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METHYLENEPHOSPHONIUM-IONS A NEW CLASS OF UNSATURATED 
ORGANOPHOSPHORUS COMPOUNDS 

HANSJURG GRUTZMACHER*, UDO HEIM, HARTMUTH SCHUNBERG, 
HANS PRITZKOW 
Anorganisch-chemisches Institut der Universitat, Im Neuenheimer 
Feld 270, W-6900 Heidelberg, F.R.G. 

Abstract Methylenephosphonium ions, R2P=CRf2+ X-, could be prepared 
by either adding electrophiles to t h e  carbene R2P-C-R' (R = iPr2N, R' = 

%Me3) or abstracting chloride from P-halogenated ylides R2PCI=CR'~ (R = 

tBu, R' = SiMe3 or Aryl). Their structures and reactivity is discussed. 

The chemistry of methylenephoshonium ions, R2P=CR'2+ ( I ) ,  is interesting 
under a varity of aspects. From an "inorganic" point of view they might be 
compared with isoelectronic silaethens, R2Si=CRI2 (21, and phosphino bora- 
nes, R2P=BR2 (3). The "organic" chemist will notice the iso(va1ence)electro- 
nic relationship of 1 with olefins, R2C=CR2 (4), and raise the question in 
how far an element from the third period will be able to  stabilize a car- 
benium ion in view of t h e  well established chemistry of iminium ions, 
R2N=CR2+ (5). 

'Pr,N @ 
SiMe3 0 

O,SCF, '',1,, 

bPr,N 0 0 Me,Si-OSO,CF, 

bPr,N /- = C\SiMe3 cPr,N /- = c\siMe3 
. 'I,, 

' 1 1  

6 7 

1 While theoreticians have already found answers to these questions , 
experimentally, the existence of methylenephosphonium ions was only proven 
recently.:! Adding an electrophilic reagent like Me3Si-OS02CF3 to  the elec- 
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tron rich carbene 6 led to  an isolable methylenephosphonium ion 7 which 
was characterized by an X-ray structure determination.2a However, the lone 
pairs of electrons located a t  the amino groups attached to  phosphorus 
strongly disturb t h e  x-bonding system in 7 which is not iso(va1ence)electro- 
nic to  an olefin but has t o  be compared with the well known anionic tris- 
(methylene)metaphosphates, (R2CI3P- (8), or - if a comparison t o  a purely 
organic molecule has to  be made - with dianionic tris(methy1ene)methane 

the iPr2N and C(SiMe3I2 fragments in 7 distort strongly from molecular 
planarity and the observed bond shortening is not due to  effective (p-p)x 
overlap but caused mainly by attractive electrostatic interactions. 

dianion, (H2CI3C2- (9). 3 As in these typical Y conjugated x-bonding systems 

0 c AICI, 
AICI, tBu ...., 0 tBu. 

tBu <+ = c\"'"" RZ 

/ 'f? CH,CI,, -78 C tBu 
CI 11 10 

lla 
l lb 

llc 
lld 
lle 
llf 

R' R2 

H SiMe, 

SiMe, SiMe, 

Ph Ph 

Ph p-tolyl 

Ph 0-tolyl 

Ph m-tolyl 

The obvious necessity to  prepare methylenephosphonium ions 1 la-f 
which bear no substituents falsifying the P=C x-system was satisfied by 
abstracting a chloride ion from chlorinated ylides 10a-f.2b This reaction is 
by no means trivial since the reagent A1Cl3/CH2Cl2 employed is known to 
be a rather strong one electron oxidizing reagent for compounds having a 
first vertical ionization potentials below 8 eV.4 Indeed, even a t  low tempe- 
ratures small amounts (< 10%) of byproducts tBu2PCl-CHR1R2+ AlC14- (13a- 
f )  which most likely stem from radical cations tBuZPC1-CR1R2'+ AlC14- 
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(12a-f) are formed. In some cases these phosphonium salts 13 are  the sole 
products (i.e.: R = zPr2N, R' = SiMe3). 5 

In the NMR spectra of methylenephosphonium salts 11 resonances for 
the 13C nucleus are observed a t  about 180 ppm in the range typical for 
methylenephosphanes RP=CRI2. A signal for the 31P nucleus is found appro- 
ximately a t  180 ppm if aryl groups are attached to the sp carbon atom. A 
considerable downfield shift to about 250 ppm is observed if trimethylsilyl 
groups are bonded to  t h e  P=C a-bonding system. The values for the 13C 
and 31P NMR shifts are in accord with a "real" a-bond between the phos- 
phorus and carbon atom. Interestingly, in low temperature NMR spectra of 
unsymmetrical 1 l a  only equivalent tBu groups are observed, However, a 
solid s ta te  3C-CP/MAS-NMR spectrum clearly shows the expected signals 
for two inequivalent tBu groups. Thus, a lower limit for the rotation barrier 
of AG# < 9 kcal/mol can be estimated. Distinct from this observation, in 
the NMR spectra ( 13 C, 'HI of unsymmetrical methylenephosphonium ions 

Ild and l l f  no rotation around the P=C double bond up to 60°C is observed 
indicating a tight double bond with a rotation barrier above 20 kcal/mol 
which is in reasonable accord with calculated  value^.^ Note, that  all methy- 
lenephosphonium ions are extremely sensitive in solution, compound l lb  even 
decomposes in the solid s ta te  a t  -30°C to yet unknown products. 

1 lc from hexane/methylene chloride solutions. Both were subsequently inve- 
stigated by an X-ray analysis which proved the proposed structures. No 
close contacts between the anion and the cation were observed (non-distor- 
ted tetrahedron for the AlC14- anion). The configuration around the phos- 
phorus atom is trigonal planar. The sterically encumbered cations of 1 la,c 
show a twist around the P=C bond of 11" and 20", respectively. The bond 
distance of 1.67 a is in the expected range of phosphorus carbon double 
bonds and does not differ from the one in the corresponding halogenated 
ylides 10. It is instructive to compare t h e  molecular structure of llc with 
the one of the tritylium salt Ph3C+ C104- (14).6 In the latter the phenyl 
rings are twisted by about 32" against the plane spanned by the central 
carbon atom and the three ips0 carbon atoms of the aromatic rings. In llc 
this twist equals about 59" indicating that the electron deficiency a t  the 
carbenium atom is mainly compensated by the lone pair of electrons located 
a t  the phosphorus atom. 
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In spite of their sensitivity we could recrystallize compound l l a  and D
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The reactivity of l l a  - f is typical for compounds having a phosphorus 
carbon double bond. While the amino substituted methylenephosphonium sal t  
7 does not reac t  with dienes the  methylenephosphonium salts 11 undergo 
exothermic reactions to  yield either [4+21 cycloaddition products or products 
formed in ene reactions. 
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