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PHOTOLYSIS OF PHOSPHONIUMS AND PHOSPHORANES AZIDES

* *
J.P. MAJORAL a’ G. BERTRANQ b, A. BACEIREDO b, M. MULLIEZ @
and in part R. SCHMUTZLER ~.

a E.R.A. 926, b E.R.A. 829, Université Paul Sabatier - 118
route de Narbonne 31062 Toulouse Cédex France.

¢ Lehrstuhl fUr Anorganische Chemie der Technischen Universi-
tat, Pockelsstr 4, D. 3300 Braunschweig, R.F.A.

Bbstract First evidence for a Curtius type rearrangement in-
volving a pentacoordinated atom and charged species are des-
cribed

In organic chemistry the Curtius rearrangement is a well known
method for obtaining imines and isocyanates from the correspon-

(1’ 2). Various transient unusually hybridized orga-

ding azides
nometallic species were also obtained using this rearrangement
which proved to be a general method allowing the coordination
number of the atom bonded to the azido group to be decreased by
one unit, keeping the number of valence bonds unchanged.

Up to now no examples of a Curtius type rearrangement invol-
ving a charged atom or a pentacoordinated atom have been descri-
bed. Here we wish to report i) the synthesis of unusually hybri-
dized phosphorus cations from azidophosphonium salts ii) the re-
sults observed during the photolysis of some pentacoordinated

pentavalent phosphorus azides.

AZIDO PHOSPHONIUM SALTS

Irradiation of tris{dimethylamino) azidophosphonium hexafluoro
phosphate 1 Teads to the imino phosphenium salt 2 with release of
nitrogen [2 831p = +775TH 2.73 (d, Jp, = 11 Hz, 12H, CHy-N-P),
3.20 (s, 6H, N-NCH4)].

PH

+ +
- hv + _ - N
(Me,N) 5PN, PF — (Me ,N) ,P=N-NMe , PF s (Me,N),P N=Nte,
1 2 2 PFe
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In order to study the importance of the anion in this reaction,
compound 3 was irradiated in the same experimental conditions. We

observed the formation of iminophosphorane 4 with a 80% yield.

Br
+ - ]
—N- — =N
(Me2N)2P-N NMeZ,Br = (MeZN)ZP N NMe2
+ _ hv
(MeZN)3PN3,Br -
2 _
3 (Me ,N)  P=NH
4

This dramatic change in the course of the photolytic reaction,
due to the nature of the anion, can be well rationalized by the
transient existence of a phosphonium nitrene 5a in resonance
form with a phosphonitrenium 5b

+ + +
- hv - B -
(MezN)3PN3:X.T> (Me,N) 3P-N, X e—s (Me,N)3P=N,X
2
X~ 5a k{///’ 5b
hy X = Br~ X = PF6
4 — (Me2N)3P:N—Br
4! 2

When the anion is a poor nucleophile such as PF6 , the inter-
mediate 5 is stabilized by migration of one phosphorus substituent
onto the nitrogen atom with formation of iminophosphenium salt 2.
On the other hand,the good nucleophilicity of the bromine anion
leads to the formation of derivative 4' which gives by subsequent
irradiation the iminophosphorane 4.

Irradiation of the azidophosphonium 7 leads to the formation
of 8 and 9 (migration of a dimethylamino group or a phenyl group)
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hv, CH,CN

B’ _ 3 0+ Me N +
SPeNy PR > P=NeNMe, + C S peN-
Me,N 7| 2 Me,NT Me, N
2 25 pF 2 pF
MezN 6 6
7 631P = +46 ppm 8 531P = +70 ppm 9 531P = +41ppm

8 is the first example of an iminophosphenium salt with a P-C bond.

PENTACOORDINATED PENTAVALENT PHOSPHORUS AZIDES

10 sTowly decomposes at room temperature leading, neither to
the expected ring expansion product 11, nor to derivative 12 which
would have resulted from the migration of a phenyl group from the
phosphorus atom to the nitrogen atom, but to the isocyanate 13
in 80% yield.

y 0
[
¢ C.
0 N 12 0 11
] —> L0 = P9 —
C\ /PQ /P\
I o 67 SN-g N N g
P
ANg ]
P, P N=C=0
| f:'-N3 qp//o
g7 o
631P = -60 ppm 13 631P = +28ppm

On the other hand irradiation of the stable novel azido phospho-
rane 14 (the tirst one in which phosphorus is bonded to five ni-
trogen atoms) in acetonitrile solution,at 254 nm,at room tempera-
ture leads quantitatively to the formation of the very short life-
time intermediate 15.
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]3 | | |
N N hv N-N N
AN SN ~7 .7 N _
O-C\N/P\N/C_O —3 | 0=C . _ P\ N/C-O —> dimers
I l -N, | i
14 15

One can conclude that the Curtius rearrangement is also effective
with a pentacoordinated phosphorus atom. However this rearrange-
ment is strongly dependent of the nature of the phosphorus substi-
tuent. Thus irradiation of the azide 16 gives 17 as the major
compound. This result is not surprising taking into account the
poor migrating aptitude of alcoxy group, the main reaction being
here the abstraction of protons from the solvent by a transient

nitrene
N3 :\IHZ
CLe — COD
07 o 'Nz ~0” Yo~
16 °'p = -27ppm 17 ' = -27ppm
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