1014 Inorganic Chemistry, Vol. 14, No. 5, 1975

A third source of evidence for # bonding comes from the
bond length and vibrational frequency changes in the doublet
states. The differences between these doublet states are caused
by a redistribution of electron density among the (xy), (xz),
and (yz) orbitals which are o nonbonding. The change in Cr-F
stretching frequency between the 4Big and a2Eg states reflects
the strong 7 antibonding effect of the fluoride ligands. There
is a ca. 13% change in the Cr-F force constant and a ca. 5%
change in the Cr-F bond length. The force constant is
therefore a less strong function of bond length than in NO.2¢
This presumably reflects the ionic nature of the Cr-F bond.
There is no significant change in the Cr—-N distance or force
constant between the a2Eg and 4Big states in the pyridine
compound although there is a change in bond length in
trans-Cr(en)2F2t. The eu(Cr—-N) stretching frequency is
significantly greater in the a2Eg state than in the 4Big state.
There must be a mechanism which increases the Cr—N bond
strength as the electron density in the (xy) orbital is increased
in trans-Cr(py)4F2t but which is inoperative in the ethyl-
enediamine compound. This mechanism is the delocalization
of the xy electron density into the pyridine rings. An analogous
effect has been observed in the vibrational spectra of a series
of hexacyanide complexes.
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X-Ray photoelectron spectra (XPS) of the Mo(3d3/2) and Mo(3ds/2) levels for about 50 compounds containing molybdenum
in various oxidation states have been studied. A plot of metal binding energy vs. calculated charge indicates that a binding
energy shift of 1 eV corresponds to a 0.3+ charge unit on molybdenum. The study of several organometallic compounds
shows that strong o-donor ligands increase the electronic density about the metal producing even lower metal binding energies
than those obtained for argon-sputtered metal foil. The P(2p) binding energies of coordinated and uncoordinated phosphorus

ligands are more or less constant.

Introduction

To date, only scattered X-ray photoelectron spectroscopy
(XPS) data have been available on the molybdenum system.?
Three reports in the literature have treated this problem very
briefly. Swartz and Hercules2b have examined some fairly
common molybdenum compounds (mainly molybdates) and
have pointed out the application of XPS as an analytical
technique for the determination of MoQO2-MoO3 mixtures.
Miller, et al.,3 have used XPS to study MoOzs catalysts
supported on alumina and have been able to detect interactions
between the catalyst and the support upon calcination. Clark,
et al.,* have obtained data for some complexes of the type
75-CsHsMo(CO)2NCR? and 535-CsHsMo(CO)2R2CNCR2
and ysed them in conjunction with other spectroscopic data
to discuss structure and bonding in these complexes. No
systematic study on organometallic compounds of molybde-
num, however, has yet been reported.5 Results of investigations
by Tolman, et al.,5 on organometallic compounds of nickel
indicate that possible oxidation or decomposition and diffi-
culties with energy calibration demand careful interpretation
of data obtained on very air-sensitive samples. A few other

studies have obtained information on organometallic com-
pounds of similar composition. Clark and Adams’ have re-
ported the study of chromium, iron, and nickel carbonyls and
their w-cyclopentadienyls, Bis- and mono(arene)chromium
carbonyls have been described recently,® and a short study on
the charge localization of ionic derivatives of alkylferrocenes
is also available.’

Results obtained from about 50 inorganic and organo-
metallic compounds are presented. This study attempts to show
the applicability of XPS to inorganic and organometallic
compounds of molybdenum, particularly those containing
phosphorus ligands, by combining newly obtained data with
information provided by previous studies.

Experimental Section

The compounds used in this study were prepared, purified, and
characterized according to published methods.10-30  Air-sensitive
compounds were handled under nitrogen and stored in Schlenk tubes.
The compounds for which no preparative methods are given were
reagent grade chemicals, used without further purification. The
spectra were obtained from powdered samples mounted on cellophane
tape using a Varian Associates IEE-15 electron spectrometer. The
binding energy of molybdenum metal was obtained by argon sputtering
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Table I. Binding Energies of Some Simple
Molybdenum Compounds®

Caled
Mo- charge
Compdb No. (3ds;2) Fwhm® @)
Mo® 1 227.0 1.6 0.00
MoCl, 2 229.0 2.4 0.21
MoCl, 3 229.6 2.4 0.76
MoCl, 4 230.0 2.4 0.90
MoO, 5 231.0 2.3 1.20
MoS, 6 228.1 1.6 0.12
MoSe, 7 227.3 1.6 ~0
MoO,(acac), 8 - 231.0 2.3 ~1.20
MoO, 9 231.7 2.3 1.56
Na,Mo0,-2H,0 10 2315 1.8 1.53
(NH,),Mo,0,,-4H,0 11 231.7 2.0 1.54

@ Binding energies are relative to Au4f,,,) (BE =83.0 eV).

Commercially available materials, € Full width at half-maxi-
mum. ° According to Pauling’s method using electronegativity
values from J. E. Huheey, “Inorganic Chemistry: Principles of
Structure and Reactivity,” Harper and Row, New York, N.Y.,
1972. ¢ Sputtered foil under argon.

of metal foil directly in contact with the probe. The Mg Ka X-ray
line (1253.6 eV) was used for photoelectron excitation. In order to
compensate for the charging of insulating samples during the pho-
toelectron ejection process, all the spectra were referenced to the
photoelectron line of Au(4£7/2), Eb = 83.0 ¢V.3! The region of interest
was scanned before and after depositing gold to make sure no ex-
traneous peaks had originated by this method of standardization. Au
spectra were recorded at least in duplicate in the regions of interest
and, in most cases, gave binding energies reproducible to +0.2 eV,
The reported binding energies were taken at a position corresponding
to the midway point of the full peak at half-height.

Special mention is made to the fact that free phosphines are sensitive
to normal depositions of gold vapor during calibration. Surface
reactions of free phosphines have been observed recently when this
method of standardization is employed.32 The phosphorus P(2p)
binding energies referenced to that for gold Au(4f7/2) (83.0 eV)
reported here were taken with extremely small depositions of the
calibrant. As a matter of comparison, the P(2p) binding energies of
these free ligands are referenced to the C(1s) signal originating mostly
from the aromatic carbons and it was assigned a binding energy of
285.0 eV,

Results and Discussion

In the present investigation, the spectra covered the energy
region containing the Mo(3ds/2) and Mo(3d3/2) levels. In some
cases, the binding energies of some of the atoms of the co-
ordinating ligands were also measured. For ligands containing
nitrogen, the binding energies reported correspond to the N(1s)
level; for those containing phosphorus, the energies correspond
to the P(2p) level; for those containing tin, the energies
correspond to the Sn(3ds/2) level. The results obtained in this
investigation are presented in tables in which the method of
synthesis used to obtain a particular compound is also given.

Several simple compounds containing molybdenum in known
oxidation states have been studied, and their Mo(3ds,2) binding
energies measured. As expected, an increase in oxidation state
provides an increase in metal binding energy. In order to obtain
an approximate variation of charge density with binding energy,
simple compounds were chosen to establish this ratio. The
method employed was based on an approximate calculation
of charge using Pauling’s method.33 Since the oxidation state
of molybdenum varies among the compounds under consid-
eration, electronegativity values on Pauling’s scale for individual
oxidation states342 were used instead of the original Pauling
value (xMo = 1.8).34b Since the electronegativity of the
acetylacetonato group (acac) is not known, an indirect method
was used for its evaluation. Larsson, et al.,35 have recently
estimated the charge on V(acac)3 from XPS studies. By using
their results, the electronegativity of the acetylacetonato group
is calculated as xacac =~ 2.4.
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Figure 1. Plot of Mo(3d;,,) binding energy (in eV) vs. calculated
charge. Data points shown are those given in Table I.

Table I summarizes the data obtained for simple compounds
of molybdenum, as well as the calculated charges. If these
results are plotted (Figure 1), a fairly linear correlation is
obtained. The slope of this curve indicates that a binding
energy shift of 1 eV produces a variation of charge of roughly
0.3 unit.36 Since the electronegativities of the ligands may
not be the same in all of the compounds and since the cor-
relations due to Madelung potentials are not known, this is
only an approximate method of calculation. Studies on
chromium37 and tungsten3® compounds indicate similar
changes in binding energy with charge.

The variation of binding energy with a constancy of oxi-
dation state is observed in the series of molybdenum(IV)
compounds—i.e., oxide, sulfide, and selenide. This is just a
reflection of the change of ionic character of the metal-ligand
bond expected on the basis of electronegativity changes.

MoOz2(acac)2, according to usual assignments, contains
molybdenum in the oxidation state of +VI. However, on the
basis of studies on correlations between oxidation state and
binding energy, it was suggested?® that the metal exists in this
compound in the +IV oxidation state and that the complex
contains two neutral acetylacetone molecules coordinated to
the metal. These results may be interpreted in a different
manner. The substitution of one oxygen atom in MoO3 by
two acetylacetonato ligands will produce an appreciable de-
crease of charge around molybdenum since the electroneg-
ativity of the acetylacetonato group is considerably less than
that of oxygen, roughly 2.4 compared to 3.44. Because the
charge on Mo in MoOz(acac)2 is comparable to that in MoO,
binding energies of these two compounds are expected to be
the same although their metal atoms exist in different oxidation
states.

The Mo(3ds/2) binding energy for molybdenum metal was
measured on a sample made of commercially available metal
foil. Figure 2, spectrum A, shows the type of signals obtained
for this sample when directly placed on the probe. As it may
be noticed, an Mo(3ds/2) binding energy of about 231 €V is
obtained for this signal after corrections for charging effects
are applied. Argon sputtering,3® a fairly reliable technique
for cleaning metallic surfaces and reducing oxides, was used
to clean the surface of the foil. Figure 2 also shows the spectra
of the metal foil after 15 and 30 min of argon sputtering, B
and C, respectively. It has previously been shown that the
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Table II. Binding Energies of Organometallic Compounds of Molybdenum?

Compd No. Mo(3d5,2)b PQ2p)¢ N(1s) Sn(3ds,,) Syn ref
[(n3-CH;)M0(CO),], 12 226.4 (2.2) 10
Mo(n®-C,H)(CO),Cl 13 227.8 (2.1) 11
(CH,);SnMo(CO),(n*-C,H;) 14 227.5 (2.0) 484.3 (2.8) 12
CI(CH,),SnMo(CO),(n*-C,Hy) 15 227.0 (1.9) 484.3 (2.1) 12
Cl,SnMo(CO),(n*-C,H,) 16 227.7 (2.0) 485.2 (2.0) 13
(C,Hy)Mo(CO), 17 227.4 (2.2) 14
[(C7H.,)Mo(COa)3*][BF4‘] 18 228.1 (2.5) 15
(Mes)Mo(CO), 19 227.0 (2.0) 16
[(0-CH,CH,),PIMo(CO), 20 226.0 (2.4) 128.9 (3.8) 17
(tmen)Mo(CO),© 21 226.2 (2.2) 398.3 (2.0) 18
(phen)Mo(CO),,f 22 226.2 (2.3) 397.8 (2.4) 18
(dipy)Mo(CO) 8 23 225.3 (2.1) 397.0 (2.0) 19
(dipy)Mo(CO),[P(OPh), ] 24 2252 (2.4) 130.4 (2.5) 397.2 (2.2) 20
(dipy)Mo(CO),[P(O(n-Bu)), ] 25 2254 (2.2) 130.6 (2.3) 397.5(2.3) 20
fac-[(PhO),P],Mo(CO), 26 225.8 (2.0) 131.3 (2.6) 21
[Ph,PCH,OPPh, ]Mo(CO), 27 226.3(1.9) 130.0 (2.5) 22
[Ph,P(CH,),O0PPh, ]Mo(CO), 28 226.4 (1.9) 130.1 (2.6) 22
[Ph,PCH,PPh,Mo(CO), 29 226.3 (2.1) 129.5 (2.4) 23
{Ph,P(CH,),PPh, IMo(CO), 30 2259 (2.2) 129.1 (2.4) 23
{Ph,P(CH,),PPh,]Mo(CO), 31 226.6 (1.8) 129.8 (2.3) 18
[Ph,P(CH),PPh, ]Mo(CO), 32 226.0 (1.7) 129.3 (2.5) 24
{Ph,P(CH,),PPh, [Mo(CO),P(O(n-Bu)), 33 226.2 (2.5) 130.2 (3.5) 21
[Ph,P(CH,),PPh(CH,)]Mo(CO), 34 226.3 (2.0) 129.6 (2.4) 25
[Ph,P(CH,),PPh(C,H,)]Mo(CO), 35 226.2 (1.9) 129.6 (2.2) 25
[Ph,P(CH,),PPh(i-C,H,)Mo(CO), 36 226.5 (2.2) 130.1 (2.4) 25
[Ph,P(S)CH, PPh, ]Mo(CO), 37 2258 (2.4) 129.9 (3.0) 26
LLMo(CO)," 38 227.0 (2.0) 129.0 (2.4) 397.2 (2.4) 27
trans-[(n-Bu),P],Mo(CO), 39 226.4 (1.8) 129.7 (2.0) 28
cis-(Ph, (n-Bu)P),Mo(CO), 40 226.9 (2.0) 129.9 (2.2) 28
trans-(Ph, (n-Bu)P),Mo(CO), 41 226.9 (1.8) 130.1 (2.2) 28
[Mo(CO), 1, [Ph,P(CH,),PPh(CH,)} 42 226.8 (2.2) 129.7 (2.4) 25
[(C,H{),N*][Mo(CO),Cl7] 43 226.8 (1.9) 29
{(CH;),N],PMo(CO); 44 226.6 (2.6) 30
[p-CIC H,],PMo(CO), 45 226.5 (2.0) 130.0 2.2) 30
[p-CH,CH,1,PMo(CO), 46 226.9 (2.0) 1299 (2.3) 30
[m-CH,C;H,],PMo(CO), 47 226.9 (2.3) 130.0 (2.3) 30
{m-CF,C,H,],PMo(CO); 48 226.2 (2.0) 129.6 (2.2) 30

@ Binding energies relative to Au(4f,,,) (BE = 83.0 eV). b Numbers in parentheses indicate the width of the band measured at half-maxi-
mum (fwhm). € In the case of compounds containing more than one unequivalent phosphorus atom, the center of the P(2p) signal is re-
ported. d Mes = 1,3,5-trimethylbenzene. € tmen =N,N,N ' N '-tetramethylethylenediamine. fphen = o-phenanthroline. g dipy = a0~
dipyridyl. hyp =N,N dimethyl-V,~ bis(diphenylphosphinomethyl)ethylenediamine.

Mo(3d

5/2)

233 228 223
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Figure 2. XPS spectra of the Mo(3ds,;), Mo(3d3,,) doublet of
molybdenum foil: (A) before argon sputtering; (B) after 15 min

of argon sputtering; (C) after 30 min of argon sputtering. Charg-
ing corrections have been omitted in this figure.

existent species on the surface of molybdenum foil is MoO2.2b
Therefore, as cleaning proceeds, a shift of roughly 4 eV, as
well as a sharpening of the peaks is observed for the Mo(3ds/2)
and Mo(3d3/2) signals.

Table II presents the data obtained for 36 organometallic
compounds of molybdenum. The reported binding energies
are the averages of at least two measurements, and their
uncertainties are 0.2 eV. The Mo(3ds;2) binding energies
range from 225.2 to 228.1 eV. As observed before in nickel
compounds, for example, if only compounds of the Ni(II) ion
are considered, the range of binding energies is about 5.3 ¢V,40
This variation has been attributed to interaction of the different
ligands with the metal, among other factors. In the present
case, the nature of the ligands around the central atom changes,
but the geometry of the molecule remains essentially octa-
hedral.

In compounds of (3-CsHs)Mo(CO)3X, where X could be,
for example, another (3-CsHs)Mo(CO3) unit,*! a halide, or
any other group, the electronic density around the molybdenum
atom would depend on X. If [(%5-CsH3s)Mo(CO)3]2 and
(75-CsHs)Mo(CO)3Cl (compounds 12 and 13 in Table II) are
compared, it is expected and observed that the greater
electronegativity of the chlorine removes charge from mo-
lybdenum and thus increases its binding energy. In compounds
14-16, X becomes (CH3)3-»SnCly, where n = 0, 1, 3. These
groups are expected to have lower electronegativities than that
of chlorine, thus increasing negative density on the molyb-
denum atom. The group electronegativities for -SnCl3 and
—Sn(CH3)3 are available from calculations made by Huheey .42
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These are 2.73 and 2.30, respectively. However, the trichlorotin
group is also thought to be a good 7 acceptor43 (and a weak
o donor), which would simultaneously decrease the electronic
charge on molybdenum. Overall, the decrease in binding
energy of Mo in 93-CsHsMo(CO)3X upon replacing Cl by
SnCl3, (CH3)2SnCl, or (CH3)3Sn is not large. The Mo and
Sn binding energies are both largest in the SnCls compound
as expected.

(Cycloheptatriene)tricarbonylmolybdenum, 17, is known to
form the tropyllium ion when treated with trityl fluoroborate.!3
The XPS results obtained for these compounds show a net
increase of about 0.7 eV when this process takes place. From
the results obtained for simple molybdenum compounds, it has
been roughly established that a binding energy shift of 1 eV
corresponds to about 0.3+ unit of charge on molybdenum. For
compound 18, [(C7H7)Mo(CO)3*][BF4], the estimated
percentage of the positive charge residing on the molybdenum
atom is about 28% which suggests that, in this particular case,
the cycloheptatrienyl ring still preserves a large portion of the
positive charge. The drift of electronic density toward the
metal atom by substitution of three carbonyl groups from
Mo(CO)s by an arene molecule is observed in the case of
compound 19 which contains a mesitylene ring = bonded to
the metal. Pignataro, Foffani, and Distefano44 have reported
some XPS data for organometallic compounds of chromium.
In this case, the replacement of three carbonyl groups from
Cr(CO)s by benzene to form (CsHe)Cr(CO)¢ produces a
decrease of about 0.6 eV in the binding energy of the metal
atom.

During the present studies, the volatility of Mo(CO)¢ has
discouraged measurement of its binding energy, but available
data show that the free metal has a lower binding energy than
the hexacarbonyl by about 0.5 eV.2b

Compound 20, [(o-CH3CsH4)3P]Mo(CO)3, very unusual
in structure, is believed to contain one of the rings of tris-
(o-tolylphosphine) acting as a w-bonded ring.!7 XPS data show
no conclusive evidence about the nature of the phosphorus atom
since the compound has a P(2p) binding energy of 128.0 eV,
lower than that found in the uncoordinated ligand (129.6 V).
The breadth of the P(2p) signal for compound 20 furthermore
indicates possible decomposition.

The remainder of the compounds (21-48) in Table II, with
the exception of [EtaN][Mo(CO)sCl], 43, are zerovalent
molybdenum carbonyl derivatives of the type LMo(CO)s,
L2Mo(CO)4, and L3sMo(CO)3. Although there is a scatter
of Mo(3ds,2) binding energies among these compounds, several
trends are observable. First, as L (L = phosphorus or nitrogen
donor) is substituted for CO, the average binding energy of
the group of compounds decreases in the series LMo(CO)s
(226.7 eV for six compounds), LaMo(CO)4 (226.3 eV for
seventeen compounds), and L3sMo(CO)3 (225.7 eV for four
compounds). This indicates a higher electron density on Mo
with increasing substitution for CO by better ¢ donors and
poorer « acceptors than CO. This is the expected behavior
but it had not been observed previously by XPS. In a
somewhat related situation Tolman® has observed that the
binding energy of Ni(2p) in Ni(PZ3)4 compounds increases
with the electronegativity of Z, but a study of Ni binding
energy with # in Ni(PZ3)x(CO)4-» was not performed.

Further, within a given series, LaMo(CO)4 or L3sMo(CO)3,
compounds with nitrogen ligands have lower binding energies
than those with phosphorus ligands. For example, the average
Mo binding energy of thirteen P2Mo(CO)4 compounds is 226.4
eV and the average of three N2Mo(CO)4 compounds is 225.9
eV. The two P3Mo(CO)3 compounds average 226.0 eV
whereas the two N2PMo(CO)3 compounds average 225.3 eV.
The lower molybdenum binding energy with nitrogen ligands
compared to phosphorus ligands indicates a higher electron
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density on molybdenum caused by nitrogen being a better ¢
donor and/or a poorer w acceptor than phosphorus.

The phosphorus 2p binding energies are also presented in
Table II. The range of energies is only 1.1 eV which is not
surprising in view of the results obtained by Pelavin, ef al.,
for phosphorus compounds.4> These authors observed a range
of only 4.5 eV although the oxidation states of phosphorus
varied from 0 to +V. Introduction of fluorine increased the
range to 7.5 eV. Van Wazer, et al.,%6 have shown that, when
comparing similar species of phosphorus compounds, such as
(C6H5)3P and (CeéHs)3PZ (where Z = O, S, Se), the change
in oxidation state produces an increase of roughly 1.6 eV.

Several reports in the literature have tried to use XPS of
triphenylphosphine and its metal complexes to study the
direction of electronic drift on this ligand upon coordination.
Blackburn, et al.,47 reported P(2p) binding energies of 131.9
eV for free PPh3 and 131.6 eV for Ni(PPh3)2Clz and concluded
that the electron density either remained the same or increased
on coordination to Ni(II). Jolly, et al.,45 found that an increase
in the P(2p) binding energy occurred when irans-Rh(CO)-
CI(PPh3)2 was compared with the free ligand. Van Wazer
et al. 46 reported the P(2p) binding energies of PhiP and
[Ph3P]2Hgl2, for which there was essentially no change in the
binding energy of the phosphorus 2p electrons. Under these
circumstances, these authors indicated that a balance of in-
teractions was causing a constancy of the P(2p) binding energy
of the coordinated phosphine. More recent6 reports have shown
that little or no increase occurs upon coordination of the
phosphine to a metal atom and that small but significant
increases in binding energy occur with increases in oxidation
state of the metal atom and through the use of more elec-
tronegative ligands. New measurements on triphenyl-
phosphine$ have indicated that the higher value obtained by
Blackburn, et al.,47 was perhaps the result of some phosphine
oxidation. We find that the P(2p) binding energies of the
phosphines used in this study increase very slightly (and
perhaps insignificantly based on experimental error) upon
coordination, ranging from +0.1 to +0.5 eV,

Compounds 40 and 41, cis- and trans-[Ph2(n-Bu)P]2Mo-
(CO)4, illustrate the fact that XPS is unable to differentiate
between cis and trans complexes containing phosphines.
Similar findings for facial and meridional phosphine complexes
of heavy transition metals recently have been reported by Leigh
and Bremser,48

Compound 38, [Ph2PCH2N(CH3)CH2]2Mo(CO)4, shows
the same P(2p) and N(1s) binding energies for the coordinated
and uncoordinated ligands. In general, coordination shifts of
nitrogen ligandsé are appreciably greater than P(2p) shifts.
Thus, if the metal in compound 38 were coordinated to the
nitrogen atoms of the ligand, an increase in the N(1s) binding
energy should be expected, Ir and nmr data (3!P and 'H nmr),
in-agreement with XPS results (see ref 27), indicate that the
compound contains a ligand coordinated through its phosphorus
atoms.

The results of this study can be summarized as follows. (a)
A good correlation is obtained for simple molybdenum
compounds and their calculated Pauling charges. From these
results, an increment in binding energy of 1 eV (relative to
Mo metal) produces 0.3 unit of charge on the metal. (b)
Organometallic compounds of molybdenum, some of which
display a fairly high concentration of negative charge on the
metal, have a rather narrow range of binding energy dependent
upon the nature of the ligand. The molybdenum 3ds/2 binding
energy in molybdenum carbonyl derivatives decreases with
increasing substitution of tertiary phosphines and amines for
Co.
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Hydrolyses of (NC)2C=C(CN)M(CO)3CsHs (M = Mo and W) in the presence of alumina or triethylamine give orange
C3(CN)2NH2M(CO)2CsHs (M = Mo and W). Similar hydrolyses of (NC)2C-=C(CI)M(CQO)3CsHs (M = Mo and W)
give red C3H(CN)(OH)NHM(CO)2CsHs (M = Mo and W). The NH and OH but not the CH hydrogens in these two
types of complexes can be deuterated with D20 in tetrahydrofuran at room temperature. Alcoholyses of (NC)2C=
C(CHM(CO)3CsHs (M = Mo and W) in the presence of sodium hydroxide or sodium alkoxide give the red esters
C3(CO2R)(CN)(OR)NHM(CO)2CsHs (M = Mo or W, R = CHj3 or C2Hs). Aminolyses of (NC)2C=C(C)M(CO)3CsHs
(M = Mo and W) with the secondary amines (CH3)2NH and piperidine give the bright yellow dicyanoketeneimmonium
derivatives [RaNCC(CN)2]M(CO)2CsHs (M = Mo or W; R = CH3 or 2R = —(CH2)s-). Infrzred, proton, and carbon-13
nmr spectroscopies have been used to elucidate the structures of these new types of complexcs. A reaction scheme for the
formation of C3H(CN)(OH)NHM(CO)2CsHs and C3(CO2R)(CN)(OR)NHM(CO)2CsHs derivatives from
(NQC)2C=C(C)M(CO)3CsHs through terminal dicyanovinylidene intermediates of the type RM(CO)2[C=C(CN)2](CsHs)

(R = H or CO2R) is proposed and discussed.

Introduction

The first paper of this series4 described the preparation of
an extensive series of polycyanovinyl transition metal deriv-
atives by the nucleophilic displacement of chloride in poly-
cyanovinyl chlorides with metal carbonyl anions. An example

of a reaction of this type was the formation of the tri-
cyanovinyltungsten derivative (NC):C=C(CN)W(CQ)3CsHs
(I, M = W) from tricyanovinyl chloride and WaW(CO)3CsHs.
This tricyanovinyltungsten derivative could be isolated as a
yellow crystalline solid by chromatography of the reaction



