
Russian Chemical Bulletin, International Edition, Vol. 56, No. 4, pp. 798—805, April, 2007798

Published in Russian in Izvestiya Akademii Nauk. Seriya Khimicheskaya,  No. 4, pp. 768—774, April, 2007.

1066�5285/07/5604�0798 © 2007 Springer Science+Business Media, Inc.

Three�component catalytic method for synthesis of ααααα�amino phosphonates
with the use of ααααα�amino acids as amine component
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Interaction of aliphatic and aromatic aldehydes and ketones with optically active L�α�amino
acids or their esters in the three�component catalytic one�pot synthesis of α�aminophosphonates
was studied. The corresponding α�amino phosphonates are formed in high yields as mixtures of
diastereomers.
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Isostructural to α�amino acids α�amino phosphonates
are biologically active compounds.1,2 In this respect, phos�
phorus�containing bioisosteric analogs of selective an�
tagonists of metabotropic glutamatic receptors are of par�
ticular interest.3

A few examples for synthesis of α�amino phosphonates
based on several amino acids are known from the litera�
ture.4,5 However, it was shown that the classic version of
the Kabachnick—Fields reaction takes place with formal�
dehyde only and attempts to extend this reaction  to ali�
phatic aldehydes and ketones failed. Earlier we have pro�
posed the three�component catalytic one�pot synthesis of
α�amino phosphonates (the Kabachnick—Fields reaction)
with the use of metal�containing tert�butylphthalocyanines
as catalysts.6,7 The use of phthalocyanine catalysis en�
abled us to remarkably broaden the scope of this reaction
including involvement of the spatially hindered  ketones.7

The present work is in the course of our investigations
dealing with the variations of amine component in this
reaction. Earlier, on a model indan�1�one we have shown
the principal possibility of utilization of α�amino acid
esters in three�component catalytic reaction for the syn�
thesis of α�amino phosphonates.8

We have found that benzaldehyde and 4�trifluoro�
methylbenzaldehyde react with glycine ethyl ester and
diethyl phosphite under conditions of the three�compo�
nent catalytic synthesis6,7 to form the corresponding
α�amino phosphonates 1 and 2 in ~85% yield (Scheme 1).

2,4�Diketopiperazine formed by the dimerization of
two molecules of glycine ethyl ester was isolated as a
by�product in this reaction (cf. data in Ref. 9). In order to
avoid the side cyclodimerization of starting amino acid
component, we further used the tert�butyl esters of
L�amino acids, the sterical hindrance of which prevents

such a process. In fact, reactions of benzaldehyde or
4�trifluoromethylbenzaldehyde with L�alanine or L�phe�
nylalanine tert�butyl esters in dichloromethane at ~20 °C
allows us to obtain amino phosphonates 3—6 in 85—98%
yields (see Scheme 1, Table 1).

On a model octanal the principal possibility of utiliza�
tion of aliphatic aldehydes was shown (Scheme 2). Octanal
reacts with L�alanine tert�butyl ester and diethyl phosphite
to furnish α�amino phosphonates 7 (85%) and 8 (10%),

Scheme 1

i. PctAlCl, mol. sieves 4 Å, CH2Cl2

Com� R1 R2 R3

pound

1 H Et H
2 H Et CF3
3 Me But H
4 Me But CF3
5 CH2Ph But H
6 CH2Ph But CF3
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α�amino phosphonate 8 being formed from the product
of crotonic self�condensation of octanal. Reaction of

L�phenylalanine under similar conditions takes place with
the formation of the only product, α�amino phosphonate 9
in 95% yield.

To investigate the scope of the method, ketones such
as acetophenone, cyclopropyl methyl ketone, and indan�
1�one were involved into reaction with L�alanine and
L�phenylalanine tert�butyl esters. The corresponding
amino phosphonates 10—15 were obtained in 65—95%
yields (Scheme 3, see Table 1).

Using aldehydes we showed that the very L�amino
acids can be involved into this reaction giving rise to the
corresponding carboxy�containing α�amino phosphonates
in high yields (Scheme 4, see Table 1).

Reaction of glycine with 4�trifluoromethylbenzalde�
hyde and diethyl phosphite in methanol leads to a mix�
ture of 20—30% of α�amino phosphonate 16 with a free
carboxy group and 55—60% of its methyl ester 17 formed
by esterification of the carboxy group. Apparently, in the
course of this reaction L�amino acids give at first amino
phosphonates with a free carboxy group, which further
undergoes partial esterification by the solvent. The ab�
sence of diketopiperazine among the products of this re�
action confirms the suggested sequence of the processes.
Attempted reaction between benzaldehyde and alanine

Table 1. Starting substrates (amino acids, esters, and carbonyl compounds) and the yields of α�amino
phosphonates

Carbonyl Reaction conditions: Product Yield (%)
compound

R1 R2
solvent, τ/h

PhCHO H Et CH2Cl2, 24 1 85
4�F3CC6H4CHO H Et CH2Cl2, 24 2 85
PhCHO Me But CH2Cl2, 24 3 95
4�F3CC6H4CHO Me But CH2Cl2, 24 4 98
PhCHO CH2Ph But CH2Cl2, 48 5 85
4�F3CC6H4CHO CH2Ph But CH2Cl2, 48 6 85

CH3(CH2)6CHO Me But CH2Cl2, 24 7 85

8 10

CH2Ph But CH2Cl2, 48 9 95
PhС(О)Me Me But CH2Cl2, 24 10 95

CH2Ph But CH2Cl2, 48 11 80

Me But CH2Cl2, 48 12 80
CH2Ph But CH2Cl2, 72 13 70

Me But CH2Cl2, 72 14 80
CH2Ph But CH2Cl2, 72 15 65

4�F3CC6H4CHO H H MeOH, 72 16 20

17 55
PhCHO Me H CF3CH2OH, 120 18 70

PhCHO CH2Ph H CF3CH2OH, 120 19 45

Scheme 2

i. PctAlCl, mol. sieves 4 Å, CH2Cl2

R1 = Me (7, 8), CH2Ph (9)
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(phenylalanine) in methanol gave no products due to the
low solubility of the amino acids. To increase the solubil�
ity we used 2,2,2�trifluoroethanol and, as a result, α�amino
phosphonates 18 and 19 based on alanine and phenylala�
nine with a free carboxy group were obtained in 70% and
45% yields. The absence of esterification products in these
cases can be explained by the lower nucleophilicity of
2,2,2�trifluoroethanol.

Structures of α�amino phosphonates obtained were
confirmed by IR, 1Н, 13С, and 31Р NMR spectral data, as
well as by analytical or mass�spectral data. Products 3—15
and 18—19 (see Table 1) were obtained as mixtures of
diastereomers resulting in doubling of all the signals in
31P, 1H and 13C NMR spectra of these compounds.

For α�amino phosphonates 14 and 18, the diastereo�
meric ratios were 3 : 7 and 7 : 13 respectively. After addi�
tional chromatography the enriched diastereomeric mix�
tures of α�amino phosphonates 14а and 14b with dia�
stereomeric excess of 16 : 1 and 8 : 1, as well as 18а and 18b
with diastereomeric excess of 18 : 1 and 6 : 1 respectively
were isolated.

In the 31Р NMR spectra a single signal in the
21.55—22.72 ppm region corresponds to each dia�
stereomer of α�amino phosphonate. In the IR spectra
the absorption bands of Р=О group are present in
the 1250—1260 cm–1 region, of NH group in the
3250—3500 cm–1 region, and characteristic of the
ester carbonyl group bands in the 1730—1745 cm–1

region.W
In the 1Н NMR spectra the signals of nonequivalent

phosphonate ethoxy groups are observed for all the
α�amino phosphonates obtained. A signal for the proton
at α�carbon atom appears in the 3.90—4.26 ppm region as
two doublets of the diastereomeric pair with the spin�spin
coupling constants 2JH,P = 16.0—20.0 Hz. In case of prod�
ucts 1 and 2 based on glycine ethyl ester signals of the
diastereotopic methylene protons appear as two doublets
at 3.18 and 3.39 ppm (JАВ = 17.3 Hz). A broad signal in
the 2.40—2.45 ppm region corresponds to amino group.
Compounds 16, 18 and 19 with a free carboxy group
have the corresponding to betaine broad signal in the
6.2—7.5 ppm region.

In the 13С NMR spectra of compounds 1—19 α�car�
bon atom adjacent to phosphorus atom resonates in the
52.72—69.14 ppm region with 1JP,С = 144.9—162.0 Hz.
Signals of non�isochronic ethoxy groups at phosphorus
atom are observed at 16 ppm (3JP,C = 5.8 Hz) and in the
60.30—62.83 ppm region (2JP,C = 6.7 Hz). Signals of the
asymmetric carbon atom in the amino acid fragment ap�
pear as two (in case of the diastereomeric mixtures) dou�
blets at 54—62 ppm with the spin�spin coupling constants
3JP,C = 13.9—19.0 Hz. Signal of CH2 group of glycine
occurs as a single doublet at 48.22 ppm (3JP,C = 16.8 Hz).
All the other signals in proton and carbon spectra of
α�amino phosphonates correspond to the structure of car�

Scheme 3

i. PctAlCl, mol. sieves 4 Å, CH2Cl2

Com� R1 R3 R4

pound (R3, R4)

10 Me Me Ph
11 CH2Ph Me Ph
12 Me Me cyclo�C3H5
13 CH2Ph Me cyclo�C3H5

14 Me
15 CH2Ph

Scheme 4

i. PctAlCl, mol. sieves 4 Å, MeOH or CF3CH2OH

Com� R1 R3

pound
16 H CF3
17 H CF3
18 Me H
19 CH2Ph H
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bon skeletons of starting carbonyl compound and amino
acid ester.

In conclusion, we found that L�amino acids and their
esters can be used as amine component in the three�
component Kabachnick—Fields reaction in the presence
of PctAlCl. The reaction under study can serve as a con�
venient method for synthesis of phosphorus�containing
α�amino acid derivatives based on aromatic and aliphatic
aldehydes and ketones.

Experimental

NMR 1H (400.13 MHz), 13C (100.61 MHz), and 31P
(161.98 MHz) spectra were registered on a Bruker Avance 400
spectrometer in СDCl3 with Me4Si as internal standard (1H, 13C)
and 85% aq. H3PO4 as external standard (31P). IR spectra were
recorded on a UR�20 spectrometer in СCl4. Elemental analysis
was carried out on a Vario�II CHN analyzer. Mass�spectra were
registered on a Finnigan MAT Incos50 quadruple mass�spec�
trometer (EI, 70 eV, direct inlet of the sample). Specific rotation
was measured on a EPO�1 АVNIEKIPRODMASh polarimeter
at 23 °C, с = 1 in chloroform or methanol. Reaction progress
and purity of the chromatographic isolation of substances were
carried out by TLC on Silufol plates. The isolation was per�
formed by column chromatography on silica gel 60 (Merck)
(70—230 mesh ASTM).

Amino acid esters were obtained from the corresponding
commercially available hydrochlorides by treatment with NaOH.

Synthesis of ααααα�amino phosphonates 1 and 2. Carbonyl com�
pound (2 mmol), molecular sieves 4 Å, and PctAlCl (0.1 mmol)
were added to a solution of ethyl glycinate (1.5 mmol) in
dichloromethane (3 mL). The reaction mixture was stirred on a
magnetic stirrer for 3 h, then another portion of ethyl glycinate
(1.5 mmol) was added. The reaction mixture was stirred for
another 3 h, after which diethyl phosphite (3 mmol) was added.
The reaction progress was controlled by TLC (the reaction time
is given in Table 1). Further work�up was carried out according
to the general procedure.

Ethyl N�[(diethoxyphosphoryl)(phenyl)methyl]glycinate (1)
was obtained from benzaldehyde and ethyl glycinate, the yield
was 85%, Rf 0.54 (CHCl3—MeOH, 10 : 1). Found (%): C, 54.21;
H, 7.18; N, 4.21. C15H24NO5P. Calculated (%): C, 54.71;
H, 7.35; N, 4.25. 1H NMR, δ: 1.17 (t, 3 H, Me, GlyOEt, J =
7.3 Hz); 1.19, 1.21 (both t, 3 H each, 2 Me, POEt, J = 7.0 Hz);
3.18 (HA); 3.39 (HB, AB�system, 2 H, CH2, Gly, 2JH,H =
17.4 Hz); 3.97—4.04 (m, 4 H, 2POCH2); 4.10 (q, 2 H,
GlyOCH2, J = 7.0 Hz); 4.26 (d, 1 Н, C(1)H, JH,P = 19.2 Hz);
7.53—7.59 (m, 5 H, arom.). 31P NMR, δ: 21.55. 13C NMR, δ:
13.93 (s, Me, GlyOEt); 16.10, 16.16 (both d, Me, POEt, 3JC,P =
5.8 Hz); 48.22 (d, CH2, Gly, J = 16.8 Hz); 59.61 (d, C(1),
1JC,P = 153 Hz); 60.79 (s, OCH2, GlyOEt); 63.07 (d, POCH2,
2JC,P = 6.6 Hz); 125.27, 127.21, 128.99, 139.04 (Carom.); 171.31
(C=O, Gly). IR, ν/cm–1: 1250 (P=О); 1745 (C=O); 3250,
3450 (NH).

Piperazine�2,5�dione was isolated from a mixture of the prod�
ucts of this reaction, Rf 0.05 (CHCl3—MeOH, 10 : 1), m.p.
310 °C (see Ref. 10). IR, ν/cm–1: 1680 (C=O), 3300 (NH).

Ethyl N�{(diethoxyphosphoryl)[4�(trifluoromethyl)phenyl]�
methyl}glycinate (2) obtained from 4�(trifluoromethyl)benz�

aldehyde and ethyl glycinate, the yield was 85%, Rf 0.53
(CHCl3—MeOH, 10 : 1). Found (%): C, 48.03; H, 5.66; N, 3.43.
C16H23F3NO5P. Calculated (%): C, 48.37; H, 5.83; N, 3.53.
1H NMR, δ: 1.24 (t, 3 H, Me, GlyOEt, J = 7.3 Hz); 1.25, 1.28
(both t, 3 H each, 2 Me, POEt, J = 7.0 Hz); 2.62 (br.s, 1 H,
NH); 3.22 (HA); 3.41 (HB, AB�system, 2 H, CH2, Gly, 2JH,H =
17.3 Hz); 3.85—4.12 (m, 4 H, 2 POCH2); 4.15 (q, 2 H,
GlyOCH2, J = 7.0 Hz); 4.26 (d, 1 Н, C(1)H, JH,P = 19.1 Hz);
7.57, 7.62 (both d, 4 H each, arom.). 31P NMR, δ: 21.76.
13C NMR, δ: 14.18 (s, Me, GlyOEt); 16.26, 16.32 (both d, Me,
POEt, 3JC,P = 6.1 Hz); 48.47 (d, CH2, Gly, J = 16.8 Hz); 59.56
(d, C(1), 1JC,P = 152.2 Hz); 60.87 (s, OCH2, GlyOEt); 63.08 (d,
POCH2, 2JC,P = 6.7 Hz); 125.36, 129.04, 139.35 (Carom.); 171.53
(C=O, Gly). IR, ν/cm–1: 1250 (P=О); 1745 (C=O); 3250 (NH).

Synthesis of ααααα�amino phosphonates 3—14 (general proce�
dure). Carbonyl compound (2 mmol), molecular sieves 4 Å, and
PctAlCl (0.1 mmol) (see Ref. 11) were added to a solution of the
corresponding L�amino acid ester (3 mmol) in dichloromethane
(3 mL). The reaction mixture was stirred on a magnetic stirrer
for 3—4 h, then diethyl phosphite (3 mmol) was added. The
reaction progress was controlled by TLC (the reaction time is
given in Table 1). Molecular sieves were filtered off and washed
with CH2Cl2—MeOH mixture (10 : 1, 3×2 mL). The filtrate
was concentrated in vacuo, the residue was dissolved in mini�
mum CH2Cl2—MeOH mixture (50 : 1) and chromatographed
on a column with silica gel (length, 20 cm; diameter, 2.5 cm;
eluent, CH2Cl2—MeOH, 50 : 1).

tert�Butyl N�[(diethoxyphosphoryl)(phenyl)methyl]alaninate
(3)* was obtained from benzaldehyde and tert�butyl L�alaninate,
the yield was 98%, Rf 0.60 (CHCl3—MeOH, 10 : 1), [α]23

D –30
(CHCl3). Found (%): C, 58.02; H, 7.97; N, 3.63. C18H30NO5P.
Calculated (%): C, 58.17; H, 8.16; N, 3.77. 1H NMR, δ: 1.10,
1.16, 1.20, 1.26 (all t, 6 H each, 2 Me, POEt, J = 7.1 Hz); 1.18,
1.19 (both d, 3 H each, Me, Ala, J = 7.0 Hz); 1.30, 1.39 (both s,
9 Н each, 3 Me, But); 2.40 (br.s, 1 H, NH); 2.99, 3.27 (both q,
1 H each, Ala, J = 7.0 Hz); 3.74—4.10 (m, 4 H, 2 OCH2); 3.99,
4.13 (both d, 1 H each, C(1)H, 2JH,P = 19.4 Hz, 2JH,P = 18.7 Hz);
7.21—7.30, 7.35—7.31 (both m, 5 H each, arom.). 31P NMR, δ:
21.56, 21.68. 13C NMR, δ: 16.10—16.30 (m, Me, POEt); 18.21,
19.25 (both s, Me, Ala); 27.72, 27.89 (both s, CMe3, But);
54.31, 55.31 (both d, CH, Ala, J = 18.9 Hz, J = 14.8 Hz); 59.13,
59.27 (both d, C(1), 1JC,P = 152.5 Hz, 1JC,P = 156.5 Hz);
62.60—62.83 (m, POCH2); 80.73, 80.76 (both s, CMe3, But);
127.79, 128.20, 128.26, 128.45, 128.78, 134.84, 135.89 (Carom.);
173.73, 174.03 (both s, C=O, Ala). IR, ν/cm–1: 1260 (P=О);
1730 (C=O); 3340, 3450 (NH).

tert�Butyl N�{1�(diethoxyphosphoryl)[4�(trifluoromethyl)phe�
nyl]methyl}alaninate (4) was obtained from 4�(trifluorome�
thyl)benzaldehyde and tert�butyl L�alaninate, the yield was 95%,
Rf 0.67 (CHCl3—MeOH, 10 : 1). 1H NMR, δ: 1.16, 1.23, 1.27,
1.34 (all t, 6 H each, 2 Me, POEt, J = 7.0 Hz); 1.22, 1.24
(both d, 3 H, Me, Ala, J = 7.0 Hz); 1.32, 1.42 (both s, 9 Н each,
3 Me, But); 2.44 (br.s, 1 H, NH); 2.95, 3.26 (both q, 1 H each,
Ala, J = 6.9 Hz); 3.90—4.12 (m, 4 H, 2 OCH2); 4.20 (d, 1 H,
C(1)H, JH,P = 19.4 Hz); 7.52—7.66 (m, 4 H, arom.). 31P NMR,
δ: 21.98, 22.12. 13C NMR, δ: 16.22—16.40 (m, Me, POEt);
18.44, 19.37 (both s, Me, Ala); 27.78, 27.97 (both s, СMe3,

* For the most products the diastereomeric ratio cannot be de�
termined by 1H and 31P NMR methods due to the overlap of the
signals.
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But); 54.63, 55.56 (both d, CH, Ala, J = 17.6 Hz, J = 13.9 Hz);
59.05, 59.18 (both d, C(1), 1JC,P = 150.8 Hz, 1JC,P = 156.6 Hz);
62.95—63.22 (m, POCH2); 81.13, 81.17 (both s, CMe3); 125.25,
125.28, 128.93, 129.14, 139.52, 140.44 (Carom.); 173.76, 173.95
(both s, C=O, Ala). IR, ν/cm–1: 1260 (P=О); 1730 (C=O);
3340, 3440 (NH). MS, m/z: 439 [M]+, 382 [M – But]+,
338 [M – COOBut]+, 302 [M – P(O)(OEt)2]+, 245 [M –
P(O)(OEt)2 – But]+, 200 [M – P(O)(OEt)2 – COOBut – H]+,
138 [P(OH)(OEt)2]+, 57 [But]+.

tert�Butyl N�[(diethoxyphosphoryl)(phenyl)methyl]phenyl�
alaninate (5) was obtained from benzaldehyde and tert�butyl
L�phenylalaninate, the yield was 85%, Rf 0.63 (CHCl3—MeOH,
10 : 1), [α]23

D –71 (CHCl3). Found (%): C, 64.49; H, 8.00;
N, 3.23. C24H34NO5P. Calculated (%): C, 64.38; H, 7.68;
N, 3.13. 1H NMR, δ: 1.10, 1.19, 1.23, 1.26 (all t, 6 H, 2 Me,
POEt, J = 7.0 Hz); 1.22, 1.38 (both s, 9 Н, 3 Me, But); 2.45
(br.s, 1 H, NH); 2.83—2.98, 3.68—3.75 ((both m, 2 H each,
CH2, Phe); 3.19, 3.55 (both t, 1 H each, Phe, J = 7.1 Hz, J =
6.7 Hz); 3.85—4.05 (m, 4 H, 2 OCH2); 3.96, 4.15 (both d,
1 H each, C(1)H, 2JH,P = 18.0 Hz, 2JH,P = 18.7 Hz); 7.14—7.37
(m, 10 H, arom.). 31P NMR, δ: 22.72. 13C NMR, δ: 16.22—16.54
(m, Me, POEt); 27.74, 28.00 (both s, CMe3, But); 39.66, 39.77
(both s, CH2, Phe); 59.20, 60.52 (both d, C(1), 1JC,P = 151.5 Hz,
1JC,P = 157.3 Hz); 60.30, 61.95 (both d, CH, Phe, 3JC,P =
17.6 Hz, 3JC,P = 14.6 Hz); 62.76—62.92 (m, OCH2); 81.14,
81.21 (both s, CMe3); 126.48, 127.84, 127.94, 128.15, 128.24,
128.39, 128.68, 128.83, 129.55, 134.71, 136.26, 137.50, 137.78
(Carom.); 172.86, 172.96 (both s, C=O, Phe). IR, ν/cm–1: 1250
(P=О); 1730 (C=O); 3330, 3450 (NH).

tert�Butyl N�{(diethoxyphosphoryl)[4�(trifluoromethyl)phe�
nyl]methyl}phenylalaninate (6) was obtained from 4�(trifluoro�
methyl)benzaldehyde and tert�butyl L�phenylalaninate, the yield
was 85%, Rf 0.64 (CHCl3—MeOH, 10 : 1). 1H NMR, δ: 1.16,
1.27, 1.31, 1.34 (all t, 6 H each, 2 Me, POEt, J = 7.0 Hz); 1.26,
1.41 (both s, 9 Н each, 3 Me, But); 2.44 (br.s, 1 H, NH);
2.89—3.00 (m, 2 H, CH2, Phe); 3.07, 3.10 (both t, 1 H each,
Phe, J = 7.0 Hz, J = 6.7 Hz); 3.91—4.09 (m, 4 H, 2 OCH2);
4.14, 4.16 (both d, 1 H each, C(1)H, 2JH,P = 16.4 Hz, 2JH,P =
16.0 Hz); 7.17—7.37 (m, 10 H, arom.). 31P NMR, δ: 21.56,
21.58. 13C NMR, δ: 16.23—16.55 (m, Me, POEt); 28.87, 29.00
(both s, CMe3); 39.87, 39.96 (both s, CH2, Phe); 59.18, 60.47
(both d, C(1), 1JC,P = 152.2 Hz, 1JC,P = 157.3 Hz); 60.37,
62.03 (both d, CH, Phe, 3JC,P = 16.1 Hz, 3JC,P = 14.6 Hz);
62.93—63.21 (m, OCH2); 81.17, 81.24 (both s, CMe3); 125.23,
127.09, 128.33, 128.67, 128.83, 129.75, 136.25, 139.61, 140.52
(Carom.); 172.96, 173.03 (both s, C=O, Phe). IR, ν/cm–1: 1260
(P=О); 1730 (C=O); 3330, 3440 (NH). MS, m/z: 515 [M]+, 424
[M – PhCH2]+, 414 [M – COOBut]+, 378 [M – P(O)(OEt)2]+,
370 [M – CF3Ph]+, 367 [M – PhCH2 – But]+, 321 [M –
P(O)(OEt)2 – But]+, 310 [M – CH(CH2Ph)COOBut]+, 276
[M – P(O)(OEt)2 – COOBut – H]+, 204 [PhCHCHCOOBut]+,
145 [CF3Ph]+, 138 [P(OH)(OEt)2]+, 91 [PhCH2]+, 57 [But]+.

tert�Butyl N�{1�(diethoxyphosphoryl)octyl}alaninate (7) was
obtained from octanal and tert�butyl L�alaninate, the yield was
85%, Rf 0.44 (CHCl3—MeOH, 10 : 1), Rf 0.48 (light petro�
leum—ethyl acetate, 1 : 1). Found (%): C, 57.97; H, 10.37;
N, 3.55. C19H40NO5P. Calculated (%): C, 57.99; H, 10.25;
N, 3.56. 1H NMR, δ: 0.85 (t, 3 Н, Me(CH2)6, J = 6.8 Hz);
1.21—1.33 (m, 19 Н, Me, Ala, 2 Me, POEt; 5 СН2, oct.);
1.40—1.56, 1.73—1.82 (both m, 2 Н each, СН2, oct.); 1.44 (s,
9 Н, 3 Me, But); 1.92 (br.s, 1 H, NH); 2.73—2.86 (m, 1 H,

CH, oct.); 3.53, 3.60 (both q, 1 H, Ala, J = 6.9 Hz); 4.09—4.17
(m, 4 H, 2 OCH2). 31P NMR, δ: 27.75, 28.38. 13C NMR, δ:
14.00 (s, Me(CH2)6); 16.38 (d, Me, POEt, 3JC,P = 5.1 Hz);
18.97, 19.67 (both s, Me, Ala); 22.55 (s, MeCH2(CH2)5); 26.05
(d, Me(CH2)4CH2, 3JC,P = 11.0 Hz); 26.30 (d, BuCH2(CH2)2,
4JC,P = 9.8 Hz); 27.97 (s, CMe3, But); 28.21, 29.47 (both d,
Me(CH2)5CH2, 2JC,P = 52.4 Hz, 2JC,P = 82.7 Hz); 30.57 (s,
PrCH2(CH2)3); 31.74 (s, EtCH2(CH2)4); 52.72, 55.44 (both d,
C(1), 1JC,P = 148.6 Hz, 1JC,P = 161.7 Hz); 54.80, 56.47 (both d,
CH, Ala, 3JC,P = 7.3 Hz, 3JC,P = 3.7 Hz); 61.91, 62.14 (both d,
OCH2, 2JC,P = 7.4 Hz, 2JC,P = 7.4 Hz); 80.78 (s, CMe3); 174.13,
175.18 (C=O, Ala). IR, ν/cm–1: 1250 (P=О); 1730 (C=O);
3340, 3450 (NH).

tert�Butyl N�[1�(diethoxyphosphoryl)�2�hexyldec�2�en�1�
yl]alaninate (8) was obtained as a by�product in the synthesis of
compound 7, the yield was 10%, Rf 0.45 (CHCl3—MeOH,
10 : 1), Rf 0.70 (light petroleum—ethyl acetate, 1 : 1). Found (%):
C, 63.59; H, 10.83; N, 2.89. C27H54NO5P. Calculated (%):
C, 64.38; H, 10.81; N, 2.78. 1H NMR, δ: 0.89 (t, 6 Н,
2 Me(CH2)5); 1.22—1.39 (m, 27 Н, Me, Ala, 2 Me, POEt;
9 СН2); 1.46 (s, 9 Н, 3 Me, But); 1.99 (br.s, 1 H, NH); 2.04—2.13
(m, 2 H, =CCH2); 2.18—2.32 (m, 2 H, =CCH2); 3.21, 3.33
(both q, 1 H, Ala); 3.37, 3.53 (both d, 1 H, PCHN, 2JH,P =
19.8 Hz, 2JH,P = 20.7 Hz); 4.10—4.20 (m, 4 H, 2 OCH2); 5.50,
5.63 (both q, 1 H each, =CH). 31P NMR, δ: 24.15, 24.24.
13C NMR, δ: 14.08 (s, 2 Me(CH2)5); 16.39—16.66 (m, Me,
POEt); 18.31, 19.50 (both s, Me, Ala); 22.65, 27.91, 28.42,
28.59, 29.19, 29.31, 29.66, 30.10, 31.71, 31.83 (CH2 aliph.);
28.00, 28.04 (both s, CMe3); 53.97, 54.65 (both d, CH, Ala, J =
17.5 Hz, J = 13.9 Hz); 59.1, 59.15 (both d, C(1), 1JC,P =
150.0 Hz, 1JC,P = 157.4 Hz); 62.22, 62.45, 62.69, 62.97 (all d,
OCH2, 2JC,P = 7.3 Hz, 2JC,P = 7.3 Hz, 2JC,P = 7.3 Hz, 2JC,P =
6.6 Hz); 130.08, 130.36 (both d, =CH, 2JC,P = 11.0 Hz, 2JC,P =
10.7 Hz); 132.64, 134.46 (both d, =CH, 3JC,P = 8.0 Hz, 3JC,P =
3.7 Hz); 80.69, 80.93 (both s, CMe3); 174.17, 174.57 (C=O,
Ala). IR, ν/cm–1: 1260 (P=О); 1730 (C=O); 3350, 3450 (NH).

tert�Butyl N�[1�(diethoxyphosphoryl)octyl]phenylalaninate
(9) was obtained from octanal and tert�butyl L�phenylalaninate,
the yield was 95%, Rf 0.47 (CHCl3—MeOH, 10 : 1), Rf 0.50
(light petroleum—ethyl acetate, 1 : 1). Found (%): C, 63.62;
H, 9.31; N, 2.99. C25H44NO5P. Calculated (%): C, 63.88;
H, 9.46; N, 2.98. 1H NMR, δ: 0.86—0.90 (m, 3 Н, Me(CH2)6);
1.25—1.34 (m, 14 Н, 2 Me, POEt, 4 СН2 aliph.); 1.36, 1.37
(both s, 9 Н, 3 Me, But); 1.44—1.56, 1.67—1.80 (оба м, 2 Н,
СН2 aliph.); 1.85 (br.s, 1 H, NH); 2.74—2.83 (m, 1 H, CH,
oct.); 2.86—2.92 (m, 2 H, Phe); 3.69, 3.91 (both t, 1 H each,
Phe, J = 6.7 Hz, J = 7.2 Hz); 3.96—4.16 (m, 4 H, 2 OCH2);
7.20—7.28 (m, 5 H, arom.). 31P NMR, δ: 27.14, 28.00.
13C NMR, δ: 13.82 (s, Me(CH2)6, oct.); 16.25 (d, 2 Me, POEt,
3JC,P = 5.1 Hz); 22.36 (s, MeCH2(CH2)); 25.86 (d,
Me(CH2)CH2, 3JC,P = 8.1 Hz); 28.77 (s, BuCH2(CH2)2); 27.68
(s, CMe3); 28.21, 29.47 (both d, Me(CH2)5CH2, 2JC,P = 49.8 Hz,
2JC,P = 68 Hz); 30.39 (s, PrCH2(CH2)3); 31.52 (s,
EtCH2(CH2)4); 40.00, 40.12 (both s, CH2, Phe); 53.41, 54.25
(both d, C(1), 1JC,P = 144.9 Hz, 1JC,P = 161.0 Hz); 60.92, 61.49
(both d, CH, Phe, 3JC,P = 7.3 Hz, 3JC,P = 7.3 Hz); 61.62—61.80,
62.04—62.10 (both m, OCH2); 80.78 (s, CMe3); 126.17, 127.87,
129.25, 137.30, 137.54 (Carom.); 172.85, 173.88 (C=O, Phe). IR,
ν/cm–1: 1250 (P=О); 1730 (C=O); 3330, 3450 (NH).

tert�Butyl N�[1�(diethoxyphosphoryl)�1�phenylethyl]ala�
ninate (10) was obtained from acetophenone and tert�butyl
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L�alaninate, the yield was 95%, Rf 0.62 (CHCl3—MeOH, 10 : 1),
[α]23

D –17 (CHCl3). Found (%): C, 59.35; H, 8.40; N, 3.65.
C19H32NO5P. Calculated (%): C, 59.17; H, 8.39; N, 3.65.
1H NMR, δ: 1.12, 1.17, 1.27, 1.37 (all t, 6 H each, 2 Me, POEt,
J = 7.0 Hz); 1.21, 1.25 (both d, 3 H each, Me, Ala, J = 7.0 Hz);
1.31, 1.41 (both s, 9 Н each, 3 CMe3); 1.68, 1.74 (both d,
3 H each, Me, 2JH,P = 16.3 Hz, 2JH,P = 16.7 Hz); 2.90 (br.s, 1 H,
NH); 2.97, 3.27 (both q, 1 H each, Ala, J = 6.9 Hz); 3.75—4.15
(m, 4 H, 2 OCH2); 7.18—7.36, 7.54—7.61 (both m, 5 H each,
arom.). 31P NMR, δ: 25.72. 13C NMR, δ: 16.18, 16.28 (both d,
Me, POEt, 3JC,P = 5.4 Hz); 19.89, 20.86 (both s, Me, Ala);
21.29, 22.04 (both s, Me); 27.68, 27.75 (both s, CMe3); 51.51,
53.30 (both d, CH, Ala, J = 13.4 Hz, J = 13.4 Hz); 58.81, 59.99
(both d, C(1), 1JC,P = 150.4 Hz, 1JC,P = 155.8 Hz); 62.97—63.21
(m, OCH2); 80.49, 80.53 (both s, CMe3); 127.13, 127.83, 128.27,
140.31 (Carom.); 175.24, 175.35 (both s, C=O, Ala). IR, ν/cm–1:
1250 (P=О); 1730 (C=O); 3340, 3450 (NH).

tert�Butyl N�[1�(diethoxyphosphoryl)�1�phenylethyl]phenyl�
alaninate (11) was obtained from acetophenone and tert�butyl
L�phenylalaninate, the yield was 80%, Rf 0.68 (CHCl3—MeOH,
10 : 1), [α]23

D 1.5 (CHCl3), [α]23
D –4.0 (MeOH). Found (%):

C, 65.22; H, 7.92; N, 3.21. C25H36NO5P. Calculated (%):
C, 65.03; H, 7.88; N, 3.03. 1H NMR, δ: 1.08, 1.19, 1.23, 1.25
(all t, 6 H each, 2 Me, POEt, J = 7.0 Hz); 1.15, 1.31 (both s,
9 Н each, 3 Me, But); 1.63, 1.70 (both d, 3 H each, Me, 2JH,P =
16.7 Hz, 2JH,P = 16.3 Hz); 2.80 (br.s, 1 H, NH); 2.82—2.94 (m,
2 H, Phe); 3.13, 3.53 (both t, 1 H each, Phe, J = 7.1 Hz, J =
6.9 Hz); 3.63—4.11 (all m, 4 H each, 2 OCH2); 7.13—7.18,
7.20—7.33, 7.56—7.58 (all m, 5 H each, arom.). 31P NMR, δ:
25.49, 25.64. 13C NMR, δ: 16.22—16.48 (m, Me, POEt); 21.24
(s, Me); 27.63 (s, CMe3); 41.84, 42.06 (both s, CH2, Phe);
57.45, 57.92 (both d, CH, Phe, 3JC,P = 13.2 Hz, 3JC,P = 16.1 Hz);
59.79, 60.81 (both d, C(1), 1JC,P = 156.7 Hz, 1JC,P = 152.2 Hz);
62.91—63.20 (m, OCH2); 80.78, 80.84 (both s, CMe3); 126.46,
127.19, 127.31, 127.87, 128.01, 128.11, 128.42, 129.86, 137.57,
137.90, 138.67, 140.32 (Carom.); 174.18, 175.36 (both s, C=O,
Phe). IR, ν/cm–1: 1250 (P=О); 1730 (C=O); 3330, 3450 (NH).

tert�Butyl N�[1�cyclopropyl�1�(diethoxyphosphoryl)ethyl]ala�
ninate (12) was obtained from cyclopropyl methyl ketone
and tert�butyl L�alaninate, the yield was 80%, Rf 0.44
(CHCl3—MeOH, 10 : 1). Found (%): C, 54.70; H, 9.20; N, 4.03.
C16H32NO5P. Calculated (%): C, 54.96; H, 9.25; N, 4.00.
1H NMR, δ: 0.38—0.50 (m, 4 Н, 2 CH2, cycl.); 0.92, 0.98
(both d, 3 H each, Me, 2JH,P = 16.6 Hz, 2JH,P = 16.3 Hz);
1.05—1.16 (m, 1 Н, cycl.); 1.20, 1.21 (both d, 3 H each, Me,
Ala, J = 7.0 Hz); 1.29—1.33 (m, 6 H, Me, POEt); 1.42 (s, 9 Н,
3 Me, But); 2.01 (br.s, 1 H, NH); 3.74, 3.79 (both q, 1 H each,
Ala, J = 7.0 Hz); 4.09—4.22 (m, 4 H, 2 OCH2). 31P NMR, δ:
27.25, 27.46. 13C NMR, δ: 0.03, 0.69 (both d, CH, cycl., 2JC,P =
9.40 Hz); 1.42, 1.66 (both s, 2 CH2, cycl.); 14.49, 14.85 (both d,
CH3, 2JC,P = 2.7 Hz, 2JC,P = 2.7 Hz); 16.16—16.79 (m, Me,
POEt); 21.41, 24.94 (both s, Me, Ala); 27.78, 27.80 (both s,
CMe3); 51.04, 51.32 (both d, CH, Ala, 3JC,P = 6.7 Hz, 3JC,P =
5.4 Hz); 54.69 (d, C(1), 1JC,P = 158.2 Hz); 61.87, 62.00, 62.43,
62.61 (all d, OCH2, 2JC,P = 6.72 Hz, 2JC,P = 8.06 Hz, 2JC,P =
8.06 Hz, 2JC,P = 6.72 Hz); 80.19, 80.29 (both s, CMe3); 176.31,
176.57 (both s, C=O, Ala). IR, ν/cm–1: 1250 (P=О); 1730
(C=O); 3340, 3470 (NH).

tert�Butyl N�[1�cyclopropyl�1�(diethoxyphosphoryl)ethyl]�
phenylalaninate (13) was obtained from cyclopropyl methyl ke�
tone and tert�butyl L�phenylalaninate, the yield was 70%, Rf 0.46

(CHCl3—MeOH, 10 : 1). Found (%): C, 62.06; H, 8.72; N, 3.26.
C22H36NO5P. Calculated (%): C, 62.07; H, 8.55; N, 3.29.
1H NMR, δ: 0.35—0.50 (m, 4 Н, 2 CH2, cycl.); 0.85, 0.88
(both d, 3 H each, Me, 2JH,P = 16.6 Hz, 2JH,P = 16.2 Hz);
0.92—0.96, 1.12—1.18 (both m, 1 Н each, cycl.); 1.29, 1.30
(both t, 6 H, Me, 2 POEt, J = 7.0 Hz); 1.33, 1.34 (both s, 9 Н,
3 Me, But); 2.07 (br.s, 1 H, NH); 2.78—2.87 (m, 2 H, Phe);
3.91, 3.97 (both t, 2 H, Phe, J = 7.1 Hz, J = 7.0 Hz); 4.05—4.14
(m, 4 H, 2 OCH2); 7.19—7.27 (m, 5 H, arom.). 31P NMR, δ:
27.17, 27.22. 13C NMR, δ: 0.25, 0.85 (both d, CH, cycl., 2JC,P =
9.40 Hz); 1.17, 1.67 (both d, 2 CH2, cycl., 3JC,P = 2.69 Hz);
14.76, 16.24 (both s, Me); 16.53, 16.58 (both d, Me, POEt,
3JC,P = 5.37 Hz); 27.79, 27.83 (both s, CMe3); 41.73, 42.21
(both s, CH2, Phe); 55.19, 55.32 (both d, C(1), 1JC,P = 157.1 Hz,
1JC,P = 158.5 Hz); 57.07, 57.31 (both d, CH, Phe, 3JC,P =
9.4 Hz, 3JC,P = 6.7 Hz); 61.99, 62.26, 62.30, 62.53 (all d, OCH2,
2JC,P = 8.06 Hz, 2JC,P = 6.72 Hz, 2JC,P = 8.06 Hz, 2JC,P =
6.72 Hz); 80.54, 80.66 (both s, CMe3); 126.29, 127.93, 129.69,
137.83, 138.07 (Carom.); 175.10, 175.35 (both s, C=O, Phe). IR,
ν/cm–1: 1250 (P=О); 1730 (C=O); 3340, 3470 (NH).

tert�Butyl N�[1�(diethoxyphosphoryl)�2,3�dihydro�1H�inden�
1�yl]alaninate (14)8 was obtained from indan�1�one and
tert�butyl L�alaninate, the yield was 80%, Rf 0.50
(CHCl3—MeOH, 10 : 1). Found (%): C, 60.44; H, 8.13; N, 3.45.
C20H32NO5P. Calculated (%): C, 60.44; H, 8.12; N, 3.52. IR,
ν/cm–1: 1250 (P=О); 1730 (C=O); 3320, 3470 (NH). The prod�
uct was isolated as a mixture of diastereomers in a ratio of 3 : 7
(14а : 14b). The mixture was subjected to further column chro�
matography on silica gel (length, 20 cm, diameter, 1.5 cm; elu�
ent, chloroform—methanol (ratio 50 : 1)). The enriched with
one of the diastereomeric products fractions were obtained:
14а : 14b = 16 : 1 and 14a : 14b = 8 : 1.

Diastereomer 14a, [α]23
D –44 (CHCl3). 1H NMR, δ: 1.19,

1.27 (both t, 6 H each, 2 Me, POEt); 1.20 (d, 3 Н, Me Ala, J =
7.0 Hz); 1.35 (s, 9 Н, 3 Me, But); 1.94—2.07, 2.50—2.61 (both m,
2 H each, C(2)H2, cycl.); 2.57 (br.s, 1 H, NH); 2.95—3.00 (m,
2 H, C(3)H2, cycl.); 3.22 (q, 1 Н, Ala, J = 7.0 Hz); 3.89—4.19
(m, 4 H, 2 OCH2); 7.18—7.23, 7.46—7.48 (both m, 4 H, arom.).
31P NMR, δ: 23.84. 13C NMR, δ: 16.29, 16.40 (both d, Me,
POEt, 3JC,P = 5.8 Hz); 21.75 (s, Me, Ala); 27.78 (s, CMe3);
30.23 (d, 3CH2, cycl., 3JC,P = 3.7 Hz); 34.10 (d, C(2)H2, cycl.,
2JC,P = 2.2 Hz); 51.76 (d, CH, Ala, 3JC,P = 11.0 Hz); 62.84,
62.91 (both d, POCH2, 2JC,P = 7.8 Hz); 68.87 (d, C(1), 1JC,P =
161.7 Hz); 80.53 (s, CMe3); 124.70, 125.86, 126.23, 128.31,
140.01, 145.06 (Carom.); 175.98 (C=O, Ala).

Diastereomer 14b, [α]23
D –19 (CHCl3). 1H NMR, δ: 1.17,

1.28 (both t, 6 H each, 2 Me, POEt, J = 7.0 Hz); 1.22 (d, 3 Н,
Me, Ala, J = 7.2 Hz); 1.36 (s, 9 Н, 3 Me, But); 2.04—2.17,
2.60—2.72 (both m, 2 H each, C(2)H2, cycl.); 2.43 (br.s, 1 H,
NH); 2.95—3.01 (m, 2 H, C(3)H2, cycl.); 3.44 (q, 1 Н, Ala, J =
7.1 Hz); 3.88—4.19 (m, 4 H, 2 OCH2); 7.16—7.24, 7.47, 7.49
(all m, 4 H each, arom.). 31P NMR, δ: 24.07. 13C NMR, δ:
16.25, 16.31 (both d, Me, POEt, 3JC,P = 5.8 Hz); 21.97 (s, Me,
Ala); 27.75 (s, CMe3); 30.15 (d, C(3)H2, cycl., 3JC,P = 3.7 Hz);
33.27 (d, C(2)H2, cycl., 2JC,P = 2.9 Hz); 51.92 (d, CH, Ala,
3JC,P = 10.2 Hz); 62.48, 63.22 (both d, POCH2, 2JC,P = 7.3 Hz);
68.74 (d, C(1), 1JC,P = 161.7 Hz); 80.46 (s, CMe3);
124.49, 125.73, 126.26, 128.20, 141.08, 144.54 (Carom.); 175.80
(C=O, Ala).

Synthesis of ααααα�amino phosphonates 15—17. L�Amino acid
(2.2 mmol), molecular sieves 4 Å (500 mg), PctAlCl (0.1 mmol),



Matveeva et al.804 Russ.Chem.Bull., Int.Ed., Vol. 56, No. 4, April, 2007

and catalytic amount of triethylamine (0.2 mmol) were added to
a solution of carbonyl compound (2 mmol) in MeOH or
CF3CH2OH (4 mL). The reaction mixture was refluxed for 3 h,
then diethyl phosphite (3 mmol) was added. The reaction
progress was controlled by TLC (the reaction time is given in
Table 1). Further work�up was carried out according to the
general procedure.

tert�Butyl N�[1�(diethoxyphosphoryl)�2,3�dihydro�1H�inden�
1�yl]phenylalaninate (15) was obtained from indan�1�one and
tert�butyl L�phenylalaninate, the yield was 65%, Rf 0.55
(CHCl3—MeOH, 10 : 1). Found (%): C, 65.61; H, 7.82; N, 2.76.
C26H36NO5P. Calculated (%): C, 65.90; H, 7.68; N, 2.95.
1H NMR, δ: 1.09, 1.17, 1.19, 1.25 (all t, 6 H each, 2 Me, POEt,
J = 7.1 Hz); 1.21, 1.27 (both s, 9 Н each, 3 Me, But); 1.75—2.02,
2.40—2.56 (both m, 2 H each, C(2)H2, cycl.); 2.67 (br.s, 1 H,
NH); 2.73—2.83 (m, 2 H, C(3)H2, cycl.); 2.85—2.97 (m, 2 Н,
СН2, Phe); 3.29, 3.56 (both t, 1 H each, Phe, J = 6.9 Hz, J =
6.9 Hz); 3.74—3.84, 3.88—4.19 (both m, 4 H, 2 OCH2);
6.89—6.91, 7.00—7.04, 7.11—7.27, 7.46—7.49 (all m, 9 H each,
arom.). 31P NMR, δ: 23.68, 24.02. 13C NMR, δ: 16.23—16.43
(m, Me, POEt); 27.71 (s, CMe3); 30.26 (s, C(3)H2, cycl.);
33.06, 33.94 (both s, 2CH2, cycl.); 41,81, 42.01, (both s,
CH2, Phe); 57.82, 57.91 (both d, CH, Phe, 3JC,P = 12.1 Hz,
3JC,P = 10.8 Hz); 62.56, 62.73, 62.94, 63.01 (all d, OCH2,
2JC,P = 6.75 Hz, 2JC,P = 8.10 Hz, 2JC,P = 6.75 Hz, 2JC,P =
6.75 Hz); 68.61, 69.14 (both d, C(1), 1JC,P = 160.6 Hz, 1JC,P =
160.6 Hz); 80.72, 80.78 (both s, CMe3); 124.55, 125.98,
126.14, 126.28, 127.89, 127.93, 128.19, 128.24, 129.71, 129.86,
137.84, 139.64, 141.08, 144.58, 145.96 (Carom.); 174.48, 174.87
(C=O, Phe). IR, ν/cm–1: 1250 (P=О); 1730 (C=O); 3330,
3450 (NH).

N�{(Diethoxyphosphoryl)[4�(trifluoromethyl)phenyl]methyl}�
glycine (16) was obtained from 4�(trifluoromethyl)benzaldehyde
and glycine, the yield was 20%, Rf 0.31 (CHCl3—MeOH, 10 : 1).
1H NMR, δ: 1.13, 1.16 (both m, 6 H each, 2 Me, POEt); 3.01,
3.17 (both s, 2 H each, CH2, Gly); 3,72—4.11 (m, 4 H,
2 POCH2); 4.10 (d, 1 Н, C(1)H, JH,P = 15.7 Hz); 6.02 (br.m,
2 H, NH, OH); 7.36—7.60 (m, 4 H, arom.). 31P NMR, δ: 21.38.
13C NMR, δ: 16.07 (m, Me, POEt); 47.91 (d, CH2, Gly, J =
19.0 Hz); 59.33 (d, C(1), 1JC,P = 152.2 Hz); 63.23, 63.47 (both d,
POCH2, 2JC,P = 7. Hz); 125.31, 128.83, 128.88, 138.68 (Carom.);
173.32 (C=O, Gly). IR, ν/cm–1: 1260 (P=О); 1730 (C=O);
3340, 3480 (NH). MS, m/z: 369 [M]+, 324 [M – COOH]+, 232
[M – P(O)(OEt)2]+, 186 [M – P(O)(OEt)2 – COOH – H]+,
145 [CF3Ph]+.

Methyl N�{(diethoxyphosphoryl)[4�(trifluoromethyl)phe�
nyl]methyl}glycinate (17) was obtained in the synthesis of com�
pound 16, the yield was 55%, Rf 0.49 (CHCl3—MeOH, 10 : 1).
1H NMR, δ: 1.24, 1.28 (both t, 6 H each, 2 Me, POEt, J =
7.0 Hz); 1.77 (br.s, 1 H, NH); 3.25 (HA); 3.46 (HB, AB�system,
2 H, CH2, Gly, 2JH,H = 17.3 Hz); 3.69 (s, 3 H, Me, GlyOMe);
4.01—4.10 (m, 4 H, 2 POCH2); 4.31 (d, 1 Н, C(1)H, JH,P =
19.1 Hz); 7.57—7.71 (m, 4 H, arom.). 31P NMR, δ: 21.51.
13C NMR, δ: 16.24, 16.30 (both d, Me, POEt, 3JC,P = 5.9 Hz);
29.66 (s, Me, GlyOMe); 48.10 (d, CH2, Gly, J = 17.1 Hz);
59.63 (d, C(1), 1JC,P = 153.0 Hz); 63.30 (d, POCH2, 2JC,P =
8.1 Hz); 125.44, 129.05, 129.11, 130.28 (Carom.); 171.83 (C=O,
Gly). IR, ν/cm–1: 1250 (P=О); 1730 (C=O); 3360, 3460 (NH).
MS, m/z: 383 [M]+, 246 [M – P(O)(OEt)2]+, 186
[M – P(O)(OEt)2 – COOMe – H]+, 145 [CF3Ph]+, 138
[P(OH)(OEt)2]+.

N�[(Diethoxyphosphoryl)(phenyl)methyl]alanine (18) was ob�
tained from benzaldehyde and L�alanine, the yield was 70%,
Rf 0.31 (CHCl3—MeOH, 10 : 1). Found (%): C, 53.05; H, 6.92;
N, 4.60. C14H22NO5P. Calculated (%): C, 53.33; H, 7.03;
N, 4.44. IR, ν/cm–1: 1260 (P=О); 1720 (C=O); 2300—3600
(OH); 3310, 3450 (NH). MS, m/z: 315 [M]+. N�[(Diethoxy�
phosphoryl)(phenyl)methyl]alanine was isolated as a mixture of
diastereomers in a ratio of 13 : 7 (18а : 18b). The obtained mix�
ture was subjected to further column chromatography on silica gel
(length, 20 cm, diameter, 1.5 cm; eluent, chloroform—metha�
nol (ratio 35 : 1)). The enriched with one of the diastereo�
meric products fractions were obtained: 18а : 18b = 18 : 1 and
18а : 18b = 6 : 1.

Diastereomer 18а, [α]23
D –140 (CHCl3). 1H NMR, δ: 1.15,

1.29 (both t, 6 H each, 2 Me, POEt, J = 7.1 Hz); 1.33 (d, 3 H,
Me, Ala, J = 7.3 Hz); 3.21 (q, 1 H, Ala, J = 7.1 Hz); 3.70—3.87,
3.95—4.10 (both m, 4 H each, 2 OCH2); 4.11 (d, 1 H, C(1)H,
2JH,P = 18.2 Hz); 6.19 (br.m, 2 H, NH, OH); 7.31—7.42 (m,
5 H, arom.). 31P NMR, δ: 22.52. 13C NMR, δ: 16.18, 16.32
(both d, Me, POEt, 3JC,P = 5.9 Hz); 19.32 (s, Me, Ala); 54.59
(d, CH, Ala, J = 17.6 Hz); 59.43 (d, C(1), 1JC,P = 155.2 Hz);
63.13, 63.59 (both d, OCH2, 2JC,P = 7.3 Hz, 2JC,P = 6.5 Hz);
128.51, 128.58, 128.72, 134.36 (Carom.); 176.32 (s, C=O, Ala).

Diastereomer 18b, [α]23
D –244 (CHCl3). 1H NMR, δ: 1.15,

1.30 (both t, 6 H, 2 Me, POEt, J = 7.1 Hz); 1.37 (d, 3 H, Me,
Ala, J = 6.8 Hz); 3.48 (q, 1 H, Ala, J = 7.1 Hz); 3.75—3.83,
3.93—4.12 (both m, 4 H, 2 OCH2); 4.12 (d, 1 H, C(1)H, 2JH,P =
19.4 Hz); 7.25 (br.m, 2 H, NH, OH); 7.32—7.42 (m, 5 H,
arom.). 31P NMR, δ: 23.06. 13C NMR, δ: 16.20, 16.37 (both d,
Me, POEt, 3JC,P = 5.9 Hz); 17.38 (s, Me, Ala); 54.26 (d, CH,
Ala, J = 13.2 Hz); 58.73 (d, C(1), 1JC,P = 155.9 Hz); 63.28,
63.48 (both d, OCH2, 2JC,P = 7.3 Hz); 128.41, 128.59, 128.70,
134.85 (Carom.); 176.28 (s, C=O, Ala).

N�[(Diethoxyphosphoryl)(phenyl)methyl]phenylalanine (19)
was obtained from benzaldehyde and L�phenylalanine, the
yield was 45%, Rf 0.38 (CHCl3—MeOH, 10 : 1), [α]23

D –300
(CHCl3). 1H NMR, δ: 1.13, 1.22 (both t, 6 H each, 2 Me, POEt,
J = 7.0 Hz); 2.81 (dd, 1 H, Phe, J = 13.4 Hz, J = 9.6 Hz); 3.12
(dd, 1 H, Phe, J = 13.4 Hz, J = 4.3 Hz); 3.32 (dd, 1 H, Phe, J =
9.4 Hz, J = 4.6 Hz); 3.83—4.04 (m, 4 H, 2 OCH2); 4.12, 4.13
(both d, 1 H, C(1)H, 2JH,P = 20.0  Hz); 6.40 (br.m, 2 H, NH,
OH); 6.96, 7.12—7.31 (m, 10 H, arom.). 31P NMR, δ: 22.74,
22.86. 13C NMR, δ: 16.18, 16.23 (both d, Me, POEt, 3JC,P =
5.1 Hz); 38.5, 39.23 (both s, CH2, Phe); 59.12 (d, C(1), 1JC,P =
152.96 Hz); 59.97 (d, CH, Phe, 3JC,P = 17.56 Hz); 63.09, 63.50
(both d, OCH2, 2JC,P = 7.32 Hz, 2JC,P = 6.59 Hz); 126.71,
127.06, 127.98, 128.30, 128.38, 128.58, 128.73, 129.47, 129.58,
134.10, 137.25, 137.46 (Carom.); 175.54, 175.57 (both s, C=O,
Phe). IR, ν/cm–1: 1260 (P=О); 1720 (C=O); 2400—3600 (OH),
3300, 3420 (NH). MS, m/z: 391 [M]+, 346 [M – COOH]+,
300 [M – PhCH2]+, 254 [M – P(O)(OEt)2]+, 208 [M –
P(O)(OEt)2 – COOH – H]+, 138 [P(OH)(OEt)2]+, 91
[PhCH2]+.
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