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Abstract: Vinylic phosphorus compounds were found to react as Michael olefins with alcohols in basic catalytic
conditions. Several phosphorylated polyethers were obtained in such a way. In analogous conditions, the
hydroxymethylphosphine oxide used as alcoholic reagent looses formaldehyde leading to 1,2-diphosphorus compound
formation. © 1999 Published by Elsevier Science Ltd. All rights reserved.

Five percents of the total amount of the radioactive wastes produced by the nuclear industry are
constituted by long life radionuclides. These radioactive nuclides are particularly minor actinides (neptunium,
americium and curium) and fission products (like strontium and cesium). In order to reprocessing this part of
the wastes, we have developed, in previous investigations', specific complexing agents for a very efficient
separation process using supported liquid membrane (SL.M). Still for this purpose, we are reporting now the
synthesis of new (O)PCCO bridged ethers by Michael type reaction.

Maier’ has shown that the synthesis of ethers by Williamson reaction between alkoxide and B-
halogenated phosphine oxide occurs indeed through a B-elimination reaction in the first step. Then the second
step is the in situ reaction of the alkoxide with the new generated vinylphosphine oxide in an oxa-Michael
reaction. Consequently, Tsvetkov et al’® used directly diethyl vinylphosphonate 2 with polyethyleneglycol to
obtain ether compounds.

We have generalized this method by reacting a vinylic phosphorus compound with an alcohol in basic
catalytic conditions. Diethyl S-hydroxy-3-oxapentylphosphonate 3 was synthesized by reaction of diethyl
vinylphosphonate 2 (1 eq) with an excess of ethyleneglycol 1 (7 eq) and catalytic amount of KOH (0,3 eq)4 13
is isolated in 61% yield® (Scheme 1). In these conditions, less than 5% of the bisphosphonate resulting of a
double addition to 1 is formed.
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Similarly, 2 reacts with triethanolamine 4 to give tris(5-0,0'-diethylphosphono-3-oxapentyl)amine 5 in
85% yield, by successive addition reactions. Subsequent hydrolysis in acidic media (HCI 35%) leads to
trisphosphonic acid 6 in quantitative yield® (see Scheme 2).
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In the same way, in order to introduce simultaneously a second phosphoryl group and the ether function,
we used hydroxymethytphosphine oxides as alcoholic compounds for oxa-Michael reaction. Then, the reaction
between diphenylhydroxymethylphosphine oxide 7 and diphenylvinylphosphine oxide 8 also gives the ether
compound 9. However, compound 9 cannot be isolated in yield higher than 46%’. Indeed, all our attempts to
improve the yields, either by increasing the temperature or changing the base quantity, lead to the formation of
1,2-bis(diphenylphosphino)ethane dioxide 10 as the major or even single product. We manage to establish the
formation mechanism of 9 and 10 (see Scheme 3) : the catalytic cycle 4 represents the expected reaction of
alkoxide 7a with 8 to give in the first step the carbanion 9a. In a second step, acid-base reaction of 9a and 7
leads to the ether product 9. The complete reversibility of the catalytic cycle 4 is demonstrated by addition of
an excess of NaOH (3 eq) to 9, which is quantitatively transformed into 10 in one hour.
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For the formation of 10, we exclude the exclusive transformation of 8 observed by Postle e al® (see
Scheme 4), because we should obtain two phosphorus end products by this way (10 and 7). In our mechanism
according to the catalytic cycle B, the first step is a retro-formylation reaction previously reported for the
tris(hydroxymethyl)phosphine’ and hydroxymethylphosphonium salts'®. Hence, we obtain potassium
diphenylphosphinate 7b which reacts as a concurrent nucleophile with 8 to give carbanion 10a, followed by
acid-base reaction leading to 10.

2 i i\; NaOH aq, MeOH Ph lFl’ I|:|’Ph
N - CH=CH, RN
8 10

Scheme 4

Moreover, we can explain the preponderant formation of the diphosphine dioxide 10 in more drastic
conditions, by the irreversibility of some reactions in the catalytic cycle B. This hypothesis is verified with the
following experiment : when 10 and 11 are mixed with /BuOK, phosphine oxide carbanions are formed,
without the formation of dissymmetric diphosphine dioxide 12 through retro-Michael reaction (Scheme 5).
Therefore, the reaction of 7b with 8 to give 10a is irreversible'".
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In conclusion, the addition of alcohol to vinylphosphorus compound with base catalyst, appears to be a
general pathway to obtain (O)PCCO ethers in good yields. However, hydroxymethylphosphine oxides can
present anomalous reactivity with the lost of formaldehyde. Then, the use of drastic conditions could provide a
new way to synthesize symmetric or dissymmetric 1,2-diphosphine dioxide compounds using stable precursors.
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