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Abstract The products from the replacement of two chlorofunctrons of PC13 by a paw 

of phosphonrumyltdyl substatuents or by both a phosphonlumylrdyl and an amzno substztuent 

are zonw phoaphenrum chlorzdes and not covalent chlorophosphrnes 

The formal insertion of two methme units mto a dlammophosphemum ion A’= produces a 1,3- 

dmmmo-Z-phosphaallyhc cation B lb A 1 3 dlphosphomo-Z-phosphapropemde D may he derived from , 

trlphosphenmm Ion C Ic by the slmllar insertion of two methme centers The central phosphorus atom 

of all four types of compounds may be regarded as amblphlhc Nlth nucleophlhc character predommatmg 

at the rentral P-atom m B and C and electrophlhc character dominating at this P-atom m A and D, 

regardless of the net posltlve charge present m each of these species Consequently the formal cham 

extension reactions A -+ B and C + D are accompamed by an mver%lon of the electronic character 

of the central P-atom Thus, the followmg structure-reactivity correlation should exist for the central 

phosphorus atoms of A, 8, C and D 

A R2N - P = NR2+ R3P=P-PPR; C 

B R2N -CA= P -CR= NR2+ R3P = CR- P = CR- PR3+ D 

This correlation has been confirmedlbJ with hnown compounds of types A, B and C However, 

representative species of type D have not yet been reported ‘, although they might be prepared from 

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

Phosphonmm yhds have repeatedly been reacted with chlorophosphmes3 Twice, to our knowl- 

edge, reactions of this type were performed with phosphorus trlchlorlde, which resulted m either a 

mono-3f or a trlsubstltutmn product 3b Neither of these products was fully characterized 

Equal molar amounts of phosphorus trlchlorlde and a benzyltrlphenylphosphomum bromide 1 m 

dlchloromethane solution m the presence of trlethylamme undergo a smooth condensation reaction at 

room temperature (15 h) The resulting ylldyldlchlorophospfnes 3c,d,e with R = aryl (Table 1) are 

reachly soluble m non-polar solvents and are thus easily separated from the tnethylammomum hahdes, 

also formed m these reactlons For this purpose the residue which remams followmg the evaporation of 
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the dlchloromethane solvent IS extracted eight tunes wrth toluene From these combmed extracts the 

solvent IS evaporated and the crude product 1s recrystaihzed from a dlchloromethanr/benzene/petrol 

r,ther mlxrure 

Proceedmg m the same wav phosphorus trlchlorrde can he condensed with t\%o equivalents of 1 

The desired reaction products m this case cannot be separated from the co-product tr~ethylammomum 

hahdes smce they are not soluble 11 non-polar solvents This observation gave d first hmt to the lomc 

nature of the reactron products In fact, thev are not b~s(~hdyl)chlorophosphmes 4 cts expected but 

i,ls(vlldyl)phosphenlum chlorides 5 The latter specres are better obtamed from phosphorus trrchlorlde 

#md two eqmvalents of a trrmethylsllvlyhd Z4 m benzene and precipitate m pure form from the reaction 

mixture Besides 5c R = Ph, alk)l derrvatrtes 5a,b (Table 1) have also been prepared this way 

Reaction of phosphorus trrchlorrde with one eqmvalent of 2 yields the alkyl derrvatlves 3a,b (Table 

1) These species are not accessible using the base condensatron employed for the aryl denntrves 

3c,d,e The trrmethylsrlyl denvatlve 3f, which IS obtamed m the same way, could not be converted to 

a dtsubstrtuted product 4/5 

formal charges 

R 

+I Br Ph3P 

1 

Me3SBr I -2HBr 

Ph,P QMe, 

2 

For the sake of slmphclty, the yhd formulae are given wlthout the use of 

PCI, + 2 NE13 

- Et3NHCI 

- EIqNHBr 

2 equlv + PC13 
> 

- 2 Me$XI 

R 

Ph !=APCI 3 2 

3 

1 + 2 !&N 

I 

- 2 Et,NHCI 

R R 

Ph PAPAPPh 3 3 

5 

The “P NLIR spectra of compounds 5 represent ABs spm systems (Table 1) and the chemical shift 

of the _A part to low-field confirms theu phosphemum character Parallel to these chemical shift data 

2 Jppp has decreased In value m comparison to that of 3 Furthermore the addltron of alummmm chlorrde 

to the soiutron does not Influence the 3’P NMR spectra and thus demonstrates complete dlssocratlon A 
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m Its absence An X-ray mvestlgatlon of 5c confirms a lack of mteractlon of the phosphmmum center 

and the chloride ions5 Compounds 5 are the first (acyclic”) lomc chlorophosphmes I c the first 

phosphemum chlortdes As suggested by the resonance formulae used above. the catlomr charge ~111 

reside to a large extent at the terminal phosphorus atoms thus resembling a phosphomum charge 

rather than a phosphenmm charge’s8 

In contrast to the spontaneous dlssoclatIon of the bls(yhdyl)chlorophosphmes 4 to glre catlons of 

type D the formation of a dlammophorphemum ion A alway neces?ltates the presence of a chloride 

Ion acreptorla Compounds which resemble both A and D can be obtained from 3 by the substltutlon 

of one of its chloro functions by a secondary amme 

Et2NSIMe, 

3- 

- Me3SCI 

R 

-----w Phj; P’ 
NEt2 

Cl 

6 7 

The dlethylammo derlvatlve obtained from 3c, IS not a covalent chlorophosphme 6 but an lomc 

phosphenmm chloride 7 This 1s clearly mdlcated by a low field shift of the PCla-derived phosphorus 

and a small couplmg constant ‘Jpp slmllar to those of 5 (Table 1) To effect the spontaneous dlsso- 

clatlon of a chlorophosphme the presence of one yhdyl combmed with one ammo substltuent IS seen 

to provide ample drlvmg force Tetrafluorohorate and tetraphenylohoratc salts of catlons of the same 

type have recently been descrlbed7b 

Table 1 31P NMR Data of Compounds 3, 5 

and 7 (m CD*&) 

R Spin 
hAa EB 

b 

system 

3a Me AB 1911 235 215 9 

3b Et AB 1886 236 228 9 

3c Ph AB 1708 206 228 9 

3d 3-Me&H1 AB 171 7 20 7 227 4 

3e 4-NO&H., AB 1646 200 224 3 

3f SiMe3 AB 2176 223 224 3 

5a Me AB2 3035 319 170 9 

5b Et AB2 295 5 305 169 4 

5c Ph AB2 2910 254 165 3 

7c Ph AB 2793 24 7 169 4 

JAB [Hz] 

a Phosphorus derived from PC&, b PhsP group 
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