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As the isosteric or bio-isosteric analogues of the corresponding o-amino acids, o-aminophosphonic acids have diversed and interested in

| biological and biochemical properties. This article reviews the recent studies on the progress in synthesis of o-aminophosphonates, which

were reviewed with 81 references.
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INTRODUCTION

Aminophosphonic acid, as phosphorus analogues of
natural amino acids'?, the third category of amino acid, which
were found in biological after following amino sulfonic acid
and amino carboxylic acid*. Especially the phosphorus atom
with tetrahedral structure has played an important part in the
development of organic chemistry in recent several decades.
In addition, it has already been found a number of important
physiological functions too. It has excellent resistance to plant
viruses™"!, bactericidal'>"’, weeding'®*, plant growth regu-
lators'*, antioxidant™?, damage to biological membranes™ >,
enzyme inhibition’”?', antitumor® and other wide range of
biological activity. Besides, with the role of prevention of metal
corrosion®’, Many organic chemist committed to the synthesis
of aminophosphonic acid research and development in some
extraordinary important ways.

In this paper, the synthesis of a-amino-phosphonic
acid(ate) since year 2000 has been reviewed.

Synthesis from aldehyde(ketone), amine and phosphite
esters: The first step is aldehyde(ketone) and the amine to
imine or by SnCl, deoxidized nitrile compounds and then
obtained a-aminophosphonic acid(ate)**** with the addition
of sub-phosphonate, yield of 25-98 % and this is a very wide
method of synthesis.

2 cH,Cl, R H%C°P<OCH3 O:ESI::CH e
i e L
2605 Ry "&) ONHR Ri{/C\NH
2 2
Fig. 1. Route of synthesis from aldehyde (or ketone), amine and phosphite

esters

|
|
|
__________________ _

The solvents used HO***,CICH,CH,C1'***, THF*¥**,
DMF%, phMe’®, F;CCH,OH, MeCN*%®, Me,CO®'. The cata-
lyst in step to restore used ALO;”, MeS*Br®, Mg(Cl104),*,
Cd1265, Ga“’, Mg67, MgSO467, (NH4)2CC(NO3)553, TaCls-SiOZSO,
ZrOCL®, InCl;® for better yield.

Lv et al.” reported that a series of o--aminophosphonates
bearing the ferrocenyl moiety were obtained by the addition
of diethyl phosphite to an azomethine bond of Schiff bases.
X-ray crystallography of 3h reveals that it belongs to triclinic
system P-1 space group, with a =0.9728 nm, b = 1.1056 nm,
¢ = 1.3713 nm, a = 108.445(2)°, B = 98.649(2)°, vy =
104.890(2)°, final R = 0.049, wR = 0.1152.
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Fig. 2. Synthesis of novel ferrocenyl a-aminophosphonic acid(ate)

Song et al.” have recently reported that some novel O,0'-
diakyl-o-(6-methoxybenzothiazol-2-ylamino)-4-fluoro-
phenylphosphonates (3) have been synthesized through the
reaction of Schiff base with dialkyl phosphite. The crystal of
compound A (R =i-Pr) belongs to tetragonal with space group
L(1)/a, a = 2.1055(3) nm, b = 2.1055(3) nm, ¢ = 2.0521(5)
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nm, o = 90.00°, B =90.00°, y=90.00°, V = 0.9098(3) nm’, Z
= 16, Dc = 1.321 mg/m?, u = 0.250 mm™', F(000) = 3808.
There exists an intramolecular hydrogen bond [N(2)-
H(2)---O(1)] in the molecule.
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Fig. 3. Synthesis of oc-ammophosphonic acid derivitaves
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In addition, the reaction mechanism was proposed by
Bhagat and Chakraborti®.
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Fig. 4. Reaction mechanism of synthesis from aldehyde(ketone), amine
and phosphite esters

From the preparation of Grignard reagent: This method
has used Grignard reagent and imine phosphonate in THF or
Et,O as solvent to generate the corresponding o-aminophos-
phonic acid(ate)”>™, the product and Grignard reagent are
continued to generate fert-amine ring. Yield of 68-97 % in the
method.
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Fig. 5. Route of preparation of Grignard reagent

Synthesis through sulfoxide and chloride: The reaction
of aldehydes-(ketones), sulfoxides, chloride and phosphite
were studied by Chen and Yuan”, following A, B, C 3 routes
to synthesis intermediate product M, then M has been hydro-
lyzed for a-amino phosphonic acid(ate). The synthesis has a
short routes and sulfoxide is a very good ligand and the alky-
lating agent, so the way has a better yield (83-85 %).
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Fig. 6. Route of synthesis through sulfoxide and chloride
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Preparation through the iodomethane and the diazo
reaction: The aldehydes(ketones), chloride, phosphorous acid
and iodomethane in the corresponding catalytic with the diazo
methane have generated oi-aminophosphonic acid(ate)’. But
due to being used in explosives, such as diazo, this method is
restricted to use.
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Fig. 7. Route of synthesis through sulfoxide and chloride

Through the reaction of alkynes and amine: This
method is the reaction of amines with alkynes in the catalytic
Me,AICl, generated corresponding onco-amine that is deoxi-
dized by H,/Pd to generate the corresponding o-amino
phosphonic acid(ate)*, production of this method is a higher
rate of between 68-97 %.
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Fig. 8. Route through the reaction of alkynes and amine

Through quaternary ammonium synthesis: The sulfo-
nate of quaternary ammonium and phosphite at a catalyst of
LiCl and THF as solvent have responsed to ot-amino-
phosphonic acid(ate)™, with a higher yield of the reaction,
between 69-75 %.
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Fig. 9. Route through quaternary ammonium synthesis



Vol. 23, No. 4 (2011)

Progress in Synthesis of oi-Aminophosphonic Acid(ate) Analogues - A Mini Review 1419

Synthesis through cyclopropane lactone: Jaszay er al.”’

reported the phosphonate replaced cyclopropane lactone then
ammoniated and protected by hydroxyl silicon ether. The
reaction undergoes Hoffmann degradation, which took off the
protection base and acid hydrolyzed to a-aminophosphonic
acid(ate), the yield of isomers rate is 82 %.
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Fig. 10. Cyclopropane lactone leading to the formation of a-amino-
phosphonic acid(ate)

Synthesis from CS; and hydrazine: Cheng et al.” have
used hydrazine and CS in the solvent of acetic acid to synthesis
aseries of s-triazolo[2,1,-b]-1',3",4'-thiadiazole compounds that
responsed with DIPPH to series of N-containing triazolo
thiadiazole of the ai-amino phosphonate derivatives, the reaction
time is 7-8 h.
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Fig. 11. Route of Synthesis from CS, and hydrazine

Preparation through the N-tosyl aldimines: Treatment
of N-tosyl aldimines with dialkyl trimethylsilyl phosphites at
0°C in the presence of iodine as a catalyst afforded the corres-
ponding sulfonamide phosphonates in excellent yields within
1.5 to 2.5 h was carried out by Biswanath et al.”.
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Fig. 12. Route of Preparation through the N-Tosyl Aldimines

Through the reaction of ammonium: Aminomethyl-
phosphonic acid is synthesized by using the following material
H;PO,, NH,Cl and HCHO. The influences of the ratio of
material, reaction temperature and time on the yield are also
studied by Hu er al.®. The yield is 60-86 %. Due to easier
operation, lower cost and accessible material, it is an valuable
production with promising future.
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Fig. 13. Synthesis of a-aminophosphonic acid(ate) by NH,Cl1

The a-aminophosphonates were synthesized by Wu and
Zhang®' under solvent-free conditions on an acidic silica gel
support using aromatic aldehydes, diethyl phosphite and
anhydrous ammonium acetate as starting materials in moderate
yields 40-83 %.
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Fig. 14. NH4OAc leading to the formation of a-aminophosphonic acid(ate)

To sum up, one can see that studies on the synthesis of
phosphonate are extremely invigorates in recent years and
increasing new compounds, new synthetic methods, emerging
continued synthetic route. Both high-yield and high selectivity
of the new ways, besides the reaction mechanism, the reaction
steps are studied in-depth. Applications has been extended to
a-amino acid re-modification of the entire skeleton, by changing
P, o carbon and the amine part of the group structure or through
the introduction of the special nature of the atom has synthe-
sized new compound, It's a great promising to receive active
compounds by directly chemical synthesis and develop new
drugs with high-efficiency, low-toxicity, low-residue.
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