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Horner and Jurgeleit2 showed that diethyl peroxide reacts with
tfisubstituted phosphines to give the phosphine oxides. Previous
work from Ehis laboratory3 has shown that intermediates are involved
in the reactions, however, it was not possible to distinguish between
a diethoxyphosphorane (I) or the alkoxyphosphonium alkoxide ion pair

+ -
RyP(0-C,H ), 2 RyP-0-C,H, + C,H,O

I IT

(IT) or an equilibrium mixture of the two. In the case of tri-
substituted phosphites it was shown that pentaalkoxyphosphoranes
are formed-as stable products.4

Triphenyphosphine in benzene (31? + 6 ppm relative to 85% phos-
phoric acid)5 reacts with diethyl peroxide to give after 5 hr. a
solution whose 31P nmr spectrum shows absorptions at -26 ppm, tri-
phenylphosphine oxide, +6 ppm and +55 ppm. During the period of one
week the -26 and +55 ppm absorptions grow at the expense of the +6
ppm absorption. The experiment was repeated in methylene chloride
with a different sample of ‘diethyl peroxide. After six days the
31

P nmr spectrum showed a very weak absorption at -28 ppm, a fairly

strong absorption at +5 ppm with the major absorption at +54 ppm.
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The same reactants in methylene chloride ethanol (2:1) gave mainly
triphenylphosphine oxide (-28 ppm); absorptions were also present
at +5 and +54 ppm.

The 1H nmr spectrum of the reactants in benzene after 5 hr
shows a quintet at 2.7 ppm (relative to tetramethylsilane). This
is typical of the CH; hydrogens of P.0.CH;-CH; where Jy,. = 7 cps

and J = 7 cps. A triplet was also found at 0.8 ppm (J = 7 cps).

PH
The spectrum also included absorptions for diethyl peroxide. A
reaction mixture in methylene chloride showed a similar pattern,
quintet at 2.6 ppm (JHH =7 cps, Jpy = 7 cps) and a triplet at

0.75 ppm (J = 7 cps).

Benzoic acid was added to a reaction mixture of triphenylphosphine
and diethyl peroxide in benzene 7 days after mixing; an exothermic
reaction took place. Triphenylphosphine oxide formed and the +55
material disappeared completely. The quintet and triplet also dis-
appeared from the 1H nmr spectrum. Ethyl benzoate was formed as
evidenéed by nmr and glpc analysis.

The results of these experiments indicate that triphenylphosphine
and diethyl peroxide react to form triphenyldiethoxyphosphorane (III).

This is the material which absorbs at +54.5 + 1 ppm and which reacts

+
(CeHs ) 3P(0-CoH; ) > (CeHs)3P-0O-C,Hs + BF,

*'p 454 ppm 3ip -62 ppm

III Iv

with benzoic acid to give ethyl benzoate, triphenylphosphine oxide

and ethanol. This phosphorane is fairly stable; heating a benzene
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solution at 60° for ca. 10 hr did not lead to appreciable conversion
to triphenylphosphine oxide. It has not been possible to isolate
the pure phosphorane as yet.

The alternate formulation of this material as triphenylethoxy-
phosphonium ethoxide seems unreasonable because alkylation of tri-
phenylphosphine oxide with triethyloxonium fluoroborate in methylene
chloride yields a material with 31P absorption at -62 ppm. The 1H
nmr spectrum had a quintet at 4.4 ppm (JHH = 7 cps; JPH = 7 cps).
The methyl region was complicated by absorptions for ether and tri-
ethyloxonium fluoroborate. This material is undoubtedly triphenyl-
ethoxyphosphonium fluoroborate (IV).

Tributylphosphine and diethyl peroxide were allowed to react
neat at room temperature. After 1 hr the 31? nmr spectrum showed
an absorption at -44 ppm, tributylphosphine oxide, +33 ppm, tributyl-
phosphine and another absorption at +38 ppm. The +38 ppm absorption
was considerably larger than the -44 ppm absorption. After 1 day
the major absorption appeared at -44 ppm; essentially no tributyl-
phosphine remained. The material with the +38 ppm absorption was
still present however the amount was small relative to tributyl-
phosphine oxide. A weak absorption was present at -54 ppm. This
might be due to (C H,),P(0)0O-C,Hy;. Compounds of this structure
absorb at -54.9 ppm. The 1H nmr spectrum was followed during the
course of the reaction. The disappearance of diethyl peroxide could
be observed. After completion of the reaction ethanol, diethyl
ether and tributylphosphine oxide were present as the major products
as evidenced by nmr and glpc. At no time during the reaction did
a pattern develop in the -CH,- region of the nmr spectrum which is

typical of P-O-CH,CH;. It should be noted that this region is
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quite complex because ethanol and diethyl ether are being formed
continuously and thus a detailed interpretation will require a
very thorough study.

In another experiment an equimolar reaction mixture of tributyl-
phosphine and diethyl peroxide was treated with excess benzoic
acid 7 hr after mixing. An exothermic reaction occurred. The
+38 ppm peak in the 31P mur spectrum disappeared and the tributyl-
phosphine oxide absorption increased in intensity. Glpc analysis
of the reaction mixture showed cthat ethyl benzoate was formed.

These data suggest that the initial reaction product is tributyl-

diethoxyphosphorane (V) and that this decomposed fairly rapidly.

+ -
(CaHg)sP(0=C3H5) (C4Hg)3P-0-CyHy + BF,
1 21
P +38 ppm P -98 ppm
v VI

The detailed structure of this material is not as clear as that of
III because coupling of the CH, of the ethoxy group to phosphorus
could not be established. It does appear though that the material
is not tributylethoxyphosphonium ethoxide. Alkylation of tributyl-
phosphine oxide with triethyloxonium fluoroborate in methylene
chloride gave VI whose 31P nmr spectrum showed an absorption at -98
ppm. The lH nmr spectrum showed a quintet at 4.3 ppm (JHH = 7 cps;
JPH = 7 cps). These data indicate that the tributylphosphine-
diethyl peroxide product is more closely represented by the struc-
ture V, however, it may be in equilibrium with a small amount of
the phosphonium salt. If the equilibration is rapid enough then
P-O-CH, coupling would not be observed.

The results of these experiments point to the value of the diethyl

peroxide-trivalent phosphorus compound reaction as a general route
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to pentasubstituted phosphorus compounds. They also show that tri-

aryl and trialkyldialkoxyphosphoranes are reasonably stable materials

and thus the study of their chemistry and of related materials is

now possible.
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31
Al1l P nmr spectra were recorded with a Varian Associates
HA-100 operating at 40.5 MHz.
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