Inorganica Chimica Acta, 160 (1989) 5357

Substituted Metal Carbonyls.

53

Part 9. Solution and Solid-state Decompositions of Diphosphine—Monobridged

Molybdenum Carbonyl Dimers

T.S. ANDY HOR* and HARDY S. O. CHAN

Department of Chemistry, Faculty of Science, National University of Singapore, Kent Ridge 0511 (Singapore)

(Received September 30, 1988)

Abstract

Thermal decomposition of the singly-bridged
complexes Mo3(CQO),0[u-Ph,P(CH,),,PPh,] (n=4,
5, 6) has been studied as hexane, benzene and toluene
solutions by infrared monitoring and in the solid
state by thermogravimetry and differential scanning
calorimetry. The thermal profiles of the three com-
plexes reveal a similar degradation pattern which
involves an initial loss of CO followed by phosphine
cleavage via a multistep mechanism. The dimers
are stable in boiling hexane but decarbonylate upon
prolonged heating in toluene resulting in the cis-
complexes Mo(CO)4(P—P) which are 7-, 8- and
9-membered chelate rings.

Introduction

Whilst the chemistry of bifunctional ligands has
been continually attracting attention [1—9], our
recent interest has been focused on the diphosphine-
bridged dinuclear carbonyls where there is little
interaction between the metal centres [10-—12].
The stabilizing role of the bridging long-backbone
diphosphines is an ill-defined concept compared to
that of the analogous complexes with monodentate
phosphines [13—16] and chelating diphosphines
[17—-19]. In our continued effort to establish the
relationship between the Gp 6 mononuclear and
dinuclear carbonyls [11], we report in this paper
the thermal decompositional behaviour of Mo,-
(CO)1o(u-P—P) [P—P = Ph,P(CH,),PPh, where n=
4 (dppb), 5 (dpppt) and 6 (dpph)**] in solution
and the solid state, the latter of which is studied by
thermogravimetric (TG) and differential scanning
calorimetric (DSC) techniques.

*Author to whom correspondence should be addressed.
**dppb: 1,4-bis(diphenylphosphino)butane; dpppt: 1.,5-
bis(diphenylphosphino)pentane; dpph: 1,6-bis(diphenylphos-
phino)hexane.

0020-1693/89/$3.50

Experimental

All the preparations and reactions were carried
out under a dry nitrogen atmosphere using standard
Schlenk techniques. The general procedures and
instruments used follow that described in earlier
reports [11,20]. The complexes Mo,;(CO);o{u-P—P)
(P—P =dppb, dpppt, dpph) were prepared by the
reported method [21]. Sample solutions in hexane,
benzene and toluene were refluxed and analysed
similar to that described earlier [11]. All thermo-
gravimetric experiments were conducted on a Du
Pont 9900 thermal analyser in dry nitrogen. The
nitrogen flow was 75 cm® min~! and heating rate
10 °C min~!. The scans were conducted from room
temperature to 700 °C. Differential scanning calori-
metric experiments were carried out in a self-
generated atmosphere on the same instrument and
calibrated to have a cell constant of 1.19. The tem-
perature range was from room temperature to 500 °C
with the same heating rate of 10°C min~'. The
enthalpy values were generated by computer, with
indium as the reference.

Results and Discussion

The TG decomposition profiles of the dppb (1),
dpppt (2) and dpph (3) complexes are depicted in
Figs. la, 2a and 3a resg)ectively. All the complexes
are stable below c. 120 "C beyond which they display
a similar degradation pattern which can be discussed
collectively.

The decomposition is essentially composed of
three stages, viz. an initial small weight loss in the
temperature range c¢. 130—200 °C, an intermediate
phase of steep degradation in ¢. 200—400 °C, and a
final gradual weight loss in the region ¢. 400—-550 °C
beyond which no significant change is observed.

The initial loss in weight may be inferred to the
evolution of one mole of CO gas; the weight losses
observed for the complexes 1, 2 and 3 are 3.21%-
(cale. 3.12%) (130-200 °C), 2.80%{calc. 3.07%)

© Elsevier Sequoia/Printed in Switzerland
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Fig. 1. Mo,(CO)10[s-PhP(CH2)4PPh;]: (a) TG curve, (b) DSC curve.

(120205 °C) and 3.35%(calc. 3.02%) (130—175 °C),
respectively. A similar mode of decarbonylation
was observed in the related mononuclear penta-
carbonyl with a dangling diphosphine, i.e. Mo(CO)s-
(n*-dppm) (dppm = Ph,PCH,PPh,) [22]. The dif-
ference is that the latter decarbonylation results
in the stable chelate Mo(CO)s(n?-dppm) which
shows a higher resistivity to further decomposition
than the present apparent intermediate [Mo,(CO)e-
(u-P—P)]. As a result, rapid disintegration is observed
in all the complexes 1, 2 and 3 over the range c.
200—400 °C which is judged to be a multi-staged
phosphine cleavage process. The recorded percentage

residues of 28.9, 31.8 and 31.6% for 1, 2 and 3 are
higher than that expected for pure metal (21.4,
21.0 and 20.7% respectively); this is indicative
of incomplete deligation as a consequence of the
strength of the Mo—CO bonds in highly-substituted
carbonyls.

It is noteworthy that for all the complexes de-
carbonylation should occur prior to dephosphina-
tion. This is in apparent disagreement with the
general notion that L. in M(CO)s(L) would dissociate
more readily than not only the carbonyls in the
same complex but also those in M(CO)s [23,24].
Though the observed decarbonylation is not as
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Fig. 2. Mo(CO) o[ 1-Ph,P(CH,)sPPh,]: (2) TG curve, (b) DSC curve.

facile as that in Mo(CO)s(n'-dppm), the stabilizing
influence of the diphosphines in these monobridged
systems cannot be ignored.

The DSC scans for 1, 2 and 3 are shown in Figs.
Ib, 2b and 3b, respectively which are in general
agreement to the TG findings. A common charac-
teristic feature belongs to the very clean endo-
therms centering at ¢. 157, 136 and 183 °C for 1,
2 and 3, respectively. These endotherms correspond
to the concurrent melting and decarbonylation;
the enthalpic changes estimated for the integrated
area are 45, 30 and 47 kJ mol™! for 1, 2 and 3
respectively. These low values lend further support

to the lability of the initial Mo—CO bond cleav-
ages.

Thermal decomposition of the complexes in
refluxing hexane, benzene and toluene is monitored
by the infrared changes of the solutions during a
duration of 18 h. These dimers are essentially indif-
ferent to boiling hexane. In benzene partial decom-
position occurs upon prolonged reflux. The pre-
dominant decomposition product is the cis-chelate
Mo (CO)4(P—P). Complete decomposition is attained
only upon overnight heating in toluene. All the
complexes decarbonylate at a comparable rate
and with nearly identical infrared changes. A typical
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Fig. 3. Mo2(CO) o[ u-PhaP(CH,)gPPh,]: (a) TG curve, (b) DSC curve.

run is sketched in Fig. 4 which represents the spec-
tral changes of Mo,(CO),o(u-dpph) in toluene over
a period of 18 h. The conversion to the cis-tetra-
carbonyl chelate is complete after 18 h refluxing.
Similar conversion was observed earlier for Mo,-
(CO)1o(u-dpppp) [dpppp = Ph,P(CH,)sPPh,] [11].
Refluxing in toluene also leads to the deposit of
some insoluble metallic residue and a soluble by-
product with an IR absorption at ¢. 1970 cm™!
which could be the isomeric trans-[Mo(CO)q(u-
P—P)],. There is however no indication for the
generation of Mo(CO)s or any bridging carbonyl
species.

There is insufficient evidence to suggest that the
solid state and solution decompositions follow
the same mechanistic pathway. However, based on
the inhibiting behaviour of CO gas on the break-
down of Mo,(CO)o(u-dpppp) [11], and the CO
liberation at the onset of the decompositions de-
scribed above, it is probable that, like many substitu-
tion processes in the Gp 6 mononuclear carbonyls
[25-28], a dissociative process predominates in
the decomposition of the titled complexes.

Decomposition of Mo,(CO)o(4-P—P) in both
solid and solution states has demonstrated un-
equivocally that the variation in the length of the
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Fig. 4. Infrared spectral changes in the carbonyl region of
Mo2(CO)of{u-PhoP(CH2)¢PPh,]: A, before refluxing (— .. —);
after B, 2 h (—~--); C, 4 h (... 3 D,6h(-.-)E 18 h
(—) refluxing in toluene.

hydrocarbon backbone of the phosphine has little
effect on either the mechanism or the rate of the
decompositional process. Despite the seemingly
unfavourable conformation in the 8- and 9-membered
rings, chelates such as cis-Mo(CO)4(n*-P—P) (P—P =
dpppt and dpph) constitute the major isolable prod-
ucts in these bridge-cleavage decarbonylation reac-
tion. The fact that cyclization is preferred rather
than the formation of the frans open-chain struc-
tures lends further support to the theory that large
chelate rings can be stabilized by bulky substituents
such as phenyls and t-butyls on the coordinating
ligands [19, 29, 30].
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