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Vibrational spectroscopy occupies a priority place in the investigation of the structure and properties of carbohydrates.
It makes it possible to establish spectral-structural correlations that enable one to solve problems of identification of

compounds and to develop methods of monitoring and diagnostics of the state of substances in technological processes
and those of evaluation of the quality of finished products.

In this work the effectiveness of coupled using of theoretical vibrational spectroscopy and quantum chemistry is
demonstrated when applied for solving the problems of spectral-structural correlations in the studies of methyl- and
nitro- derivatives of crystalline glucopyranosides.

® We have carried out complete calculations of vibration frequencies and intensities of a set of compounds of selectively substituted
nitrates of methyiglucopyranosides with a gradually complicated molecular structure (methyl-5-D-glucopyranoside, 4-0-methyil-/-methyil-D-
glucopyranoside, 2,3- , 2,6- , and 3,6-di- O-nitro-methyl-s-D-glucopyranoside, 4-O-methyil-2,3-di- and 4-O0-methyi-2,3,6-tri-O-nitro-methyl-/D-
glucopyranoside). Our original program technique [1] was used combining the classical calculation of frequencies (1) and the potential energy

distributions (PED) of normal vibrations of complex molecules with the quantum-chemical intensity (4) estimation.

® On the basis of a good agreement achieved with experiment (both in frequencies and intensities) a detailed interpretation of the IR
spectra of compounds investigated has been performed. The absorption spectra sensitivity to the O-methyl substitution of hydroxyl groups has

been discovered in details.

[1] M.V. Korolevich, Analytical Infrared spectroscopy of saccharides, Doctoral dissertation, National Academy of Sciences of Belarus, Minsk, 2009, 333 pp.

Basic Stages of Work Preceding the Results [1]

¢ We obtained a convenient for computer programming matrix expression for the calculation of intensities with the use of the quantum-chemical technique and suggested an algorithm of coupled analysis of the

IR spectra which combines a classical method of calculation of normal vibration with a quantum-chemical evaluation of intensities.

¢ We created an original highly automated complex of programs for calculating the vibrational spectra of polyatomic molecules both isolated and taking into account their molecular environment. This program
complex realized a coupled approach which combines the calculation of normal vibration frequencies within the framework of the classical scheme in a valence force field approximation and the quantum-

chemical calculations of vibration intensities by the CNDO/2 method.

¢ A complete calculation of vibration frequencies and intensities has been carried out for both relatively simple organic compounds (free molecules of methanol and its deuteroderivatives, benzene, methylnitrate,
cis- and trans-isomers of biurete and their deuteroanalogues, as well as adsorption benzene complexes) and complex molecules of monosaccharides (a-, B- anomers of D-glucose, a-D-galactose) and their

derivatives (di-, tri- and tetra-nitrates of methyl-B-D-glucopyranoside).

¢ Within the cluster approximation, the influence of the intermolecular hydrogen bonds upon the electronic structure and intensities of the absorption bands of crystalline monosaccharides has been studied.

Subjects of Investigation @ Results of Spectra Calculations
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Experimental (c) and theoretical (d) IR absorption spectra of

2,3-di-O-nitro-methyl-#-D-glucopyranoside

An analysis of the results obtained
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thyl-3-D-glucopyranoside

99 (N=0),, 22 (0-N=0),, 6 (CON),
99 (N=0),, 23 (0-N=0),, 6 (CON),

100 (N=0);, 25 (O-N=0),, 7 (CON),

69 (N=0),, 13 (0-N=0),, 7 (O-N),

34 (N=0),, 26 (N=0);, 7 (0-N=0),, 5 C,C,H, 5 O,C,H

31 (N=0),, 27 (N=0);, 9 O.C;H, 7 C,C;H, 6 (O-N=0),

22 (O-N),, 20 (0-N);, 14 (O-N=0),, 13 (O-N=0),
21 (0-N),, 17 (O-N),, 21 (O-N=0), 16 (0-N=0),
40 (O-N)g, 36 (O-N=0);, 5 (N=0);

opyranoside

101 (N=0),, 24 (0-N=0),, 7 (CON),
101 (N=0),, 24 (0-N=0),, 6 (CON),

28 0,C,H, 21 0,C,H, 18 0,C;H, 6 C,C,H, 5 C,C,H , 5 O.CH

27 0,C;H, 17 C,CiH, 15 C,CH, 10 0,C,H, 7 0,C;H

27 O,CoH, 18 C,C4H, 18 O,C4H, 8C,CeH

62 (N=0),, 8 (O-N=0),, 5 (O-N),
68 (N=0),, 9 (O-N=0),, 5 (O-N),

25 (0-N=0),, 22 (0-N),, 13 (0-N=0),, 12(0-N),
35 (0-N=0),, 21 (O-N), 13 (0-N=0),, 9 (O-N),

PED
4-0-methyl-2,3-di-O-nitro-methyl-3-D-glucopyranoside

1453 20 C4CsHs. 20 HyyCHgs, 9 HyCsHga, 8 CoCSH:,
804CqHgs

1430 18 0,C;Hys, 15 0,CgHyy, 6 0,CHyo, 6 HyoCoHys,
5 HyC5Hys, 5 04CgHgy, 5 Hyy CoHgs

1429 22 0,CHys, 16 0,CgHyy, 8 0;C5Hyp, 8 HooCrHos,
6 H71C5Hys, 6 04CsHg, 6 Hy CsHyy

1425 13 C5C,H,, 12 0,CsH;,, 10 C5C,H,, 8 Hy, CeHy,,
6 C,C5Hs, 6 C4C5H,, 5 0,CsHg

1407 40 0,C,H,, 28 05C,H,, 7 C,CoH,

1219 49C,0,,10C,0s, 9 H,C:Hys, 5 0,CHyy,
5H71C1H?3

2,3-di-O-nitro-methyl-B-D-glucopyranoside

1457 40 C,C5Hs, 15 C4CsH;, 8 0sCsHs, 7 C4CsH; 183.80

1430 41 0yC7Hys, 15 HyyC7Hys, 14 00C7Hyp, 12 Hy CoHys, 1137
50,C,H;

1424 16 C3CHy, 15 CsCiHy, 11 CyC3Hs, 10 CoC5H; 17.18

1407 41 0,C,H,, 29 05C,H,, 6 C5C,H, 12.38

1219 50 404, 10 C,0s, 9 HyCrHys, 5 0,C5Hyy, 5 0,C-Hy 85.15

has allowed to establish the regularities of formation of complex absorption bands caused by the vibrations of the nitrogroups

on selective nitrosubstitution.

Vv It was studied whether the spectral
features of the oxymethyl group in
methyl-g-D-glucopyranoside (1MeGlu)
with additional oxymethyl and nitro
substituents are characteristic.

V¥ The possibilities of using these

features in spectral analysis have been
also investigated.

CONCLUSION

4-O-methyl-g-methyl -
D-glucopyranoside

4-O-methyl-2,3,6-tri-O-nitro-
methyl-g-D-glucopyranoside

4-O- methyl -2,3-di-O-nitro-
methyl -B-D-glucopyranoside

This study was based on the comparison of
the results obtained and the theoretical
spectral curves of 1MeGlu and 4Mel1MeGiu
with the corresponding data obtained for
2,3-, 2,6-, and 3,6-di-O-nitro-methyl- f -
D-glucopyranoside,

and 4-0O-methyl-2,3-di- and
4-0-methyl-2,3,6-tri-O-nitro-methyl- S -D-
glucopyranoside.

® The bands at 1401 1 1222 cm'! may serve as a recognition sign of oxymethyl substitution at the atom

C(1) in B-D-glucose.

® The peak at 992 cm™ is initiated by the presence of the oxymethyl substituent at the atom C,, and at

the atom C,, alike.

® Increase in the intensity of this band compared to the methyl-45-D-glucopyranoside spectrum is related

PED

4-0- methyl- f-methyl-D-glucopyranoside

1450
1430
1429
1422
1406

1219

1451
1430

1421
1406

1219

24 C4CsH;, 16 C30,H, 10 CoCsHs, 7 HyyCaHgs,
6 C5CH., 6 0sCsH;

33 0,C-Hys, 11 0,C;Hy, 11 HypCoHo,

10 Hy; C7Hy3, 7 0.CgHy;

35 0,CgHay, 15 Hy;CsHgs, 14 04C3Hg,

8 Hg,CsHgs, 7 0,C-Hys

14 C5C4Hy, 12 C5C4Hy, 11 C505H, 7 C5C,H,,

7 05CsH;, 6 CaCsH;

48 0,CHy, 32 05C,Hy, 6 C,0;

49C,0,,10C,0s, 9 HyyC-Hys, 5 0,CHyy,
5Hy,CHys

methyl- -D-glucopyranoside

40 0,C-Hys, 14 0,C;Hyy, 14 HypCrHyp,

12 Hy; C7H 53

14 C3C4H,, 13 C305H, 13 CsC4H., 9 C5C,H,,
8 05C3H;

49 0,C;Hy, 33 0sC,H;, 6 C,0;

51C,04,9 €105, 9 HypC;H;ys, 5 0,C7Hyy,
50,C;Hyy, 5 Hy CoHys

Experimental (a) and theoretical (6) IR absorption spectra of
methyl-f-D-glucopyranoside
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The results of the calculations have enabled
us to reveal a characteristic components of
diffuse bands in the 1500-1200 cm- region
and to establish the regularities of formation
of the structure of complex band in the region
of 1150-950 cm™ at O-methyl substitution of
hydroxyl groups in the B-D-glucose molecule.

Experimental IR absorption spectrum of
methyl-B-D-glucopyranoside (a), theoretical
IR absorption spectra of methyl-g-D-
glucopyranoside (1Me) and
4-0-methyl-B-methyl-D-glucopyranoside

(4Me1Me) in the range of 3600 — 450 cm- (6)

Theoretical IR absorption spectra of (4MelMe),
(AMe),
2,3-di-O-nitro-methyl-B-D-glucopyranoside
(2,3niMe),

4-0-methyl-2,3-di-O-nitro methyl-B-D-
glucopyranoside (4Me2,3niMe) (s), and 2,3-
(2,3niMe), 2,6- (2,6niMe) and 3,6-di-O-nitro
methyl-B-D-glucopyranoside (3,6niMe) (r) in the
nge of 1700 — 800 cm*

Experimental (a) and theoretical (6) IR absorption spectra of
4-0O-methyl-2,3,6-tri-O-nitro-methyl-B-D-glucopyranoside

b

to the additional substitution for the hydroxyl group at the atom C,,.

4 The results indicate that the location of nitrogroups
in cellulose nitrates can be determined experimentally
from separate components of complicated absorption

bands in the ranges of

1700 — 1600 and 900 —800 cm-1 of the IR spectrum.




