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The ozonation of N-phenyl-iminophosphoranes R3P=NPh la-b leads, after the P-N bond
breakage, to the corresponding phosphorus oxides 2a-b with the formation of complex
adducts 3a-b which precipitate at room temperature. The stoichiometry and the reaction
mechanism depend on the nature of substituents R linked to the phosphorus atom. For R=Ph
we detected the phosphonium intermediate 5a, whereas for R=OEt the trioxoazaphos-
pholanes 7b-9b were characterized by 31P NMR.

Keywords: Iminophosphoranes; ozone; phosphine oxide; phosphonium; trioxoazaphos-
pholane

INTRODUCTION

The ozonation of unsaturated compounds containing nitrogen as imines1

or ketoximes2 have been extensively studied. Much attention has been
devoted to the study of oxidation reactions of unsaturated organophospho-
rus compounds using activated forms of oxygen. Compounds such as
ylides and diphosphenes ' react with ozone differently and these reac-
tions had been fully studied. We present in this paper the reaction of phos-
pha-A. azenes with ozone at low temperature, using the P NMR
spectroscopy to identify the different intermediates formed.

* Corresponding Author.
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392 FAYEZ EL KHATIB et al.

RESULTS AND DISCUSSION

Phospha-^.5 azenes la-b containing unsaturated bonds P=N react in solu-
tion of dichloromethane with ozone at low temperature.The stoichiometry
of the addition is dependent on the nature of the substituents linked to the
phosphorus atom: O3/la = 3 and O3 /lb = 2 .The observed intermediates
decompose at room temperature leading to the corresponding oxides 2a-b
and complex precipitates 3a-b which were isolated (scheme 1).

R3P=NPh + nO3 R3p=O + J R ^ O ^ Q H g N O j J
la-b 2a-b ^ 3a-b '*

a R = Ph n = 3 x = 4
b R = EtO n = 2 x = 3

SCHEME 1

1 — Ozonation of l a

Ozone reacts in CH2C12 with N-phenyl-P,P,P triphenyl phosphin-X5 azene
la at -78°C. Under these conditions three molecules of ozone react with
one molecule of the P=N compound.When the solution rises to room tem-
perature the P-N bond is completely broken to yield triphenylphosphine
oxide 2a [5 31P =30 (CH2C12)] and a phosphorus complex adduct 3a [8 31

P =35 (CH2C12)] which precipitates.The precipitate is filtered and redis-
solved in a polar solvent (DMF). The 3 IP NMR spectrum shows a unique
signal [531P = 35 (DMF)] .The mass spectrum of 3a indicates the presence
of triphenyl phosphine oxide (m/z = 278 ).\Vhen the complex adduct solu-
tion in DMF is heated during one week at 120 °C, the phosphorus adduct
is decomplexed and a unique signal characteristic of free (CgH-^P^O
[531P = 25 (DMF)] is obtained in the NMR spectrum.

This result is confirmed by IR spectroscopy (vP=O = 1185 cm'1). This
band is not observed in the case of the unheated precipitate, it appears only
after heating.

In order to detect the various intermediates, we have observed by 31P
NMR at low temperature the reaction of different amounts of ozone (one
to three molecules) with constant amount of the P=N compound:
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IMINOPHOSPHORANES 393

i. When less than one mole of ozone is absorbed at low temperature in
the solution of the iminophosphorane la [831P = 4.4 (CH2C12)], any
modification appear in the P NMR spectrum : we conclude that the
P=N bond is not affected at low temperature and ozone is fixed on the
phenyl substituent of 4a.

ii. When the number of moles of ozone used is between one and two, the
P=N bond begins to be broken and a phosphonium intermediate 5a is
formed. We detected a single signal with a characteristic chemical shift
[831P = 4O(CH2C12)].

iii. When more than two moles of ozone were used, the P-N bond is com-
pletely broken ,the phosphonium intermediate 5a disappears to yield
the isolated 2a and 3a via the probable but undetected intermediate 6a
(scheme 2).

U i * Ph3P

4a 5a

SCHEME 2

2 - Ozonation of lb

Ozone react with N-phenyl-P,P,P-triethoxyphosphin-A.5 azene lb in
dichloromethane at -78°C with a stoichiometry O3 / lb = 2 . During the
reaction, a change of color has been observed.

At low temperature the reaction mixture is homogeneous and when the
temperature is raised to room temperature, a very exothermic reaction
takes place leading to the formation of a brown precipitate 3b similar to
3a. As previously we have detected at low temperature the formation of
the intermediates which appear at different stoichiometry:.

i. When the stoichiometry 0 3 / lb is 0.7 we observe in the 31P NMR
spectrum the disappearance of 70% of the starting material and the for-
mation of triethoxy phosphoric ester 2b(531P = - 1 ) and the formation
of pentacoordinated phosphorus intermediates at 831P = -28.3, -29.1)
(Scheme 3). When the temperature of the reaction mixture is raised to
room temperature the signals corresponding to the intermediates disap-
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394 FAYEZ EL KHATIB et al.

peared, while the starting material reacts completely. Only the tri-
ethoxy phosphoric ester and the precipitate formed are isolated.

OB 9' I 0 E l O /^OEi
O OEt "*0-O

b©
6b 7 b 8b

2b + 3b

SCHEME 3

ii. When the stoichiometry O3/ l b is 1.6 . At low temperature, the starting
material reacts completely. The major product obtained is the phos-
phoric ester accompanied by 50% of intermediates. At room tempera-
ture, the intermediate products decompose yielding the same products
as above.

iii. When the stoichiometry O3 / l b = 2, we observe besides to the above
products a new intermediate at 831P = -53 and 531P = -59. We
attribute this increase of the chemical shift to the formation of the prob-
able hexacoordinate phosphorus intermediate also observed in the case
of the ozonation of phosphites6.

At room temperature, we observe the instantaneous formation of the
phosphoric ester and its complex which precipitates.

3 - Discussion

Once the P=N bond is broken, as in the ozonation of Schiff bases, we
expected the formation of nitrobenzene as an oxidation product . Thus,
Corey and coll. prepared nitroalkanes by ozonation of the corresponding
phosphine imine.8 But the result obtained shows that nitrobenzene is not
formed at all, instead a precipitate is formed which is isolated and ana-
lysed. The results show also that the phenyl group linked to nitrogen is
oxidized first with formation of OH and OOH groups which complex the
triphenyl phosphine oxide by hydrogen bonding9.

The relative 31P NMR shift observed is the consequence of the variation
of the P-0 polarisation.This general effect was used in particular by Gut-
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IMINOPHOSPHORANES 395

mann for the quantitative measurement of the acceptor properties of the
solvents 10.

The reaction mixture [la+ 3O3] oxidizes at low temperature three equiv-
alents af n-butylphosphine to yield phosphine oxide and the phosphinate
with 75/25 ratio. The precipitate formed is a strong oxidant agent because
of the presence of great quantities of peroxidic or nitroso moieties11

(Scheme 4).

3a + 3 Bu 3 P Bu3P=O + Bu2P(O)OBu

SCHEME4

Similarly,the proposed intermediates [lb+ 2 O3] are strong oxidants,
they oxydise triphenylphosphine but don't generate singlet oxygen like

1212other kinds of ozonides such as trioxophosphetane12 (Scheme 5)

6b-8b

SCHEME 5

The two isolated precipitate 3a and 3b have different stoichiometry.

The elemental analysis of the precipitate 3a confirms the presence of
triphenyl phosphine oxide and a large amount of oxygen (30%). This cor-
responds to the empirical formula [(C6H5)3PO, 4(C6H5NO4)]n-

The *H NMR spectrum of the precipitate 3b dissolved in DMF, indicates
the presence of (C2H5O)3P=O and a large amount of hydroxyl groups.
This result is confirmed by the IR spectrum.

The 31P NMR spectrum shows only one phosphorus signal correspond-
ing to (C2H5O)3P=O. The precipitate is probably a peroxidic oligomer of
the nitrogen compound which forms a complex with (C2H5O)3P=O. With
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396 FAYEZ EL KHATIB et al.

3a, when the precipitate is heated, we observe the appearance of an IR
band v= 1270 cm"1 corresponding to a P=O bond. This band is not
observed in the case of the unheated precipitate.The elemental analysis of
the precipitate indicates the presence of a large amount of oxygen, the
empirical formula is [(C2H5O)3P=O, 3(C6H5NO3))n.

The mechanism of the ozonolysis of the P=N double bond is directly
dependent on the substituents linked to phosphorus; in the case of la, the
three aryl substituents stabilize the positive charge of the phosphonium
intermediate by delocalization whereas the presence of the ethoxy groups
in lb enhances the Lewis acidity of the phosphorus atom and stabilizes
preferentially the penta or hexacoordinated intermediates.

CONCLUSION

The reaction of ozone with the phospha-X5 azene depends on the nature of
substituents linked to phosphorus.

The ozonation of la takes place first on the phenyl ring bonded to nitro-
gen.The second step is the addition of one mole of ozone to the P=N dou-
ble bond, leading to the stabilized phosphonium intermediate. A third
mole of ozone reacts with this intermediate breaking the P-N bond and
bringing about the formation of the oligomeric complex adduct.

For l b the electron withdrawing effect of the ethoxy substituents modi-
fies the P=N strength and the Lewis acidity of the phosphorus atom. Only
two molecules of ozone are needed for the breaking of the P-N bond via
the pentacoordinated or hexacoordinated intermediates.

In both cases a brown precipitate is formed when the temperature of the
reaction mixture is raised to room temperature. These precipitates are per-
oxidic oligomers stabilized by complexation with the oxidized phosphorus
moieties.

EXPERIMENTAL SECTION

NMR spectra were obtained either on Brucker WH 90 or a Brucker AC 80.
IR spectra were recorded on a Perkin Elmer 283. Mass spectra were
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IMINOPHOSPHORANES 397

recorded on a Varian MAT311A. Ozonisations were carried out using Ozo-'
nator Trailigaz Lab 76.

Ozonation Technique

Standard ozonisation: Oxygen debit 200L/h, pressure 0.5 bar, Power
1.15 A . In these conditions, we obtain ozone with a standard concentra-
tion of 8 x 10 mole of ozone per litre. The stoichiometry of the reaction
can be determined, upon the completion of the reaction, after that the solu-
tion was flushed with a stream of argon and the unreacted ozone was
titrated by iodometry.

Preparation of N-phenyltriphenyliminophosphorane la

Phenyl azide (4.165 g, 3.5 10~2 mol) was added slowly at room tempera-
ture to a stirred solution of triphenylphosphine (9.17 g, 3.5 10~2 mol) dis-
solved in 100 mL of toluene, under argon. Nitrogen was evolved and
stirring continued for 2 hours. The solvent was evaporated under reduced
pressure, la was obtained in solid state with quantitative yield. 531P = 4.4.

Preparation of N-phenyltriethoxyiminophosphorane lb

Phenyl azide (4.165 g, 3.5 10~2 mol) was added to a stirred solution of tri-
ethylphosphite (5.81 g, 3.5 10~2 mol) dissolved in 100 mL of toluene,
under argon. The mixture was heated at 100 °C for 3 hours. The solvent
was evapored under reduced pressure and the phosphorane lb was
obtained with quantitative yield. 83IP = 1.6.

Ozonation of N-Phenyltriphenyliminophosporane la

la (0.322 g 0.91 10~3 mole) dissolved in 5 mL of dichloromethane, reacts
with ozone at -78 °C. The reaction was carried out with the following sto-
ichiometry O3/la = 0.5, 1.2 and 3. 31P NMR spectra were recorded at dif-
ferent temperatures -70 °C, -50 °C, -10 °C and at room temperature. The
precipitate 3a obtained at room temperature is dried and isolated in solid
form (yield = 25-30% relative to the total weight) 831P (DMF) = 35. IR
(KBr) v = 3300 cm"1, v = 1700 cm"1. Anal. Calcd for C42H35O17N4P : C,
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398 FAYEZ EL KHATIB et al.

56.12 ; H, 3.90 ; N 6.24 ; O, 30.29 ; P, 3.43. Found : C, 55.81; H, 4.08 ; N,
5.82 ; O, 30.35 ; P, 3.40%.

Ozonation of N-phenyltriethoxyiminophosphorane lb

lb (0.129 g, 5 10~* mole) dissolved in 2 mL of C7D8 reacts at-78 CC with
0.7, 1.6 and 2 equivalents of ozone .With stoichiometry O3/lb = 0.7 the
31P NMR spectrum is recorded at -72 °C. When the temperature rises,
modifications were observed. At room temperature precipitate 3b is iso-
lated 831P (DMSO) = -1.6. The filtrate is dried and dissolved in CDC13,
the lH and 31P NMR spectra are those of (C2H5O)3P=O 2b. IR spectrum
is recorded (vP.o = 1270 cm"1). The weight of the precipitate 3b obtained
from stoichiometry O3/lb = 2 represents 21%) of the total weight. IR
spectrum of the precipitate 3b is recorded (vP.o bound = 1240 cm"1).

Anal. Calcd for C18H25N3O13P: C, 41.38 ; H, 4.79 ; N 8.05 ; O, 39.35 ;
P, 5.94. Found : C, 41.97 ; H, 4.78 ; N, 7.72 ; O, 39.88 ; P, 5.83%.
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