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EPR-spectroscopic and quantum-chemical investigations
of the fast protolytic reactions of several alkaloids

Kinetic and thermodynamic experimental parameters for the reactions of protonation of alkaloids by spin
probe 3,6-di-tert-butyl-2-oxyphenoxyl obtained by ESR spectroscopy in a toluene solution are presented.
Values of various physico-chemical data obtained by quantum chemical calculations in the «Gaussian-2009»
for some alkaloids, such as ionization potential, electron affinity and proton affinity have been calculated.
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The usage of stable semiquinone free radical 3,6-di-tert.butyl-2-oxyphenoxyl (I) as acid spin probe
(XH) allows to investigate the kinetic basicity of many alkaloids (Y) in liquid organic. mediums by
EPR-spectroscopy method. For example, the fast acid-base protolytic interaction between I and thebaine in
toluene solution may be presented with the following working scheme [ 1]:

OCH; & OCH;
+ k, |
OH H;CN k| = 0" Hy;CHN' M

AN
OCH;4 \ OCH;

H -

Here k; and k_; are the elementary rate constants of direct and reverse protonation reactions in studied
system.

Temperature, K: a — 310; b — 270; ¢ — 250; d — 230

Figure 1. The dynamic EPR-spectra of toluene solution
of protolytic acid-base system I — tebaine at different temperatures
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The EPR spectra of spin probe I present as triplet of doublet with hyperfine splitting (hfs) constants
equal ag = 0.392 mT for 2 magnetic equivalent benzene ring protons and ay = 0.162 mT for hydroxyl proton
(see fig. 1a). Figure 1c illustrates proton lost process for spin probe I and formed semiquinone anion-radical
has EPR spectra as simple triplet with hfs equal ay = 0.162 mT. The figure 1o shows the alternating
linewidth effect in EPR spectra of acid-base system I — tebaine, connected with kinetic of the fast reversible
proton transfer reaction (1) [2]. This effect described by modified theory of F.Bloch for spin relaxation in
chemical systems and may be used for determination of the rate constants k; and k&, of protolytic reac-
tion (1). On the table 1 physicochemical experimental data for protonation reactions of alkaloids (1), ob-
tained by EPR spectroscopic method are presented.

Table 1

Kinetic and thermodynamic parameters of the fast proton transfer reactions between I and several alkaloids

K, (293 “AH%3,0 | K(293K) | E; 6,0 | k,(293K) | E 3,0

Base Solvent l/fnol ) kJ/mol lfmol'c ) kJ/mol (c’l ) kJ/mol
Triethylamine Toluene 9.7 37.7 7.7-10° 10.5 8.7-107 48.2
Thebaine Toluene 1.8 253 5.4-10° 16.8 3.0-10° 422
Pseudoephedrine Toluene 11.3 8.2 1.8-10° 28.0 1.5-10° 36.2
Triethylamine THF 6.6 28.0 3.6:10° 18.4 55107 46.0
Atropine THF 9.6 33.0 7.5-10° 2.5 3.7-107 85.5
Quinine THF 26.3 26.7 1.7-10° 32.2 6.3-10° 58.9

As is generally known, the intermolecular proton transfer (IPT) reaction in acid-base system with hy-
drogen bonds run in accordance with the scheme:

/\' - + (2)

XH + Y < XH...Y == X...HY
A B C

Here are: B — intermolecular molecular complex with hydrogen bond (MCHB) and C — reactions
product, salt or ion pair — ionic complex with hydrogen bond (ICHB). It should be noticed that presented on
figure 1 EPR spectra show the molecular dynamic A ==C (see schemes 1 and 2) [3].

Comparison of the experimental values of equilibrium constants (K,) and enthalpies (AH) for protolytic
reaction (1) of triethylamine an thebaine, presented in table 1, demonstrate the dependence of these physico-
chemical parameters from ionization constants of investigated bases [4]. Relatively low strength of ionic pare
(ICHB) of 3,6-di-tert.butylsemiquinone anion-radical with thebainium cation bring to loosening this salt by
molecules of solvent tetrahydrofurane (THF). The strong solvation decrease rates of acid-base reaction (1) in
THF medium, but THF — molecules cannot separate the contact ionic pare of semiquinone anion-radical
with triethylammomium cation.

The superposition. of EPR spectra on figure 1d shows that thebaine form 2 types ionic pare with spin
probe I at low temperatures in toluene medium. Simple triplet with hfs constant from 2 magnetic equivalent
protons ajy = 0.335 mT belongs to ionic pare with the fast intramolecular transition of ammonium cation be-
tween oxygen atoms of 3,6-di-tert.butylsemiquinone anion-radical. This EPR spectra is similar to spectra
presented on figure lc. The next low-temperature EPR spectra is doublet of doublet with hfs constants
ap=10.30 and ay = 0.37 mT. The disappearance of the magnetic equivalence of 2 benzenes ring protons of
3,6-di-tert.butylsemiquinone anion-radical indicates on absence of fast tautomerism in this ionic pare with
specific structural geometry.

But our EPR-investigations showed that for formation of salt C base Y have to the appropriate ioniza-
tion potential (IP). For example: the stable paramagnetic H-acid semiquinone radical 3,6-di-tert.butyl-2-
oxyphenoxyl (I) form only MCHB with very strong proton-acceptor as hexametapol. The ionic pair C or
ICHB generates by addition of donors of electron: alkaline metals, amines to I — hexametapol mixture. On
the basis of available data and acid-base theory of M.I.Usanovitch the next alternative scheme of the proton
transfer reaction may be suggested [5-7]:
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¢ B

= +
XH +Y == XH...Y = XF... Y= X...HY 3)

A B B C

In accordance with this scheme (3) the quantum transfer of electron from bases molecule to acid pro-
vokes fast decoupling and transfer of hydrogen atom and formation of ICHB C.

The values of different physicochemical data, obtained by quantum chemical calculations with pro-
grams packet of «Gaussian-2009» are presented in table 2 [8—10].

Table 2
The physicochemical data of several alkaloids
obtained by quantum chemical calculation with UHF 3-21G method

. Tonization Electron Proton

Alkaloids Molecular structure potential, ¢V affinity, V' | affinity, oV

1 3 4 5

Thebaine 5,8430 1,5280 11,0949
Morphine 5,9673 2,4389 11,3813
Heroin 5,8720 1,3767 10,9469
Atropine 5,8614 1,9745 10,9958
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1 2 3 4 5
I
Cocaine 5,9850 0,9391 10,7010
. N
Ephedrine N 6,0997 2,6516 11,1359
HO
CHs
H3C\
Pseudoephe-drine ” 6,0465 2,6368 11,1135
HO
N2
o va 10,9033 (N1)
Nicotine \ 6,0730 2,2490 10,7764 (N2)
N=—
(D
HsC

10,6665 (N1)

AN
D
Tetrahydro-nicotine @\\\“ 5,4015 3,5282 11,3851 (N2)
N
. », \\O 10,7980 (N1)
Anabasine ND) 6,4674 217281 10,6864 (N2)
X
N
)
H (0]
1
Cytisine N 6,3451 14274 | 87136 (N1)
; ; 10,4824 (N2)
H
Lupinin 5,3819 52183 11,2183
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1

11,2935 (N1)

5,9042 0,9696 11,5659 (N2)

Quinine

If the experimental values of ionization potentials for alkaline metals are equal 3=5 eV. and for small
molecules of water 12.6 ¢V, ammonia 10.0 eV, then the calculated values of adiabatic IP for contained in
table 2 big molecules of alkaloids change in range 5—6 eV [4]. It is very interesting that narcotic molecules of
morphine and heroin have appropriate equal values of adiabatic IP as a molecule of thebaine. Analogous ef-
fect be observed for narcotic cocaine and similar molecules of atropine.

References

1 Masalimov A.S., Melbardis L.E., Muldahmetov Z.M. EPR spectroscopic study of the kinetics of protonation of some natural
bases // Proceedings of National Academy of Sciences of Kazakhstan, Chemical Bull. — 1994. — No 6. — P. 19-24.

2 Weil JA., Bolton J.R. Electron Paramagnetic Resonance: Elementary Theory and Applications. — New York: John Wiley &
Sons, 2007.

3 Masalimov A.S., Nikolskiy S.N., Tur A.4. ESR spectroscopyof protolytic reactions of alkaloids // Abstracts of the 16th Sym-
posium on the intermolecular interactions and conformations of molecules. — Ivanovo Russian Federation, 2012. — P. 20.

4 CRC Handbook of Chemistry and Physics, 86" Edition. — New York, 2006. — P. 8-42.

5 Masalimov A.S. The electron transfer in protolytic reactions// Book of abstracts of the 13-th V.A.Fock Meeting on Quantum
and Computational Chemistry. — Astana, 2012. — P. 59.

6 Masalimov A.S., Ergalieva E.M., Tur A.A.; Rakhimov R.R., Prokof’ev A.I. Quantum-chemical study of the mechanism of pro-
tonation of different molecules of 3,6-di-tert.butyl-2-oxyphenoxyl // Karaganda University Bull., Series Chemistry. — 2013. — Ne 3.
—P.34-41.

7 Atkins P., Friedman R. Molecular quantum mechanics. — Oxford University Press, 2005.
8 Usanovich M.I. Research in the theory of solutions and the theory of acids and bases. — Alma-Ata, 1970. — P. 179.

9 Foresman J.B., Frish A. Exploring Chemistry with Electronic Structures Methods: Second Edition. — Gaussian Inc.,
Pittssburg, 1996. — P. 302.

10 Young D.C. Computational Chemistry. — New York: Wiley & Sons, 2001. — P. 398.

A.C.Macanmumos, O.M.EpranueBa, C.H.Hukonbsckuii, E.A.Pansuenko, A.A.Typ

Keii0ip aakanouarapaarsbl NpoTOHAAHY peakuusijiapbiH JIIP-crieKTpocKONUsIIbIK
JKOHE KBAHTTBIKXMMUSIBIK 3epTTEy

Tonyon epitinainepinaeri DIIP-ciekTpockonust d9/iCi apKbUIbl aJIBIHFAH CIHHAIK 30HA 3,6-mu-yur. OyTui-2-
OKCHU(EHOKCUIMEH alKaJIOMATApAbIH MPOTOHJAHY pPEaKIMSIApBIHBIH KHHETHKANBIK JKOHE TEPMOJMHA-
MHKaJIBbIK TOKipuOenik emmemaepi kepceriireH. Keiibip amkamouarap YIUiH HWHOHAAaHY MHOTCHIIMAIBI,
JNIEKTPOHFA JKAKBIH/IBIFBI J)KOHE MPOTOHFA JKaFBIHABIFBI TOPI3Mi op Typili (HU3MKa-XMUMMSUIBIK KacHETTEPiHiH
KBaHTTHIKXUMHSUIBIK MoHAEpi «Gaussian-2009» OarmapiaMachIHIa €CeTTeN .
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A.C.Macaiiumos, O.M.Epranuesa, C.H.Hukonbsckuii, E.A.Pansuenko, A.A.Typ

IIIP-cnieKTpoCcKONM4YecKNue 1 KBAHTOBO-XUMHYECKHE MCCJIeI0OBAHMS
OBICTPBIX NPOTOJIMTHYECKHUX PEAKINH HEKOTOPBIX AJIKAJIOHI0B

IIpencraBieHbl KHHETHYECKUE U TEPMOIMHAMIYECKUE HKCIICPUMEHTAIBHBIE ITApaMETPhI AT PEaKIHil IIpOoTo-
HHUPOBAHUS ANKAIOUAOB CIMHOBBIM 30HIOM 3,6-IU-TpeT-0yTrii-2-0KCH(EHOKCUIIOM, MOTyYeHHBIE METOI0M
OITP-cneKTpOoCcKOMU B PacTBOpE TOJYyosa. [l HEKOTOPBIX aJKaJIOUI0B KBAHTOBOXUMUYECKH PACCUUTAHBI
3Ha4YEHHUS PA3IUYHBIX (PU3NKO-XUMHYECKHUX JAHHbIX, TAKHE KaK IOTEHI[MAl HOHU3ALUH, CPOACTBO K BJIEKTPO-
HY ¥ CPOZACTBO K IPOTOHY, MOJIy4eHHbIE B Tporpamme «Gaussian-2009».

Ceenennst 00 aBTOpax

MacaaumoB Aodaii Cadup:xaHoBHMY — 3aBeyIoni Kadenpoil pusndeckoil 1 aHAAMTUIECKON XUMUHT
JOKTOp XUMHYECKUX Hayk, mpodeccop, KaparaHaquHCKuiA rocy1apcTBEHHBIN YHUBEPCHTET UMEHU aKaIeMH-
ka E.A.bykerosa.

Epranuesa Juasmupa Myp3adaeBHa — MarucTpant Kadeapsl GU3NUECKON U aHATUTHIECKON XUMHUH,
Kaparangunckuil rocynapcTBeHHBIN yHUBEpCUTET NMeHH akaneMuka E.A Bykerosa.

Hukoanckuii Cepreii HukosaeBuu — npodeccop kadenpsr Guzndeckoil H aHATUTHYECKOH XUMHUH
JOKTOp XMMHYECKUX HayK, KaparaHguHCKuUM TIOCyZapCTBEHHBI YHHBEPCHTET MMEHM aKaJeMHKa
E.A.bykeroga.

Panbuenko Exarepuna Ammpre/ibableBHA — MarucTpanT Kadeapbl GU3HUESCKON U aHATUTHYCCKOM
xumuH, KaparanmnHCKuN rocyJapCTBEeHHBI YHUBEPCUTET MMEHH akanemuka E.A.bykerosa.

Typ Anexceii AjlekcaHAPOBHY — JOKTOPaHT Kadenpbl GpU3MUECKON U aHaTMTHYeCcKOi xumuu, Kapa-
TaHJWHCKUHN TOCYJapCTBEHHBIN YHUBEPCUTET UMEHH akajeMuka E.A Bykerosa.
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