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the 31P NMR (CDCl3) spectrum, which consisted of two signals 
of equal intensity at 8 61.03 and 61.10 on a 300-MHz spectrom­
eter. This product composition is that expected from planar 
metathiophosphate 7; no other process (e.g., formation of a P(V) 
adduct by attack of ethanol on 6 followed by fragmentation) can 
be visualized that would give this stereochemical result. Fur­
thermore, we obtained exactly the same stereochemical result when 
ester 6 was fragmented photochemically in the presence of ethanol, 
which constitutes proof that the same planar species 7 was gen­
erated in both the thermal and photochemical processes. Direct 
observation of a metathiophosphate remains desirable, however, 
and appropriate experiments are in progress. 
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Figure 1. Thermal ellipsoid diagram (30% probability) of methylene-
phosphonium 2 showing the atom numbering scheme. Pertinent bond 
lengths (A) and bond angles (deg) are as follows: Pl-Cl 1.620 (3), 
Cl-SiI 1.875 (3), Pl-Nl 1.615 (3), Cl-Si2 1.913 (3), P1-N2 1.610 (3); 
Nl-Pl-Cl 123.4(1), C2-N1-P1 121.0 (2), N2-P1-C1 124.4(1), C3-
Nl-Pl 123.1 (2), N2-P1-N1 112.2 (1), C2-N1-C3 115.6 (2), SiI-
Cl-Pl 121.7(1), C4-N2-P1 120.2(2), Si2-Cl-Pl 119.3 (1), C5-N2-
Pl 124.4 (2), Si2-Cl-Sil 119.1 (1), C4-N2-C5 115.1 (2). 

no X-ray data are available concerning tricoordinated phosphorus 
cation H.6 Methylenephosphonium ions (I) have only been 
postulated as transient intermediates7 but never isolated.8,9 This 
new class of phosphorus cation is of special interest since they are 
valence isoelectronic to olefins and have been computed to be 
planar with a short phosphorus-carbon bond length.10 Here we 
wish to report the first example of an isolable methylene­
phosphonium salt, a molecule containing a short but strongly 
distorted phosphorus-carbon double bond. 
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In the course of the development of low coordinated heavier 
main group element chemistry, several types of phosphorus-carbon 
double-bonded derivatives (A,1 B,2 C,3 D4) and of phosphorus 
cations (F,5 G) have been structurally characterized. In contrast, 
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Starting from the recently reported stable nucleophilic phos-
phinocarbene 1," a novel entry to the desired ion I was apparent. 
Addition of trimethylchlorosilane to 1 led to phosphorus ylide 3 l l a 

suggesting that the use of silyl derivative containing a non-nu-
cleophilic anion would afford 2. Reaction of [bis(diisopropyl-
amino)phosphanyl](trimethylsilyl)carbene (1) with trimethylsilyl 
triflate at room temperature gave clean conversion to methyle­
nephosphonium ion 2 (yellow crystals extremely air sensitive, mp 
80 0C dec, 70% yield).12 
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In contrast to P-halogenated ylide 3, derivative 2 is poorly 
soluble in nonpolar solvent. The 31P chemical shift (+130.8 ppm) 
and the 13C chemical shift of the tricoordinated carbon (+76.51 
ppm, Jfc = 87.6 Hz), as expected for a cationic species, are 
significantly deshielded compared with those of related phosphorus 
ylides.13 The ionic structure of 2 was unambiguously determined 
by an X-ray crystal structure analysis.14 The thermal ellipsoid 
diagram of the molecule is shown in Figure 1 as well as the 
pertinent metric parameters. 

Several aspects of the structure merit discussion. No interaction 
with the triflate is observed, demonstrating the ionic character 
of 2. The positive charge is delocalized onto the nitrogen atoms, 
indicative of a PN partial double bond character, as shown by 
their planar geometry15 and the short P-N bond lengths (1.61 
vs 1.68 A in H2PNH2).16 The structural parameters for the 
framework atoms (Pl and Cl) are as expected for a valence 
isoelectronic olefin: (i) the P-C distance of 1.62 A is short, even 
compared to that in phosphaalkenes (1.64-1.69 A),1 and in good 
agreement with that from a theoretical study on the parent 
compound (1.624 A);10 (ii) the geometry at both Pl and Cl is 
strictly planar (±0.01 A). However, the dihedral angle between 
these two planes corresponds to a twist of the double bond by 60°! 
This value is significantly larger than that reported by Sakurai 
(50.2°) for the "most crowded olefin".17 

In order to rationalize the simultaneous existance of the short 
P-C bond and the large twist angle, a model developed by 
Trinquier18 to describe the bonding in phosphorus ylides can be 
employed. This involves the interaction of a phosphenium ion with 
a pT

2 closed-shell singlet excited carbene. The energy required 
for reaching the pT

2 configuration from a n„2 configuration is 
largely compensated by the building of the ylidic bond which is 
basically a dative bond (phosphenium lone pair —• carbene empty 
n„) plus a partial back-donation (carbene occupied pw —- phos­
phenium empty dT). 

(12) To an ether solution (10 mL) of carbene 1 (0.2 g, 0.6 mmol), a slight 
excess of trimethylsilyl triflate (0.12 mL, 0.7 mmol) was added dropwise at 
room temperature. Methylenephosphonium salt 2 precipitated from the so­
lution as a yellow powder. After filtration, 2 was recrystallized at -10 °C from 
a dichloromethane/toluene solution. 31P NMR (CD2Cl2) +130.8; 13C NMR 
(CD2Cl2) 2.93 (d, 7(PC) = 7.1 Hz, SiCH3), 24.55, 24.72 (s, CH3CH), 48.88 
(d, /(PC) = 6.1 Hz, CHCH3), 76.51 (d, /(PC) = 87.6 Hz, P=C), 124.23 
(q, J(CF) = 321.1 Hz, CF3SO3);

 1H NMR (C6D6) 0.32 (d, 7(PH) = 0.6 Hz, 
18 H, SiCH3), 1.47 (d, /(HH) = 6.9 Hz, 24 H, CH3CH), 4.16 (sept d, /(HH) 
= 6.9 Hz, /(PH) = 12.8 Hz, 4 H, CWCH3);

 29Si NMR (C6D6) -0.24 (s); 19F 
NMR (C6D6) -3.37 (s). 

(U) 3 1PNMR: 3 +72.1; 4+70.3; 5 +71.0 ppm. 1 3 CNMR(C=): 3 
12.35 (/pc = 151.5 Hz); 4 7.25 (JK = 149.2 Hz); 5 5.45 (/PC = 135.6 Hz) 
ppm. 

(14) A single crystal of 2 was grown from a dichloromethane/toluene 
solution, at -10 0C. 2 crystallizes in the monoclinic space group PlJc, a = 
11.323 (6) A, b = 9.432 (5) A, c = 28.070 (20) A; /3 = 90.67 (5)°; V = 2998 
A3; Z = A. The 3331 observed data (/ > 2o7) were collected by using Mo 
Ka radiation in the u-scan mode and were used in the least-squares refinement 
to yield R = 0.050; Rw = 0.031 for 465 variables. The hydrogen atoms were 
refined isotropically in observed positions except for 4 methyl groups which 
were refined as rigid groups. Tables of bond lengths, bond angles, atomic 
coordinates, thermal parameters, and structure factors are given in the sup­
plementary material. 
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All attempts to involve the P-C double bond of 2 in reactions 
failed. However, in the presence of crown ether, substitution 
reactions occur with lithium chloride, cesium fluoride, and sodium 
methoxide, yielding the corresponding phosphorus ylides 3-5. 
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Recently, we reported that cyclopropylcarbene-chromium 
complexes react with alkynes to give highly substituted cyclo-
pentenones.1 Two mechanisms were proposed for this reaction, 
one of which involves ring expansion of the cyclopropylcarbene 
complex 1 to a chromacyclopentene (2) (Scheme I) as the initial 
step of the reaction. The penultimate product of the reaction is 
the cyclopentadienone 3, which is reduced to the cyclopentenone 
4 under the conditions of the reaction.2 Rearrangement of a 
cyclopropylcarbene-transition metal complex to a metallacyclo-
pentene is not precedented,3 but this step can be viewed as an 
analogue of the vinylcyclopropane rearrangement.4 We have 
studied the thermal chemistry of cyclopropylcarbene-chromium 
complexes5 as a probe for the viability of this step. Herein we 
report our preliminary results of this study. 

Carbene complex 1 was unchanged after 1 h when heated to 
reflux in benzene or p-dioxane. Since the reaction between carbene 
complex 1 and alkynes typically proceeded rapidly at 65 0C, the 
unreactivity of carbene complex 1 under the above conditions 
would seem to rule out the mechanism in Scheme I, provided that 
the conversion of 1 to 2 is not strongly influenced by the presence 
of alkyne ligands at chromium. In the all-carbon system, vi­
nylcyclopropane rearrangements typically require a great deal of 
activation energy and usually proceed only at high temperatures.4 
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