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SUBJECT OF OUR STUDIESSUBJECT OF OUR STUDIES
Substituted alkanephosphonic acids constitute a class of analogs 
of natural amino acids in which the peptide bond is formed 
between the carboxylic group of an amino acid and the amino 
one of the phosphonic moiety. They have been found to act as 
antibacterial agents, neuroactive compounds, anticancer drugs 
and pesticides. In this work we present results obtained for the
phosphonic derivatives of glycine and proline (fig. 1).

AIMAIM
Our studies focus on evaluation of an appropriate theoretical model of the title 
compounds for which calculations of IR and Raman spectra would give proper 
description of experimental data. As models for calculations, we took into 
consideration various rotamers predicted from calculations of potential energy 
structures with respect to selected dihedral angles, structures with various 
deprotonation patterns and models with intra- as well as intermolecular H-bonding. 
Crystallographic data [1] of the analogous compounds (glycine, phenyloalanine and 
leucine derivatives) reveal that these type of molecules exist as zwitterions 
surrounding by water molecules and forming complex H-bonding with the
neighbouring phosphonic moieties (fig. 2). To mimic such an environment, we 
calculated vibrational spectra by using PCM model (ε=78.4) for the zwitterions. As 
shown below, this approach yielded the best simulation of the experimental spectra. 
All the calculations were performed by using Gaussian 03 and Gamess packages
[2,3].

Fig. 1. Compounds presented here.
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Fig. 2. Crystallographic structure of glycyl-
aminomethylphosphonic acid monohydrate [1].
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P1: H; (CH3)2
P2: CH3; CH3
P3: CH3; CH2(CH3)2
P4: H; (CH2)3COOH
P5: H; (CH2)2COOH

G1: H; CH3
G2: CH3; CH3
G3: CH3; CH2CH3
G4: H; CH2CH3
G5: H; CH2CH(CH3)2

Fig. 3. Exemplary PES analysis for P2 (AM1).
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Fig. 4. Dimer (left) and tetramer (right) models for P2.
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Fig. 6. Comparison of calculated and experimental vibrational spectra for G2.
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Fig. 5. Comparison of calculated and experimental vibrational spectra for P2.

33
43

29
65

23
42

16
84

15
48

13
81

11
46

10
23

89
1

66
4

53
5

F T -I R

52
8 67

5

87
6

91
8

10
22

11
96

12
54

14
54

16
82

27
16

29
28

30
01

33
41

F T -R a m a n

42
2

58
1

77
6

10
44

11
92

13
13

14
14

15
81

16
99

31
30

32
66

33
48

z w itte r io n
in  P C M

42
7

64
6

87
5

10
44

11
93

12
89

15
05

17
01

30
60

33
48

z w itte rio n
in  P C M

42
5

48
4 63
7

79
5 10

67

12
21

13
66

15
92

17
32

29
20

30
39

31
83

33
69

35
71

37
67

z w it te r io n
in  d im e r

51
0

63
2

86
6 10

42

11
84

13
19

14
10

15
18

16
56

29
20

30
39

31
46

33
69

35
25

37
67

z w itte r io n
in  d im e r

39
1

46
8

75
1 10

14
10

64

11
80

13
96

16
06

17
73

19
36

21
19

22
64

24
02

25
42

27
38 29

43
30

08 31
36

32
39

34
18

z w itte r io n
in  te tra m e r

39
5

63
4

84
5

10
06

12
23

13
82

15
43

17
83

19
36

21
19

22
64

24
02

25
42

27
38

29
45

31
36

34
43

35
31

z w itte r io n
in  te tra m e r

5 0 0 10 0 0 15 0 0 2 0 0 0 2 5 0 0 3 0 0 0 3 5 0 0 4 0 0 0

42
6

62
3 89

4

10
09

12
66

14
00

15
21

16
90 17

82

22
09

31
02

31
43

33
91

35
44

37
68

z w it te r io n
a s  m o n o m e r
(m o d e l 2  in  f ig . 3 )

R a m a n  sh ift  [c m -1]

5 0 0 10 0 0 15 0 0 2 0 0 0 2 5 0 0 3 0 0 0 3 5 0 0 4 0 0 0

50
5

72
2

89
4

98
4

12
66

15
14

16
91

17
82

22
09

31
03 33
91

37
69

z w itte r io n
a s  m o n o m e r
(m o d e l 2  in  fig . 3 )

w a v en u m b er  [cm -1]

46
8

62
5

81
9

88
9

10
60

11
82 13

16 13
93 15

21

17
49

28
38

30
50

31
39

35
22

37
65

z w it te r io n
a s  m o n o m e r
(m o d e l 1  in  f ig . 3 )

43
2

51
3

70
6

78
1

95
5

10
58

12
77

14
12

15
82

16
51

17
49

28
38

30
49

35
23

37
65

z w itte r io n
a s  m o n o m e r
(m o d e l 1  in  fig . 3 )

B
3L

Y
P

/
3-

21
G

B
3L

Y
P

/
6-

31
+

G
(d

)

B
3L

Y
P

/
6-

31
+

G
(d

)


