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Abstract: The ab initio Hartree-Fock (HF) method and the Density Functional
Theory (DFT) were used to calculate the optical rotation of 26 chiral com-
pounds. The effects of the theory and basis sets used for the calculation, the
influence of the solvent on the geometry and the values of the calculated op-
tical rotation are al discussed. The polarizable continuum model, included in
the calculation, did not improve the accuracy effectively, but was superior to ys.
The optica rotation of five- and six-membered cyclic compounds was calcu-
lated and 17 pyrrolidine or piperidine derivatives, which were calculated by the
HF and DFT methods, gave acceptable predictions. The nitrogen atom dra-
matically affected the calculation results and it is necessary in the molecular
structure in order to obtain an accurate computation result. Namely, when the
nitrogen atom was substituted by an oxygen atom in the ring, the calculation
result deteriorated.

Keywords: ab initio; chiral molecules; molecular structure; optical rotation;
solvent effect.

INTRODUCTION

Optical rotation (OR) at the sodium D line ([«]p) is one of the most common
experimental data that characterizes an optically active compound, and it can be
correlated with the absolute configuration by reliable algorithms.1 In recent years,
there has been increasing interest in the calculation of the optical rotation at the
sodium D line. Polavarapu? identified a “renaissance” in optical rotation. The
first ab initio calculation of optical rotation was reported by Polavarapu and co-
workers3 in 1997 and subsequently more attention was paid to this calculation. In
the beginning, most calculations were concentrated on small and rigid molecules
for accuracy. Polavarapu and co-workers? calculated the optical rotation of small
molecules: HoO» and H»Sy. With the development of computers and algorithms,
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more calculations were directed to large and flexible molecules or natural product
molecules, even to the determination of the absolute configuration of molecules.®
Moreover, the absolute configuration of more complex molecules can be
determined combined with other calculations.6 Although great progress was
made in these years with the development of quantum chemical models, accurate
computation results remained unreliable. Hence, researchers still focus on
improvement of the calculation accuracy,” and many calculation methods have
demonstrated an encouraging agreement between the observed and predicted
optical rotation.

The determination of the absolute configuration of chiral moleculesis a chal-
lenging task. Optical rotation can be used to determine the absolute configuration
of the molecules.8 If calculation methods are easy and the results are sufficiently
accurate, they will be helpful for the assignment of absolute configuration. Great
effort should still be made in thisfield. Density functional theory (DFT) iswidely
used for the calculation of OR, and nowadays it has become a mgjor trend. Se-
veral authors have reported the performance of DFT in the determination of the
sodium D-line specific rotation [a]p of a number of rigid chiral molecules. In
addition, the coupled cluster theory was reported by Ruud et al.9 Stephens et
al.10 reported that the ab initio calculation of the OR (and of electronic circular
dichroism, ECD) provided reliable results only when the TDDFT method with
extended basis sets (i.e., including both polarization and diffuse functions) was
used. Although this kind of method has been applied by many researchers and its
availability has been approved, strong computational capability is compulsory
when alarge and complicated molecule is studied. The Hartree-Fock (HF) theory
should be considered in the calculation of OR.

The specific rotation of a chiral molecule at afrequency v is given by:11-13

31,2
0= b ®
where N is the number of chiral molecules cm—3 in an isotropic solution and
p = U3Tr[B,p], where B, is the electric dipole — magnetic dipole polarizability.
Pap isgdiven by:

01(243) JK)KI(£a )51 O
|3 I(ud)alzx I(;zzmag)ﬁl )
3rh = Vo —V

By 2
where 0 and k label the ground and excited electronic states, 4§ and ffag are
the electronic electric and magnetic dipole operators, respectively and ys is the
solvent effect. However, the inclusion of ysin the calculated ORs values leads to
deterioration from the experiment data. The solvent correction is neglected (ys = 1)
in the first calculation. Then next calculation is approximated by using the Lo-
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rentz expression: ys = (n2+2)/3.12.14 Optical rotations are usually measured using
D line (589.3 nm) radiation.

Although the quantum mechanical origin of the optical rotation angle was
described by Rosenfeld in 1928, Amos first realized the calculation of 3, using
ab initio methods in 1982. In this paper, our focus was on ab initio optical ro-
tation studies of molecules with similar structures (pyrrolidine or piperidine deri-
vatives), whereby attempts were made to find some relations between calculation
methods and molecular structure. The accuracy of various types of methods and
basis sets are discussed for five- or six-membered nitrogen-containing com-
pounds. The application of the HF and DFT methodologies in the calculation of
optical rotation is discussed and acceptable prediction was currently proved for
17 pyrrolidine or piperidine derivatives. Finally, the inclusion of polarizable
continuum model (PCM) in the calculations is discussed and compared to
inclusion of the solvent effect ys.

COMPUTATIONAL DETAILS

The OR was calculated by the HF and DFT methods utilizing two exchange-correlation
functional, B3-LYP17 (hybrid three-parameter Becke-Lee-Yang—Parr functional) and
B3PW911518.19 (hybrid three-parameter Becke—Perdew—Wang91 functional). Three basis sets
were used in both the HF and DFT methods: 6-31G(d), 6-311+G(d) and 6-311++G(3df, 2pd).
Another three basis sets were only used in the HF method: cc-pvVDZ, cc-pvDZ, aug-cc-
pVDZ. In order to characterize the accuracy of these methods in calculations of this kind of
molecules, it is necessary to choose sufficient samples. Both rigid and flexible molecules were
studied. Considering confirmation of the configuration of flexible moleculesis difficult and is
easily affected by the environment, 26 molecules were selected, all of which were heterocyclic
compounds. Their structures are detailed in Fig. 1 and the values of their experimental optical
rotation arelisted in Table .

All molecules were optimized at the B3LY P/6-31G(d) level, which is reported to be good
enough for the optimization of molecular structure.*2 The calculation was focused on dis-
cussing whether specific structures of the molecules influence the calculation results. The spe-
cific rotations were calculated for the sodium D-line wavelength (589.3 nm). In order to im-
prove the accuracy, PCM and the solvent effect ys were considered in some calculations.*3
Calculations in this investigation have been carried out following the protocol as below: if
great difference existed between computation and experimental values, priority was given to
regulation of the input conformation.

All calculations were performed using the Gaussian 03 program.*4

RESULTSAND DISCUSSION

First, the calculation results for the 26 compounds are investigated and the
calculation errors discussed, and the solvent effect is analyzed. Second, an at-
tempt is made to discuss the relationship between the OR calculation result and
molecular structure.
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Calculation values with the DFT and HF methods

Values of [a]p which neglect the solvent effect ys (ys = 1) were obtained by
using HF and DFT and different basis sets are listed in Table Sl of the Supple-
mentary material to this paper. Absolute differences between calculated and
experimental [a]p values are also given. The largest deviations were obtained for
molecules 7, 8, 10, 11, 19 and 20. However these results do not mean that DFT or
HF method is unsuitable for these molecules, because there may be many factors
which could influence the cal cul ation.
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Fig. 1. Molecules 1-26. The absolute configurations are those for which ab initio
optical rotation calculations were performed (see Table S
in the Supplementary materia to this paper).
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TABLE |. Experimental specific rotations of compounds 1-26

) . t c [alp
Compound  Configuration C g (100 mL)t Solvent dnrl gt om? Ref.
1 S 20 1.00 Chloroform -19 20
2 S 20 1 M ethanol —46.5 21
3 S 27 1.02 Chloroform 22.75 22
4 R 20 3.0 Chloroform 44 23
5 S 24 1.40 Chloroform —72.7 24
6 S 22 - Water -115 25
7 S 20 3.6 Water -118 26
8 R 25 5.03 Benzene 35.9 27
9 S 20 - Neat -20 21
10 S 20 1 Ethanol 21 21
11 S 23 1.1 Chloroform -90.1 28
12 S 20 35 Ethanol —-6.5 21
13 S 25 0.83 Chloroform —-40.1 29
14 S - 1.3 Chloroform 11.69 30
15 S 24 0.9 Chloroform -6.5 31
16 R 20 2.38 Ethanol -135 32
17 S 25 4.00 Chloroform 205 33
18 S 20 2.00 Benzene 3 34
19 S 20 - Neat 2.3 21
20 S 20 5.05 Chloroform 12.15 35
21 S 21 18 - -3.8 36
22 R 20 2 Chloroform 31.2 37
23 S 20 1 Chloroform 11.2 38
24 R 20 111 Chloroform -10.8 39
25 S 22 1.0 Water -25.9 40
26 R 23 — — -3.4 41

HF and DFT methods are compared in the calculation results listed in Table
Il. For molecules 2, 4, 5, 13, 15, 16 and 24-26 the HF method gave accurate
calculations and the range of derivations were 2: 4.05-6.41; 4: 0.6-2.65; 5: 1.87—
-11.64; 13: 7.42-17.9; 15: 1.28-20.71; 16: 4.79-35.89; 24: 0.6-12.6; 25 :5.3-
—15.03 and 26: 2.1-5.45. Conversely, for molecules 3, 6, 9, 14, 18 and 21-23 the
DFT method had a better performance and the range of derivations were 3: 0.92—
—42.93, 6: 7.5-64.3; 9: 1.97-83.88, 14: 0.17-16.32, 18: 2.66-15.97, 21: 6.59—
-25.07, 22: 0.75-24.65, 23: 1.68-11.36. However, it should be registered that
both the HF and DFT method could give acceptable computational results for
molecules 26, 9, 13-16, 18 and 21-26.

Analysis of factorsinfluencing the calculated data

Through the calculations of the OR of 26 molecules, it could be seen that the
HF or DFT method were suitable for the molecules as follows: 1) which are all
pyrrolidine derivatives or piperidine derivatives; 2) the chiral centers have short

Available online at www.shd.org.rs/JSCS/

2012 Copyright (CC) SCS



892 YUeal.

chains, such as -CH>OH, -NHAc, -OH or —COOH; 3) weak €electron-attracting-
group, —H or —COOC(CH3)3, was linked to the nitrogen. However, bad calcu-
lation results were obtained for molecules 12, 15 and 21, which also belonged to
this kind of molecule; hence, some other limits may exist. The differences be-
tween calculated and experimental [a]p values can be attributed to many factors,
such as: 1) error in the configuration; 2) solvent effect; 3) error in experimental
[a]p vaues, etc. Especialy for the configuration, the computed optical rotation
angles are very sensitive to geometry. For molecule 15, initialy neither the HF
nor the DFT method could predict the sign correctly. Even for calculations with
the big basis set, the correct sign was not given. This may result from errors in
configuration. Hence, the input configuration was modified and then the
calculation results gave the correct sign. Hence, properly optimized geometries
are essential for the calculation of reliable rotation angles. Recently, Mazzeo et
al.%> thought that a higher level of theory may be required after geometry
optimization by the commonly used DFT/B3LY P/6-31G(d). Thus, the importance
of the optimized geometry can be seen.

TABLE II. Comparison of the [o]p (dm™ g™ cm®) obtained using the HF and DFT methods

Compd HF [alp DFT [alp
1 6-311++G(3df,2pd) 20.49 B3PW9L1/6-311++G(3df,2pd) 17.38
2 6-311+G(d) 4.05 B3PW9L1/6-311++G(3df,2pd) 65.83
3 6-311++G(3df,2pd) 5.41 B3LY P/6-31G(d) 0.92
4 6-31G(d) 0.60 B3PW91/6-31G(d) 5.90
5 6-31G(d) 1.87 B3LY P/6-31G(d) 37.18
6 6-311++G(3df,2pd) 54.20 B3PW91/6-311++G(3df,2pd) 7.50
7 6-31G(d) 128.31 B3PW91/6-31G(d) 79.05
8 6-311++G(3df,2pd) 123.88 B3LY P/6-311++G(3df,2pd) 142.24
9 6-311++G(3df,2pd) 26.02 B3LY P/6-311+G(d) 1.97
10 6-31G(d) 55.28 B3LY P/6-31G(d) 67.36
11 6-31G(d) 113.16 B3PW91/6-31G(d) 118.42
12 6-31G(d) 17.50 B3PW91/6-31G(d) 38.73
13 6-311++G(3df,2pd) 7.42 B3PW91/6-31G(d) 55.15
14 6-31G(d) 2.59 B3LY P/6-31G(d) 0.17
15 6-31G(d) 9.73 B3PW91/6-31G(d) 26.62
16 6-31G(d) 479 B3LY P/6-31G(d) 4.95
17 6-311+G(d) 30.71 B3LY P/6-311+G(d) 345
18 6-31G(d) 15.47 B3PW91/6-311++G(3df,2pd) 2.66
19 6-311+G(d) 44.64 B3LY P/6-311+G(d) 52.52
20 6-31G(d) 49.70 B3PW91/6-31G(d) 74.13
21 6-31G(d) 15.63 B3LY P/6-31G(d) 14.19
22 6-31G(d) 14.06 B3LY P/6-31G(d) 0.75
23 6-311++G(3df,2pd) 454 B3LY P/6-311+G(d) 1.68
24 6-311+G(d) 0.60 B3PW91/6-311+G(d) 8.25
25 6-31G(d) 6.10 B3PW91/6-31G(d) 43.36
26 6-311++G(3df,2pd) 2.10 B3LY P/6-31G(d) 3.06
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The studied molecules have a stable ring structure, short chains with low
flexibility and an atomic electron that does not drift dramatically. The nitrogen
atom may be very important for the obtained calculation results, and when the
nitrogen atom was substituted by an oxygen atom in the ring, the calculation
result deteriorated. For molecules 8, 19 and 20, the derivation was about 50 to
120 degrees from the experiment value.

Consideration of the solvent effect in the calculations

Then both solvent effects y5 and PCM were considered in a further HF cal-
culation, the results of which are given in Table I11. The effects of the addition of
PCM and ys in the calculations of molecules 2, 3, 15 and 16 were compared.
Comparison of the experimental [o]p values with the calculated values for the 17
molecules is shown in Figs. 2 and 3. Comparison of solvent effect with yg and
PCM included in the calculation is shown in Fig. 3. Inclusion of the solvent ef-
fect factor ysin the calculation led to a deterioration of the results for most of the
molecules. PCM was aso considered for some molecules (2, 3, 15 and 16) to
improve the computation effect. However, the results differed from one another
(Figs. 4 and 5). For molecules 2 and 16, the calculations were especialy
improved on addition of PCM in the geometry optimization with the relative de-
viation decreasing from 8.7 to 1.5 % and from 34.5 to 7.8 %, respectively. How-
ever, the calculations of 3 and 15 deteriorated a little with PCM in the geometry
optimization. It is clear that the calculations will be changed when PCM is
introduced in the geometry optimization, but the variation is not large. Although
it has been reported that PCM does not effectively contribute to the calculation.

TABLE Ill. Hartree—Fock method with the solvent effect included in the calcul ations

Compd. Vs [a]p/dm™* g cem® PCM [e]p/dm™* g cm®
2 6-311++G(3df,2pd) 47 6-31G(d) 0.69
3 6-311++G(3df,2pd) 12 6-311++G(3df,2pd) 11.28
4 6-311++G(3df,2pd) 128

5 6-31G(d) 28.9

6 6-311++G(3df,2pd) 33.93

9 — —

13 6-311-++G(3df,2pd) 24.7

14 6-31G(d) 7.8

15 6-31G(d) 10.9 6-31G(d) 9.75
16 6-31G(d) 23 6-31G(d) 1.05
18 6-31G(d) 23.19

21 - -

22 6-31G(d) 7.8

23 6-311++G(3df,2pd) 2.1

24 6-311++G(3df,2pd) 0.8

25 6-31G(d) 16.77

26 - -
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PCM is still a commonly used method to evaluate solvent effects in optical rota-
tion calculations. In the present study, PCM worked well in some cases, such as
for molecules 2, 10 and 16, but led to a deterioration of the results in other cases.
Thus, PCM is not ineffective and there may exist some rules to use this model,
such as molecular structure, solvent, the property calculated, etc., which could
produce desirable calculations, The addition of the factor yg to solve solvent
effect may not be an effective way. It is clear that solvent effect ys changes the re-
sults dramatically, while inclusion of PCM in the calculation only produces a
change of several degrees.

The chiral molecules in the present calculations were considered as being in
the gaseous state, and the HF method gave admirable predictions. This may be
because the experimental specific rotations were measured in a weak polar sol-
vent that had little interaction with the molecules.

CONCLUSIONS

The accuracy of the HF and DFT methods was evaluated for the calculation
of the optical rotation of 26 molecules. The HF method with six basis sets was
employed for the calculations. In paralel, B3LY P and B3PW91 functionals with
three basis sets have been performed. The result showed that for the 17 chiral
molecules that have specific structures, the HF or DFT substantially gave
acceptable predictions. Previous studies focused on the methods and the basis
sets of the computation to improve accuracy, but the present study may prove that
the structures of the molecules have a strong influence on the calculation values
for an established method, or for a certain kind of molecules, some established
method probably exists to give an accurate prediction. Our attention was no
longer focused on the use of large basis sets or new methods to improve the
accuracy of calculations for molecules that do not have similarity in their
structure. For a large group of molecules, increasing the amount of computation
to prove the accuracy have been widely discussed,*6 and in some cases, this is
completely valid. However, for a certain kind of molecules, if an effective
method can be found, it is still meaningful to decrease the amount of calculation
and still obtain accurate calculation values.
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entific Foundation of China (No. 81102344).

SUPPLEMENTARY MATERIAL

Comparison of [¢]p values obtained using HF and DFT methods with different basis sets
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N3BO/J
PAYYHAIE OIITUYKE POTALIMJE: YTUIIAJ MOJIEKYJICKE CTPYKTYPE

JA YUY YU CAO!, HANG SONG!, XIANLONG WANG?® 1 SHUN YAO*

Schuan University, Chengdu 610065, China, 2University of Electronic Science and Technology of China,
Chengdu 610054, P. R. China 1 *Bryn Mawr College, Bryn Mawr, PA 19010, USA

Ab initio Xaprpu—®oxosa (HF) merona u teopuja Gpynkuuje rycrune (DFT) cy npumemeHe
3a M3padyHaBambe ONTHUYKe poTarje 26 jeaumea. Pa3MaTpanu Cy yTHia) HUBOa Teopuje U u3bopa
6a3Hux QyHKLH]ja, Ka0 U YTHIAj pacTBapaya Ha TEOMETPHUjy U BPEIHOCT ONTHYKE poTanuje. Moaen
KOHTHHYHpPaHE MOJIapU3a0MITHOCTH HHUje moBehao TauHOCT padyHama, alik je Jao 00Jbe pesyJirare
HETo Js. MI3padyHaTe Cy ONTHYKE POTALHje 3a jeUIbEha Ca IIETO- U IEeCTOWIaHNM HPCTCHOBHUMA 3a
17 nmuponuaMHCKUX U MHNEepUANHCKNX aepuBara. [Ipexsuhama Ha ocnoBy HF u DFT Merona najy
3a/10B0JbaBajyhe pesynrare. ATOM a30Ta JpaMaTHYHO YyTHYE Ha PE3yNITaTe U3pauyyHaBamba, U TaKaB
aToM je HeONXOJaH Y MOJICKYJICKO] CTPYKTYpH Aa O ce ToOMIN TOBOJFHO TadHU pe3ynratd. Hanme,
KaJia je aToM a3oTa y INPCTEHY 3aMEHCH KHCEOHHKOM, PEe3y/TaTH H3padyyHaBama Cy MOCTajalld
ciabuju.

(MTpumusbero 5. cenrembpa 2011)

REFERENCES

1. P.J Stephens, F. J. Devlin, J. R. Cheeseman, M. J. Frisch, B. Mennucci, J. Tomasi, Tet-

rahedron: Asymmetry 11 (2000) 2443

P. L. Polavarapu, Chirality 14 (2002) 768

P. L. Polavarapu, Mol. Phys. 91 (1997) 551

P. L. Polavarapu, D. K. Chakraborty, J. Chem. Phys. 240 (1999) 1

P. J. Stephens, J. J. Pan, F. J. Devlin, J. R. Cheeseman, J. Nat. Prod. 71 (2008) 285

P. J. Stephens, F. J. Devlin, C. Villani, F. Gasparrini, S. L. Mortera, Inorg. Chim. Acta 361

(2008) 987

7. K. B. Wiber, Y. G. Wang, P. H. Vaccaro, J. R. Cheeseman, G. Trucks, M. J. Frischet, J.
Phys. Chem., A 108 (2004) 32

8. B. Mennucci, M. Claps, A. Evidente, C. Rosini, J. Org. Chem. 72 (2007) 6680

9. K. Ruud, P. J. Stephens, F. J. Devlin, P. R. Taylor, J. R. Cheeseman, M. J. Frisch, Chem.
Phys. Lett. 373 (2003) 606

10. P.J Stephens, F. JDevlin, J. R. Cheeseman, M. J. Frisch, J. Phys. Chem., A 105 (2001) 5356

11. L. Rosenfeld, Z. Phys. 52 (1928) 161

12. E. U. Condon, Rev. Mod. Phys. 9 (1937) 432

13. E. Charney, The Molecular Basis of Optical Activity: Optical Rotatory Dispersion and
Circular Dichroism, Wiley, New York, 1979, p. 19

14. J. A. Schellman, Chem. Rev. 75 (1975) 323

15. A.D. Becke, Phys. Rev. A. 38 (1988) 3098

16. C.Lee, W. Yang, R. G. Parr, Phys. Rev., B 37 (1988) 785

17. A. D. Becke, J. Chem. Phys. 98 (1993) 5648

18. J. F. Dobson, G. Vignale, M. P. Das, Electronic Density Functional Theory: Recent Pro-
gress and New Directions, Plenum, New Y ork, 1998, p. 227

19. J. P. Perdew, in Electronic Sructure of Solids, Akademie Verlag, Berlin, 1991, p. 11

20. T.Rosen, D. T. W. Chu, I. M. Lico, P. B. Fernandes, L. Shen, S. Borodkin, A. G. Pernet, J.
Med. Chem. 31 (1988) 1586

o g kwdN

Available online at www.shd.org.rs/JSCS/

2012 Copyright (CC) SCS




898

21.
22.
23.

24.
25.
26.
27.
28.
29.
30.

31.
32.

33.
35.

36.
37.

38.

39.
40.
41.
42.

YUetal.

Alfa Aesar A Johnson Matthey Company, AlfaAesar reagent manual, 2008

B. D. Harris, K. L. Bhat, M. M. Joullié, Synth. Commun. 16 (1986) 1815

A. Carocci, G. Lentini, A. Catalano, M. M. Cavalluzzi, C. Bruno, M. Muraglia, N. A. Co-
|abufo, N. Galeotti, F. Corbo, R. Matucci, C. Ghelardini, C. Franchini, ChemMedChem 5
(2010) 696

R. Conrow, P. S. Raymond, J. Org. Chem. 51 (1986) 938

C. H. Stammer, A. N. Wilson, F. W. Holly, K. Folkers, J. Am. Chem. Soc. 77 (1955) 2346
F. Couty, G. Evano, M. V. Sanchez, G. Bouzas, J. Org. Chem. 70 (2005) 9028

Y. Kawakami, T. Asai, K. Umeyama, Y. Yamashita, J. Org. Chem. 47 (1982) 3581

X. N. Song, Z. J. Yao, Tetrahedron Asymm. 66 (2010) 2589

N. Dai, F. A. Etzkorn, J. Am. Chem. Soc. 131 (2009) 13728

J. Katarzynska, A. Mazur, M. Bilska, E. Adamek, M. Zimecki, S. Jankowski, J. Zabrocki,
J. Pept. Sci. 14 (2008) 1283

R. N. Loy, E. N. Jacobsen, J. Am. Chem. Soc. 131 (2009) 2786

M. Kawaguchi, O. Hayashi, N. Sakai, M. Hamada, Y. Yamamoto, J. Oda, Agric. Biol.
Chem. 50 (1986) 3107

E. J. Toone, J. B. Jones, Can. J. Chem. 65 (1987) 2722

D. Enders, P. Fey, H. Kipphardt, Org. Prep. Proced. Int. 17 (1985) 1

D. M. Musatow, V. S. Kublitskii, O. R. Malyshev, D. V. Kurilov, M. G. Vinogradov, Russ.
J. Org. Chem. 43 (2007) 1813

P. Magnus, L. S. Thurston, J. Org. Chem. 56 (1991) 1166

M. Cames, F. O. Escale, M. Rolland, J. Martinez, Tetrahedron Asymmetry 14 (2003)
1685

T. Kikuchi, M. R. Zhang, N. Ikota, K. Fukushi, T. Okamura, K. Suzuki, Y. Arano, T. Irig,
J. Med. Chem. 48 (2005) 2577

M. Kamame, S. Yoshifuji, H. Sashida, Chem. Pharm. Bull. 56 (2008) 1310

G H. P.Roos, K. A. Dastlik, Synth. Commun. 33 (2003) 2197

A. M. Akkerman, D. K. Dejonch, H. Veldstra, Recl. Trav. Chim. Pays-Bas 70 (1951) 899
D. C. Young, Computational Chemistry: A Practical Guide for Applying Techniques to
Real World Problems, Wiley, New Y ork, 2001, p. 206

B. Mennucci, J. Tomasi, R. Cammi, J. R. Cheeseman, M. J. Frisch, F. J. Devlin, S.
Gabriel, P. J. Stephens, J. Phys. Chem., A 106 (2002) 6102

Gaussian 03, Revision A.1, Gaussian, Inc., Pittsburgh, PA, 2003

. G. Mazzeo, E. Giorgio, R. Zanasi, N. Berova, C. Rosini, J. Org. Chem. 75 (2010) 4600
. C. T.Campos, F. E. Jorge, T. P. Silva, M. R. Coppo, Chem. Phys. Lett. 494 (2010) 170.

Available online at www.shd.org.rs/JSCS/

2012 Copyright (CC) SCS




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




