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Abstract: Introduction. We have previously obtained new spiropyrazolinium compounds by
arylsulfochlorination of B-aminopropioamidoximes. But it was found that under certain conditions, the
main or by-product of PB-(thiomorpholine-1-yl)propioamidoxime tosylation was 2-amino-8-thia-1,5-
diazaspiro[4.5]dec-1-en-5-ium chloride monohydrate. In the case of other B-aminopropioamidoximes,
only 2-amino-1,5-diazaspiro[4.5]dec-1-en-5-ium arylsulfonates were isolated. The aim of the work is to
perform a theoretical comparison of reactions of tosylation, para- and ortho-nitrobenzenesulfochlorination
of B-aminopropioamidoximes and evaluate the propability of 2-amino-1,5-diazaspiro[4.5]dec-1-en-5-ium
chlorides monohydrates formation. Methodology. The calculations were performed using Gaussian 09
package by DFT/B3LYP/6-31G++(d,p) method. Results and discussion. Thermodynamically preferred
products were identified by comparing the Gibbs free energies of reactions. Chemical stability and
reactivity parameters for 2-amino-8-thia-1,5-diazaspiro[4.5]dec-1-en-5-ium chloride monohydrate,
tosylate, para-nitrophenylsulphonate and ortho-nitrophenylsulphonate were predicted based on calculated
HOMO and LUMO energies. In most cases arylsulfonates are thermodynamically favorable, except when
the initial substrate is PB-(thiomorpholine-1-yl)propioamidoxime. Conclusion. 2-Amino-8-thia-1,5-
diazaspiro[4.5]dec-1-en-5-ium chloride monohydrate is more preferred compared to the corresponding
arylsulphonates.
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1. Introduction

As we previously reported [1-3], tosylation and para-
nitrobenzenesulfonchlorination of p-aminopropionamidoximes 1-4 (p-amino
groups were: piperidin-1-yl-, morpholine-1-yl-, thiomorpholine-1-yl- and 4-
phenylpiperazin-1-yl) leads to the formation of the corresponding 2-amino-1,5-
diazaspiro[4.5]dec-1-en-5-ium arylsulfonates, and in the case of f-
(benzimidazole-1-yl)propioamidoxime products are O-arylsulfo derivatives.

When optimizing the conditions for B-aminopropioamidoximes
arylsulfochlorination, it was found that under certain conditions (when heating the
reaction mixture in chloroform in the presence of N,N-diisopropylethylamine
DIPEA), the main or by-product of B-(thiomorpholine-1-yl)propioamidoxime
tosylation was 2-amino-8-thia-1,5-diazaspiro[4.5]dec-1-en-5-ium  chloride
monohydrate 19. The experiment did not provide for carrying out f-
aminopropioamidoximes arylsulfochlorination reactions in an inert medium. The
high  hygroscopicity of 2-amino-8-thia-1,5-diazaspiro[4.5]dec-1-en-5-ium
chloride determines its existence as a monohydrate.

In the case of other p-aminopropioamidoximes (1, 2 and 4)
arylsulfochlorination, only 2-amino-1,5-diazaspiro[4.5]dec-1-en-5-ium
arylsulfonates were isolated. Conditions of 2-amino-8-thia-1,5-
diazaspiro[4.5]dec-1-en-5-ium chloride monohydrate obtaining, its physical and
chemical characteristics, NMR H and *C spectra and X-ray diffraction data were
given in [4].

This paper presents the results of a theoretical comparative study of reactions
and propability of 2-amino-1,5-diazaspiro[4.5]dec-1-en-5-ium  chlorides
monohydrates 17—20 formation in the reactions of tosylation, para- and ortho-
nitrobenzenesulfochlorination of B-aminopropioamidoximes 1-4.
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Scheme 1 — The reactions of tosylation, para- and ortho-nitrobenzenesulfochlorination
of B-aminopropioamidoximes.

Complete optimization of the molecular geometry and calculations of
thermodynamic parameters were performed using Gaussian-09 software [5]. The
reliability of DFT/B3LYP method in the calculations of thermodynamic
parameters and HOMO-LUMO energies related to the heterocyclic compounds
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has been confirmed by previous studies [6—8]. The applied basis 6-31G++(d,p)
shows sufficient accuracy in calculating the thermodynamic parameters of organic
reactions [9]. Vibrational frequency analysis confirms that the ground states were
found (no imaginary frequency). lonization potential (IP), electrophilic index (w),
electronegativity (), chemical softness (¢) and hardness (n) were calculated
using HOMO and LUMO energies as reported in literature [10-12].

Solvation effects were accounted for by using the polarizable continuum
model (IEFPCM) for chloroform. Thermodynamic functions were determined for
standard conditions (1 atm. and 298.15 K).

2. Results and discussion

Thermodynamically preferred products were identified by comparing the
Gibbs free energies of the corresponding chemical reactions calculated by the
Hess equation as the difference between the free energies of the formation of
reaction products and reagents. The calculation results are shown in Table 1.

Table 1 — AG values of products 5-16 and 17-20 formation reactions

AGci-AGs, kd/mol
Product AGs*, kJ/mol Product AGci**, ki/mol
tosylation
5 -144.29 17 14214 215
6 -129.96 18 130.79 -0.83
7 -117.26 19 125.36 8.1
8 -119.99 20 129.47 -9.48
para-nitrobenzenesulfochlorination
9 -163.57 17 15156 12.01
10 -160.02 18 14021 19.81
11 -139.70 19 145,88 6.18
12 -147.61 20 -138.89 8.72
ortho-nitrobenzenesulfochlorination
13 -206.59 17 162,66 43.93
14 -157.56 18 15131 6.25
15 -142.80 19 145,88 -3.08
16 -154.66 20 -149.99 467
AGs* — the free energy of formation reactions sulfonates (5-16)
AGci** — free energy for the formation of the monohydrates of chlorides (17-20)

Calculations show that in most examples aryl sulfonates are
thermodynamically favorable, except cases when the initial substrate is f-
(thiomorpholine-1-yl)propioamidoxime 3. 2-Amino-8-thia-1,5-
diazaspiro[4.5]dec-1-en-5-ium chloride monohydrate 19, based on comparing the
values of AG reactions, is more advantageous compared to 2-amino-8-thia-1,5-
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diazaspiro[4.5]dec-1-en-5-ium tosylate, para-nitrophenylsulphonate and ortho-
nitrophenylsulphonate (7, 11 and 15, respectively).

Thermodynamic calculations of the reactions of formation of product 18
compared to 6, and product 20 compared to 8 are exceptions. For the first one,
the advantage in free energy is rather insignificant (-0.83 kJ/mol), and for the
second one, a difference of -9.48 kJ/mol is observed. However, under the
conditions described in [1-3], the formation of chloride monohydrate salts was
observed only for the 2-amino-8-thia-1,5-diazaspiro[4.5]dec-1-en-5-ium cation
19.

The formation of monohydrate chloride 17 should be considered the least
likely, since the energetic advantage of the formation of ortho-
nitrophenylsulfonate in B-(piperidine-1-yl)propioamidoxime ortho-
nitrobenzenesulfochlorination reaction is the largest among the obtained free
energy differences in -aminopropioamidoximes arylsulfochlorination reactions.

For obtained 2-amino-8-thia-1,5-diazaspiro[4.5]dec-1-en-5-ium chloride
monohydrate 19 the molecular orbitals were simulated and frontier molecular
orbitals (FMO) analysis was performed in comparison with tosylate, para-
nitrophenylsulphonate and ortho-nitrophenylsulphonate of 2-amino-8-thia-1,5-
diazaspiro[4.5]dec-1-en-5-ium (7, 11 and 15, respectively).

FMO analysis is very important to predict chemical stability and reactivity
parameters based on HOMO (highest occupied molecular orbital) and LUMO
(lowest unoccupied molecular orbital) energies. The HOMO energy in absolute
value corresponds to the ionization of the orbitals and determines the electron-
donor properties and, accordingly, the ability to interact with electrophilic
reagents. The LUMO energy determines the electron affinity, i.e. electron
accepting properties, their ability to interact with nucleophilic reagents. The
reactivity parameters of products 7, 11, 15 and 19 reflecting their chemical
properties are estimated. Results are presented in Table 2.

Table 2 — Reactivity parameters of products 7, 11, 15 and 19

Reactivity parameters 7 11 15 19
HOMO energy (eV) -6.60 -6.74 -6.72 -6.47
LUMO energy (eV) -0.62 -3.02 -2.57 -0.61
Energy gap AE(LUMO-HOMO) (eV) 5.98 3.72 4.15 5.86
lonization potential IP = —E(HOMO)(eV) 6.60 6.74 6.72 6.47
Electron affinity EA = —E(LUMO) (eV) 0.62 3.02 2.57 0.61
Electronegativity y (eV) = (I + A)/2 (eV) 3.61 4.88 4.65 3.54
Hardnessn = (IP — EA)/2 (eV) 2.99 1.86 2.08 2.93
Chemical potential g = — y (eV) -3.61 -4.88 -4.65 -3.54
Electrophilicity w = u?/2 n (eV) 2.18 6.40 5.20 2.14
Softness ¢ = 1/ 1 (eV) 0.33 0.54 0.48 0.34
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Figure 1 shows 3D plots of HOMO and LUMO. GaussView 05 program [13] was used to visualize
molecular orbitals.
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Figure 1 — Frontier molecular orbitals of products 7, 11, 15 and 19.
Isovalue = 0.02.

A molecule with a high energy difference between HOMO and LUMO
orbitals (energy gap) has low chemical reactivity and high kinetic stability [14].
Molecules with a high and low energy gap are called hard and soft molecules,
respectively. Hard molecules are less polarizable than the soft ones and require
more energy for excitation. Thus, it is clear from Table 2 that compounds 7 and
19 are less soft while 11 and 15 with relatively low energy gap are characterized
by easy polarizability and high reactivity. Compound 11 having greater value of
chemical potential (-4.88 eV) is the most reactive, while chloride monohydrate 19
is the least reactive (-3.54 eV) of all. A highest electron affinity value is found to
be 3.02 in 11. The least value of electron affinity is 0.61 observed in 19. The NO;
group in compounds 11 and 15 is a very strong electrophile; these compounds
exhibit higher electrophilicity then 7 and 19. The results of calculations show that
the E(LUMO) orbitals of all the calculated structures are negative, which indicate
that studied molecules are nucleophiles.
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3. Experimental part

Methods  for  obtaining  2-amino-1,5-diazaspiro[4.5]dec-1-en-5-ium
arylsulfonates, characteristics and identification were published in [1-3].
Conditions  of  2-amino-8-thia-1,5-diazaspiro[4.5]dec-1-en-5-ium  chloride
monohydrate obtaining, its physical and chemical characteristics, NMR 'H and
13C spectra and X-ray diffraction data were given in [4].

The calculations were performed using Gaussian 09 package. The molecular
structure of compounds was fully optimized using Density Functional Theory at
the B3LYP levels with 6-31G++(d,p) basis set. The absence of imaginary
(negative) frequencies in the calculation results indicates that a local minimum
was found.

4. Conclusion

Calculations show that in most examples arylsulfonates are
thermodynamically favorable, except when the initial substrate is p-
(thiomorpholine-1-yl)propioamidoxime (3). 2-Amino-1,5-diazaspiro[4.5]dec-1-
en-5-ium chloride monohydrate (19), based on comparing the values of AG
reactions, is more advantageous compared to 2-amino-8-thia-1,5-
diazaspiro[4.5]dec-1-en-5-ium tosylate, para-nitrophenylsulphonate and ortho-
nitrophenylsulphonate (7, 11 and 15, respectively). Thermodynamic calculations
of the reactions of formation of product 18 compared to 6, and product 20
compared to 8 are exceptions. The formation of monohydrate chloride 17 should
be considered the least likely. The possibility of the formation of chloride
monohydrates from arylsulfonates and hydrochlorides of DIPEA was also
evaluated.

For 2-amino-8-thia-1,5-diazaspiro[4.5]dec-1-en-5-ium  tosylate, para-
nitrophenylsulphonate, ortho-nitrophenylsulphonate and chloride monohydrate
the molecular orbitals were simulated and FMO comparative analysis was
performed. The results of calculations show that all the E(HOMO) and E(LUMO)
orbitals are negative, which indicate that studied molecules are stable.
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Tyiiinaeme. Kipicne. BypblH [-aMHHONPONHOAMUIOKCHMACPAI apuiICyNb(OXIIOpiay apKbuibl 0i3 jkaHa
CIIUPONHUPA30IUH KOCBUIBICTAPBIH aNublK. bipak Oenrimi Oip xarmaitmapma  f-(tmomopgomms-1-
WJT)ITPONHOaMHUIOKCUMHIH TO3WIJICHYIHIH HEri3ri HeMmece JkaHaMa oHiMi 2-amuHO-8-THO-1,5-
nuazacnupo[4,5]nen-1-eH-5-aMmmMonuss  GonaThlHbl aHBIKTANABL. backa [B-aMHHOIPONHOAMHIOKCUMICD
yurH Texk 2-ammHo-1,5-mmasacmmpo[4,5]nen-1-eH-5-aMMoOHHS  apuicynb(OHATTaphl FaHA  OeINiHiI
anelHFaH. byn orcymvicmeiy makcameol f-aMUHOIIPONMOAMUIOKCUMICPIH TO3WIACHYI, napa- XoHe opmo-
HUTPOOCH30JICYIb(QOXIOPIaHy  PEaKLUsUIapblH  TEOPHSJIBIK  CajJbICTBIPY  JKOHE  2-aMuHO-1,5-
nuazacnupo[4,5]neu-1-eH-5-aMMoOHII XJIOpU/II MOHOTHAPATTAPBIHBIH TY31ly MYMKIHITiH Oaranay OoJbim
Tabbutaabl. Odicmemeci. Bapibik ecenreynep Gaussian 09 Garmapiaamacsin DFT/B3LYP/6-31G++(d,p)
KOJIIaHA OTBIPBIN KYPri3ingi. Hamuowcenep men mankwiiay. TepMOOUHAMHKAJBIK KOJAWIbI ©HIMIED
ONapAbIH TY3ly peakuusuiapeiHblH [MOOCTIH 00C 3HEprusIapblH CalBICTBIPY apKbUIbl aHBIKTAJJIbI.
Ecenrenren JKOMO xone TBMO sHeprusuiapblHa cyiieHe OTBIpbIN, 013  2-aMuHO-8-THO-1,5-

nuaszactupo[4,5]nen-1-eH-5-aMMOHHIIIH XJIOpUA MOHOTHUJPATHI, TO3UJIATBIHBI, napa-
HUTPOEHUICYNB(GOHAT NIEH 0pmo-HUTPOGEHIICYIbGOHATTIH XUMUSIIBIK TYPAKTBUIBIFEl MEH PEaKIHsL
KaOinerTinik napamerpiepin 00JDKaIBIK. Bacranke! cyocrpar B-(tnomopdonuu-1-mm)

MPOITMOAMHIOKCUM/II  KOCIIaFaH/a, KONTEreH JKaraailiapia apuicyib(OHATTap TEPMOAHHAMUKAIIBIK
TYpFBIIAH  KONMainmeipak.  KopwimuinOvl.  2-amMuHO-8-THO-1,5-1na3acnupo[4.5]aen-1-eH-5-ammonuit
XJIOPUIHIH MOHOTHIPATHI TUICTI apriICyIb(pOHATTAPFa KaparaH1a THIMAIPEK.

Tyiiinai ce3mep: B-amuHOMponUoaMHUIOKCUMIEP, apuicynbdpoxiaopiaay, TOT omici, ZKOMO —-TEMO
Tangaysl, Gaussian 09
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CBOBO/JIHBIE JHEPIMU  OBPA3OBAHMA XJIOPHUJOB MOHOI'MJIPATOB H
APWICYJb®OHATOB 2-AMWHO-1,5-THA3ACIIUPO[4,5]JELI-1-EH-5-AMMOHUS TIPHU
APRJICYJb®OXJIOPUPOBAHUMU B-AMHUHONPOIIMOAMMIOKCUMOB
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Pe3tome. Bgeodenue. Panee npu apuicyibhOXIOpHPOBAHUN [3-aMHHOIPONHMOAMUIOKCHMOB HaMH ObLIN
TOJTyYECHBI HOBBIC CIIHPOMHUPA30IHHIEBEIC coequHeHnss. Ho OBLIO yCTaHOBJICHO, YTO HPH ONMpPEICICHHBIX
YCIOBUSIX ~ OCHOBHBIM WM  INOOOYHBIM  IPOAYKTOM  TO3WIMpoBaHHs  [B-(TmomopdoiuH-1-
WI)ITPONUOAMUJIOKCHMA SIBIIIETCSI MOHOTHIPAT XJIOpHaa 2-aMuHO-8-TH0-1,5-11a3acnupol4,5]nen-1-en-5-
amMMOHUs. 1 ApYrux [B-aMHHONPOIMOAMHIOKCUMOB OBUIM BBIICNICHBI TOJNBKO apHICYIbGOHATH 2-
amuHO-1,5-1mazacriupo[4,5]nen-1-en-5-ammonus. Ljenv Hacmosiwyell pabomsi TPOBECTH TEOPETUUECKOE
CpaBHEHHE peakIMil TO3WINPOBAHUS, napd- W  Opmo-HATPOOSH30JICYIb(OXIOpUpPOBaHUS  [3-
aMHMHONPONHNOAMUIOKCHMOB M OLICHUTh BO3MOXKHOCTH 0Opa30BaHUsI MOHOTHPATOB XJIOPHIOB 2-aMHUHO-
1,5-nuazacrimpo[4,5]nen-1-en-5-ammonnst. Memooonoeusi. PacdeTsl BBIIONHEHBI C HCIIOIB30BAHHEM
makera Gaussian 09 wmeromom DFT/B3LYP/6-31G++(d,p). Pesymemamsl  u  obcyscoenue.
TepMoaMHAMUYECKH MPEANOYTHTENbHBIC MPOMXYKTHl HACHTU(GUINPOBANH IIyTeM CPAaBHEHHUS CBOOOIHBIX
sHepruil 'n66ca peakuuit ux obpasosanus. Ha ocHoBe paccumranusix 3nepruit B3SMO nu HCMO 6bu10
BBINOJIHEHO HPOTHO3UPOBAHUE IMAPAMETPOB XUMHYECKOW CTAOWJIBHOCTH M PEAKLMOHHOW CIIOCOOHOCTH
JUIS MOHOTHJIpaTa XJIOpWAa, TO3WiaTa, napa-HUTpoheHmwICyabhoHaTa U opmo-HUTPOPEeHMWICYNb(pOoHATA
2-amnHO-8-THO-1,5-nazacnupo[4,5] neu-1-eH-5-ammonns. B OonbIIMHCTBE ciydaeB apuiCyiib(OHATHI
TEPMOIMHAMUYECKU 0oJiee BBITOIHBI, 32 HCKIIOUEHUEM CIIy4aeB, KOrJa HCXOHBIM CyOCTPaTOM SIBIISIETCS
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B-(Truomopdonun-1-un)nponnoamuaokcum. 3akmouenue. MoHoruapar xjaopuaa 2-amuHO-8-THO-1,5-
nuaszacnupo[4.5]neu-1-eH-5-aMmoHus  OoJiee MPEANOYTHTENICH MO CPABHEHHIO C COOTBETCTBYHOIUMHU
apuicyab(oHaTamu.

KioueBble c10Ba: [-aMHUHOMPONHOAMHUIOKCHMBI, apwiCyibhoxinopuposanne, meron TOII, anamms
B3MO-HCMO, Gaussian 09
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