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New α�amino phosphonates containing different alkyl and aryl substituents at the α�carbon
atom were synthesized in high yields by the Kabachnik—Fields and Pudovik reactions. These
compounds were studied as carriers of several α�hydroxy carboxylic and dicarboxylic acids
through liquid impregnated membranes. These α�amino phosphonates studied are capable of
molecular recognition of oxalic acid among structurally similar α�hydroxy carboxylic and
dicarboxylic acids. The efficiency and selectivity of mass transfer of oxalic acid increase with an
increase in the lipophilicity of the α�amino phosphonate.
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Various biochemical and technological processes are
based on the selective permeability of biological and syn�
thetic membranes.1—3 Membrane methods of concentra�
tion, purification, or separation of complex multicompo�
nent mixtures have been developed actively during the
past two decades.3 The selective permeability of mem�
brane and acceleration of membrane extraction in com�
parison with free diffusion are usually achieved by virtue
of carrier molecules which selectively interact with the
substance to be transported. The principles for the design
of synthetic complex�forming agents are taken from bio�
logical systems, whose functioning is tightly related to
their ability of molecular recognition.

Molecular recognition is determined by information
inherent in the interacting components. The result of rec�
ognition is the selective binding of a substrate to a recep�
tor to form a "supermolecule". A synthetic receptor needs
to possess steric and electronic properties complementary
to a substrate that is bound.2 The study and establishment
of the structure of the "carrier molecule structure—trans�
port properties" relationship are essential.4 It is of interest
to reveal regularities relating the structure of a synthetic
receptor to the membrane transport rate and substrate
specificity.

We chose such organic compounds as α�hydroxy car�
boxylic and dicarboxylic acids as the subjects for studies.
They are of theoretical and practical interest due to their

biological significance.5 For instance, successful treat�
ment of some diseases related to defects of enzyme sys�
tems requires early selective quantitation of several dicarb�
oxylic and α�hydroxy carboxylic acids in different bio�
logical fluids.6 Until recently, the main success in recog�
nition of carboxylic acids and their derivatives has been
related to the creation of receptors to the carboxylate or,
in the case of amino acids, carboxylate and ammonium
functions.7 The design of synthetic receptors towards mo�
lecular forms of acids is still a difficult problem because of
weak intermolecular interactions. Binding and recogni�
tion of noncharged molecules are based on the involve�
ment of hydrogen bonds and electrostatic and donor�
acceptor interactions. Nitrogen�containing compounds
(oligoamines, urea derivatives, guanidinium salts, tetra�
azonium compounds, etc.) found wide use for the design
of synthetic receptors towards carboxylate anions and
carboxylic acids.8

Combination of several functional groups capable of
complex formation in a single molecule and variation of
the lipophilicity and steric shielding of binding sites of a
carrier with a substrate owing to introduction of different
alkyl or aryl fragments provide an access to the synthesis
of a new generation of receptors capable of recognition of
organic acids. In this respect, α�aminophosphonates are
most attractive, because they contain several binding sites,
viz., one proton�donating (NH) and two proton�with�
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drawing sites (P=O and a lone electron pair (LEP) of the
N atom),9,10 which can form hydrogen bonds with hydr�
oxy and carboxy groups of carboxylic acids.

Experimental

IR spectra of liquid films of compounds under study be�
tween KBr plates were recorded on a Specord M�80 spectrom�
eter in a wave number interval of 700—3600 cm–1. 31P NMR
spectra of α�amino phosphonates in CDCl3 were obtained on a
Varian�XL�300 spectrometer, and chemical shifts were deter�
mined relatively to the external standard (85% H3PO4). The
concentration of solutions analyzed was 3—5 wt.%. The con�
ductometric control was carried out using a WTW inoLab Cond
Level 1 conductometer. Electronic spectra were recorded on
a Perkin Elmer Lambda�35 spectrometer, the transmitting
layer thickness being 1 cm. The following acids were used:
DL�mandelic, glycolic, DL�tartaric DL�glutamic, oxalic, malonic,
and succinic. All acids and sodium acetate were of "reagent
grade" purity. Quantum�mechanical calculations of the confor�
mations of α�amino phosphonates were performed by the mo�
lecular mechanics (MM+) and semiempirical PM3 methods
included into the МОРАС 7.00 program package.

О,О�Bis(2�ethylhexyl)benzylaminomethylphosphonate (1),
d4

20 1.02, nD
20 1.4844, О,О�bis(2�ethylhexyl)�1�benzylamino�

1�methylethylphosphonate (2), d4
20 0.85, nD

20 1.4823, and
О,О�bis(2�ethylhexyl)�1�(benzylamino)cyclopentylphosphonate
(3), d4

20 0.99, nD
20 1.4884, were synthesized according to a

known procedure.4

Synthesis of ααααα�amino phosphonates 4—8 (general procedure).
A mixture of an azomethine (2.2 mmol)11 and dialkyl phosphite
(2.2 mmol) in benzene (10 mL) was refluxed with stirring for
11—20 h. The solvent was removed in vacuo. The completion of
the reaction and purity of the reaction products were monitored
by 1H and 31P NMR spectroscopy. The residue was chromato�
graphed on a column with silica gel L 100—160 µm using a
CHCl3—PriOH (10 : 1) mixture as the eluent.

О,О�Didecyl 1�(1�hydroxybutan�2�ylamino)octylphosphonate
(4). The reaction mixture was stirred for 14 h. The yield of the
product as a yellow viscous liquid was 0.94 g (76%), nD

20 1.4588.
Found (%): С, 68.10; H, 12.18; P, 5.55. C32H68NO4P. Calcu�
lated (%): С, 68.41; H, 12.20; P, 5.51. IR spectrum (KBr),
ν/cm–1: 3390 (OH); 1223 (P=O). 31Р NMR (CDCl3), δ: 28.08,
27.83 (60 : 40).

О,О�Didecyl 1�(1�hydroxybutan�2�ylamino)decylphosphonate
(5). The reaction mixture was stirred for 16 h. The yield of the
reaction product (yellow viscous liquid) was 0.97 g (75%),
nD

20 1.4540. Found (%): С, 69.01; H, 12.19; P, 5.28.
C34H72NO4P. Calculated (%): С, 69.22; H, 12.30; P, 5.28.
IR (KBr), ν/cm–1: 3400 (OH); 1220 (P=O). 31Р NMR (CDCl3),
δ: 30.19, 30.07 (55 : 45).

О,О�Dioctyl 1�(1�hydroxybutan�2�ylamino)benzylphospho�
nate (6). The reaction mixture was stirred for 20 h. The yield of
the product (yellow viscous liquid) was 1.01 g (95%), nD

20 1.4952.
Found (%): С, 66.97; H, 10.30; P, 6.45. C27H50NO4P. Calcu�
lated (%): С, 67.05; H, 10.42; P, 6.40. IR (KBr), ν/cm–1: 3400
(OH); 1250 (P=O). 31Р NMR (CDCl3), δ: 25.1.

О,О�Dioctyl 1�(1�hydroxybutan�2�ylamino)�p�methoxy�
benzylphosphonate (7). The reaction mixture was stirred for 20 h.
The yield of the product (yellow viscous liquid) was 1.01 g

(90%), nD
20 1.4900. Found (%): С, 65.23; H, 10.41; P, 6.11.

C28H52NO3P. Calculated (%): С, 65.47; H, 10.20; P, 6.03.
IR (KBr), ν/cm–1: 3400 (OH); 1240 (P=O). 31Р NMR
(CDCl3), δ: 25.0.

О,О�Didecyl 1�(1�hydroxybutan�2�ylamino)�о�allyloxy�
benzylphosphonate (8). The reaction mixture was stirred for 11 h.
The yield of the product (yellow viscous liquid) was 0.92 g
(70%), nD

20 1.4833. Found (%): С, 68.61; H, 10.50; P, 5.20.
C34H62NO5P. Calculated (%): С, 68.54; H, 10.49; P, 5.20.
IR (KBr), ν/cm–1: 3400 (OH); 1240 (P=O). 31Р NMR (CDCl3),
δ: 25.73, 25.60 (30 : 70).

Membrane transfer. The rate of substrate transport through
liquid impregnated membranes was measured in a vertical glass
diffusion cell with a movable cylinder at constant temperature.12

Porous Teflon Millipore Type FA filters (thickness 1 µm, pore
size 100 nm, porosity 85%) reinforced with a capron fiber which
were impregnated with a liquid phase served as hydrophobic
matrices. The ratio of volumes of the source and receiving phases
was 5 : 1, which provided equal levels of solutions to prevent the
osmotic acid transfer. Experiments on mass transfer were car�
ried out at 25 °C. The initial solutions of substrates in twice�
distilled water were freshly prepared before experiments. A solu�
tion of an α�amino phosphonate (1—8) in an organic solvent or
a pure solvent (о�nitrophenyl n�octyl ether) were used as the
liquid phases.

Determination of the membrane transfer. The initial solution
of the substrate was placed in an external vessel kept at constant
temperature and twice�distilled water was placed in an internal
vessel. The source and receiving solutions were magnetically
stirred. The concentrations of substances were determined from
electric conductivity of the solutions. The calibration curves
were averaged from three runs. Experiments on membrane trans�
fer were carried out in triplicate under identical conditions.

The liquid phase of the membrane was analyzed following
transport by 31P NMR spectroscopy, which showed that all the
carriers are stable in the systems studied. The error of determi�
nation of the mass transfer flux Ji was ≤ 10%.

Determination of stoichiometry of complexes. The stoichio�
metry of complexes was determined by plotting curves of isomolar
series. Solutions of the substrate and the synthetic receptor in
methanol were prepared with a concentration of 1•10–3 mol L–1.
The spectra of the initial solutions and mixtures of the initial
solutions of an acid and α�amino phosphonate ratios of 4.6 : 1,
1.8 : 1, 1 : 1, 1 : 1.8, and 1 : 4.6 (v/v), respectively, were recorded
at λmax = 322 nm. The results were processed as described.13

Results and Discussion

A series of lipophilic α�aminophosphonates 1—8,
where substituents R1 and R4 at the phosphorus and nitro�
gen atoms and the number and the nature of alkyl sub�
stituents R2 and R3 at the α�C atom were varied, were
synthesized from the corresponding dialkyl phosphites14,15

in 62—95% yields.
Lipophilic α�amino phosphonates 1—3 were synthe�

sized by the Kabachnik—Fields reaction14 in 70—90%
yield from the corresponding carbonyl compounds,
benzylamine, and bis(2�ethylhexyl) phosphite. The
Pudovik reaction15 was chosen to synthesize α�amino
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phosphonates 4—8 from the corresponding azomethines
and dioctyl and didecyl phosphites in boiling benzene
without a catalyst.15 Phosphonates 6 and 7 are formed
with high stereoselectivity, and diastereomeric excess, ac�
cording to the 1H NMR spectroscopic data in the case of
compound 6 (signals of protons of PCH were integrated),
was higher than 95%, whereas in the case of compound 7
(signals of aromatic protons were integrated), it was of
about 90%. Other amino phosphonates are formed stereo�
selectively as well, although diastereoselectivity of their
formation is lower than that of phosphonates 6 and 7.
Diastereomers of compounds 4, 5, and 8, unlike those of
compounds 6 and 7, are distinguishable in the 31P NMR
spectra and appear as two singlets in the region corre�
sponding to the phosphonate phosphorus atom.

The membrane transport induced by α�amino phos�
phonates 1—8 was studied for several dicarboxylic and
α�hydroxy carboxylic acids: glycolic 9, tartaric 10, man�
delic 11, oxalic 12, malonic 13, and succinic 14. To esti�
mate the influence of the carboxylate function on the
mass transfer of carboxylic acids by the carriers under
study, we studied the membrane extraction of sodium
acetate 15. Liquid membranes were prepared from Teflon

filters impregnated with 1 M solutions of compounds 1—8
in о�nitrophenyl n�octyl ether.9 The initial concentration
of substrates 9—15 to be transported in the source phase
was 0.1 mol L–1. In the systems studied, the acid trans�
port occurred according to the dialysis scheme, i.e., un�
der the chemical potential gradient.

The fluxes through the membrane were calculated from
the initial linear regions of the time dependence of the
concentration of the transported substance in the receiv�
ing phase (Fig. 1). The flux (J0) in the control experiment
in which the membrane was represented by the pure sol�
vent (о�nitrophenyl n�octyl ether) and the transport en�
hancement coefficients (∈ = Ji/J0) of substrates 9—15
through the liquid impregnated membranes are presented
in Table 1. The logarithms of the distribution constant of
the acids in the octanol—water two�phase system (logP)9

characterize the lipophilicity of compounds 9—15. As can
be seen, the enhancement coefficients ∈ for acids 9—14
are higher than unity and, therefore, the introduction of
α�amino phosphonates 1—8 into the membrane phase

R1 R2 R3 R4

1 CH2CH(Et)Bu H H CH2Ph
2 CH2CH(Et)Bu Me Me CH2Ph
3 CH2CH(Et)Bu (CH2)4 CH2Ph
4 C10H21 H C7H15 CH(Et)CH2OH
5 C10H21 H C9H19 CH(Et)CH2OH
6 C8H17 H Ph CH(Et)CH2OH
7 C8H17 H 4�MeOС6H4 CH(Et)CH2OH
8 C10H21 H 2�CH2=CHCH2OС6H4 CH(Et)CH2OH

Fig. 1. Dependences of the concentrations of acids (9—14) in
the acceptor phase on time (t) for carrier 4. The initial linear
regions are presented.
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Table 1. Flux enhancement coefficients of the mass transfer fluxes (∈ = Ji/J0) of organic acids 9—14 through the liquid
impregnated membrane (25 °С)а

Com� Acid pKa logP J0
b ∈

pound
1 2 3 4 5 6 7 8

9 Glycolic 3.83 –1.02 9.4•10–12 200c 0110c 0070c 62 77 56 26 30
10 Tartaric 3.03 –1.96 4.4•10–12 160 0100 0070 70 120 18 45 18
11 Mandelic 3.37 0.64 1.5•10–9 017 0046 0021 17 15 21 33 17
12 Oxalic 1.25 –1.88 5.0•10–12 170 1400 4400 3400 3400 2600 3400 2800
13 Malonic 2.85 –0.49 2.8•10–11 100 0640 0280 190 170 200 340 86
14 Succinic 4.21 –0.47 1.3•10–11 110 0850 0410 160 190 470 600 120
15 Sodium acetate — –4.24 1.3•10–12 001 0001 0001 1 1 1 1 1

а The error of determination of the mass transfer flux is ±10%. The membrane surface area S = 9.616 cm2.
b The acid flux through the membrane containing no carrier, kmol m–2 s–1.
c According to the data in Ref. 4.
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increases the transfer rates of all substrates studied, except
for sodium acetate. According to the mass transfer mecha�
nism, the transport should be classified as the induced
one, i.e., involving a carrier molecule. The absence of an
effect of the compounds studied on the flux of sodium
acetate indicates that the energy of interaction of the
carboxylate group with the α�amino phosphonate frag�
ment is insufficient for transport through the lipophilic
membrane of highly hydrophilic carboxylate anions.

Determination of the limiting step of the mass transfer
process is important, in principle, for the analysis of the
kinetic data on membrane extraction and elucidation of
relationships between structures of a carrier molecule and
a substrate and the rate of membrane transport and its
substrate specificity. For this purpose, we studied depen�
dences of the fluxes of the above�mentioned acids through
the liquid membrane containing carriers 4—8 on the sub�
strate concentration in the source phase. The typical de�
pendence is presented in Fig. 2 for amino phosphonate 4.
The fluxes increase with an increase in the content of
substrates in the source phase. This indicates that in this
concentration range the extraction of the substrate from
the aqueous to the organic phase is the limiting step of the
process.

However, it should be noted that the rate�determining
step can change with an increase in the substance con�
centration in the source phase and the corresponding in�
crease in the transfer rate. This seems most probable for
both lipophilic substrates and highly efficient carrier mol�
ecules where a substrate is efficiently extracted to the
organic phase. For instance, the absence of changes in the
flux (Jmax) through the membrane with the increase in
concentrations of mandelic and oxalic acids in the source
phase as the substrate concentration is higher than 0.2 M
(Csat) indicates that re�extraction becomes the slowest
step of the process (see Fig. 2). This situation is similar for

other amino phosphonates under study. Therefore, the
influence of structural factors on the transport was stud�
ied at the initial concentration of acids in the source
phase of 0.1 mol L–1.

Another important problem is the dependence of the
mass transfer rate on the amino phosphonate concentra�
tion in the liquid membrane. To reveal the influence of
the carrier concentration in the membrane phase on the
mass transfer kinetics for compounds 4—8, we studied the
rates of oxalic acid transfer at its different concentrations
in the source solution. The results for amino phosphate 7
are presented in Fig. 3. The mass transfer of compound 12
increases with an increase in the concentration of α�amino
phosphonate in the liquid phase. In this case, a linear
dependence of the acid flux on the carrier concentration
is observed (Fig. 4). Thus, when the concentration of
amino phosphonates in the liquid membrane reaches
1 mol L–1, no influence of self�association16 of the carrier
on the flux of the substrate is observed.

Analysis of the results obtained (Fig. 5) shows that the
highest flux enhancement coefficient, of all substrates

Fig. 2. Dependences of the flux parameters of several organic
acids through the liquid impregnated membrane on their con�
centration in the feeding phase for carrier 4.
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Fig. 4. Dependences of the fluxes of oxalic acid on the concen�
tration of carrier 7 in the membrane at different concentrations
of substrate 12 in the feeding phase.
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Fig. 3. Dependences of fluxes of oxalic acid on its concentration
in the feeding phase at different concentrations of carrier 7 in
the membrane.
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studied, is observed for highly hydrophilic oxalic acid and
one can speak about its molecular recognition by amino
phosphonates 2—8, which increase the rate of its trans�
fer through the lipophilic liquid membrane more than
1000�fold. The highest enhancement coefficient is
achieved in the case of α�amino phosphonates 3—5 and 7,
where the increase in the flux through the membrane is
more than 1000�fold compared to that in the control
experiment. The lowest enhancement coefficient is ob�
served for the most lipophilic substrate of the substrates
studied, viz., mandelic acid 11, although it should be
noted that no general dependence between the flux en�
hancement coefficients, on the one hand, and lipophilicity
(logP)9 and strength (pKa)17 of acids, on the other hand,
is observed in the series of acids studied.

In the case of hydroxy carboxylic acids, a tendency for
the flux enhancement with a decrease in the size of the
substituent at the α�C atom of the acid is distinctly ob�
served: 11 < 10 < 9. This agrees with the strong influence
of steric crowding of the binding sites in α�amino phos�
phonates 1 < 2 < 3 themselves, which has been found by
us previously,4 and exerts an unfavorable effect on the
flux through the membrane. α�Amino phosphonates have
two proton�withdrawing groups: the phosphoryl group
P=O and the LEP of the nitrogen atom. They can interact
specifically with the hydroxy and carboxy groups of
α�hydroxy carboxylic acids. It was shown by IR spectro�
scopy, 1H and 31P NMR spectroscopy, and X�ray diffrac�
tion analysis18 that complexation occurs due to the pro�
ton transfer from α�hydroxy carboxylic acid to α�amino
phosphonate to form the ammonium nitrogen atom and a
system of hydrogen bonds involving the phosphoryl group.

Evidently, steric crowding near the coordination site pre�
vents the efficient interaction of the substrate with both
binding sites of the amino phosphonate, decreases the
stability of complexes formed in the membrane phase
and, as a consequence, decreases the mass transfer rate of
α�hydroxy carboxylic acids.

The optimization of the structures of protonated
N�benzyl α�amino phosphonates 1 and 3 performed by
the PM3 method agrees with this statement (Fig. 6). As
can be seen, the most stable conformation for α�un�
substituted derivative 1 is favorable for the interaction
with α�hydroxy carboxylic acids. The distance between
the phosphoryl O(1) oxygen atom and ammonium H(1)
and H(2) protons is 2.8—2.9 Å. At the same time, the
most favorable calculated conformation of protonated

Fig. 5. Flux enhancement coefficients of several organic acids
through the liquid impregnated membrane containing carri�
ers 1—8.
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α�amino phosphonate 3 prevents the amino and phos�
phoryl groups to be involved simultaneously in substrate
binding, because the O(1)H(1) and O(1)H(2) distances
increase to 4.2—4.9 Å due to the steric effect of the cyclic
substituent. As a result, the stability of the complexes and
the flux through the membrane decrease.

The influence of steric factors on the transport of
hydroxy carboxylic acids is observed for other series
of structurally similar α�monosubstituted amino phos�
phonates 4—8. It should be noted that carrier 8 having a
substituent in the ortho�position of the aryl group was the
least efficient, while amino phosphonates 4 and 5 with
linear alkyl substituents in the α�position were the most
efficient. On the whole, amino phosphonates 4—8 mani�
fested no high efficiency for binding of hydroxy carboxy�
lic acids studied, which suggests the absence of a substan�
tial contribution of the interaction of the substrate with
the hydroxy group of the substituent at the nitrogen atom
of the amino phosphonate.

A quite different influence of electronic and steric
effects is observed in the case of the oxalic acid transfer.
The highest transport enhancement coefficient is observed
for α�amino phosphonate 3 with cyclic substituents at the
α�C atom, and the transfer rate decreases sharply in the
series 3 > 2 >> 1 with a decrease in the number of alkyl
substituents in the carrier. Therefore, the mutual orienta�
tion of the amino and phosphoryl groups in the carrier,
unlike hydroxy carboxylic acids, is not the factor deter�
mining the stability of complexes formed in the mem�
brane. This suggests that the phosphoryl group is not likely
involved in binding of oxalic acid to amino phosphonate.

For deeper understanding of the mechanism of the
membrane transfer of oxalic acid, we studied its interac�
tion with α�amino phosphonate 7 by spectrophotometry.
The complexation is accompanied by a decrease in the
intensity of the absorption band of compound 7 at 283 nm
and the appearance of a new band at 323 nm (Fig. 7). This
band does not correspond to the absorption of the carb�

oxylate group, because the addition of an excess of more
basic triethylamine to oxalic acid does not result in the
appearance of the band. Its intensity depends on the
strength of the acid used, and it is absent already in the
case of acetic acid. In addition, the interactions of amino
phosphonates 4—8 with oxalic acid result in a consider�
able down�field shift (by 7—8 ppm) in the 31P NMR
spectra, which is attributed to the formation of a with�
drawing ammonium group in amino phosphonate.

The 2 : 1 stoichiometry of carrier 7 with an oxalic acid
complex was determined by plotting curves of isomolar
series.13,19 Job´s plot is presented in Fig. 8. Thus, oxalic
acid binds two amino phosphonate molecules due to the
protonation of nitrogen atoms in both molecules. There�
fore, the flux enhancement of oxalic acid in the se�
ries 1 << 2 < 3 can be related to the increase in the basicity
of amino phosphonates. However, alkyl substituents at
the α�C and nitrogen atoms were shown20 to exert no
substantial effect on their basicity. Thus, the lipophilicity
of the 2 : 1 complex formed in which the hydrophilic
molecule is localized inside the pseudocavity formed by
two amino phosphonate molecules (Fig. 9) can be the
crucial factor.

Fig. 7. Absorption spectra of compounds 7 and 12 and their
mixtures in methanol: [12] = 2.5•10–4 mol L–1 (1); [7] =
7.3•10–4 mol L–1 (2); 12 : 7 = 1 : 100 (3); 12 : 7 = 1 : 33 (4);
12 : 7 = 1 : 20 (5); 12 : 7 = 1 : 10 (6); 12 : 7 = 1 : 3 (7);
12 : 7 = 1.3 : 1 (8).
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However, it is difficult to rationalize the increase in
the flux of oxalic acid by almost an order of magnitude on
going from carrier 1 to 2 only by changes in the lipo�
philicity of the carrier. In this case, the ability of amino
phosphonates to form an intramolecular hydrogen bond
can play an important differentiating role. Evidently, this
hydrogen bond can be formed if the P(1)—O(1) and
C(1)—N(1) bonds (see Fig. 5) are in the gauche�confor�
mation. It is characteristic of α�unsubstituted amino
phosphonate 1 (see Fig. 6, а). The presence of substitu�
ents at the α�C atom leads to the transition of a molecule
to the trans�conformation (see Fig. 6, b). An additional
stabilization of an amino phosphonate molecule due to an
intramolecular hydrogen bond decreases its complex�
forming ability and reactivity.21

Carriers 4—8 containing one alkyl or aryl substituent
in the α�position exhibit a high selectivity toward oxalic
acid. The introduction of long�chain alkyl substituents
into the α�position of amino phosphonates 4 and 5 in�
creases their lipophilicity, and they demonstrate high ef�
ficiency and selectivity of transport. This additionally dem�
onstrates that the lipophilicity of a carrier exerts a decisive
effect on the transport of oxalic acid. The behavior of α�
aryl�substituted amino phosphonates 6—8 agrees, on the
whole, with this suggestion, although a slight influence of
steric effects is also observed in the case of carrier 8 hav�
ing a substituent in the ortho�position.

Thus, the present studies showed that the α�amino
phosphonates are capable of molecular recognition of
oxalic acid in the series of dicarboxylic and α�hydroxy
carboxylic acids with similar structures. The efficiency
and selectivity of mass transfer of oxalic acid increase
with an increase in the lipophilicity of α�amino phos�
phonate.
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