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SPIROPHOSPHAZENES AND THE PARENT TRIAZAPHOSPHOLE :
DIFFERENCE AND SIMILARITY IN CHEMICAL REACTIVITY

O.S. DIALLO, L. LOPEZ and J. BARRANS

Université Paul Sabatier 3106‘2 Toulouse France

The first _'ep of hydrolysis of compounds 1. , 2 and 4 involves the profonation of the P=N nitrogen atom.
3 does not react with water in the absence of a catalyst . Protonation of compounds 1 - 3 by a strong acid such as

CF3504H s studied by 15N and 31P nmr spectroscopy. In all cases the P=N nitrogen appears to be the strongest

basic site .

Introduction

We reported recently the synthesis of spirophosphazenes1 2. 3, and 4. That was done on the supposition
that they might react in different ways because of electronic and structurat effects. Some differences and similarities are
now shown by a study of the first steps of their hydrolysis and protonation by a strong acid.
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Results and Discussion
HYDROLYSIS:

At room temperature 1 2, 2 and 4 instantaneously react with water (reactions /,  and #). On the other
hand 3 does not react with water unless a strong acid such as HCl is used to catalyse the reaction. This results in the
formation of several unidentified phosporus compounds.

The fact that the phosphole ring is readily opened in 4_and preserved in 3 cannot be explained
solely by a difference of aromaticity. As a matter of fact, the bare triazaphosphole 1. is readily openedz. Obviously there
is a stabilization due 1o the diaza ring in 3. This stabilization does not have the same extentin both 4 and 2. Thisis
supported by the fact that compound 2 . which does not have a double bond in its diaza ring , reacts readily with water .

On the other hand 3 does not react with water.
Although the hydrolysis process might change from one compound to another, these differences

prompted us to make them react with a strong acid such as CF3SOgH
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REACTION OF 17 AND 2 AND 3 WITH CF3S0OgH
The expected reaction is the protonation of the strongest basic sites of these compounds, which should be nitrogen

atoms. All the reactions performed were exothermic. The reactive basic site was determined by 15N nmr. The two
strongest basic nitrogen atoms were identified in 2 and 3 by adding two molar equivalents of acid to a solution of each

compound. 18N nmr spectra of these solutions were scanned before and after each addition. 15N and 31P chemical

shifts and some coupling constanis are given in Table 13

Analysis of the spectra shows that the P=N nitrogen atom NS is the strongest basein 1 , 2 and 3. Infact inall
cases, after addition of one equivalent of acid this nitrogen atom N3 ghemical shift change is at least six times larger than
that of the other nitrogen atoms. e.g. in2 : 1A(815N3)1=36.8ppm and 1A(8 15 N2) 1= 4.2 ppm.

As far as the first protonation site is concerned comparison with the hydrolysis process is easy. Supposing that
the protonation of N3 s the first step of the hydrolysis of 1 and 2 and 2 , the latter can be considered as a base
weaker than both of the formers as it does not react with water. It should be noticed that N3 is the hardest basic site in 1_
as itisthe reactive site with BF3 , R~E=O and Pt and Pd complexes 4.

After addition of the second equivalent of CF3504H . the chemical shift of N' in2 and 3 changes at least twelve times
more than that of the other nitrogen atoms. e.g. ing : IA(S1 5n1 J1=93.5ppm and | A( 515 N2) |=7.5ppm.

Also the 31P chemical shift change extent in this two step protonation is approximately the same for 2 and 2. These
results are irrelevant in the hydrolysis process but they mean that compounds 2 and 3 behave in the same way in
the presence of a strong acid .

it can be inferred from their chemical shift that nitrogen N% and N® have more sp2 characterin @ thanin2_:

815N% - 515N5 - 3431 ppm in 2 and §15N%=515N5=-204.4ppm in 3 .

This could be accounted for by a partial involvement of N4 and N5 tone pairs in a conjugation with the p electrons of the
C=C doubie bond and their partial delocalization into the phosphorus atom unoccupied d orbitals in 3 . This can make the

phosphorus atom less electrophilic in 2 thanin 2 . N* and N should be less basic in 2 thanin2.



TableT: !NMand?'P nmr chemical shifis (ppm) and coupling constants Jp  (Hz)
Coupling constants are in parentheses R!= C¢H; RZ=Me A =CF;S0;°
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It can be inferred from all these results that 2 is less basic and less electrophilic than 2 . For that reason ,

attack of H,O oxygen upon the phosphorus atom, 3 will be less reactive with waterthan 2 anyway.

Experimental data : Al the spectra were run in dichloromethane if not stated otherwise. 1SN nmr spectra were
recorded on a BRUKER WM250 ( NaNOg as external reference),Cr(acac)z was used as a relaxation agent in 8 o 10. 1072

molar ratio. 31P and 13¢ and TH nmr spectra were recorded on a BRUKER AC80 . All the reactions were performed at
room temperature, The required amounts of water or acid were added dropwise to the sfirred solutions of phosphorus

compounds . 31p nmr spectra of the mixtures show that all the reactions are instantaneous.

&:R1=Pn RP=Me (CDCL3)3'Pnmr 8=10.4ppm "Jpy=677Hz ; "Hnmrd 3.2(d,3H, CHsN, 3Jpy = 8.2H2)
7.11hrough 7.8 (5H, Cghlg) 8.6(1H,P-H, 1p jy=677Hz) 93 (1H,PN-H,2Jp y =16.2H2)

6.:R'=Ph R2=R%=Me 3P nmr 8=21ppm: "Hnmr 8 2.3(d, 3H, CHyNCHz , 3Jpp= 11Hz) 2.33(s,3H, CHyNH)
3.1 (d,3H,CHgNN.3Jp = 6.9 Hz) 25through3 (CHaCHy) 6.5 (NH) 7.1 through 8.2 (5H, CgHs)

3¢ nmr § 32.3 (d, CHNN, 2dep =115 Hz) 33.2 (d, GH3NCH3, 2Jop = 5.4 Hz) 359 (s, HNCHg ) 48.9(d, CHpPN
2Jop=48Hz) 495 (s,HNCHy) 144.1(d, C=N,%Jcp=19.5Hz) 12510 130 (CgHs)

Z :RP=Et R3=Ph (CgDg) 3P nmr 5= 20 ppm; THnmr & 0.56 (1, 3H, CHaCHyp, SUpyoon=7.1H2) 1.7 (s.6H,
CH3CNCgHs) 3.1 (g, 2H, CH3CHp, 3Jycen=7-1Hz, SJyp=89Hz) 3.0(mNHp) 6.3 through 7.7 ( 9H, CgHg and
Cgta); 13Cnmrd 116 (d, CH3CNCgHs5, 3Jop=5.04 Hz) 13.9(d, CHaCHy, 3Jcp =3.98 Hz)

42.6(d, CHgCHp , 2op =576 Hz) 146.2 (d,NC=CN,2Jcp=38Hz) 115 through 147 (CgHg , CgHy)
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