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Este trabalho tratou da sintese, caracterizagdo espectroscépica e do comportamento eletroquimico
dos compostos [W(CQbipy)] (1), [W(CO)(bipy)(dppm)](2) e [W(CO}(bipy)(dppf](3), bipy
= 2,2’-bipiridina; dppm = bis(difenilfosfina)metano; dppf = 1,1’-bis(difenilfosfina)ferroceno. Os
dados provenientes das espectroscopias no infravermelho e d8TR¥AN} mostraram que o
tungsténio apresenta uma geometria de coordenacgéo octaédrica com as fosfinas atuando como
ligantes monodentados. Os estudos eletroquimicos foram realizados empregando-se as técnicas de
voltametria ciclica e coulometria a potencial controlado. Os voltamogramas ciclicos mostraram que
os carbonil complexos contendo ligantes fosforados apresentam uma maior estabilidade frente a
oxidagéo do que o compogio.

The present work deals with the synthesis, spectroscopic investigation and electrochemical
behaviour of the compounds [W(C&bipy)] (1), [W(CO)z(bipy)(dppm)] @) and
[W(CO)3(bipy)(dppf)] 3), bipy = 2,2’-bipyridine; dppm = bis(diphenylphosphino)methane;
dppf = 1,1'-bis(diphenylphosphino)ferrocene. The IR &E{1H} NMR spectroscopidata
have shown an octahedral coordination geometry for the tungsten atom with the diphosphines
acting as monodentate ligands. The electrochemical behaviour of the complexes was investigated
by cyclic voltammetry and controlled potential coulometry. Cyclic voltammograms have indicated
that the compounds containing diphosphines ligands are more stable towards oxidation than
compound D).
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Introduction trochemical redox reactions and the kinetics and mecha-
nism of the ligands substitution in these octahedral com-
The chemistry of metal carbonyls has been of considerplexes have always attracted interest of several organome-
able interest for several decades mainly due to structurahllic research groups. In this way, electrochemical stfdies
aspects and reactivity of these compounds in respect tdeveloped on the oxidative redox chemistry of 18 electron
several classes of organic ligands, and also by their inteicarbonyl derivatives of Group 6 and 7 transition metals
esting applications in catalysis and in electronic devicesave shown that the first oxidative step is a one-electron
based on non linear optical effekfs process and that the subsequent chemistry of the systems
Carbonyl complexes of the Group 6 which contain ni-depends on the stability and reactivity of the oxidation
trogen and phosphorous ligands exhibit an interesting angroduct. Isomerization of the resulting 17 electron species
varied chemistry’. Reports on 2,2- bipyridine (bipy) sub- is therefore a common phenomenon, but when this is not
stituted tetracarbonyls and tricarbonyls phosphine compossible disproportionation is often observed.
plexes and their structural investigation emerged from lit-  The reasons for carrying out the present work are con-
erature many years agdt is worthy to note that the elec- cerned to our interest to study the physical and chemical
properties of metalcarbonyl complexes, which leads to pos-
sible applications in catalysis. This can be accomplished
e-mail: mauro@ig.unesp.br; vaniamn@ig.unesp.br by immobilization of the compounds on the surface of in-
Presented at the XI Simpésio Brasileiro de Eletroquimica e Eletroanagrganic supports such as organofunctionalized silica
litica, Maragogi - AL, Brazil, April 5-9, 1999. Guest editor: Luis gell'lo'll. So we describe in this paper the preparation,
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spectroscopies and electrochemical properties of the com-

plexes [W(CO)(bipy)] (1), [W(CO)(bipy)(dppm)] €) and
[W(CO)s(bipy)(dppf)] @), bipy = 2,2'-bipyridine; dppm =
bis(diphenylphosphino)methane; dppf = 1,1’ bis(diphenyl-
phosphino)ferrocene.

Experimental
Synthesis and characterization of the complexes

All reactions were routinely performed under an atmo-
sphere of pure dry nitrogen using standard Schlenk tech-
nigues. Solvents were purified and dried by specific meth-
ods!?. The reagents [W(C@) Me;NO.2H,0, bipy, dppm
and dppf were supplied by Aldrich and used without fur-
ther purification. The infrared spectra were recorded on a
Nicolet IMPACT 400 spectrophotometer in the wavelength
range from 4000 to 400 cfpat a resolution of 4 ¢ as
KBr pellets. The¥?P{1H} NMR spectra were obtained as
CHCI; (D,O capillar) solution and referred to the 85%
H4;PQ, standard on a Brucker AC-200 spectrometer.

The compound4 and?2 were prepared as previously
described13 The results of C, H and N elemental analy-
sis were in agreement with the formula®): Found: C,
31.23;H,1.34; N, 6.00, %. Calc. fog fIgN,O,W: C, 31.85;
H,1.34; N, 6.19, %2: FoundC, 55.93; H, 3.59; N, 3.43, %.
Calc. for GgHaN,OP,W: C, 56.45; H, 3.74; N, 3.47 %.

The preparation of3 was as follows: a solution
(0.960mmol) of trimethylamine N-oxide (TMNO) in 5mL
of ethanol was added to an acetonitrile solution (25mL) of
the compound. (0.640mmol), followed by the addition of
dppf (0.640mmol). The mixture was stirred for 22h at room
temperature. The resulting orange precipitate was isolated
by filtration under N, washed with diethyl ether and dried
in vacuum. Found: C, 56.82; H, 3.51; N, 2.87, %. Calc. for
Cy7H3gN,O5P,FeW: C, 57.69; H, 3.71; N, 2.86,%.

Electrochemical measurements

The cyclic voltammograms and the coulometric inves-
tigation were performed with a PAR Model 2A3
potentiostat/galvanostat equipped with a X-Y recorder.

Table 1. Infrared and3P{¥H} NMR data for the compoundg, 2 and 3.
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All electrochemistry tests were carried out using conven-
tional three electrode cell.

A platinum disk was used as the working electrode in
the cyclic voltammetry experiments and a platinum gauze
in the controlled potential electyais. An AP/Ag*
(AgClO, 1.0 x 12 mol L1, 0.50 mol L NaClQ,, DMF)
electrode was used as the reference electrode and a plati-
num wire as the auxiliary electrode. Sodium perchlorate
(Merck, p.a.) was recrystallized in ethanol (p.a.), dried at
110°C for 24h and further used as the supporting electro-
lyte. All the solutions (1.0 x 18 mol L'1) were purged
with high purity argon, presaturated with the blank solu-
tion before each experiment. In the potential range of in-
terest (-0.8 to +1.0 V), no electroative species were ob-
served in the absence of tungsten complexes.

Results and Discussion

IR and 31P{1H} NMR data

The reaction of [W(CQJbipy)] (1) with the diphosphines
provided the elimination of one CO molecule affording com-
pounds of general formula [W(C{ipy) (P-P)], P-P = dppm
(2), dppf @), which affords a polyhedron with an octahedral
coordination around the tungsten centre.

Spectroscopic data (IR af#P{IH}NMR) are summa-
rized in Table 1.

In general, the CO stretching vibrations allow a clear
identification of the geometry around the metallic centers.

[W(CO)gl, 1, 2 and3 are all molecules with an octahe-
dral geometry. However in this series of compounds there
is a lowering of symmetry as the CO groups of [W(g}O)
are substituted by other ligands and consequently the IR
spectra of these complexes show different numberspf
bands. Thus the IR spectrum of [W(GP3hows an in-
tense and broae band centred at 2006 chwhile the
observation of 44 bands (2a+b,+b,) in the IR spec-
trum of1 indicates a &, symmetry around the W atom.

Finally, the presence of thregq strong &sorptions
(a4 + e) in the IR spectra o2 and 3 suggested dac-
configurationfor these complexé$17,

Complexes

Veo (Cm)

O(3P) (ppm)

[(W(CO)4
[W(CO)4(bipy)]

2006s
2002m, 1906m,

1869s, 1810s

[W(CO)s(bipy)(dppm)]

[W(CO)3(bipy)(dppf)]

1999s, 1897s,
1800m

2000s, 1908s,
1801m

30.0(d, W P), -31.0(d, P);

J(PP) 52Hz,J(W P) 201Hz

50.0(s, W P), -29.0(s, P);
J(W P) 282Hz
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The unidentate coordination mode of dppma2iris Table 2. _Cyclic voltammo_grams data for the complexes
inferred from the presence of two mutually coupled non- E\é\g;)c]) )§(b|py)] 1, W(CO)(bipy)(dppm)] 2 and [W(CO¥(bipy)
equivalent phosphoroifP{1H} NMR ressonances. The :
high field signal has a chemical shift very similar to that of
the free molecuf®. The downfield ressonances due to the
coordinated phosphorous demonstrated a decrease in co- g'gég 8'28 g'ig g'g; g'gi gg; 8'22 :8'1‘3‘
ordination shift, defined aﬁcommex 6free I|gand 8 The 0:100 0:19 R 0..65 0..25 0..27 0..57 .
31p{1H} NMR spectrum of3 is similar to that of2, how- 0.150 0.19 -  0.69 0.25 0.27 0.55
ever two singlets were observed indicating that the two ‘assigned to oxidation potential of the iron; v = scan rate{V s
phosphorous atoms are not coupled due to the greater dis-EP. = anodic potential (V); Ep= catodic potential (V).

tance between them in dppf than in dgfm

1 2 3
Ep; Ep’ Ep? Ept' Ep' *EpS  EpS

Taking these data into account we were able to pro-
pose for complexe® and 3 the structure represented in
Scheme 1.
7N
P P §.
oC VN -
\V|V/N N N = bipy
ZIN\N N [
ocC P P =dppm (2):dppf 3)
— /
@\ -08 06 -04 -02 00 02 04 06 08
o O
P CHz—P ©/ /© Figure 1. Cyclic voltammogram of [W(CQ)bipy)] (1) in dimethyl-
@ @ formamide containing 0.5 mol-L NaClQ, and 1.0 x 18 mol L-1 of
the complex, v = 0.05 V-§ at 250C; 1st scan (I ) and 2d scan (---).
dppm dppf
Scheme 1. I 5uA
<
=z
Electrochemical data T | =

Figures 1, 2 and 3 show the cyclic voltammograms of 08 -06 -04 -02 00 02 04 06 08

compoundd, 2 and3, respectively in dimethylformamide BV
solution (1.0 x 1@ mol L) containing 0.5 mol il NaClQ, Figure 2. Cyclic voltammogram of [W(CQ)bipy)(dppm)] @) in
obtained on a platinum electrode at potential scan rate dimethylformamide containing 0.5 moFLNaCl, and 1.0 x 16
v=0.050V 8 and 25°C. Table 2 lists the peaks potentials o sear (o, T o0 0 A 295G tsean 1) and
for the complexes in the first scan of potentials.

The cyclic voltammogram for [W(C@) obtained Ep,! (Table 2) for compoundsand2 were attributed to the
under the same conditions showed an electrochemical oxi- oxidation of the tungsten atom.
dation peak a0.72 V (Epl). The free bipy and dppm The cyclic voltammogram of compouBdexhibited in
ligands do not reveal any current peak in the potential the first scan two anodics peaks (1a, 2a ) and one cathodic
range studied. A single one-electron reversible anodic peak peak 3c. The repetitive scanning revealed the presence of
was observed at 0.33V in the bgwoltammogram of the an anodic peak at a more negative potential (3a), which
ddpf compound and during the cathodic scan the revers- corresponded to the cathodic peak at 3c. A second anodic

ible coupled peak was observed at 0.18 V. peak at more positive value (4a) was also found.
Anodic current peaks were observed for compounds In order to elucidate the origin of the pair of peaks 3c—
and2 within the range —0.8 to +1.0V (vs #&g™), but no 3a the potential scan was reversed before reaching the po-

corresponding cathodic current peaks were observed, tential 2a, and consequently the 3c peak was not observed.
indicating irreversible oxidation processes. The values of Moreover during the second scan the intensity of the 2a
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peak decreased while the pair of peaks 3c—3a increased. In addition, after exhaustive electrolysisCa40 V for

This suggests that the species responsible for the 3c-3a arghe complexed and2 and at 0.50 V for compleXa color

associated to the product generated in 2a. The peak separachange was observed resulting/éllow solutions. Analy-

tion is around 0.060 V and the peak current ratio is unity, as ses of these solutions by IR spectroscopy showed the disap-

expected for a one electron reversible process. The observedpearance ol and the presence of free bipy and dppm

redox current peaks were assigned to the oxidation of the ligands. Furthermore these results indicated that the oxida-

ferrocenium nucleus present in dppf ligédhd tion of the tungstencarbonyls complexe® and3 led to
These results suggest that the 1a and 2a peaks are reunstable species that undergo decomposition processes.

lated to the oxidation of the tungsten and iron atoms, re- Hitherto, the results described suggest in all cases a com-

spectively. Furthermore the cyclic voltammogram 3pr plex electrode process, with an irreversible chemical de-
allowed to consider that this complex also exhibited ini- composition reaction of the oxidized species. The global
tially an irreversible oxidation process. electrode process in dimethylformamide solution yielded,

probably, solvated tungsten species and free bipy and dppm
ligands for compoundd and 2, respectively. The cyclic
voltammogram of the compourdl after exhaustive elec-
trolysis at 0.50V exhibited only the peak 4a and the pair of
peaks 3c-3a. The pair of peaks 3c-3a is ascribed to solvated
Fe2*/Fe3* pair analogous to a previous results obtained in
our research grodp23
A feature to be noted is that the Epalue for
[W(CO)¢] differs significantly from the values obtained
for complexed, 2 and3. Thus the substitution of two CO
groups of [W(CQJ] for bipy, giving1, decreases the oxi-
dation potential by 0.52 V. However the comparison of the
Epa values for compounds, 2 and3 indicates that the
substitution of another CO by a phosphorous atom of
dppm and dppf ligands resulted in a little shift of poten-
tials (Table 2).
Summarizing the above results it was seen that the changes
S ——— in the ligands nature produced a shift in electron density on
-08 06 -04 -02 00 02 04 06 08 1.0 . .
the metal center which can be probed by electrochemical

I /pA

E/IV /)
ies. In this way th itution of electron withdrawin
Figure 3. Cyclic voltammogram of [W(CQO)bipy)(dppf)] (3) in studies . this way the substitution of elect 0. t .d a. . 9
dimethylformamide containing 0.5nol L-1 NaClQ, and 1.0 x 168 carbonyl ligand by a stronger electron donor like bipyridine
mol L-1 of the complex, v = 0.05 V% at 250C; 1st scan 1) and 2d increases the electron density on the metal and consequently
scan (). lowers the oxidation potential of the complex.
According to the electrochemical behaviour com- Replacement of another CO Inby a phosphine ligand

monly observed for the oxidation of the 18 electron 9iving 2 and 3, decreases the electron density on the metal
tungstencarbonyl complexes, the first step is a one-elec- center. The reason is that the phosphines may not only donate
tron process and the subsequent chemistry of the systemelectron density to the metal, but may also withdraw electron
depends upon the stability and reactivity of the 17 elec- density throughrebackbonding. The presence of the dppm
tron product8. A series of compounds [M(CQ) and dppf ligands coordinated to tungsten atom shifted the
(nX-P-P){(2-P-P)], M = Cr, Mo, W: P-P = dppm, upon elec- anodic peak potential values in the anodic direction, leading
trochemical oxidation in dichloromethane and acetone therefore to an increase in the oxidation potential compared to
exhibit the isomerization of the 17 electron product and 1. This effect is larger for the dppf ligand and this behaviour
this step is continued by a slowly decomposition prédess ~ May be associated with the iron nucleus prese@ts in

These observations indicated that, in our experi-  The comparison between the oxidation potential of
ments, the species initially produced upon oxidation of the iron atom in free dppf and in compl&showed that
compoundsl, 2 and 3 could undergo an isomerization the electrochemical oxidation of iron was eased by coor-
process giving other active electrochemical species re- dination of the ligand to the tungsten atom. This fact can

sponsible for the subsequent anodic peaks observed in be assigned to the ability of the W(G@ipy) fragment to
the cyclic voltammograms. tedonate electron density to the dppf ligand.



Vol. 11 No. 4, 2000

In conclusion, this work showed that the stability of the
tungstencarbonyl complexes with respect to electrochemical

oxidation follows the order [W(C@)> [W(CO)4(bipy)(dppf)]
> [W(CO)(bipy)(dppm)] > [W(CO)(bipy)], in accordance with

the changes in electron density on the tungsten atom caused
by the substitution of the coordinated CO groups by bipyridine 12.

and phosphine ligands.
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