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ON THE NUCLEOPHILIC DEGRADATION OF PHOSPHORUS CHALCO- 
GENIDES WITH ADAHANTAWE-LIKE STRUCTURE BY FLUORIDES 

M. MElSEL 

Zentralinstitut ftir anorganische Chemie der Akademie 
der Wissenschaften der DDR, Rudower Chaussee 5, 
Berlin 1199, DDR 

Abstract Some new results, especially on the 
fluoride degradation of phosphorus sulfides and 
phosphorus oxide sulfide are reported. Possible 
reaction mechanisms are discussed. 

In the same way as in reactions of other inorganic 
polymers there are two possibilities of the course of 
degradation reaction of the adamantane-like structures of 
the phosphorus chalcogenides: 

- reorganization which causes change of constitution and 
structure of compounds in the reaction system without 
change of the gross composition of this system 

- directed degradation yielding only some definite reac- 
tion products according to an easy to survey mechanism 

It strongly depends on influences like temperature, 
reaction medium, physical and chemicrl properties of the 
primary formed products which of these possibilities is 
realized. 

It is shown with the examples of tile nucleophilic 
degradation of P.Olo, P.0.S. and P 4 S l 0  by the fluoride ion 
that both reaction types may occur in these systems. 
As first was shown by H. Grunze and collaborators l i p  in a 
typical reorganization process P 4 0 1 0  reacts with alkali 
and ammonium fluoride , respectively, forming mixtures of 
various fluorophosphates and phosphates. Depending on the 
cation and the molar ratio F:P representatives of up to 
four homologous polymeric phosphates could be identified 
in the reaction products: 

Pn 0 s  n - 1 F a "  - difluoro polyphosphates 

P.0 I n  F 4 n + 1 ' -  monofluoro polyphosphates 

Pn 03.. l ( " ' - polyphosphates 

Pn0sn"- cyclophosphates 
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[ 138]/608 M. MEISEL 

Thus, the reaction of NH4F and P4010 in the molar ratio of 
4 : l  does not lead to difluoro diphosphate according to 

P4olo + 4 MF - 2 MzCPzOsFzI ( M =  NH4, Li, Na, K) ( 1 )  

but to a mixture of difluorophosphates, 
monofluorophosphates and polyphosphates of the same gross 
compositi0n.l 

On tempering of the obtained glassy products under 
further reorganization some definite compounds can be 
enriched in these mixtures.In this way it is possible to 
isolate oligomeric difluorophosphates up to n=5 by 
fractionating crystallization.' 

The reaction behaviour of sulfur-containing phosphorus 
adamantanes is quite different. So it is impossible to 
obtain fluoro monothiophophates by melting P401S4 with 
fluorides because as a result of sulfur-oxygen ligand 
exchange in addition to the monothio derivatives 
sulfur-free and dithiophosphates are formed. 

P ~ O L S I  will be degraded in definite steps." As shown in 
the following Scheme the first step is the nucleophilic 
attack of'the acetate ion at one phosphorus atom : 

However, in glacial acetic acid as reaction medium 

S 
II 

\ I HOAc \ I tll: 

0'11.0 

, . P I S  - S r P  - ,PIS - S I P  

0 .  s 

t i '  

I 9. \ 
S 

S OAc 
\ /  
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DEGRADATION OF PHOSPHORUS CHALCOGENIDES BY FLUORIDE [139]/609 I 

Under cleavage of one P-0-P bond a bicyclic acetyl 
thiophosphate is formed as primary product. This compound 
was identified by its 'IP-NMR spectrum of ABXz type. In 
presence of ammonium fluoride by further nucleophilic 
attack of F- at the same P-atom the top of the PIOIS1 cage 
is split off yielding difluoromonothiophosphate and 
trithio cyclotriphosphate as insoluble ammonium salt (see 
Scheme). 

W i t h  potassium fluoride nearly independent of the 
molar ratio KF:P4OLS1 monofluoro monothiophosphate has 
been obtained as main product, which is formed according 
to the simplified equation ( 2 )  

P10.S. t 4 F- t 4 OAC- - 4 SP02F'- + 2 ACaO ( 2 )  

The first step is probably the same as in the case of NHIF 
degradation, but due to the different solubilities and to 
the different nucleophilic reactivity of acetate and 
fluoride in presence of KF the phosphorus oxide sulfide 
presumably reacts completely to a mixture of acetyl 
monothiophosphates: 

As diacetylphosphate the diacetyl monothiophosphate likely 
is not stable in glacial acetic acid and reacts to 
monoacetyl monothiophosphate and acetic anhydride: 

0 
POS(0Ac)a- + HOAC - HOPS(0Ac)- + AcZO (4) 

Finally monofluoro monothiophosphate may be formed by 
exchange of the acetyl group for fluoride. 

alkali fluorides has been studied on the example of 
fluoridolysis of phosphorus ( V )  sulfide in acetonitrile at 
room temperature. The reactions were performed according 
to the following formal equations: 

The different nucleophilic reactivity of the 

P.sl0 t a F- - 2 P S ~ F ~ -  t 2 sz-  (7) 

It was found that LiF does not react under these 
conditions. NaF reacts mainly according to equation (5) 
(80% Nal CPzSsF2 3, 10% NaCPS2Fz 3 )  whereas on the reaction 
of KF with P,Sto only K Z C P Z S S F ~ I  is formed. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
0
7
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



[140]/610 M. MEISEL 

It is remarkable that under these conditions the 
reactivity of CsF is lower than that of NaF and KF 
respectively. One reason for that is the only slight 
solubility of the first obtained Csz CPzSSFr3 which renders 
more difficult the further nucleophilic attack of 
fluoride. 

On melting KHFz or NH4HFz, respectively, with PIS10 in a 
molar ratio of 4 : l  difluoro dithiophosphate is obtained in 
almost quantitative yields ( equ.(8) ) . "  

P4SI 0 + 4 MHFz - 4 MCPSiFz 1 + 2 H2S ( M =  K, NH4 ) (8) 

The reaction of sulfur-rich phosphorus sulfides "P4Slo.n" 
(n= 1 to 6) with fluoride in acetonitrile or 1,2- 
dimethoxyethane leads to oligomeric sulfane-a,w-diyl- 
bis(fluorodithiophosphates), 

S S 

s- s- , 
FP-Sn -PF (n= 1-8) 

which are identified by I q F  and slP-NMR spectroscopy. The 
average chain length n of the sulfane derivates depends on 
the S:P ratio of the starting phosphorus sulfides. 

These results may be explained by the assumption 
of a substitution of bridging S-atoms in the P 4 S l O  cage by 
S.-units in the sulfur-rich phosphorus sulfides. However, 
difluoro pentathiodiphosphates react with sulfur in CHsCN 
also to a mixture of oligomeric sulfane bis(f1uoro- 
dithiophosphates). Therefore no definite conclusions about 
the molecular structure of the sulfur-rich phosphorus 
sulfides are possible from the nucleophilic degradation by 
f 1 uor i de. 

In generalization of the results obtained some 
reaction mechanisms of the nucleophilic degradation of 
cage-like phosphorus chalcogenides by fluoride under 
different reaction conditions are discussed. 
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