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Diastereoselective Synthesis of Enantiopure
a-Aminophosphonic Acid Derivatives: Pudovik Reaction
in Stereoselective Synthesis (Dedicated to A. N. Pudovik,
1916-2006)

V. A. Alfonsov
A. E. Arbuzov Institute of Organic and Physical Chemistry, Kazan,
Russian Federation

In this report, we present the application of Pudovik reaction in the synthesis of
chiral organophosphorus compounds and shown this reaction to be a promising
way to enantiopure aminophosphonic acid derivatives. Cyclization reactions are
a new, most efficient strategy for stereoselective synthesis of a-aminophosphonates,
namely an intramolecular type of interaction of the P(I1I) atom and an imino group.

Keywords Cyclization reactions; diastereoselectivity; enantiopure «-aminophos-
phonates; Pudovik reaction

INTRODUCTION

In 2006, A. N. Pudovik—a well-known Russian chemist—celebrated his
ninetieth birthday. Scientists in our community know he made a fun-
damental contribution to the development of organophosphorus chem-
istry. One reaction in organic chemistry has been named in his honor. I
dedicate this report to him, to Arkady Pudovik, to my teacher in science
and life.

A. N. Pudovik discovered his reaction in the fourth and fifth decades
of the previous century. This reaction involves the addition of the P—H
bond of phosphonic acid esters to C=C (1) and C=N (2), or other double
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bonds. If the two substituents A and B at the double bond are different,
an asymmetric center in -position to the phosphorus atom is formed.!

The addition of phosphonic acid esters to azomethines leading to
a-aminophosphonic acid derivatives is the most known among these
reactions (2) (Scheme 1).

Aminophosphonates are very attractive due to their well-known bi-
ological activity. Among them substances with antibacterial, antiviral,
neurotropic, antitumor, and anti-HIV activities are found. Several orig-
inal articles and reviews have been devoted to these compounds and
include the Pudovik reaction itself as an important part of the paper.?
In many cases, the compounds obtained have chiral centers and could
be separated into optical antipodes.

A number of methods were proposed for the asymmetric synthesis
of a-aminophosphonic acid derivatives on the basis of the Pudovik re-
action. However, only the intermolecular Pudovik reaction was consid-
ered in terms of this approach (route a). To develop a new, more ef-
ficient strategy for stereoselective synthesis of «-amino phosphonates
we found it attractive to study reactions, which allow an intramolecular
type of interaction of the P(III) atom and an imino group (route b)—an
intramolecular Pudovik reaction (Scheme 2).

The subsequent transformation of the cyclic intermediate, in par-
ticular via an Arbuzov reaction intermediate, could lead to diastere-
omeric cyclic or acyclic a-aminophosphonates. As the realization of such
a process requires a definite relative position of the P(III) atom to the
imino group, possessing nonequivalent diastereotopic faces, one can
anticipate a significant increase of diastereomeric excess of the reac-
tion products in terms of this approach.

We have focused our attention on the study of the reaction of
monochlorophosphites with chiral g-aldiminoalcohols.? To the best of
our knowledge, no attempts have been made to investigate the reaction
of halogen phosphites with g-iminoalcohols.
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The general scheme and stereochemistry of intramolecular interac-
tions of the P(III) atom with the C=N double bond, leading to the di-
astereoselectivity in this reaction, is as follows: At first the interaction
of the chlorophosphite with the iminoalcohol gives rise to an iminophos-
phite. If in this compound there is a chiral center, the two sides of the
planar C=N bond become stereochemically nonequivalent. They are di-
astereotopic, and the cyclization reaction proceeds diastereoselectively.
The subsequent transformation of the cyclic intermediate could lead to
diastereomeric a-aminophosphonates (Scheme 3).

We have studied many examples of this type of reaction with dif-
ferent chlorophosphites and have established that this intramolecular
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Pudovik reaction is possible. It gives rise to 1,4,2-oxazaphosphorine
rings and proceeds stereospecifically with the formation of a new chiral
center at C3 with ee > 98 %.% Only one of the two possible intramolecu-
lar stereochemical interactions of the phosphorus atom with the imino
group is realized (Scheme 4).

To obtain the free cyclic acids from the cyclic esters, we have
developed a one-pot synthesis starting from chlorophosphite and
iminoalcohol. After mixing the starting compounds trimethyl bromosi-
lane was added to the reaction mixture and then the silyl derivatives
were quenched with methanol to form the free acids. The configuration
at the carbon atom C3 was preserved (Scheme 5).
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This approach, based on the most stereocontrolled version of the Pu-
dovik reaction—intramolecular cyclization—can be considered as a new
strategy for the stereoselective synthesis of @-aminophosphonates.

The diastereoselective synthesis of related 1,4,2-oxazaphosphorines
starting from (R)-(-)-phenylglycinol via reaction of the corresponding ox-
azolidines with trimethyl phosphite in the presence of SnCly, has been
reported by Royer.* It should be noted that an absolute S configuration
of the new chiral center at C3 was established. In our case, a comple-
mentary process takes place with formation of the R configuration of
the new chiral center at C3. The absolute (R)-(-)-configuration of the
chiral center of the parent aminoalcohol remains unchanged.

In conclusion, our method and that of Royer complement each
other, providing a-aminophosphonic acid enantiomers and their 1,4,2-
oxazaphosphorine heterocyclic precursors with a choice of configura-
tion.

To check up the possibility to use y-iminoalkohols in this intramolec-
ular Pudovik reaction we have studied the reaction of imino propanol
with dialkylchlorophosphites.’ The reaction proceeds with the forma-
tion of cyclic 7-membered phosphepane rings. In this case acyclic phos-
phonates are formed as side products, however (Scheme 6).

Considering the formal structural similarity between «-
iminocarboxylic acids and 1,2-iminoalcohols, namely the same number
of carbon atoms between the hydroxy and imino groups, we assumed
that these compounds would also be able to close the 1,4,2-oxaza-
phosphorinane ring in an intramolecular Pudovik reaction with dialkyl
chlorophosphites. To check this assumption, we studied the reaction of
sodium N-benzylideneglycinate with dialkyl chlorophosphites. Unex-
pectedly we found that these compounds react with each other under
very mild conditions to give 1,4-bis[a-(dialkoxyphosphoryl)benzyl]
piperazine-2,5-diones as a statistic mixture of the diastereomeric d,!-
and the meso-form (Scheme 7).

To check the possibility of using chiral amino acid derivatives in
this reaction we investigated the interaction of dialkyl chlorophos-
phites with sodium N-benzylidenevalinate and phenylglycinate. It was
found that in this case the reaction proceeds in an absolutely differ-
ent way. The major reaction products are diastereomeric aminobis-
phosphonates. The interaction is followed by oxidative decarboxylation
and CO; elimination. This method represents the direct synthesis of
a-aminophosphonates from the isostructural a-benzylidene- aminocar-
boxylic acids, because the result is the direct replacement of a carboxy
group by the phosphono group (Scheme 8).”

Finally we have used a new simple and available chiral inductor
in the Pudovik reaction to obtain a new type of aminophosphonates.
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This inductor is Betti base, which is easily available from 8-naphthol,
bensaldehyde, and ammonia. We have developed new promising meth-
ods of synthesis and enantioseparation of these compounds® and have
investigated the Pudovik reaction of these imino derivatives with

CHClar.t.
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dialkyl and diphenyl phosphites. The diastereoselectivity of this reac-
tion was shown to be quite high (Scheme 9).

CONCLUSIONS

We have described the application of the Pudovik reaction in the synthe-
sis of chiral organophosphorus compounds and showed this reaction to
be a promising way to enantiopure aminophosphonic acid derivatives,
the potential of which has not yet been exploited. Chiral organophos-
phorus compounds can be obtained in high yield and optical purity by
this route.
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