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SUMMARY

The reaction of trans-Mo(N,),(Dppe), (Dppe=Ph,PCH,CH,PPh,) with
carbon monoxide gives, initially, the previously unknown trans-Mo(CO),(Dppe),,
which isomerises in solution to the well-known cis isomer. The reaction was followed
by IR spectroscopy under carbon monoxide pressure.

INTRODUCTION

The stereochemistry of complexes of the type [ML,(Dppe),|"* M =Cr, Mo;
L=N,, CO; Dppe=Ph,PCH,CH,PPh, and n=0 or 1) is of some interest. Of these
compounds, only Mo(CO),(Dppe), (I) has a cis configuration (Table 1); although
Cr(CO),(Dppe), was believed to exist as interconvertible cis and transisomers’, recent
work has shown that a redox equilibrium is in fact established between trans-Cr(CO),
(Dppe), and trans-[Cr(CO),(Dppe),]* 2. As yet there is no example in which both
cis and trans isomers have been identified.

It is particularly interesting that while (I) has a cis configuration?, the analogous
dinitrogen complex, Mo(N,), (Dppe), (II), whose structure has been determined by
X-ray crystallographic studies®, occurs as the trans isomer. Attempts to prepare trans-
(I), both by reduction of trans-{Mo(CO),(Dppe),1* 2 and by replacement of N,
by CO in (II)°~7 have yielded only cis-(I}. We have found, however, that under
suttable conditions rrans-(I) may be identified as the initial product of the reaction
of (II) with carbon monoxide, and that subsequent isomerisation to cis-(I) takes place
with great facility.

TABLE 1

CONFIGURATION OF COMPLEXES [ML,(Dppe),]"*

Cis Ref. Trans Ref.

Mo(CO), (Dppe), 1 Cr(CO),(Dppe), 2
{Cr(CO).(Dppe),1* 2
[Mo(CO),(Dppe).]" 4
Mo(N,)(Dppe). 3
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The reaction of (II) with carbon monoxide at 50 atm pressure in tetrahydro-
furan (THF) solution was followed by IR spectroscopy in a high-pressure cell®.
The absorption at 1960 cm ™' due to THF was cancelled out almost entirely by ba-
lancing against a second identical cell [Fig. 1; spectrum (i)]. A THF solution of (II)
was pressurised with nitrogen and spectrum (ii) was obtained, showing v(NN) at
1976 cm ™ 1. The cell was then pressurised with carbon monoxide and stirred at ambient
temperature (26-29°). The absorption at 1972 cm™1! disappeared over 34 h, to be
replaced by a band at 1821 cm™* [spectra (iii), (iv)]). The compound giving rise to this
absorption is stable for several hours in solution under these conditions, but on
warming to 50-60° the 1821 cm™ ! band is replaced by bands at 1795 and 1859 cm ™!
[spectra (v), (vi)]- The final spectrum is identical to that obtained from an authentic
sample of cis-(I) under the same conditions. We attribute the absorption at 1821 cm ™!
to trans-Mo(CO), (Dppe),, found as the initial product of the replacement of N,
by CO in trans-Mo(N,), (Dppe),. This reaction is not reversible. If, at the stage re-
presented by spectrum (iv), the cell is repressurised with nitrogen, no reconversion to
(1I) is observed, but only slow isomerisation to cis-(I). There is no indicaticn of the
intermediate formation of a mixed species, Mo(N,)(CO)(Dppe),-

Trans-(I) may be isolated from the above reaction, and may also be prepared
by passing carbon monoxide through a solution of (II) at atmospheric pressure for a
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limited time, although in neither case was the product quite free from (II) or cis-(I).
Optimum yields were obtained at atmospheric pressure with reaction times of 5 h
(ambient temperature) or 24 h (0°)*. Yellow-orange trans-Mo(CO),(Dppe), is stable
in the solid state, but isomerises rapidly in solution. Isomerisation takes place too
quickly to allow dipole moment measurements to be made in either benzene or dioxane.

DISCUSSION

The balance of steric and electronic factors in complexes of the type [ML,-
(Dppe),]** must be very fine. Thus for steric reasons a complex containing two bulky
chelating ligands would be expected to adopt a trans configuration, while two mono-
dentate ligands with strong w-acceptor properties would be expected to occupy cis
positions. In (I), the z-acceptor properties of the carbonyl ligands apparently dominate,
causing the cis configuration to be preferred. In the dinitrogen complex back dona-
tion from the metal is less significant and the sterically favoured trans configuration is

_adopted. Oxidation to Mo' in [Mo(CO),(Dppe),]* simultaneously increases steric
crowding by reducing the radius of the metal ion, and decreases back-bonding po-
tential, and hence the trans configuration is again found.

The relative stability of trans-(I) in solution under pressure of CO contrasts
with the rapid isomerisation at atmospheric pressure. This suggests that the isomeri-
sation may involve dissociation of CO to form a 5-coordinate intermediate, Mo(CO)
(Dppe),, with subsequent recombination in the cis position.

EXPERIMENTAL

trans-Dicarbonylbis| 1,2-bis(diphenylphosphino)ethane Jmolybdenum(0)

A slow stream of carbon monoxide was passed through a stirred solution of
trans-bis(dinitrogen)bis[1,2-bis(diphenylphosphino)ethane Jmolybdenum(0)® (150
mg) in dry tetrahydrofuran (25 ml) at ambient temperature with the exclusion of light.
After 5 h, the solution was evaporated to dryness at or below room temperature. No
further purification was possible without causing isomerisation of the product.
(Found C; 68.8, H; 5.3, N; 0.4. C5,H,sMo0O,P, calcd.: C; 68.4, H; 5.1, N; 0.0%.)
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* Hidai er al. passed CO through a benzene solution of (II) under ambient conditions for 4 days. This
period is sufficient for complete isomerisation of trans-(I) under these conditions and hence only cis-(1)
was observed.



