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This brief review is intended to give a summary of irreversible and reversible 
migrations in cyclic and acyclic phosphazene derivatives. 

0 + N and 0 + 0 alkyl and 0 + 0 silyl group migrations 
Historically, in 1961, the first of these migrations was the alkoxyphosphazene + 

oxo-N-alkylphosphazane rearrangement, observed for the cyclic esters N,P,(OR), 
and N4P4(OR)s [1,2]. 
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This occurred under the influence of heat (eq. 1) or of a catalyst (eq. 1). 

The haloalkane catalysed reaction of acyclic phosphazenes (eq. 3) was reported in 
the same year by Kabatschnik and Gilyarov [3], and in 1967 the thermal rearrange- 

(MeO),P=NAr + MeI-+(MeO),P(O)NMeAr (3) 

ment (eq. 4) was published by Kirsanov and co-workers [4] and by Pudovik and 

(RO),P=NSO,Ar%(RO)zP(0)NRSO,Ar (4) 

co-workers (eq. 5) [5]. 

(EtO),(allylO)P=NPh~(EtO),P(O)NallylPh (5) 

* Dedicated to Professor Colin Eabom in recognition of his important contributions to organometallic 

chemistry. 
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Amine hydrochlorides, as well as aluminium(III) chloride, have been used as 
catalysts and these reactions can be of preparative value [l&18]. The equilibrium 
constants for such reactions have been reported [19]. 

Phosphazene + phosphorin rearrangements 

An interesting phosphazene + phosphorin rearrangement has been reported by 
Paddock and coworkers [20,21]. N-Methylphosphazenium iodides N,P,, Mez, + ,I 
(n = 3 or 4), on treatment with sodium bis(trimethylsilyl)amide, deprotonate and 
rearrange to phosphorin derivatives (eq. 12). The crystal structure of the rearranged 
trimer derivative has been published [22]. 
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Geminal s P(NH,), + nongeminal = P(NH,)(OR) migrations 

The most recently discovered rearrangement is that observed in the alcoholysis of 
N,P,(NH,),Cl, [23]. The structure of the starting material had been controversial, 
until a recent crystal structure analysis proved its geminal nature [24]. This geminal 
diamide gives rise under the influence of alkoxide ions in alcohol to cis- and 
trans-nongeminal fully alcoholysed derivatives N3P3(NH2)2(OR)4, as well as, in the 
case of the methoxide, some unrearranged geminal derivative (eq. 13) [25]. 
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The trans-N,P,(NH,),(OPr”),, the cis-N,P,(NH,),(OMe), and the geminal N3P3- 
(NH,),(OMe), have been crystallographically investigated [23,25]. 

Tautomerism 

Tautomerism in phosphazene chemistry has a long history. It was re:cognised 
early, that hydrolysis of the chlorides, (NPCI,),, gave rise not to dihydroxyphos- 
phazenes, but to hydroxyoxophosphazanes (eq. 14) [26]. Crystallographic evidence 
of this tautomerism has been presented [27,28]. 
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One question. however. remained unanswered in the above studies. namely. 
whether the 0 --, N tautomerism involved migration of a proton from c~xygen 10 a 
nitrogen N or y to the phosphoryl group (ey. 15). 

Recent work on “ monohydroxy” derivatives. e.g. N, I-), R i OH. ha> ~h~xvn that in 
all cases so far investigated, the proton migrates to the tu-ring rntn)gen atom [29.30]. 
Variable temperature “P N!blR spectroscopy is an cxcellenr t~l TV) imrhtigatc thih 
phenomenon: three types ni‘ rautomerism involving ct-nitrogen CttOuls ~r.ere pas- 
tulated and experimentally c.berved [30]. ‘These were related to nitrogen basicitles: 
(i) one site much rnnre basiL than the other, no N ;lrl N tautomsrism oh>ervahle. and 
the jlP NMR spectrum (ABX’) is temperature invariable; (ii) t~l equivalent sltcs. 
rapid exchange hetwecn them gives rise to an AZX spectrum. slou exchange to an 
ARX spectrum; (iii) tv.‘o n\)neyuivalent sites, in the fast exchange limit this gi\cs an 
ARX spectrum, whilst in the slow exchange limit two ARN \pcrctrit can :71: ohs~r-ved 
[30]. Crystal structure data is non available for c>ne exampic I’rorn CW-Y tilt’ of tht:se 
three classes [29,31,32]. 

The tautomerism was related to the basicity hehaviclur of phosphnzene:, and It 
was shown that a knowledge of the latter can be LW~ KO predict and ~.~lculate 
tautomeric behaciour [N33j. 

Kahatschnik and coworkers have carried out tna.inr studies on acyclic phos- 
phazenes j34]. no evidence for N + 0 tautornerism was detecred h? IR hpec- 
troscopy. N + 7% tautomerism in monomeric phosphaleneh SW,. however, ampi) 
documented ieq. Ih). 
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Our researches on these topics continue. We are currently investigating under 
which conditions EP(NH~)~ react with or without migration, and also whether 
other groups such as NHR can be induced to similar behaviour [35]. 
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