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The ally1 groups in cationic pseudooctahedral complexes of molybdenum and 
tungsten complexes containing bidentate phosphine ligands undergo oscillations 
between two potential minima. The fluxional behavior in these [(s3-C,H,)M- 

(cm(L-WI + complexes, where L-L = diphos, dppe or dppm, differs from that 
in neutral analogs, for which pseudorotation of the ligands is observed. 

We wish to report the synthesis and characterization of a series of cationic 
complexes of the general formula (~3-C3H5)M(CO)3(L-L)‘PF, where M = MO 
or W and L-L = the bide&ate phosphorus diphos, dppe, or dppm*. These com- 
pounds can be synthesized from the recently reported [1] neutral complexes 
(~3-C3Hs)M(CO),(L-L) where X = Cl or I by reaction of AgPF6 in the presence 
of carbon monoxide. Interest in the cationic complexes was stimulated by their 
dynamic behavior which is unlike that of their neutral precursors. 

The addition of AgPFs to a methylene chloride solution of (7)3-C3H5)M~(C0)2- 
(diphos)Cl saturated with carbon monoxide gave a color change from bright- 
orange to yellow accompanied by a brown precipitate. Filtration of the crude re- 
action mixture gave a dark yellow solution which upon addition to cool (O”C), di- 
ethyl ether gave a yellow powder. Subsequent isolation and crystallization of the 
powder gave analytically pure [(~3-C3Hs)Mo(CO)3(diphos)] PF6 as yellow crystals. 

Low temperature (<8O”C) lH NMR spectra of [(q3-C3Hs)Mo(CO)3(dppe)]PF6 
show that the two ends of the ally1 moiety are nonequivalent. The room tempera- 
ture ‘H NMR spectrum (31P-decoupled) shows three resonances for the ally1 
group of the AA’BB’X spin system characteristic of symmetrical s-allyls. The low 
temperature ‘H NMR spectrum exhibits an&BCDX pattern for the ally1 moiety 
in which cleanly separated resonances for each of the syn and anti protons are 
observed. -\ 

*The abbreviations for the ligands are: bis(diphenylphospbino)ethane = diphos: ck-bis(diphenylphosphino)- 
ethylene = dppe. and bis<diphenylphosphino)methane = dppm. 



position of ithe three carbonyls with respect to the phosphorus nuclei-can be de- 
ducea;fri;mlth~_Jl~~C-CO~~~;g-Ofthk $&o~yl_‘-b~ns~& $he &?C:-$JM&"_ :- 

=spe&u~+ G the analogous system~I(CO)&40(diphos); Rkdall et&- [Z] .have ob- 
sennid that the tmlis-3’p_‘3CO~.coupling is two to three times larger than the 
._c&-~~P-_‘~(;O &oupling. The .data‘supports zi structure, such as II, in which two of 
the.&.rbonyls are equivalent and split cis coupling to phosphorus, while the re- 
mainjng. carbonyl m-bits both cti and tmns splitting by phosphorus. This prefer- 
&e f&structure II with diphos contrasts with diamine ligands in which struc- 
ture I is preferred 

t II 

The 3’P-N$4R spectra at room temperature of the [(Q’-C~H~)M(CO)~(L-L)]PF~ 
complexes show two (or four lines depending on the resolution of 31P31P split- 
ting) lines of equal intensity. 

The~appearance of separate resonances for certain carbonyl carbons in-the “C 
w sp&+a and.the phosphorus nuclei in the 31P NMR spectra at room tempera- 
ture ir@icates that the tricarbonyl bisphosphine framework. is rigid. This is unlike 
the neutraL(rj?-C,&)M(CO),(L-L)X complexes in which the phosphorus atoms 
and halogen effectively exe+e a trigonal twist rearrangement [I]. The dynamic 
‘H NM& spectra for the_ cations; however show that the ally1 moiety is nonrigid. 
A iean%ngement consistent with the data thus far presented is shown below. 
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: The-mechanism may be described as an ally1 rotation in which the ally1 group 
.rotdes between-two or four possible minima above the equatorial plane formed 

: by .the.three_&rbonyls and the phosphorus atom. The appearance of two sets of 
syn. and anti proton signals and one central proton signal, all of equal intensity, 
in the limiting low temperature ‘H NMR, spectrum indicates that the ally1 oscil- 
Wasbetween two positions related by a mirror plane. That is, the-potential wells 
for the two enantiomeric conformers are equivalent and the molecule can be ac- 
curately described as fluxional. The potential minima are assumed to bisect the 
bonds to the equatorial ligands by analogy to the structure of the halide in the 
crystal [I]. The minima for A and A’ are at least 3 kcal/mol lower in energy than 
B and B’ because no evidence of more than a single pair of enantiomers is found. 

A 

B 

The 13C NMR spectra are also consistent with the interpretation of an oscilla- 
tion of the ally1 group. For example, in [n3-C,H,Mo(CO),(dppm)]PF, at -89°C 
in CH2C12 two terminal ally1 carbon resonances are observed at 6 60.34 and 
51.31 ppm; furthermore, three carbonyl carbon resonances are found at 6 204.40, 
206.54 and 216.26 ppm. These resonances average to produce a single terminal 
carbon resonance at 6 57.17 ppm and carbonyl resonances in a ratio of 2/l at 6 
206.32 and 217.45 ppm. Phosphorus coupling is only resolved in the high 
temperature car-bony1 spectra; where the resonance of intensity one is a doublet 
of doublets (J(P-C,.k) 5.6 Hz and J(P-Ctins) 24.6 Hz) and the other is a triplet 
(J(P-C,& 7.9 Hz). 

That the ally1 motion is indeed a rotation and not a UT-V rearrangement can 
be shown from spin saturation transfer experiment [4 3. Irradiation of the anti 
proton in site 1 caused a drop in intensity of the anti proton in site 2, with no 
change in the intensity of the syn protons in sites 3 and 4. Partial saturation of 
the syn proton of site 4 caused a decrease in intensity of the syn proton in site 3 
with,no change. in the intensity of the anti protons 1 and 2. This implies that ex- 
change occurs between Fyn protons and anti protons, respectively, but not 
between the syn and anti protons. A o-r-u pathway, therefore, is not signif- 



tions-and. n-olefin complexes deriv+i f&ni $ie cations will be-forthcoming; 

TAB&l -. 

ANALYTICAL AND PHYSICAL DATA FOR SOME MdLYBbNWM AND TUNGSTEN COMPLEX 
CATIONS. 

Comxmmd color M.P. eo Analysis U%amd &ah%) <W) 
‘. 
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