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Spontaneous Dissociation of
Phosphoniumylidyl-chlorophosphines
to Ionic Phosphenium Chlorides
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Meiserstrasse 1, D-8000 Munchen 2, Germany

Abstract The products from the replacement of two chlorofunctions of PCly by a pasr
af phosphontumylidyl substituents or by both o phosphoniumyldyl and an amino substituent

are 10n1¢ phosphenium chlorides and not covalent chlorophosphines
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The formal nsertion of two methine umts wnito a diaminophosphemum ion A** produces a 1,3-
dramino-2-phosphaallyhie cation B'® A 1,3 diphosphonio-2-phosphapropenide D may be derived from
The central nhosnhor om
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of all four types of compounds may be regarded as ambiphihic with nucleophilic character predomnating
at the central P-atom 1n B and C and electrophilic character dominating at this P-atom 1n A and D,
regardless of the net positive charge present in each of these species Consequently the formal chain
extension reactions A — B and C — D are accompanted by an inversion of the electronic character
of the central P-atom Thus, the following structure-reactivity correlation should exist for the central

phosphorus atoms of A, B, C and D
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This correlation has been confirmed!™< with known compounds of types A, B and C However,
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representative species of type D have not yet been reported?, although they might be prepared from

a phosphorus trihalide using a twofold substitution sequence with a phosphomum yhd

Phosphonium yhids have repeatedly been reacted with chlorophosphines® Twice, to our knowl-
edge, reactions of this type were performed with phos phOILS trichloride, which resulted 1n erther a
mono-*{ or a trisubstitution product?® Neirther of these products was fully characterized

Equal molar amounts of phosphorus trichloride and a benzyltriphenylphosphonium bromide 1 1n
dichloromethane solution 1 the presence of triethylamine undergo a smooth condensation reaction at
room temperature (15 h) The resulting yhdyldichlorophosphines 3c,d,e with R = aryl (Table 1) are
reachly soluble 1n non-polar solvents and are thus easily separated from the tniethylammonium hahdes,

also formed 1n these reactions For this purpose the residue which remasns following the evaporation of
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the dichloromethane solvent 15 extracted eight times with toluene From these combined extracts the
solvent 1s evaporated and the crude product is recrystallized from a dichloromethane/benzene/petrol
other mixture
Proceeding in the same wav phosphorus trichloride can be condensed with two equivalents of 1

The desired reaction products in this case cannot be separated from the co-product triethylammomum
halides since they are not soluble m non-polar solvents This observation gave a first hint to the 1ome
nature of the reaction products In fact, thev are not bis(ylidyl)chlorophosphines 4 as expected but
bis(vhidyl)phosphenium chlorides 5 The latter species are better obtained from phosphorus trichloride
and two equivalents of a trimethylsilvlylid 2* in benzene and precipitate in pure form from the reaction
muxture DBesides 5¢ R = Ph, alk:! denivatives 5a.b (Table 1) have also been prepared this way
Reaction of phosphorus trichloride with one equivalent of 2 yields the alkyl derivatives 3a,b (Table
1) These species are not accessible using the base condensation employed for the aryl derrvatives
3c,d,e The trimethylsilyl dertvative 3f, which 1s obtained 1n the same way, could not be converted to
a disubstituted product 4/5 For the sake of simphaty, the ylid formulae are given without the use of

formal charges
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The *'P NMR spectra of compounds 5 represent ABy spin systems (Table 1) and the chemical shaft
of the A part to low-field confirms their phosphenium character Paralle] to these chemical shift data
2 Jpp has decreased 1n value i comparison to that of 3 Furthermore the addition of aluminmm chlonde

to the solution does not influence the *'P NMR spectra and thus demonstrates complete dissociation
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in 1ts absence An X-ray investigation of 5¢ confirms a lack of interaction of the phosphenium center
and the chloride 10ns® Compounds 5 are the first (acyclic®) onmic chlorophosphines 1e  the first
phosphenium chlorides As suggested by the resonance formulae used above, the cationic charge will
reside to a large extent at the terrmunal phosphorus atoms thus resembling a phosphonium charge
rather than a phosphemum charge’®

In contrast to the spontaneous dissociation of the bis(yhidyl)chlorophosphines 4 to give cations of
type D the formation of a diaminophosphenium 1on A always necessitates the presence of a chloride
1on acceptor!? Compounds which resemble both A and D can be obtamed from 3 by the substitution

of one of 1ts chloro functions by a secondary amine

R R
E’[eNSIMes )\ P NEt2 4+ )\\_ /NEtE -
3 —————» | PhyP P — PhP7 P o
- Me;SICI &
6 7

The diethylamino derivative obtained from 3c, 1s not a covalent chlorophosphine 8 but an 1omec
phospheniurm chlonide T This 1s clearly indicated by a low field shift of the PCl3-derived phosphorus
and a small coupling constant ?Jpp simular to those of 5 (Table 1) To effect the spontaneous disso-
ciation of a chlorophosphine the presence of one vhidyl combined with one amino substituent 1s seen
to provide ample driving force Tetrafluoroborate and tetraphenyloborate salts of cations of the same

type have recently been described’™

Table 1 3P NMR Data of Compounds 3, 5
and 7 (in CD,Cl,)

R Ssgglem §a* 6p°  Jap[Hz)
3a Me AB 1911 235 2159
3b  Et AB 1886 236 2289
3¢ Ph AB 1708 206 2289
3d 3-MeCgHy AB 1717 207 2274
3¢ 4 NO,CH, AB 1646 200 2243
3f  SiMe; AB 2176 223 2243
52 Me AB, 3035 319 1709
5b  Et AB, 2955 305 1694
5¢  Ph AB, 2010 254 1653
Tc  Ph AB 2793 247 1694

# Phosphorus derived from PCl;, ® PhaP group
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