and Melvyn Kilner*
Chemistry Department, University of Durham;-South Road, Durham City, DH! 3LE

Amidino-complexes of two types are reported. Lithioamidines and H,NC(Ph)NH react with [(#5~CsH5)Mo(CO);ClI} to produce

yellow carhemoyl-type complexes [(#5—CsH3)Mo(CO),CON(R’)C(R)NR’], (I; R=H, R'=Ph; R=

Me, R’=H, Ph, p-tolyl: R=ph,

R’=Me) supposedly by nucleophilic attack at a carbonyl group, whereas reactions of parent N, N’'-disubstituted amidines appear
to centre at the metal to produce [(#5—~C5Hs)Mo(CO),{R'NC(R)NR'}}, (II: R=H, R’=Ph: R=Me, R’=Ph, p-tolyl; R=Ph, R’=Me).
Decarbonylation of (1) to vieid (l1) is achicved thermally or photolytically in small yields. L.r. data provide support for the generation
of metal-tricarbonyl intermediates of the type [#5-CsHg)Mo(CO);{R'NC(R)N(Me)R’}]* I~ in the photolytic reactions undertaken
in the presence of Mel. Reactions of lithio-amidines with [(#5-CsH;)Mo(CO),(PPh3)Ci] gave (11), whereas no comparable reaction
was achieved using the parent amidines. Structures of the complexes are discussed, and mechanisms proposed for various reactions,

References are made to the related tungsten complexes.

" THE iso-electronic relationship between allyl and
carboxylate groups is a factor often overlooked
because of the widely different properties of the two
series of derivatives. These diflerences are illusirated
by the different structures of their complexes. Allyl
groups chelate metals with the metal placed above the
skeletal plane of the group,' whereas the metal lies in
the plane of chelating carboxylato-groups.? Interesting
structural and bonding possibilities occur for the
other iso-electronic groups intermediate between these
extremes represented by the allyl and carboxylatn-
groups, and here attention is directed to the amidino-
group which is one of several iso-electronic groups in
the series shown below:

|

| | !
CH,:CHCH, R,C:NCR; RN:C(R)MR RN:N.NR

allyl 2-aza-allyl amidino triazino-
| ]
O:C(R)NR" O:C(R)C
amido carboxylato =

The amidino-group has the potential to act as a uni-
dentate, bidentate or a bridging group, and in 2ddition
the poteni.al to chelate either through o, 7 or 0. 7 or
« attachnient exists. Thus the amidino-group: rep-
resents an intcrmediate group between allyl and
carboxylato-greups, which may adopt properties very
similar to onc of these groups or altcrnatively adopt a
set of properties intermediate between those of the
two groups. Amidino-groups are known to bridge
between metals in [Mo, {PhNC(Ph)NPh.], * and to
chelate through o, e¢-attachment in [Pd{p-tolyINC
(CH;)N-p-tolyl},],* and in both types of complexes
the NCH skeletal =-systems are fully delocalised.
Ortho-metallation reactions of N-arylamidines have
been achieved using palladium(n) chloride.” and
jllustrate an addition chelate bonding typc for
amidines which needs to be considered also.

Some reactions of amidines and lithioamidines with
[73-CsH4Mo(CO),Cl] are reported here and the two
series of complexes formed are compared one with
the other. Some structural data are presented and the
possible structures of the complexes discussed. and
compared with corresponding allyl and carboxylato-
complexes.

RESULTS AND DISCUSSION

Reactions Using Amidines. — The chioride,
[(3%-CsH)Mo(CO),Cl}, reacts wilh amidines
[R'NC(R)NHR’; R = H, R” = Ph; R = MesR' =
Ph, p-tolyl; R = Rh. R’ == Me] in toluene solution at
50-80° to form orange complexes of the type
[43-CsHMo(CO),{R’"NC(R)NR'}]. The liberated
HCl is trapped by parl of the sample of the amidine,
50 consequently a 2:1 molar ratio of amidine/carbonyl

chloride is used f(or- optimum formation of the
product. The amidinium chloride separates from
toluene solution and is more readily removed from
this sclvent than from many other solvents in which
the rcaction is achieved. Intcrestingly' benzamidine,
H,NC(Ph)NH, yiclds a yellow tricarbonyl complex
[nSC Hs)Mo(CO)ZCONHC(Ph)NH] (sec section B),
whereas [(1) -CsH;)Mo(CO), {PhNC(CH;)NPh}] was
produced in low yield from the reaction of N, N'-
diphenylacetamidine with [(3°-CsH;)Mo(CO),],. The
orange products were recrystallised from diethyl ether
as well-formed crystals, which analysed correctly for
dicarbonyl complexes. The solids were both thermally
and air siable at room temperature, melting between
125-160 ° some with dccomposilion, but solutions
were susceptible to aerial oxidation.

In the rnass spectrum cach of the complexes pro-
duced a parent ion distribution pattern for [(3°-
C,H,;)Mo(CO), {R'NC(R)NR'}]*, and ions corres-
ponding to loss of-one and two carbonyl groups.
Subsequent fragmentation occurred by loss of the
RCN group. All complexes are characterised by two
strong v(CO) stretching frequencies positioned below
2000 cm™!, the higher frequency band (~ 1950-1960
cm™!) having a higher intensity than the lower band
(~1850--1870 cm~'). Thesc low frequencies, together
with the other spectrescopic data given in Table |,
suppori ihe conclusion that the complexes are di-

‘carbonyl complexes in which the amidino-group is

acting as a 3-electren donor ligand. Loss of hydrogen

from the tigand is confirmed by the formation of

[R'NHCR)NHR')'CI salts in the reactions, and the
absencc of »(NH) and corresponding 'H n.n.r.
signals.

The aisidino-gioup may fulfil its 3-electron donor
role by tonding through either () one nitrogen atom.
or (b) more than one skeletal atom. Since [n°-
CsH Mo(CO)zN XR’] complexes are net known and
attempts to prepare them have failed,® the. latter
bonding iype is preferred. Indeed bonding through
one nitrogen atom would cause the two nitrogen
substituents to e distinguishable by 'H n.m.r.
teuiiniques, particularly at low temperatures, but no
ditlerences were observed experimentally. That the
group acts os.u sirongly o-donating group is reflected
in the low ¥(CO) stretching frequencies. and their
positions, close to those found for the 2-aza-allyl and
related coinplexes, points to attachment as a bidentate
amidino-gronp. Three possible modes of attachment
arc feasible for sich a group; structure (1) has &
delocalised, pseudo=a-allylic arrangement, (2) has
localised ¢, m-bonding in which a M-N o-bond is
supported by alkene-type bonding through the C=N
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double bond, (3) has the chelate ring completed by
lonc pair donstion frein the sccond nitrogen atom,
and (4) has a o, g-aitached dclocalised group with the
metal lying in the NCN plane. Structure (4) is preferred
on several accounts; it is adopted in the complexes
[Pd{p-toly! NC(CH,)N-p-tolyl};]*, [TaCl,Me{C,H,,

R R’ R R

N N N
\ N /N
M—C-R M‘/ C-R M/ R M ‘
y \ '
N )
R’ R R R
(1 2 €) @
NCMeNCH, . },]", [TaCl,{PFNCMcNPri},* ai-

though it must be pointed out that one amidino-group
in the last complex adopts a mode intermediate
between structures (3) and (4). o-Bonding through
nitrogen is generally preferred to =-bonding vie a
>C:N-systern, and is particularly iilustrated by the
above palladium complex for which, in the context of
the large variety of known palladitm complexes, all
four structures are feasible. Certainly ne absorptica
in the 1600 cm™! region of the i.r. specirum can be
assigned readily to a ¥(NCN) stretching frequency,
and indeed the NCN stretching-frequencies app=ar to
be moved to lower energies to regions complicaied by
absorptions arising from substituent greuns.

Variable temperature 'H n.m.r. data are morc con-
sistent with either structures (1) and (4) ,and spectra
for the complexes [7°-CsHsMo(CO), {R"NC(R)NR'}]
(R=H, R’=Ph; R=Me, R’'=Ph, p-tolyl; R=Ph,
R’=Me) (Table 1) remained little changed in CDCI,
down to the freczing point of the sclution. Thus
throughout the temperature range the cnvironinants
of both nitrogen substituents remain identical. The
possibility of rapid interchange betweer structures
based on (2) and (3), as shown below, can not be
entirely eliminated, although such procesces can
normally be slowed down sufficiently at —80 ° for
individual substituent groups in differer.. »nviron-
ments to be detected. A related process has been
observed for the interchange of nitrogen atoms of the

~ R R’
N N
M7 Yc-R = M¥ Yc-r
LW/ N/
N N
R’ R’
R’ R’
N Na
\ —_ A
M C-R == M4+ Y(C-R
Y~y N/
N N,
R’ R

mono-dentate amidino-complexes [Pt(PPh,),Cl(p-tolyl
NN-N-p-tolyl)], a process readily detected by 'H
n.m.r. measurements,” although in the solid state
attachment of only onc nitrogen to the metal is
demonstrated by the X-ray crystal structure of the
closely related - triazenido complex, [Pt(PPh,),Cl
(p-tolyl NNN-p-tolyi].® For the present complexes
structure (4) is most consistent with all the spectro-
scopic data, and with the known bonding behaviour
of chelating nitrogen ligands, and is preferred. The
ligand is strictly comparable with bidentate carboxy-

!C-R
N/

lato-groups, but comparablc derivatives are not
known. The complexes [7*-CsHsMo(CO),(OCOR))'®
cuntain a unidentate l-clectron donor carboxylate-
group, which, with bridged attachment, is the pre-
ferred mode of bonding to low valent metals.
Reactions with Lithioamidines. - [v*-CsH;Mo(CO),
Cl] reacts smoothly with lithioamidines, LIN(R")C(R)
NR’, between 0 and 20 ° in cthers to form yellow
complexes of composition [n°-CsHs)Mo(CO),{R'NC-
(R)NR'}), stable to air in the solid state, but sus-
ceptible to aerial oxidation in solution. In the mass
spectrometcr parent ions are detected only at low
source temperatures, and then the ion current trans-
mitted by ihe parent ior is low compared with that
transmitted by the [P-CO]* and [P-3CO]* ions.
Indeed the parent ion may not be observed except
under optimum conditions. That the three carbonyl
groups in the complexes are not all terminal groups is
demonstraied by the i.r. spectra (Table 2) which
exhibit two very strong absorptions in the 1870-1970
cm™! region assigned to terminal wW(CO) stretching
frequencics, and a medium intensity absorption at

ca. 1610-1630 cm™*. The ldst absorption occurs in the

region associated with carbamoyl carbonyl groups
[MC(O)N!. and because of the low position of the
two terniinal carbonyl groups, bidentate attachment
of a carbamoyl group appears likely. Although
structurc £53) can thus be easily eliminated on the basis
of i.r. data and on failing to conform to the 18-clectron
rule, usuzaily followed by these types of complexes,
several structural possibilities exist for bidentale
attachment (Structures §-9).

~Mo-Cn /C=NR’

/ f; (5)
0
c O o)
//° [ LR
O \ =N~
@_M°\ 4 Mo i
RN /o
™ =N
—‘N“ N\Rl b'l R
/
R ™
(0)
(R o
/4
‘M(N—}\sﬂ' \Mof\l ,
/ \ 4NR | /N\ .//NR
R’ C R’ C
R R
(8) &)

Structures (6) and (7) have 3-electron donor groups
forming S-membered rings, the diflerence arising from
the possivility of either the nitrogen lone pair of
clectrons or the 7-clectrons of the C-N bond providing.
the second uttachment to the metal. Otherwise they
are both basically carbamoyvl derivatives. Bonding as
an aza-kaien group [R'R”N* =C=0(R”=R'N:CR),
(8) and (9)] may occur, structures (8) and (9) repre-
senting the two extremes of ulkene-type attachment.
Structures involving rings containing oxygen as well




TABLE 1
Spectroscopic and other data for [(5-C.H)M(CO¥{R’'NC(R)NR"}] (M =Mo, W) complexes

Complex Mp/°Ca
[n®-C H Ma{CO),{McNC(Ph)NMe}] 125-126
[113-CH ,Mc(CO) { PANCHNPh}| 158-160
[#5-CsH M(CQ).{ PANC(Me)NPhi] 138-141
[7%-CH ;Mo(CO)4{ p-tolyINC(M2)N-p-tolyl}] 152-154
[75-CsH,W(CO){MeNC(Ph)NMc)] 132133
[78-CH W(CO).{ PANC(CH ;)NPh}] 143-144
[175-C;H s W(CO){ p-tolyINC(Me)N-p-tolyl}] ca. 158

Lr. spectrab Solvent 'H n.m.r. spectra and

v(CO) assignmentse
1854vs 1948vs  CDCI; 2-06, 2-28(5H) 3-89(5H) 6-58(6H)
1872vs  1963vs CS;  2-60(10H) 3-89(5H) 3-99(1 H)
1859vs 1953vs  CDCl, 2-61(10H) 4-05(5H) 7-78(3H)
1857vs 195lvs CDCl; 2-50, 2-64(8H) 3-96(5H) 7-3(61)

7-7193H)

1832vs 1932vs  CDCl; 2:02, 2-25(5H) 3-73(5H) 6-49(6H)
1842vs  1942vs :
1838vs 1539vs  CDCI, 2-34, 2-47, 2:57, 2-T1(8H) 3-82(5H)

7-22(6H) 7-76(3H)

a Or decomposition tcmperature. & Maxima (v/em™!) and relztive intensities (vs, very strong) of peaks assigned to CO vibrations for
the compounds dissolved in toluene. ¢ 1 values (p.p.m.), relaiive to tetramethylsilane. .

as two nitrogen atoms arc dismissed on the basis of
the 1600-1700 cm ™' absorptions.

Related complexes of mangancse of the type
[Mn(CO),CON(R)C(R)NR‘]'? have been prepared,
and as for these complexes structure (6) ic preferred
on the basis of a 5-membered metallocyclic ring rather
than a 3-membered ring, and on the stereochemistry
of the chelate group. In (7) the MoC(OMN and NCN
planes are non-coincidental and against extensive
delocalisation of the ligand group favoured by i.r.
data. The three membercd ring structure (9) may be
expected to have an associated ligand absorption in
the carbonyl stretching region higher than normal
carbamoyl complexes and closc to those of related
acyl complexes because. of the invcivement of the
nitrogen.lone pair in bonding with the metal. Indeed
acyl »(CO) absorptions for complexes of the type
[73-CsHs)Mo(CO),LCOR] (R=Me, Et, L=PhP
Me;_, or Ph,PEt,,; n=1, 2)'' occur in the
region 1G635-1642 cm™", very close to the region
(1610-1630) fur the present complexes. However,
since no second absorption in the latier region,
assignable to the »(CN) stretching frequency of the
free imino-grcup is detected, structure (6) is the
favoured structure.

Two types of nitrogen substituents are ¢.pected for
a complex with structure (6), and for the N, N'-
dimethylbenzamidino-complex, two methy! 'H n.m.r.
signals are indeed detected. However, when the
nitrogen substituents are p-tolyl groups, no observable
difference in the methyl groups is detectsble and a
single resonance is observed. As suspected for the
corresponding manganese complexes [Mn(CG),CON-
(p-tolyl) NC(R)N(p-tolvl)] (R=Me, Ph)'? the con-
clusion must now be that the methyl protons of
p-tolyl groups are insensitive to the differences, both

1

electronic and steric, between the two nitrogen atoms
The successfui use of p-tolyl and other p-substituted
aryl substituents in structural studies of aza-allyl/
allene complexes, but not carbamidino-complexcs,
demonstrates the limited use of such groups, and the
inherent dangers in the interpretation of resultant
data. '
Lithioamidines and benzamidine produce carba-
moyl-ty>c complexes whercas N, N'-disubstituted
amidinz: lead to carbon monoxide displacement.
Thus the nucleophilicity of the nitrogen atoms
appear ciitical in dectermining the course of the
reactions. The highly nucleophilic lithio-derivatives
prefer to attack the carbon of a co-ordinated carbony!
group to furm carbamoyl complexes, whereus the less
nucleophiliz parent amidines appear to attack the
metal direcily to eliminate lithium chloride and dis-
place carbon monoxide. Interestingly, the amidines
with hydrogen attached to nitrogen, which have inter-
mediate nucleophilicity also attack the carbon mon-
oxide preferentially. Steric factors do not appear to be
of importance in controlling the course of the reactions.
N. N'-disubstituted a.nidines and their lithio-dcriva-
tives are both large molecules, and most probably

-oligomeric in the solvents used, whereas benzamidine
is coinparatively small. Yet the expected reagents of

greatest and least bulk undergo comparable reactions.

Some yellow benzamidino-n3-cyclopentadicny
molybdenum and -tungsten complexes have been
previously reported,'® and although identified as
[(n*-CsH:)M(CO}, {R'NC(Ph)NR'}] complexes on the
basis ' of mass spectral evidence, in the absence of
satisfactory elemental analytical data, the complexes
exhibit a close resemblance to the presently reported
yellow carbamoyl complexes. Indeed in the context of
data collatd on these carbamoyl-type complexes, the

TABLE 2
Spectroscopic and other data for [(#*-C3;H;)M(CO).CON(R")C(RJNR'} (M =Mo, W) complexes

Complex Mp/°C= Lr. spixctra? 'H n.m.1. spectra and
v(CO) assignments/
[#5-CsH Mo(CO),CON(PRICHNPh] 1955vs 1870vsc 1628¢
[7%-CsHsMo(CO),CONHC(MeINH] 155-156 1968vs 187 Qs 1630me
[#5-CsH Mo(CO),CON(PMC(Me)NPh) 166 - 1960vs 1878vse 1620m¢  2-18(10H3s 4-13(5H) 7-70(3H)
[7®-CsH Mo(CO).CON(p-tolyhC(Mc)N( p-tolyl)] 158-159 1961vs 1873vs” 1630m¢  2-24(8H)? 4-20(5+1) 7-16(6H)
. 7-76(3H)

[#*-CsH Mo(CO).CON(Mec)C(Ph)NMe] 174-175 1963vs 1877vsd 1612me  1:97, 2-36(SH) 4-10(5H) 6-29(3H)

. 6-71(3H)
[#13-CsH W(CO).CONHC(MeINH)]) 155-156 1949vs 1819vs 1719shc 1627m¢
[#5-CeH ;W(CO).CON(Ph)YC(Mc)NPh| 166 1948vs 1853vsd 1619m¢

@ Or decomposition temperature. » Maxima (v/em™") and relative intensities tvs, very strong; m, mcdium; sh, shoulder) of peaks
assigned to CO vibrations. ¢ KBr disc. 4 CHCI; solution. # Toluene solution. / 1 values {(p.p.m., relative 1o tetramethylsilane, for the
compounds in CDCl, at 20 °C. ¥ Multiplet.



previously reported complexes are most satisfactorily
reformulated as  [»°-CsH;M(CO),CON(R)C(Ph)
NR'] (M=Mo, W; R'=H, Ph, p-tolyl). The parent
ions appear not to be observed in the m.s., the highest
fragmentation pattern arising from (P-CO)* jons.
Also the absorption at ce. 1630 cm™! in the i.r.
spectrum of cach complex now appears to be most
satisfactorily interpreted as arising from a pre-
dominantly carbamoyl-typc carbonyl group stretching
vibration rather than from one associated predomi-
nantly with a NCN-skelcton.

Decarbonylation Studies. — Yellow carbamoyl-type
complexes ure decarbonylated in tolucne sclution
" using u.v. irradiation to yield an orarge solution from
which [5°-C<HsMo(CO),{R'NC(R)NR’}] complexcs
may be jsolated in sinall quantity. Much decompo-
sition occurs, and the decarbonylation route providss
an inefficient, low yield mecans of obtaining the orange
complexes. Alternatively the decarbonylation may he
achieved thermally, again in low yield, e.g. [°-
C;H;sMo(CO),CON(Ph)C(Me)NPh] in toluene at 70°
for 10 h.

Attempted decarbonylations of carbamoyl com-
plexes, M-C{(O)NR,, are known to produce cleavagzs
of the -C(O}-N bond to generate a terminal carbonyi
group with slimination of the R,N group. Thus for
the carbamidino complexes cleavage of the -C(O)-N
bond will generate the complex [73-CsH;Mc/CO),
N(R')C(R)NR’] having a unidentate mnidino-group.
Unlike other carbamoyl derivatives the niirogen group

for example at 2026 cm™! for the N, N’-diphcnyl-
acctamidino-derivative, was dctected, although cf-
forts to obtain pure samples of the solid products have
so far failed. Thus good evidence exists for the
detection of an intermediate-type complex in the
decarbonylation reaction. Interestingly, (m-C;H Mo
(CO),!] and polynuclear molybdenum species have
been detected in the products in addition to [(»°-
CsHs)Mo(COy},), and [(3°-CsH;s)Mo(CO), {R'NC(R)
NR’ 1

For most systems the decarbonylation route-to the
orange ccmplexes is not used because orange com-
plexes may -be obtained directly using amidines.
Howeve:, benzamidine, unlike N, N'’-disubstituted
amidines, yields the ycllow tricarbonyl complex, but
attemptecl decarbonylalion of this complex yields only
[7°-Csi1sMo(CO),], and a dimolybdenum complex,
at present unidentified. No dicarbonyl bcnzamldmo-
complex has so lar been isolated.

Reactions using carbodiimides. Inscrtion of carbodi-
imides into metal-carbon and even metal-chlorine
bonds is docuniented and yields amidino-complexes.
Attempts to achieve insertion using [(n°-CsH;)Mo
(CO):X) (X=Me, CI) and dicyclohexylcarbodiimide
in refluxing toluene over prolonged periods of time
yielded -iccomposition material and traces of [n*-
CsH;)Mo(CO),),. No evidence was obtained for
formaticu of other carbonyl containing materials.

Attempted reactions vwith PPh,. Triphenylphosphine
failed to substitute for carbon monoxide in the orange

. o -
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is not lost from the complex but remains attached to
the metal through the second nitrogen utom. Sub-
sequent attack at the metal by the free nitrogen will
result in displacement of carbon monoxide and
generation ‘of [(n*-CsH5)Mo(C0O),{R'NC(R)NK'}]
complexes.

In order to test the validity of this proposed
mechanism, attempts were made to isolaie [(5°-

H;)Mo(CO);N(R)C(R)NR'] type complexes by
irradiating the carbamoyl-type complexes in the
presence of methyl iodide. Reaction of the free
nitrogen with Mel would thus prevent further attack
at the metal centre and displacement of carbon
monoxide.

7°-CsH;Mo(CO),CON(R")C(R)NR’ +

Mcl %% [5°-CsHsMo(CO);N(R)C(R)N(Me)R]L.
The ionic products would be expected to exhibit in the
i.r. spectrum a facial tricarbonyl pattern of »(CO)
stretching frequencies with one absorption >2000
“em”™!'; dicarbonyl complexes will have all w(CO)
stretching  absorptions to lower frequencies than
2000 cm™'. Indeed an absorption above 2000 cm ™!

dicarbonyl complexes at 130-150° over 6:5.h, and

attempts vo obtain substituted producls by reaction of
amidines znd lithioamidines with [(*-CsH)Mo(CO),
(PPh),)C1] yiclded [(»-°C; Hs)Mo(CO 2 {R'NC(R}
NR’}]. No phosphine-containing molybdcnum-
amidinc-complexes have yet been characterised.

EXPERIMENTAL
N,N’-Dimethylbenzamidine and N,N’-di-p-tolytucct-
'lmldln"‘ werc synthesised by standard methods. and
M'-diphenylacetamidine, N,N’ dnphenylforlmnud-
ine, 2-aminopyridine and acemmidine hydrochloride
were obtaine commercially. n-Butyl-lithium, ca. 2-4 M
in hexane. was used as supplicd commercially without
purification, Complexes [(7°-CsHs)M(CO),Cl} (M=
Mo, W) were prepared from the hexacarbonyis by
standard mathods.'* Hydrocarbon solvents and

diethyl ether were dried over extruded sodium, but -

chloroform was used without purification. All
solvents were pumped to remove dissolved air, stored
under nitrogen, and transferred by syringe against a
counter flow of nitrogen. All reactions were performed
with rigorous exclusion of air.




Lr. spectra in the range 4000-200 ¢cm~! were
recorded with a Perkin-Elmer 457 spcctrophotometer
and 'H n.m.r. spectra at“60 MHz with a Varian
AS56/60D spectrometer. Mass spectra were obtained
with an A.E.I. MS 9 instrument at 70 eV and un
accelerating potential of 8 kV. Samples were inserted
directly inzo the ion source at temperatures between
80 and 220 °C.

Carbon, hydrogen and nitrogen contents of the
complexcs were determined with a Perkin-Elmer 240
Elemental Analyser, and molybdenum and tungsten
contents by atomic absorption spectroscopy sing a
Perkin-Eimer 403 spectrophotometer. Combustion
methods of analysis have not proved eatirely reliable

-" for the complexes reported here and siscwhere!? even

though the authors were confident that pure samplcs
were used. Consequently identification has been based
on both elemental analyses and spectroscopic data.

Reaction of PRNHC(Me) NPh with [n3-CsHsMo

(C0),C!). The amidine (0-75 g, 3-56 mmol) and [(n>-C;
H)Mo(CO),Cl] (0-S g, 1-78 mmol) were dissolved in
toluenc (35 cm®) and the mixture heated at 50-55°C for
9-5 h. The colour of the solution became pregressively
orange-brown and a white precipitate slowly separated.
At the en¢ of the reaction, monitored using ine
2060 cm™! i.r. absorption of the carbonyl chloride,
filtration yie!ded a white residue which was recrystall-
ised from chloroform/hexane mixtures. The compound
was identified as [PhNHC(Me)NHPh]* 1™ by elemen-
tal analyses, mass spectrometry and comnaring the i.r.
spectrum with that of an authentic samplc. The o.ange
filtrate was reduced in volume in vacuo, and on cooling
to —10°C yielded orange crystals or [7°-CsHsMo
(CO),{PhNC{(Me)NPh}], which were recrystallised
from diethyl ether,
(Yield 0-44 g, 37%; m.p. 138-141°) (Found: :C.59-1; H,
3-80; Mo, 20-6; N, 4-73. C,,H,gMoN,0, requircs C,
59-2; H, 425; Mo, 22:5; N, 656%.) ™/ .(P*) 428,
m (P-CO)* 400, "/ (P-2CO)* 372. Lr. [W(CO), KBr]
1828sh, 1850s, 1953s cm ™!,

Reactions of Other Amidines with {’-CsH )M(CO),
Cli{(M=Mo,W). — The method described above was
used generally to prepare the following coniplexes as
orange crystals. Yields were typically 50-¢7;.

[73-CsHsMo(CO),{ PRHNCHNPh}]. mi.p. 158-

160 °C. (Found: C, 58-9; H, 4.05; Mo, 22-7; N, 4:44.
C,oH, 60N, 0, requires C, 58-3; H, 3-91; Mo, 23-2;
N, 679%.) ™/(P*) 414, ™| (P-CO)* 336, ™/ (P-
2CO)* 358. Lr. [«(CO), KBr] 1870s, 1950s, 1830sh,
cm™1,
[n3-CsHsMo(CO),{MeNC(PH)NMec}]. m.p.
125-6 °C. (Found: C, 53-7; H, 4:23; Mo, 26-5; N, 7:09.
C,6H6MON,0, requires C, 52-7; H, 442; Mo, 26-3;
N, 7-68%.) ™/.(P*) 366, ™/ (P-CO)* 338, "/,(P-2CO)
310. Lr. [(CO). KBr] 1828sh, 1853s, 194]s cm™"'.

[93-CsHsMo(CO), {(p-tolyl )YNC(CH )N(p-tolyl)}).
m.p. 152-4 °C. Found: C, 60-8; H, 4-98; N, 5-53.
C,3H;,MoN,0, requires C, 60-8; H, 4-88; N, 6:16%)
m(P*) 456, ™[ (P-CO)* 428, ™/(P-2CO)* 400.
Lr. [»(CO), KBr] 1820sh, 1842s, 19425 cm ™!,

[23-CsHsW(CO), {MeNC(PI)NMe}). m.p. 132—
3°C. (Found: C, 42.4; H, 3-12; N, 6-30; W, 43-1.
Ci6H N0, W requires C, 42:5; H, 3-56; N, 6-19;
W, 40-7%.) "/ (P*) 452; ™[ (P-CO)* 424, ™/ (P-
2CO)* 396. Lr. [»(CO), KBr] 1808sh, 1832s, 1900sh,
1923s cm ™1,

[*-CsH W(CO),{PhNC(CH,)NPh}). m.p. 143-
4 °C. (Found: C, 49-2; H, 3-58; N, 545; W, 36-8.
C;,H,gN,0, W requires C, 49-1; H, 3-53; N,.5-44;
W, 357%.) ™{(P*) 514, ™/ (P-CO)* 486, "/ (P-
2CO)* 458. Lr. [»(CO), KBr] 1812s, 1927s cm~*.

[9°-CsH; W(CO), {(p-1olyl)NC(CH )N (p-tolyl)}]
m.p. ca. 158 °C (decomp). (Found: C, 50-7; H, 3-75:
N, 5-18. C;3H;,N,0,W requires C, 50-9; H, 4-08;
N, 516%.) ™/ (P*) 542, ™/ (P-CO)* 514, "/ (P-
2CO)* 486, L.r. [(CO), KBr] 18225, 1920s cm ™. -

Reaction of PhN(Li)YC(Mc)NPh with [9*-CsHsMo
(CO)4C!). — A suspension of the lithio-reagent was
formed from the amidine (038 g, 1'78 mmol) and
BurLi (1-2 cm; !-50M) in cther (50 cm?®) by mixing at
— 196 °C, allowing the mixture to warm, then stirring
the mixture at ambient temperature for 1 h. The re-
agent was added to a frozen solution of [°-CsH Mo
(C0O),CIJ(0-5C g, 178 mmol) in diethyl ether (200 cm®)
at —196 °C, and the mixture allowed to warm slowly
to ambient teinperature. The original deep orange
colour of the solution gradually became yellow-orange,
and after 125 h the solution was evaporated to dryness
(in vacuo, 20 °C}. The product was extracted from the
residue with chlorotorm (50 cm?), and separated from
solution by reducing its volume, adding hexane and
cooling tn —10°C. Rccrystallisation from chloro-
form-h=une mixtures yielded yeilow crystals of
[73-CstsMo(C0),CON(Ph)C(Me)NPh)], m.p. 166 °C.
(Found: 2, 56:5; H. 527; Mo, 183; N, 605
C,,HgMoN,0; requires C, 58-2; H, 3-99; Mo, 21-1;
N, 6169.) ™(P*) 456, "/ (P-CO)* 428, ™/(P-
2CO)* 4, ™ (P-3CO)* 372. Lr. [»(CO), KBrl
1862s, 1950s cm ™. , )

Reactions of Other Lithio-amidines with [9*-CsHsM
(CO);ClY(M=Mo,W). — The method deséribed above
was used generally to prepare the following complexes
as yellow crystals typically in 409 yields.

[9°-CsHsMo(CO),CONHC(MNH)], m.p. 155-
6 °C. (Found: C, 37-5; H, 3-16; Mo, 30:7; N, 9-69.
C,oH¢MON,0, requires C, 39-7; H, 3-33; Mo, 31-7;
N, 926%.) "/(P*) 304, ™/ (P-CO)* 276, "/(P-
2CO)* 248, ™/(P-3CO)* 220. Llr. [«(CO), KBr]
1827sh, 1853s, 1928sh, 1953s cm™ 1.

[7°-Cs11,Mo(CO),CON(PI)CHNPH], ™/ (P*)

442, "/ (P-CO)* 414, "/ (P-2CO)* 386, "/ (P-3CO)" .

358. L.r. [W(CO), KBr] 1869s, 1956s; [CHCI;] 1886s,

1969s cra !, Analytically pure samples of this complex -

could nct be obtained; N,N’-diphenylformaniidine
was the centaminant.

[73-CsH;Mo(CO),CON(p-tolyl)C(Me)N(p-tolyl)].
(37%: m.p. 158-9°C.) (Found: C, 574; H, 3-4l.
N, 534 C,,H,,M0N,0; requires C, 59-7; H, 4:59;
N, 580%.) "/ (P*) 484, ™/ (P-CO)* 456, "/(P-
2CO)* 428, ™/ (P-3CO)* 400. Lr. [WCO), KBr]
1865s, 1652s cm ™",

[n3-CsH Mo(L0),CON(Mce)C(PINMc], m.p.
174-5 °C. (Found: C, 5]-8; H, 3-41; Mo, 24:8; N, 6:91.
C,.H,4MoN,0, requires C, 52-0; H, 4-11; Mo, 24-5;
N, 713%3) ™(P*) 394, "[(P-CO)* 336, "/(P-

2C0)* 338, m/(P-3CO)* 310. Lr. [/CO), KBrj

1853s, 1%5!sh, 1949s cm ™",
[7°-CsFHsMo(CO),CONHC;H,N]. ™[ (P*) 340,
= (P-CO)* 312, ™/(P-2CO)* 284, ™/(P-3CO)*
256. L.r. [»(CO), KBr] 1873s, 1959s em™!. Samples of
this comipziex, isolated in small quantity, were shown
by elemental analyses to be contiminated by decompo-

sition impuritics.



[75-CsHsW(CO),CON(PhYC(McyNPh]. m.p.
184-5°C. (Found: C, 49-2; H, 472; N, 573.
C,,H,sN,0,W requires C, 48-7; H, 3:24; N, 5:167,.)
m (P*) 54z, "[(P-CO)* 514, ™[(P-2CO)* 486,
m[ (P-3CO)* 458. Lr. [(CO), KBr] 1850s, 1940s cir: ™",

[23-CsHsW(CO),CONHC(Mc)NH). m.p. 188 °C
(decomp). (Found: C, 27-84; H, 2:67; N, 7:39.
CoH1oN;03W requires C, 30- 79 H, 2-58; N, 717%.)
m (P*) .589 = (P-CO)* 361, ™/ (P- 2CO)+ 333,
"'/,(P-3C0)+ 305. Lr. (CO), KBr] 1791s l8195,
1949s cm ™.

[n -C5115W(CO)ZCON(Me)C(Ph)NMe] ~l (PY)
480, »/(P-CO)* 452, "/ (P-2CO)* 424, ™/ (V- 3CO)+
396. Lr. [(CO) KBr] 185ls, 1946s; [CHCL,) 1864s,
1953s.

Attempted Decarbonylation Reactions of [n*-Csils
Mo(CO),CON(RYC(R)NR']. — Sampnles of the com-
plex (R=Me, R’=Ph), partly dissolved and parily
suspended in toluene, wercirradiated witha 300 watt Hg
1 amp for periods up to 15 min. Much decomposition
to non-carbonyl maierials occurred, but the solution
slowly developed a pale orange colour. After filtration
of the mixture, an i.r. spectroscopic examiination of
the filtrate showed the presence of a new carbonyl
containing specics with an absorpticn at 2026 cm™!.

In an attempt to stabilisc the new complex, believed
to be of the type [n*-CsHsMo(CO),N(R")T(R)NR’]
and to be tiue intermediate in the decarbonylation
reaction, subsequent reactions were attempted in the
presence of Mel. In reaclions using [r- CsHsMo(CO),
CON(R)C(R)NR’] (R=Me, R’'=P4. p-tolvl) in
toluene with exposure times of 15-20 min. :nirared
spectroscopy and mass spectrometry indicated the

formation--of [3-CsHsMo(CO), {R'NC(R)NR'}] and °

[7°-CsHsMo(CO),I] with [*-CsHsMo(CO),N(R")C
(R)N(Me)RN in small quantities. The natvre of the
latter corplex is based on the mass spectrum of its
thermolysis products, and upon the presence of a
¥(CO) stretching vibration above 2000 cm ™! which is
consistent onlr with the occurrence of a terminal
tricarbonyl unit in the complex.

Reaction of . PAN(LIYC(Me)NPh with \n*-CsHsMo
(CO),(PPhy)C!). - The lithioreagent preyg "red from
the amidine (0-14 g, 0-67 mmol) and biuyl lithium
(0-45 cm?®, 1-5M) in monoglyme (50 cm?®) was added
to a solution of [*-CsHsMo(CO),(PPh,)CI] (0-35 g,
0-67 muiol) also in monoglyme (40 cm?®).- After stirring
at room temperature for 5 h during which time the
progress of the reaction was very slow, the ieraperature
was raised to 70-80 °C for 2 h. At the end of the
reaction, as indicated by the consumption ol the
reactant complex (shown by i.r. spectroscopic moni-
- toring of the »(CO) stretching region), filtration yielded
an orange solution which was evaporated to dryness.
Extraction with diethylether (40 cm3), followed by
concentration of the resultant solution (20 °C, in
vacuo) and cooling to — 10 °C yielded orange crystals
of [»*-C;HsMo(CO), {PhNC(Me)NPh}] ™/ (P*) 428.

Attempted Reactions of CoH, \NCNCH,, with [n°-
CsHsMo(CO),X](X=Cl,Me). - Stoichiometric quan-
tities of the carbodiimide and molybdenum complex
were heated in toluene at the reflux temperature for
periods between 7 and 18 h without detectable
formation of amidino-complexes. Much decomposi-
tion to non-carbonyl materials occurred; a trace of

[7*-CsHsMo(C0),], was the only carbonyl product,_

identificd by i.r. and m.s. methods.

Reaction of PhNH\_ (Me)NPh with [9° -CSHs
(CO));. - [° -CsHsMo(CO)3], 0:5g 102 mmol) in
toluenc (35 cm®) was stirred with- {PhNHC(ML)NPhl
(043 g, 2-03 mmol), and the resulting mixture was
heated to reflux temperature for 13-5 h. At the end of
the reaction, as indicated by i.r. spectroscopy, the
solvent was removed (in vacuo, 20 °C) and the residuc
extracted with diethyl ether (30 cm?3). Fractionai

cr ystalhsatlon techniques enabled orange crystals of

[(7°-C5H3Mo{CO), (PhNC(Me)NPh}] to be isolated
(in low yield. "/ (P™) 428.
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