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Sumrhary 

Sequential displacement of both N2 ligands f?om ci.+[MO(N~)~ (PMe,Ph),] 
by CNMe occurs by a dissociative (Id) mechanism (k2/kl - 5, kI = 

0.020 min-’ at 273 K) via the intermediate cis-[Mo(N,)(CNMe)(PMe,Ph),]. 
For t-BuNC substitution, the only detected intermediate appears to be 
[Mo(CNBu-t)(PMe,Ph),] and no intermediate was detected in reactions of 
trans-[ MO(N, )? (Ph2PCH2CH2PPhî )2 ] with CNMe. Nz appears to be labilised 
by ci.+ligands in the order t-BuNC > CNMe > N2 > NCR. 

We have previously reported the formation of the complexes 
trans-[Mo(CNR),(dppe)2] (R = Me, t-Bu or 4-MeC,H,, dppe = Ph2PCH2CH2- 
PPh2) and cis-[Mo(CNR).(PMe,Pll)4] by treatment of the correspondïng di- 
nitrogen complexes with RNC in solution under irradiation or at reflux [ 1,2]. 
We are now studying the mechanism of these substitution reactions under 
milder conditions (273 K in the dark) and report here the detection of inter- 
mediates by 31P NMR and electrochemical techniques. 

In the reaction of cis-[ Mo( N,),(PMe,Ph)4] (1) with CNMe (50 molar excess) in 
THF an unstable intermediate (II) was observed by cyclic voltzmmetry (Pt elec- 
trode, 0.2 M [NBu,]BF, supporting electrolyte). II has an irreversible oxida- 
tion wave whose potential (Eox -0.45 V vs. SCE) lies between those of .I 
(-0.23 V) and cis-[Mo(CNMePz(PMe,Ph),] (-0.62 V) and its 31P NMR 
spectrum shows two quintets (both intensity 1) and a triplet (intensity 2). 
These observations suggest the formulation cis-[Mo(Nz)(CNMe)(PMe,Ph),] for 
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II. Oxidation of II is thus easier than of 1 but harder than of cis-[Mo(CNMe), - 
(PMelPh),] because of the replacement of one N, by the better net donor. [3] 
MeNC. 

Under pseudo first-order conditions, the step controlling the rate of forma- 
tion of II is first order in 1 concentration and zero order in RNC concentra- 
tion The value of the rate constant hi (0.020 min-’ at 273 K) is indepen- 
dent of RNC and close to the value obtained for N,-substitution in 1 by RCN 
143, consistent with NZ loss being the rate determining step as shown in reac- 
tions 1 and 2. 

c~s-[Mo(N~)~ (PMezPh), ] k1 J [MO(N, )(PMelPh)a ] + N2 (1) 
(1) 

[MO(N? )(PMezPh)? ] + CNMe 5 cis-[MO(N, )(CNMe)(PMezPh), ] (2) 
(II) 

cis-[Mo(N,)(CNMe)(PMeJ’h)a] k22 >[Mo(CNMe)(PMe,Ph),] 

(III) 

(3) 

[Mo(CNMe)(PMe,Ph),] + CNMe fast cis-[Mo(CNMe)z(PMe,Ph),] (4) 

The reaction of frans-[M~(N~)~(dppe)J with RNC also occurs through a 
similar dissociative mechanism, as does reaction of RCN [4] (k i = 
1.0 X lob4 min-’ at 273 K), but no intermediate monoisocyanide comples 
could be detected. 

The displacement of dinitrogen from II was also studied and the data are 
consistent with thc second dinitrogen dissociation as the rate limiting step (re- 
actions 3 and 4) with k2 - 0.09 min-’ at 273 K. The reaction profile is thus 
the same as that proposed for RCN substitution [4]. 

The ratio kî/kl - ,5 indicates a greater cis-N,labilising effect of MeNC (in 
II) compared to N, (in 1). In analogous displacement of N, from 1 by RCN 
141, the ratio k,/k, = 0.03, thus yielding a cis-Nz-labilising order MeNC > 
Nî > RCN, which is the order of si-accepting properties of these ligands [3,5]. 
A strong trans-labilising effect of MeNC is also apparent, since no inter- 
mediate could be detected during its reaction with trQns-[Mo(NZ)(dppe)l] i-e. 
& /k, is at least 17. 

Although MeNC has a greater net (3 + n) donor effect than N2 at most 
metal sites [6] and might be expected, relative to NZ, to stabilise binding of 
an Nz co-ligand, the fact that MeNC is the strongest labilising ligand implies 
that it is the n-interaction which determines labilisation of N7. 

Evidence for a five-coordinate intermediate of the type (III) (reaction 3) 
bas been obtained from reaction of t-BuNC with 1. This intermediate appears 
to have trigonal pyramidal geometry (doublet plus quartet, 3/1 intensity in 
the 31P NMR spectrum) and decays with a rate constant of 0.05 min-’ at 
273 K. Its rate of formation is the same as that observed for loss of the first 
N1 ligand (k, above), thus the rate of N2 loss from the hypothetical 
[Mo(Nz)(t-BuNC)(PMe,Ph),] must be much greater than kl and therefore 
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greater than k2 for the MeNC reaction i-e. t-BuNC bas a greater cis-labilïsïng 
effect than MeNC. 

The varying stabilities, depending upon R, of the intermediates II and III 
reflect the relative electronic and steric propertics of RNC and we are extend- 
ing the range of R groups to give further information on the factors influenc- 
mg the course of these displacement reactions. 
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