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REACTIONS OF AMINOPHOSPHAZENES (P—NHZ) WITH AND WITHOUT
REARRANGEMENT

JOHN K. FINCHAM AND ROBERT A. SHAW

Department of Chemistry, Birkbeck College (University of
London), Gordon House, 29 Gordon Square, London WC1E 6BT,
U.K.

Abstract  2,2-N;P (NH2)201 on complete alecoholysis in
the NaOR/ROH syeggm gave both rearranged

2,4=N P3 NH, ) (OR)A and unrearranged 2, 2-N (NH )2(OR)
(R = CH, C , whilst for R = Et, Pr , 38 only the
rearranged derivativee were observed. With NaOR in
ether (R = Prn) only rearranged derivatives were
obtained, whilst for R = CH,CF5;, Ph only the
unrearranged products were isolated. From the
ROH/pyridine a{stem only unrearranged derivatives (R =
Me, Et, Pr®, Pr') were obtained. Partial alcoholysis
studies suggested that the rearrangement occurred with
the introduction of the second alkoxy group. The
alcoholysis of 2,2-N R (NH and of

2,6-N,P, (NH,) 2Clg using NaOR/ﬁOg = Me) yielded 2,2-
and 2,6-der vatives (NH )(OR) of the former and
only the 2,6-igsomers oi(' the atter.

INTRODUCTION

Our earlier studies on the complete alecoholysis of
N3P3014(NH2)2(1) brought to 1ight a geminal + nongeminal
rearrangement of the amino groups. These findings can be
summarised on follows: (1) The structure of the starting
material (1) (hitherto controversial) has been shown by X-
ray crystallography to be geminal. (ii) Reaction of (1)
with an excess of NaOR in ROH (R = Me, Et, Pr™, Bu®) gave

only cis and trans nongeminal rearrangement products,

N3P3(NH2)2(OR)4, (2), except for R = Me, where some
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unrearranged isomeric product, N3P3(N32)2(0R)4, (3), was
also isolated. As this was the first geminal + nongeminal
rearrangement reported in phosphazene chemistry, we
undertook an investigation to discover under which

conditions rearrangement takes place.

FACTORS AFFECTING REARRANGEMENT IN THE COMPLETE ALCOHOLYSIS

OF TRIMER DERIVATIVES

(A) Variation in the grouping P(NH,),. If this moiety was

changed to P(NHBut)z no rearrangement took place., The
producte were N3P3(NHBut)2(OR)4 (R = Me, Et, Prl, Bul), (4).
Change to the more electron releasing group P(NH,)(NPPhj)
s8lowed the alcoholysis reaction and gave only an
unrearranged product, N3P3(NH2)(NPPh3)(0R)4 (R = Me) (5).
The even more powerful electron releasing moiety P(NPPh3)2
did not allow any alcoholysis to proceed under our reaction
conditions and the starting material, N3P3(NPPh3)2614, 6),
was recovered unchanged. Detalled comparison of the crystal
structures of the starting molecules: (1), NBPB(NHBut)2014,
N3P3(NH2)(NPPh3)014 and (6) showed systematic structural
changes in keeping with the above obaervations.l’

(B) Variation in the nucleophilicity of the sodium alkoxide

If in the system NaOR/ROH the nucleophilicity of the

alkoxide ion was reduced, e.g. R = CH26F3, unrearranged (3)
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and rearranged products (2) were isolated. Because phenol
is a solid, the system for R = Ph was not investigated under

these conditions.

(C) Change of solvent. On changing the solvent from an

alcohol to an ether the reactivity of the sodium alkoxide,
NaOR, was reduced. Thus for R = Pr”, whilst no unrearranged
compound (3) was obtained the rearranged cis and trans
products, (2), were accompanied by a partially substituted
derivative, N3P3(NH2)2(OR)3C1. The less powerful reagents

(R = CH20F3 and Ph) gave under these conditions only
unrearranged products, (3).

(Ql Change to alcohol/pyridine systenm. Replacing the

alkoxide ion RO, by alcohol ROH, reduced the
nucleophilicity and gave rise only to unrearranged

derivatives (3), (R = Me, Et, Pr?, prl),

PARTTAL, ALCOHOLYSIS OF §323£§32)2914

In our studies of the NaOR/ROH/NBPB(NHz)ZCIA system, we had
inadvertently isolated two partially alcoholysed products,
N3P3(NH2)2(OR)2012 (R = Et, Pri), whose structures were
shown to be rearranged (7). We therefore investigated in
more detail the partial alcoholysis of(]) in the NaOR/ROH
system. When treating (1) with one equivalent of NaOR

(R = Me), we obtained a monoalkoxy derivative,
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N3P3(NH2)2(OR)613, (8); no rearrangement had taken place at
that stage. Three bis derivatives N3P3(NH2)2(OR)2012, were
observed. Two were the rearranged cis and trans isomers (7)
(R = Me); the third may be an unrearranged derivative. A
rearranged tris derivative, N3P3(NH2)2(OR)301 (R = Me) was
also obtained. From the NaOR system (R = Et) we isolated
two rearranged bis isomers (7) (R = Et). The above data
suggest that rearrangement takes place on forming the bis
alkoxy derivatives, N3P3(NH2)2(OR)2012. As no nongeminal
N3P3(NH2)2014 is known we were unable to test whether the
reverse rearrangement nongeminal -+ geminal could take place

in the trimer system.

THE ALCOHOLYSIS OF 2,2- AND 2,6-N,P, (NH,),Cl,

2,6-N4P4(NH2)2016 (9) has been known for a long time’

and its structure deduced more recently by derivatisation
and >'P nnr spec'c,ro:scopy.6 Its 2,2-isomer (10) was isolated
only very recently.7 Complete alcoholysis of (9) using the

NaOR/ROH (R = Me) method gave two isomeric cis and trans

derivatives, NAPA(NH2)2(OR)6’ (11) (R = Me). No compound
containing a geminal P(NH2)2 grouping was isolated. Hence
no nongeminal + geminal rearrangement occurs under these

conditions. Complete alcoholysis of the 2,2-isomer (10),
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gave in addition to a 2,6-derivative (11)(R = Me), also some
geminal unrearranged alkoxide (12) (R = Me).
2,2-N,P, (NH,),Clg (10), thus parallels in its behaviour that

of its lower homologue 2,2--1‘13P3(NH‘2)2611+ (1.

SUMMARY In our studies of the alcoholysis of

aminophosphazenes we observed geminal + nongeminal
rearrangements for compounds containing P(NH2)2 moleties.
If one or both of the NH, groups were replaced by other
groups no rearrangement was noted. The ease of
rearrangement was related to the nucleophilieity of the

reagent: NaOR/ROHR = Alk >R = CH20F3, Ph > ROH.

References

1. J.X. Fincham, M,B, Hursthouse, H.G. Parkes, L.S. Shaw
(nee G¥zen) and R.A. Shaw, J. Chem, Soc., Chem.
Commun,, 252 (1985).

2. J.K. Fincham, M.B. Hursthouse, H.G. Parkes, L.S. Shaw
((néeé(;rﬁzen) and R.A. Shaw, Phosphorus Sulfur, 28, 185

1986).

3. J.K. Fincham, M.B, Hursthouse, H.G. Parkes, L.S. Shaw
(née G8zen) and R.A. Shaw, J. Chem. Soc., Dalton
Trans., 1169 (1988).

4e J.K. Fincham, M.,B, Hursthouse, H.G. Parkes, L.S. Shaw
((née@G&zen) and R.A. Shaw, Acta Cryst., B42, 462

1986).

5. A.M. de Ficquelmont, Compt. Rend., 200, 1045 (1935);
202, 423, 848 (1936); 204, 689, 867 (1937).

6. W. Lehr and J. Piletschmann, Chem.-2Ztg., 94, 362
(1970).

7. P. Rambrahmam, S.S. Krishnamurthy and M. Woods,
Z.Naturforsch., 36b, 894 (1981).




