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Prélinﬁnary-commﬁnicaﬁon B

.Kinetic studies of the reactlons of h4 -1.2.3 6-C3 H,, Fe(CO)s w1th tertlary
phosphines and phosphlt&s

B.F.G. JOHNSON, J. LEWIS* and M.V. TWIGG
University Chemical Laboratory, Lensfield Road, Cambridge, CB2 1EW (Great Britain)
(Received March 5th, 1973) :

A feature of the molecule (I)'*? is the ease with which it reacts with carbon monoxide,
tertiary phosphines and phosphites to produce the #rans-annular ketone (III). We have now
examined these reactions in greater detail and have been able to characterize two distinct
reaction pathways (see Scheme 1).

+L¢——© 4+ co

Fe(CO), Fe(CO),L
(D am
L
ke[l + Fel(COLL,
Scheme 1 am aw

The kinetics of the reaction of (I) with a number of substituted phosphines and
phosphites have been examined under pseudo first order conditions in heptane solution
using IR spectroscopy. With the relatively poor nucleophiles PPhs and P(OPh)s, substitution
of the carbon monoxide molecule zrans to the iron—carbon bond takes place via a CO
dissociative mechanism. At a given temperature, pseudo first order rate constants rise to a
Jimiting value with increasing concentration of the ligand, and the limiting rate is independent

* Author fo whom correspondénce should be aﬁdressed.



:_Cszf-r*{; R o '::1_' b Sy PRELIMINARY COMMUNICATION

o of the nature of the. entermo hgand The reactron is mhiblted by carbon monoxrde (1 atm )
and ‘the actwatmn parameters (AHfE 29. 2_0 2 kcal/mole ASF =15.240.5 e.u) aré tymca]
for a CO dlssocmt:we reaction. No ewdence for further reaction of (II) was found at 80°: :
- Reactmn of (I) with more nucleophlhc ligands (alkyl phosphines and- phosphrtes) L
takes place by two Haths and under Hseudo ﬁ:st order conditions the kmetlcs obey atwo -
'termratelaw"" : T : T R S

kobs kl .+ kz [L]

- “The k1 term corre.,ponds to the formatlon of (II) Its value is the same for altof -
: the hgands used (at 60 ) and identical with the limiting rate constant obtained with
_»PPh3 or P(OPh);. The ‘second order path results in Temoval of the orgamc moiety
~from the iron centre as the trans annular ketone (III) and formation of FeLs(CO),.
Carbon monoxide (1. at:m) reacts only very slowly with (I) at these temperatures to
form (III) in low yield and iron carbonyl species. It is therefore likely that a carbon
monoxide molecule bound to the iron becomes inserted into the iron—carbon bond
‘during or after the bimolecular process. Activation parameters for this reaction with
P(OEt)3 (A HF = 13.720.5 kcal/mole, A S§*=—27.0£1.6 e.u.) are typical for a bimolecular
reaction and are similar ‘to those recently obtained3. for methyl mlgratron reactions of
CsHs Mo(CO);CH; and Cy H,Mo(CO);CHs. : :
Because of the large difference between AHT and AH: , nearly quantitative conversia
of (1) to (11D and (IV) can be achieved usmg a high ligand concentration at room temper-
ature.
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