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the relative energy of the metal filled d orbitals of the appro
priate TT symmetry from a position they would otherwise have. 
This closes the energy separation between the filled metal d 
orbitals and CO 7r* orbitals, which in turn promotes extensive 
metal to carbonyl ir bonding.'4 The values of KCO) and Mo-C 
and C-O distances are thus apparently inconsistent with what 
would be expected based solely on the formal oxidation state 
of the metal. A similar argument can and has been used to 
account for the exceedingly low values of i/(NO) found in the 
complexes Mo2(OPrOe(NO)2 (1630 cm"1) and W(O-
Bu')3(py)(N0) (1560 cm - 1 ) which contain linear M - N - O 
groups.15 Here terminal R O - groups may push up, by the 
presence of their filled 7r-type orbitals, the relative energies of 
the filled metal dxz,d^z orbitals. This in turn promotes metal 
(d*2,dyz)4 to NO TT* bonding. 
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Independent Existence in the 
Gas Phase of the 1-Methoxycyclopropyl 
and 2-Methoxyallyl Cations, as Observed 
in an Ion Cyclotron Resonance Spectrometer1 

Sir-
Substitution reactions of cyclopropyl compounds which have 

a good leaving group X at Q occur in the condensed phase, 
often with a disrotatory cleavage of the C2-C3 bond.2 However, 
this ring rupture can be suppressed or even prevented if an 
electron-donating group Y is present at Ci since it can supply 
electron density to the cyclopropyl cation center at Cj as the 
group X leaves. If this substituent effect predominates over the 
donation of electrons from the C2-C3 bond, then substitution 
of group X without ring cleavage can take place. This elec
tronic stabilization of the intermediate cyclopropyl cation has 
been found for various electron-donating groups Y such as 
dialkylamino,3-4 phenylthio,5'6 o-hydroxyphenyl,7 cyclopro
pyl,8-9 vinyl,10 methylthio," /7-methoxyphenyl,12 p-tolyl,13 

methoxy,13 arylethynyl,14-15 and several aryl groups.16,17 For 
Y = N(CH3)2

3-4 and NHCH 3
1 8 the intermediate cyclopropyl 

cations have been observed in NMR. 

These observations are in line with ab initio molecular orbital 
calculations, which have suggested that the stabilization of the 
cyclopropyl cation by amino (and also hydroxy) substituents 
is so great that these species are not only more stable than the 
substituted perpendicular allyl cations but should be signifi
cantly more stable than the corresponding planar allyl cat
ions.19 

Evidence is now presented to show that 1-methoxycyclo-
propyl cations 1 are stable species in the gas phase and can be 
distinguished from the isomeric 2-methoxyallyl cations 2. 
These ions have been generated independently in an ion cy
clotron resonance drift cell20 by electron impact ionization of 
1-bromo-l-methoxycyclopropane21 and 2-methoxyallyl bro
mide,22 respectively, as shown in reactions 1 and 2. In the ions 

H,C .OCK, H,C + 

I^X + e —• | ^ C = O C H , + B r - + 2e (1) 

H2C "^Br H^ c 

1 
OCH1 OCH1 

I I 
C + e —> C + Br- + 2e (2) 

KC CFLBr H,C + CK, 
2 

1 the charge can be spread over the oxygen and adjacent cy
clopropyl carbon atom, whereas in ions of structure 2 the 
charge is delocalized over the terminal carbon atoms. Ions 1 
may be regarded as methyl cation bonded cyclopropanone 
species and, in contradistinction to ions 2, they are therefore 
expected to be able to act as methyl cation donors to n-donor 
bases which have higher methyl cation affinities23 (MCA) than 
cyclopropanone. Although the available MCA data are lim
ited, amines are known to have higher MCA's than ketones: 
for example MCA(NH3) , 106; MCA(CH 3NH 2 ) , 117, and 
MCA(CHiO), 74 kcal/mol.24 Possible reactions of ions 1 and 
2 with ammonia, methylamine, dimethylamine, and trime-
thylamine have therefore been investigated by double reso
nance20 experiments. They have all shown that ions 1, but not 
ions 2, do indeed transfer a methyl group as cation to these 
bases as summarized in eq 3. Variation of the electron energy 
used in the generation of the ions 1 and 2 over the range from 
12 to 50 eV does not affect this observation. Furthermore, re
placement of the methyl group in the ions 1 by a trideuter-
iomethyl group253 confirms the transfer of the original methyl 
group in reaction 3. 
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H,C 

H,C 
I / 1 C=OCH1 + NHn(CH5), 

HC. 

I> C = O + CH,NH,.(CH,).,- (3) 
HC 

n = 0. 1, 2, 3 

The double resonance experiments have also shown that ions 
1, but not ions 2, are able to transfer a proton to ammonia, 
methylamine, dimethylamine, and trimethylamine. Deute
rium-labeling experiments show that it is one of the ring 
methylene protons which is transferred in this process, as in
dicated in reaction 4. Substitution of one of the methylene 

(CH;K_,.H„N -H\ I ^C=OCH, 
HC 

H,C 
(CH,):,-,.H„NH + 

n = O, 1, 2, 3 

I X COCH:i (4) 
H C 

groups in the ions 1 by a dideuteriomethylene group25b reveals 
the existence of a kinetic isotope effect in reaction 4; using 
dimethylamine as the base this isotope effect is 1.7 at an 
electron energy of 12 eV decreasing to 1.6 at 14 eV and 1.3 at 
16 eV.26 

The ions 1 and 2 are studied under ICR conditions on a time 
scale of ~10~ 3 s, but they might have differing internal ener
gies, which could also lead to different reactivities. However, 
we feel confident that the experimental results obtained 
strongly support the view that at least part of the ions 1 have 
a structure different from that of ions 2. This is reinforced by 
the observation of a composite metastable peak for the loss of 
the bromine atom from the molecular ions of 1-bromo-l-
methoxycyclopropane, whereas a noncomposite metastable 
peak is observed for loss of the bromine atom from the mo
lecular ions of 2-methoxyallyl bromide.27 This observation of 
the composite metastable peak indicates28 that the molecular 
ions of 1-bromo-l-methoxycyclopropane which decompose 
within 1O-6 s do so to form two different (M - Br)+ ions, 
presumably with and without rupture of the ring to give ions 
2 and 1, respectively. 
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Synthesis and Structure of 
(17-C5H5)W(PPh3)(CO)(CSPh): Transformation of a 
Thiocarbonyl Ligand into a Carbyne Ligand 

Sir: 

It was previously established in this laboratory1 that the 
thiocarbonyl ligand in certain thiocarbonyl complexes can be 
alkylated with MeOSO2F or R 3 O + to give the CSR ligand, 
e.g., 

(Ph2PCH2CH2PPh2)2W(CO)(CS) + MeOSO2F 

- (Ph 2 PCH 2 CH 2 PPh 2 ) 2 W(CO)(CSMe) + S0 3 F- (1) 

For this reaction to occur, it is necessary for the starting 
complex to be sufficiently electron rich to exhibit a KCS) v a l u e 

of ~1200 cm - 1 or below. We now report a new and unexpected 
route to CSR complexes together with the first X-ray dif
fraction study of this type of ligand. 

The title compound, (T7-C5H5)W(PPh3)(CO)(CSPh), A, 
was prepared by the following sequence of reactions: 

W ( C O ) 4 ( C S ) I - + C 5 H 5 -
— (T7-C5H5)W(CO)2(CS)- + I - + 2CO (2) 

(T7-C5H5)W(CO)2(CS)- + I2 

- (T 7 -C 5 H 5 )W(CO) 2 (CS)I - I - I - (3) 

(T7-C5H5)W(CO)2(CS)I + PPh3 

-> (T7-C5H5)W(PPh3)(CO)(CS)I + CO (4) 
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