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Abstract 

The reactions of the lithium enolate of acetalde- 
We, LiOCHCHz , with hexafluorocyclotriphos- 
phazene, NaPaFe, lead to the series of (vinyloxy)- 
fluorocyclotriphosphazene, NaPsF+,(OCH=CH& 
(n = 2-5). The ‘H NMR data show that throughout 
the entire series, the substituent is bound through the 
oxygen end of the ambidentate enolate. The reaction 
shows a reluctance to go past the trisubstituted stage 
and the fluorine atom in NsPsF(OCH=CH& can not 
be removed even under forcing conditions. Evidence 
from the ‘H, 19F and 31P NMR spectra shows that a 
non-geminal pathway is exclusively followed. Dif- 
ferences in the reaction patterns with enolate anions 
followed by N3P3F6 and N3P3C16 are discussed. 

Introduction 

The reactions of enolate anions with halocyclotri- 
phosphazenes occur exclusively at the oxygen end of 
the ambidentate nucleophile giving rise to (alkenoxy)- 
phosphazenes [l 1. One of these materials, the mono- 
(vinyloxy)pentachlorotriphosphazene, N3P&150CH= 
CH2, has proven to be a valuable monomer for the 
synthesis of organofunctional phosphazene polymers 
[2]. Extensions of the enolate anion reaction have 
allowed for the preparation of a variety of derivatives 
of the type N3P3C14(X)OCR=CH2 (X = Cl; R = H, 
CH3, CsHS; X = CH3, R = H, CH3, C6H5) [3]. The 
stereochemical course of the reaction of the enolate 
anion of acetaldehyde with N3P3Cl, has been investi- 
gated [4]. All possible positional and stereoisomers in 
the series N3P3C16-,(OCH=CH,), (n = l-6) have 
been detected by 31P NMR spectroscopy. Although 
all the geminal isomers were detected, a predominant- 
ly non-geminal reaction pathway was observed. The 
non-geminal pattern is also observed in the reaction 
of aryloxides [S], alkoxides [6] and aryloxy steroid 
salts [7] with N3P3C16. The corresponding fluoro- 
phosphazene reactions have received-much less atten- 
tion. Derivatives of N3P3F6 include N3P3F50R (R = 
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CH3, C,H,) [8], N3P3FsOCR=CH2 (R = H, C6H5) 
[ 11, N3P3F50C = CH2 [l] and 2,4,6-N3P3F3- 

L(CHd& 
(OCH2C3F,), [9]. The reactions of N3P3X,N=P- 
(C6H5)3 (X = Cl, F) with the methoxide anion have 
recently been investigated [lo]. In this paper, we 
present the synthesis of the series of (vinyloxy) 
fluorocyclotriphosphazenes, N3P3F6-,(OCH=CH& 
(n = 2-S). The purpose for undertaking this investiga- 
tion was to compare the reaction pathway followed 
by a specific oxygen base with N3P3F6 and N3P3C16 
and to expand the range of available organofunctional 
phosphazenes. 

Experimental 

Hexachlorocyclotriphosphazene (Firestone Corp.) 
was converted to hexafluorocyclotriphosphazene 
(N3P3F6) by a previously reported procedure [l 11. 
n-Butyl lithium (1.6 M solution in hexane) was ob- 
tained from Aldrich. Tetrahydrofuran (THF) 
(Aldrich) was distilled from sodium-benzophenone 
ketyl. Hexanes (35-55 “C) and benzene** (Fisher) 
were distilled by standard procedures. NMR spectra 
(in CDCl,) were recorded on a Bruker WM250 
spectrometer operating at 250.1 MHz (‘H), 235.2 
(19F) and 101.2 MHz (31P). Tetramethylsilane, 
Me$i (for ‘H NMR) and fluorotrichloromethane, 
CFC13 (for 19F NMR) were used as internal refer- 
ences. For “P NMR, 85% H3P04 was used as an 
external standard. Chemical shifts upfield to the 
reference are assigned a negative sign. 31P NMR 
spectra were recorded under conditions of broad 
band decoupling. Mass spectra were determined on a 
Finnegan 4610 spectrometer operating at 80 eV. 
Elemental analyses were performed by Integral Micro- 
analytical Laboratories. 

Preparation of N3P3F4(OCH=CH2)2 
A solution of 40 ml (0.064 mol) of n-butyllithium 

was added to 80 ml of tetrahydrofuran in an apparatus 

**Benzene is a suspected carcinogen, use only in a well- 
ventilated hood. 

0 Elsevier Sequoia/Printed in Switzerland 







110 C. W. Allen and R. P. Bright 

Non-geminal substitution is favored when the substi- 
tution is electron releasing relative to the halogen. 
The availability of the non-geminal pathway in the 
preparation of N3P3C1S--n(OCH=CH2)n [4] but not 
in NsP3F6-,(OCH=CH& can be related to the poor 
leaving group ability of the fluoride ion in phospha- 
zene substitution reactions [ 141. If the product distri- 
bution is kinetically controlled, then the low yield of 
geminal products in the chlorophosphazene reaction 
indicates a higher activation energy for the geminal 
pathway. The large energy associated with phos- 
phorus-fluorine bond cleavage makes the formation 
of the geminal isomers energetically prohibitive in the 
fluorophosphazene reactions. 
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