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Abstract

The ability of trimethylamine N-oxide as a chemical initiator for facile oxidative
decarbonylation in metal carbonyls is manifested by the isolation of M(CO);(n*-
bipy)(n'-dppm) (where M = Cr, Mo, W; bipy = 2,2"-bipyridyl; dppm =
bis(diphenylphosphino)-methane). The synthetic strategy and spectral (IR and 'H
and P NMR) characterisations are presented and discussed. Syntheses of the
well-known M(CO),(n*-bipy) have also been modified to give high yields at
ambient temperature.

Introduction

a-Diimine ligands [3-5] as exemplified by 1,10-phenanthroline (phen) and 2,2'-
bipyridyl (bipy) serve as a very important class of ligands in metal carbonyl
chemistry. Especially distinctive are the kinetically labile and fluxional di- and
tri-substituted Group VIA metal carbonyls [6]. Explication of kinetic and mechanis-
tic details in these systems plays a crucial role in understanding their substitution
[7-9] and isomerisation [10] processes. Most of such investigations [11-15] however
are confined to carbonyl displacement by a monodentate ligand, viz.

M(CO)4(bipy) + L - M(CO),(bipy)(L) + CO
(M = Cr, Mo and W; L = 2-electron donor)

* For parts 1 and 2 see refs. 1 and 2.
** To whom correspondence should be addressed.
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Bidentate ligands (LL") are rarely used in such studies because of the possible
complication of displacing the bipy ligand to yield M(CO)y (L1} Hence up to now,
there has been a lack of a convenient and systematic method for making mixed-ligand
derivatives of neutral metal tricarbonyis [16,17], particudarly thoswe wiich contain
two different bifunctional higands. The present report offers a ©
of M(CO)Y(n*-bipy)(w' -dpprm) * i
hexacarbonyls by using tnimethylamine Veoxide (TMNO) as the

e Z-step synthesis

from the metal
tiator. The phen
analogue of these corapounds has been reported recently {21

Results and discussion

Preparations of the well-documented Cr(CO),{n>-bipy). Mo(CO) (% -bipy) and
W(CO),(n*-bipy) [18-23] have been modified to give good vields (81, 83 and 97%
respectively). Oxidative decarbouviation of M(COj, with TMNO in the presence of
the ligand in bezene or benzene /methanol mixture proceeds readily at room
temperature to give the highly-coloured tetracarbonyls. Conventional thermolytie
and photochemical techniques [18.24--26} which are arduous und pon-selective have
been avoided.

The second step involves a stoichiometrically controlled replacement of a carbony!
by a unidentate dppm iigand. Similarly, the substitution is facilely induced 0y
TMNG at room temperature. The tricarbonyl complexes. M(CO) (i -bipyv)(n'-
dppm) (M =Cr, 1, Mo, 2. and W, 3) have been characterised (see Table 1)
spectroscopically (IR, 'H and *'P NMR).

Table 1

Spectiroscopic data

Complex (M.p. (°C)) p(COY (e ' &('H) (ppm)
(“r(CO)V;(bipy)(dppm) 19095, 18240, 9.42(br) [d,H"(bipv)l,
¥ {153, dec) 1785m 7.02-8.25 [mC Hs and

H**(bipyy], 2.77(br)
{d. CH,~{dppm}

S5 TP
2T8AAPL (PP

AU He

Mo(CO),(bipy)(dppm) 1915s, 1821w 8.84 [d.H®(bipy)], 2726 (d.1Py. - 2793
2 (212, dec) 1789m: 6.73-7.83 [m,C H; and (d APy SPPYTIHe

H**%.(bipy)]. 2.63

[dd, CH ,-(dppm)|:

J(HP,} 5.0 Hz, J(HP, )

2.3 Hz
W(CO),{bipy)}dppm) 1908s. 1816m, 8.93 [d.H (bipy)}. 2033 (4P, 2702
3(120, dee) 1784 6.73.-8.46 [m.C H, and id Py J(PPyad Hz @

H** .(bipy)], 2.70
[dd.CH ,-(dppm)]; J(HF,)
5.7 Hz. J{HP,) 2.0 Hz

4 CDCl,. * DMAC (N, N-dimethylacetamide).

* dppm = bis(diphenylphosphinoymethans.
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Complexes 1 and 3 are novel but 2 has been briefly mentioned in the literature
[27]. The Ilatter complex, prepared from Mo(CO);(C,Hg) (where C,Hg=
cycloheptatriene) via the carbonyl-bridged dimer (u,-CO),Mo,(CO),(n*-bipy),
[28,29] however, lacks firm spectroscopic support. The chromium analogue of the
dimer was hitherto unknown.

It is generally accepted that TMNO is effective in promoting decarbonylation at
ambient temperature for metal carbonyls with IR »(CO) > 2000 cm ! [30-32]. This
conception is in accord with the present conversion of tetracarbonyl to tricarbonyl
complexes as all the former species exhibit an IR band a little above 2000 cm ™. For
complexes 1, 2 and 3, despite the proximity of the uncoordinated phosphorus to the
metal centre and the expected stability for a M—P-C-P-M four-membered chelate,
cyclisation of the dppm ligand and formation of the higher substituted dicarbonyl
derivatives has not been detected at room temperature even with an excess of
TMNO. Such inertness for chelation however is not unexpected in view of the low
»(CO) for all the three tricarbonyls (the highest absorptions occur 85-92 cm™!
below 2000 cm ™ 1).

Formation of 1, 2 and 3 from their tetracarbonyl counterparts can be easily seen
in changes in their IR spectra. A common pattern of three strong absorptions
(a; + 2e) suggests a fac-configuration for the M(CO),; moiety [2,21,33-36], which is
understood in view of the cis-labilising effect of the bipy ligand [37-39].

The '"H NMR spectra suggest that the usual resonances are assignable to n*-bipy
ligation [7]. The doublets of a doublet, 'H->'P coupling, for the methylene protons
of dppm implies the chemical inequivalence of the two phosphorus nuclei. Unam-
biguous evidence for the unidentate coordination mode of the phosphine is deduced
from the *'P NMR analysis. The presence of two mutually coupled non-equivalent
phosphorus NMR resonances together with the occurrence of a high field signal of
similar chemical shifts (Table 1) relative to free dppm molecule (§ —21.67 ppm)
[1,2] typify all three spectra. Tungsten satellites were not observed in the spectrum
of 3 owing to the limited solubility of the complex in the NMR solvent. The
downfield resonance due to the ligated phosphorus demonstrates a decrease in
coordination shift, defined as &.,mpiex — Ofree ligana» [40—42] in the expected order of
Cr (67.44 ppm) > Mo (48.93 ppm) > W (42.00 ppm). Similar trends of comparable
magnitudes were observed for the analogous phen complexes [2]. Among the three
complexes studied, only 1 shows a minor quantity of its mer-isomer in the *'P NMR
spectrum.

It is envisaged that the title compounds cannot be satisfactorily prepared via the
classical thermolytic or photolytic pathway from M(CO),. Competitive substitutions
would lead to the formation of more familiar complexes such as M(CO) ,(n*-dppm)
[43], M(CO),(n*-dppm), [44] or M(CO),(n*-dppm) (7' —dppm) [45,46]. Attempts to
prepare the related complexes M(CO),(n* — dppm)(n'-dipy) have so far proved
unsuccessful. This is however not too surprising considering the negligible cis-labi-
lising ability of the phosphine [47] and the unstable coordinating mode for a
unidentate bipy.

All the above-mentioned octahedral carbonyls which contain mixed ligands either
in chelating or dangling form are potentially important models for kinetic and
mechanistic studies in metal carbonyl reactions [48,49]. Their good w-accepting
ability, coupled with the anionic behaviour of ligands such as bipy and phen, would
enable these complexes to be useful for electrochemical experiments [50,51]. Redox
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chemistry, in particular, is expected to be rich {52} The versatile coordination ability
of these ligands is manifested by their potential as syphons for heterometallic
mixed-ligand derivatives of dinuclear and polynuclear metal carbonvls {531,

Conclusion

Tricarbonyl Group VIA metal complexes containing @ hidentate bipy and a
unidentate dppm ligand have been synthesised from u chemicallv-induced de-
carbonylation pathway under mild conditions. This strategy is puarticulariy useful for
thermally unstable or UV sensitive compounds and for those which contain kineti-
cally labile ligands. Our success with the bipy. phen and dppm groups have
prompted extension of our work to include other a-ditmines and diphosphines.
Investigations on the generalisation of this methodology and the reactivities of these
substituted carbonyls are currently in progress.

Experimental

General procedure

All reactions were performed under pure dry dinitrogen using standard Schlenk
techniques. Solvents were of reagent grade and degassed before use. Proton NMR
spectra were recorded on a JEOL FX 90Q at 89.55 MHz using (CH},51 as internal
standard and CDCI, as solvent. Phosphorus-31 NMR spectra were recorded in
CDCl; or DMAC on the same spectrometer at 36.22 MHz Chemical shifts are
reported in ppm to high frequency of external 85% phosphoric acid. Infrared spectra
were run as chloroform solutions on a FT-IR Perkin-Elmer [710 R spectrometer.
Melting points were measured using a Thomas Hoover Unimelt capillary melting
point apparatus without calibration. Elemental analyses were performed by the
Analvtical Service of this department. All the instruments mentioned above were
available in this department. Spectroscopic (NMR and IR) dats are given mn Table |
together with the melting points. Dppm was purchased from Aldrich Chemical Co.
and was checked for purity by "'C and *'P NMR spectroscopy hefore use. Metal
hexacarbonyls. bipy and TMNO (dihydrate) were purchased from Aldrich, Merck
and Tokyo Kaset Kogvo Cn. Lid. respectively and were used without further
purification.

Reactions

W(COj(w-bipy). A solation of TMNO (0.3396 g. 3.06 mmol) in methanol (5
ml) was added to a vigorously-stirred solution of W(CO}, ((1.5032 g, 1.43 mmol) in
benzene. To this vellow mixture was added bipy (0.2351 g. 1.31 mmob) which
immediately gave a red suspension. After stirring for 18 h at 28° C, the mixture was
reduced to low volume and filtered. The maroon microcrysials thus isolated were
analytically pure; they can, however, be recrystallised from CH,C1. ‘hexane. Yield:
0.63 g (97%). IR »(CO): 2008m, 1900vs, 1880sh 1829s {18]. Found: €. 37.19: H.
1.64; N.6.19. € HN,OW cale: €, 3717, H. 177, N 6.19%.

M(CO) (v'-dipy) (M = Cr, Mo). A similar procedure was adopted as for the W
analogue except that neat benzene was used in the Cr complex. The products were
analytically pure and their IR spectra checked against literature values [18]. Yields:
0.62 g (81%. based on 0.5050 ¢ of Cr(CO),) and 0.62 g (35%, based on .5271 ¢ of
Mo(CO),).



27

Mo(CO);(v-bipy)(v'-dppm). A mixture of Mo(CO),(%*-bipy) (0.1655 g, 0.45
mmol), TMNO (0.0719 g, 0.64 mmol) and dppm (0.1782 g, 0.46 mmol) in CH,CN
(25 ml) was stirred to give a clear violet solution. Evaporation to dryness in vacuo
yielded a purple solid which was redissolved in CH,Cl, and filtered. To the filtered
solution was added methanol, followed by evaporation to low volume under
vacuum. The purple precipitate thus formed was isolated by filtration. A second
crop of product was usually obtained from the filtrate upon addition of methanol
followed by slow evaporation. The combined crop was recrystallised from
CHCIl,/CH,OH. Yield: 0.18 g (54%). Found: C, 63.72; H, 3.86; N, 3.56.
C;33H3oMoN,O,P, calc: C, 63.33; H, 4.10; N, 3.83%.

Cr(CO);(n’-bipy)(n'-dppm). A mixture of Cr(CO),(7*-bipy) (0.2961 g, 0.93
mmol), TMNO (0.1156 g, 1.04 mmol) and dppm (0.4102 g, 1.07 mmol) in CH,CN
(30 ml) was stirred for 17 h to give a maroon suspension. A purple solid was isolated
after filtration and a second crop was obtained by reducing the volume of the
filtrate, which was subsequently cooled to —20°C and filtered. Repeated recrystal-
lisations from CH,Cl, /hexane gave the analytically pure product. Yield: 0.27 g
(40%). Found: C, 67.15; H, 4.81; N, 4.33. C;3H,,CrN,0,P, calc: C, 67.46; H, 4.44;
N, 4.14%.

W(CO); (v’ -bipy)(y'dppm). A similar procedure was adopted as for the Cr
analogue. Purple microcrystals (yield 0.13 g (40%)) were obtained from
W(CO),(n*bipy) (0.1810 g, 0.40 mmol), TMNO (0.2303 g, 2.08 mmol) and dppm
(0.3496 g, 0.91 mmol). Found: C, 56.25; H, 3.86; N, 2.99. C;3H,,N,0,P,W calc: C,
56.42; H, 3.72; N, 3.47%.
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