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Surface characterization of thiazolidinone derivatives by inverse gas chromatography
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Inverse gas chromatography at infinite dilution was used for the first time to determine the adsorption properties and
acid-base contributions to the surface energy of thiazoldin-4-ones bearing heteroaryl substituents. 3-(6-Methyl-2-
pyridyl)-2-(2-thienyl)-1,3-thiazolidin-4-one (MPTT) and 3-(6-Methyl-2-pyridyl)-2-(3-methyl-2-thienyl)-1,3-thiazolidin-
4-one (MPMTT) were freshly synthesized via one-pot three component condensation reaction. The retentions of
nonpolar solvents such as n-hexane, n-heptane, n-octane, n-nonane, n-decane and other acidic, basic and amphoteric
probes such as tetrahydrofurane, dichloromethane, chloroform, acetone and ethyl acetate used without further
purification on MPTT and MPMTT were measured in the temperature ranges from 303 to 333 K by inverse gas

chromatography (IGC). The dispersive component of the surface energy , 7/SD of studied adsorbent surface was
estimated using retention times of different nonpolar organics in the infinite dilution region. Dispersive components of
the surface energies, ]/SD according to Fowkes and Dorris-Gray approaches and the acid, K , and base, KD constants
for the 3-(6-Methyl-2-pyridyl)-2-(2-thienyl)-1,3-thiazolidin-4-one and 3-(6-Methyl-2-pyridyl)-2-(3-methyl-2-thienyl)-
1,3-thiazolidin-4-one were calculated.

Keywords: Inverse gas chromatography; Thiazolidinone derivatives; Surface and adsorption properties; Surface free

energies; Lewis acid-base constants.

INTRODUCTION

Thiazolidinone  derivatives have growing
interest because of their broad spectrum of
activities such as antimicrobial [1], anti-HIV [2],
cancer treatment agent [3], essence in cosmetics
[4], electron releasing layer in solar cell [5], non
linear optical property [6] and so on. Recently
reported Quantitative Structure-Activity
Relationship (QSAR) [7] and docking studies [8,9]
were aimed to understand the pharmacological
observations of various thiazolidinones. Docking
analysis is good tool to elucidate the potential
bindings sites of compounds to the active center of
targeted enzyme. Even syntheses and biological
activities of thiazolidinones are intensely studied,
physical properties of them are known little.
Surface characterization and acid-base
characteristics of thiazolidinione derivatives will
contribute to understanding the binding mechanism.

For this reason, in the present study, the surface
free energy and acid-base characteristics of
compoundS, MPTT and MPMTT were investigated
through measurements of net retention volumes of
several probe molecules and by use of adsorption
on principle in inverse gas chromatography, 1GC.
The IGC being simple, rapid, low cost, with good
accuracy, and available equipment provides
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valuable thermodynamic information for the
physico-chemical and surface characterization of
organic materials such as Schiff bases [10,11],
liquid crystal [12].

In this work, the possibility of surface
characterization by IGC is illustrated with a study
of the sorption properties of MPTT and MPMTT.
The stationary phase in IGC was prepared
thiazolidinione derivatives covered on chromosorb.

EXPERIMENTAL
Probes and Instrumentation

The used solvents were high purity grade
nonpolar solvents such as n-hexane (Hx), n-heptane
(Hp), n-octane (O), n-nonane (N), n-Decane (D)
and polar solvents such as dichloromethane (DCM,
acidic), chloroform (TCM, acidic), acetone (Ac,
amphoteric), ethyl acetate (EA, amphoteric) and
tetrahydrofurane (THF, basic). The all studied
solvents and support materials being Chromosorb-
W(AW-DMCS-treated, 80/100 mesh)  were
supplied from Merck AG. Inc. Silane treated glass
wool used to plug the ends of the column was
obtained from Alltech Associates, Inc.,

The sorption properties of the MPTT and
MPMTT were determined using a Hewlett-Packard
6890 Series Il gas chromatograph, with a thermal
conductivity detector (TCD). High purity helium
was used as the carrier gas (flow rate in the range
25-28 cm® min?). A stainless steel columns (0.5 m
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Fig. 1. Chemical Structure of 3-(6-Methyl-2-pyridyl)-2-(2-thienyl)-1,3-thiazolidin-4-one (MPTT) (1) and 3-(6-
Methyl-2-pyridyl)-2-(3-methyl-2-thienyl)-1,3-thiazolidin-4-one (MPMTT) (2)

long, 3.2 mm o.d.) were packed with MPTT and
MPMTT covered on chromosorb. After packing,
the columns were conditioned overnight at 373 K.
Retentions of non polar and polar solvents on
MPTT and MPMTT were measured in the
temperature range 303-333 K.

Synthesis of 3-(6-Methyl-2-pyridyl)-2-(2-
thienyl)-1,3-thiazolidin-4-one (MPTT) and 3-(6-
Methyl-2-pyridyl)-2-(3-methyl-2-thienyl)-1,3-
thiazolidin-4-one (MPMTT)

3-(6-Methyl-2-pyridyl)-2-(2-thienyl)-1,3-thia-
zolidin-4-one (MPTT) and 3-(6-Methyl-2-pyridyl)-
2-(3-methyl-2-thienyl)-1,3-thiazolidin-4-one
(MPMTT) were prepared according to already
known procedure with slight modifications and
spectroscopic data are in full agreement with
literature [13]. (Figure 1)

INVERSE GAS CHROMATOGRAPHY

The sample under investigation is the
stationary phase in inverse gas chromatography
while a known substance in the mobile phase
acts as a probe molecule. IGC is given
information  about  various  adsorption
properties, including surface energy, free
energy of adsorption and acid-base
characteristics. Surface energy is used to
describe the energetic situation of a solid
surface, being therefore directly related to the
adhesion characteristics of a particular
material.

In this study, Dorris-Gray and Fowkes
methods were applied to determine dispersion

component of the surface free energy, y& of

MPTT and MPMTT.

According to Dorris and  Gray,
corresponding to the adsorption energy of a
methylene group, AG,cy,; is given by
following equation [14]:
VN,n

AG pc,; =—RT In( ) 1)
N,n+1

where V, . and V,,, are the retention

volumes of two n-alkanes having n and n+1
carbon atoms in their chain and the adsorbate
net retention volumes,V,, were calculated from

the expression:

VN =Q*‘J*(tR _tA)*T/(Tf) (2)
where t; is the adsorbate retention time, t, is
the retention time of air, Q is volumetric flow
rate measured at column outlet and at ambient
temperature T, (K), T is the column

temperature (K) and J is James-Martin gas
compressibility correction factor [15]. The
interactions experienced between an adsorbate
and an adsorbent can consist of two
components-specific and dispersion forces
[16]. Dispersion forces, also known as London
forces, are present between all molecules,
regardless of their identity. Specific forces
generally rely on some compatibility between
the structures of the interacting molecules,
either physically or electronically.
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The adsorption energy for the n-alkanes
increases with the number of carbon atoms in
the chain.This parameter is independent of the
chosen state of the adsorbed molecule. Thus at
constant temperature, for a series of alkane
probes, a plot RT InV versus the number of
carbon atoms should give a straight line from
which AG i, can be found.

The methylene adsorption energy can also
be defined as [14]

AG pcr,; = 2N a81ch 14/ 75[)7|_[CH2] (3)

where N, is Avagadro’s number, ., ; is the
surface area covered by one methylene group
(0.06 nm?) and y,[CH,] is the surface free
energy of a surface consisting of methylene
groups, i.e. polyethylene, given by
7. [CH,]=35.6+0.058(293-T) 4)
Thus using  Egs.(1)-(4) and the
experimentally determined values of V,  and
V\ i1 the dispersion component of the surface

free energy, y& may be calculated according to

Dorris-Gray approach.

The retention time of a series of
homologous n-alkanes is used to determine the
dispersive surface energy of the MPTT and
MPMTT from following equation: [17]

AGZ =RTIn(V,) =2N,(79)"*a(:")** + K" (5)
where AG; is the dispersive free energy of
adsorption, ¢ is the dispersive componenets
of the surface tension of the adsorbent such as

MPTT and MPMTT, »” is the dispersive

componenets of the surface tension of the
adsorbate such as non-polar and polar solvents.

AG; is the dispersive free energy of adsorption
is calculated from following equation:

VN n
=) (6)

N, ref

whereV, , and V  are the retention volume
for the polar probe and the retention volume for
the n-alkanes’ reference line, respectively.

AH is the adsorption enthalpy by Lewis acid-
base interactions, AS; is the adsorption
entropy Lewis acid-base interactions and for
each polar probe, AH, and AS; can be
determined from belove equation;

AG; =AH; —-TAS; 7)

The surface Lewis acidity and basicity
constants, K, and K, , may be calculated
from the equation, [18-20]

~AH; =K,DN + K, AN" (8)
The constants K, and K, describe the
acidity and basicity of MPTT and MPMTT
surfaces, respectively.
K, and K, are obtained from a plot of
—AH; /AN" versus DN/AN" with K, as
the slope and K, as the intercept. Parameters
K, and K reflect the ability of the examined

surface to act as an electron acceptor and
electron donor, respectively [21,22].

Values of a(y”)*® and boiling point,
T,(°C) of apolar solvents are found in the
literature [21,22]. The values of a(y)*° used
in this study are presented in Table 1. Values of
a, ("), boiling point, T, (°C) , the
modified
AN and donor number, DN of the polar

probes used in this study are presented in Table
2 [23,24].

—AG; =RT In(

Gutmann’s acceptor  number,

Table 1. Values of a(y/LD )O'5 for the selected n-alkane solvents

Probe  a(x107°m?®) y’(MI/m*) a(y)**(m*(mJ/m*)*) T,(°C)
n-Hexane 51.0 18.4 2.19x1018 68.7
n-Heptane 57.0 20.3 2.57x107'8 98.4
n-Octane 62.8 21.3 2.90x1018 125.7
n-Nonane 69.0 22.7 3.28x1018 150.8
n-Decane 75.0 23.4 3.63x1018 174.1
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Table 2. Values of a(;/,d )°°, DN and AN for the selected polar solvents

Probe a(x10°m?) »'(MI/m?) a(y/)**(Mm*(mI /m?)**) AN"(kJ/mol) DN(kJ/mol) T, (°C)

THF 45.0 22.5 2.13x1018 2.1 84.0 66.0
Ac 42.5 16.5 1.73x101 10.5 71.4 56.0
DCM 31.5 27.6 1.65x1018 16.4 0.0 40.0
TCM 44.0 25.9 2.24x1018 22.7 0.0 61.2
EA 48.0 19.6 2.13x1018 6.3 71.8 77.1
RESULTS AND DISCUSSION According to Dorris-Gray approaches, Eq.(1),
AG is independent of the chosen reference

The net retention volumes, V,, of the nonpolar

and polar solvents on MPTT and MPMTT
compounds were obtained from IGC measurements
between 303 and 333 K at infinite dilution region
using Eqg.(2) and retention diagrams of nonpolar
and polar solvents were given in Fig.1a and Fig.1b,
respectively for MPTT as an example.

= Hx o Hp 0 o N =D

4

3 .
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]
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Fig. 1(a). The retention diagram of non-polar
solvents adsorbed onto MPTT
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1
*
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Fig. 1(b). The retention diagram of polar solvents
adsorbed onto MPTT

A[CH,]
state of adsorbed molecule. The RT InV,, versus

carbon number of non-polar solvents were plotted
in Fig.(2) for MPTT and Fig.(3) for MPMTT.
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Fig. 2. The plot of RT InV, versus carbon
number of non-polar solvents for MPTT

12 ¢303K ©313K A323K A333K

'6 T T
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carbon number

Fig. 3. The plot of versus carbon number of non-
polar solvents for MPMTT
The slope of the fitted line is equal to

. The variation of y¢ and y, [CH,] with

AGA[CHZ]
temperature were calculated from Eq.(3) and (4),
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respectively. The results of AG,q,, ;. 7. [CH,]

and y¢ of MPTT and MPMTT were given in Table
3 and Table 4, respectively .

Table 3 The adsorption energy of a methylene

group, AG AlCH,] " the surface free energy of a surface

consisting of methylene groups, ¥, [CH,] and

. - D
dispersion component of surface free energy, y¢ values

calculated by Doris-Gray approach for MPTT
determined at studied temperatures
T(K) 7.[CH,] AGA[CHZ] 75D
(mJ/m?) (108 mJ/mol) (mI/m?)
303 35.02 2.68 39.45
313 34.44 2.68 39.96
323 33.86 2.49 35.17
333 33.28 2.41 33.33

Table 4 The adsorption energy of a methylene
group, 7, [CH,] the surface free energy of a surface

consisting of methylene groups, AG and

A[CHZ]
dispersion component of surface free energy, }/SD values

calculated by Doris-Gray approach for MPMTT
determined at studied temperatures

T(K) 7L [CH 2] AGA[CHz] 7/5
(mJ/m?) (108 mJ/mol) (mJ/m2)
303 35.02 2.22 27.02
313 34.44 2.21 27.32
323 33.86 2.19 27.12
333 33.28 2.18 27.54

Table 3 and 4 report that the variation of y¢ as
a function of temperature was limited and the
y¢ values of MPTT and MPMTT do not change

significantly between 303 and 333 K. In
comparison, methyl group was decreased the
surface energy of thiazolidinone derivative. The
methyl group reduced the dispersive surface energy
due to the interaction with lower energetic sites in
the surface.

The Fowkes equation (Eg. 5, referred to as
Schultz and Lavielle approach by some authors)
[17] was wused to determine the dispersive

component of the surface free energy, ySD over a
range of studied temperatures and calculated values
of RTInV, were plotted against a(y”)*° . An

example of the pattern of results obtained was
given in Fig. 4 (MPTT) and Fig.5 (MPMTT) for the
isotherm at 303 K.
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Fig. 4. A plot of RT InV,, vs. a(y_)*° for non-
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polar and polar probes on MPMTT at 303 K

The linearity was obtained by the non-polar
solvents at the studied temperature ranges. The

slope (2NJ;/SD ) of the linear fit, obtained for each
n-alkane plot, gives the dispersive component of
the surface free energy, ySD at that temperature.

The values of ;/SD at studied temperature ranges

were given in Table 5 for MPTT and Table 6 for
MPMTT.
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Table 5 ]/SD values calculated by Fowkes approach
and slope at studied temperatures for MPTT

D
T(K) Slope (x10%) 7s
(mJ/m?)
303 7.5334 30.15
313 7.5195 39.00
323 6.9938 33.74
333 6.7422 31.36

Table 6. ysD values  calculated by Fowkes
approach and slope at studied temperatures for MPMTT

D
T(K) Slope (x10%) Vs
(mJ/m?)
303 6.2370 26.83
313 6.2186 26.68
323 6.1402 26.01
333 6.1348 25.96

The values of y¢ of MPTT and MPMTT

calculated according to Dorris-Gray and Fowkes
approaches are very close each other at the studied
temperature ranges. There is no data in the
literature to compare these values. Methyl group is

decreased the y2 of MPMTT according to MPTT
values.

The specific component of the surface free
energy, AG, , is calculated using the difference

between the calculated value of RT InV,, and that
which was derived using the equation of the linear

fit of the n-alkane reference line (Eq.6).
The wvariation of free energy of specific

interactions, AG, between MPTT and MPMTT
and polar solvents for studied temperatures is given
Table 7 and Table 8, respectively.

Table 7. The variation of free energy of specific
interactions, —AGi (kJ/mol) between MPTT and polar
solvents for studied temperatures

T(K) THF Ac DCM TCM EA
303 49 5.1 6.1 4.7 4.5
313 52 5.3 6.5 5.0 4.8
323 52 5.1 6.2 5.1 4.5
333 5.1 4.9 6.1 5.2 4.4

Table 8. The variation of free energy of specific
interactions, —AGi (kJ/mol) between MPMTT and
polar solvents for studied temperatures

T(K) THF Ac DCM TCM EA
303 9.1 9.5 10.0 95 7.9
313 95 9.2 9.7 9.3 7.9

323 9.2 8.9 9.4 9.2 7.6
333 89 8.6 9.3 8.9 7.1

The —AG; values of MPMTT were higher
than MPTT values. Temperature increasing did not
affect significantly the —AGf\ values of MPTT and

MPMTT. AH; and AS; can be determined from
aplot of —AG; /T against 1/T . (Eq.7)

The values of K, and K, were calculated
using Eq.(8). The plotting —AH} / AN™ versus
DN/AN" with K, as the slope and K as the
intercept. (Fig.6 for MPTT and Fig.7 for MPMTT).

1.9
ATHF
MPTT
1.4
EA
> A
< |
7 0.9 Ac
T
Q
0.4 4/PCM
-AH,S/AN* = 0.0363(DN/AN*) + 0.351
o1 Ltcm
-0.1 19.9 39.9 59.9
DN/AN*
Fig. 6. The plot of —AH, /AN versus
DN/ AN for MPTT
8.9
MPMTT
= |
2 5.9
“<
T
Q
2.9 - EA
Ac

Fig. 7. The plot of —AH,/AN" versus

DN / AN for MPMTT
The values of K, and K, are found to be
0.04 and 0.4 for MPTT and the values of K, and
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K, are found to be 0.2 and 0.7 for MPMTT. If the

ratio of K, to K, is greater than 1, solid surface

is basic nature and below 1, it implies that the solid
surface is acidic nature [25]. According to the

K% ratios of MPTT and MPMTT, MPTT
A

surface has more basic nature than MPMTT
surface. It can be said that methyl group is
decreased the basic nature of thiazolidinone
derivatives.

CONCLUSION

Adsorption properties, surface and Lewis acid-
base characteristics of MPTT and MPMTT have
been examined by means of inverse gas
chromatography at infinite dilution, in the
temperature range from 303 to 333 K. The

}/S"D values of MPTT change ranges from 39.5 to

33.3 mJ/m? and (Dorris-Gray approach) from 39.2
to 31.4 mJ/m? (Fowkes approach) with decreasing

temperature while the y¢ values of MPMTT

change ranges from 27.0 to 27.5 mJ/m? and (Dorris-
Gray approach) from 26.8 to 26.0 mJ/m? (Fowkes
approach) with decreasing temperature. The values

of K, and K, parameters indicated that MPTT

and MPMTT surfaces are basic nature. IGC is a
convenient method for the characterization of the
surface and adsorption properties and the acid-base
characteristics of thiazolidinone derivatives.

Acknowledgements: This research has been
supported by Yildiz Technical University Scientific
Research Projects Coordination Department.

REFERENCES

1.P. Vicini, A. Geronikaki, K. Anastasia, M. Incerti, F.
Zani, Bioorganic & Medicinal Chemistry, 14, 3859
(2006).

2.V. Murugesan, S.V. Tiwari, R. Saxena, R. Tripathi, R.
Paranjape, S. Kulkarni, N. Makwana, R.
Suryawanashi, S.B. Katti, Bioorganic & Medicinal
Chemistry, 19, 6919 (2011).

3.V. Gududuru, E. Hurh, J.T. Dalton, D.D. Miller,
Journal of Medicinal Chemistry, 48, 2584 (2005).

748

4.A. Pawelczyk, L. Zaprutko, European Journal of
Medicinal Chemistry, 41, 586 (2006).

5.K. Takahashi, N. Kuraya, T. Yamaguchi, T. Komura,
K. Murata, Solar Energy Materials & Solar Cells,
61, 403 (2000).

6.V. Smokal , B. Derkowska, O. Krupka, O. Kolendo, B.
Sahraoui, Optical Materials, 31, 554 (2009).

7.R.F. George, European Journal of Medicinal
Chemistry, doi:10.1016/j.ejmech.2011.11.006,
(2011).

8.P. Eleftheriou, et al., European Journal of Medicinal
Chemistry, doi:10.1016/j.ejmech.2011.10.029 (2011).

9.R. Ottana, et al., European Journal of Medicinal
Chemistry, 46, 2797 (2011).

10.G. Karaoglan-Keser, D. Sakar, Chromatographia,
73(1-2), 93 (2012).

11.G. Gumrukcu, S. Garikyan, G. Keser-Karaoglan, D.
Sakar, Journal of Chemistry, Volume 2013, Article
ID 298205, 6 pages (2013).

12. F. Sesigir, D. Sakar, O. Yasa-Sahin, H. Ocak, O.
Cankurtaran, B. Bilgin-Eran, F.Karaman Liquid
Crystals, 39(1), 87 (2012).

13.1. Fidan, C. Kazaz, E. Sahin, S. Kaban, Journal of
Chemical Research, 2010(5), 296 (2010).

14.G.M. Dorris and D.G. Gray, J. Colloid Interf. Sci.,
77, 353 (1980).

15.J.R. Conder C.L., Young, Physicochemical
Measurement by Gas Chromatography. Wiley-
Interscience, New York, 1979.

16. A.V. Kiselev, Discuss. Faraday Soc., 40, 205 (1965).

17.J. Schultz, L. Lavielle, C. Martin, Journal of
Adhesion, 23, 45-60 (1987).

18.D. Gavara, R. Lagarén, A. Voelkel, Journal of
Chromatography A, 1148, 86 (2007).

19. A. Voelkel, Critical Reviews in Analytical Chemistry,
22,411 (1991).

20.V. Gutmann, The donor-acceptor approach to
molecular interactions, New York: Plenum Press,
1978.

21.F.L. Riddle and F.M. FowkeS, J. Am. Chem. Soc.,
112, 3259 (1990).

22.D.P. Kamdem , S.K. Bose, P. Luner, Langmuir, 9,
3039 (1993).

23.J.M.R.C.A. Santos and J.T. Guthrie, Mat. Sci. Eng.
R., 50, 79 (2005).

24.J.M.R.C.A. Santos and J.T. Guthrie, J. Chromatogr.
A, 1070, 147 (2005).

25.0. Yazici, H. Ocak, O. Yasa-Sahin, D. Sakar, O.
Cankurtaran, F. Karaman, B. Bilgin- Eran, Liquid
Crystals, 39(12), 1421 (2012).



[ Fidan et al.: Surface characterization of thiazolidinone derivatives by inverse gas chromatography

ITOBBPXHOCTHO OXAPAKTEPU3UPAHE HA TUA3OJIMAMHOHOBU ITPOU3BOJHU C
OBPATHA I'A30OBA XPOMATOI'PA®UA

. dunan?, . Cakap I[acz[aHz*, . KapaMaHz, I1I. KaGan?

YTexnuuecku ynusepcumem I'ebse, Hayuen gpaxynmem, Jenapmamenm no xumus, 41400 I'ebze Kooxcaenu, Typyus
2Texnuuecku yuueepcumem ,, Hunous “, @axyamem sa uskycmeo u nayka, Jenapmamenm no xumus, 34220 Hcmanbysn,

Typyus

IMocrenmna Ha 25 pespyapwu, 2016 r.; npuera Ha 9 centemspy, 2016 T.

(Pesrome)

3a mpBB BT € W3MOJ3BaHA OOpaTHATa ra3oBa XpoMmarorpadus Ipu Oe3KpallHO pa3pekIaHe 3a ONpPENeNITHETO Ha
asicOPOIMOHHUTE CBOMCTBA M  KUCEJIMHHHTE OTHACSIHMSI 32 MOBBPXHOCTHATA CHEPIrHs Ha THA30JIUAWH-4-OHU C
XeTepoapuiioBu 3amectutend. 3-(6-wemun-2-nupuoun)-2-(2-muenun)-1,3-muazoruoun-4-on (MPTT) u 3-(6-memun-2-
nupuoun-2-(3-wemun-2-muenun)-1,3-muazonuoun-4-on (MPMTT) ca mpsiCHO CHHTE3UpaHU Ype3 €IHO CTEICHHA TPH-
KOMIOHEHTHA KOHJICH3alMOHHA peakiis. 3MepBaHo € 3a1bpKaHeTO Ha HEe-MONSPHH Pa3TBOPUTENH KaTo N-XeKcaH, N-
XeNTaH, N-OKTaH, N-HOHaH, N-JeKaH M JPYrd KUCEJIMHHM, 0a3u4yHu W amdoTepHH NpodH, KaTo TeTpaxuapodypa,
JHUXJIOPMETaH, XJI0po(hOpM, alleTOH U eTuianeTar 6e3 npeunctseane Ha MPTT na MPMTT B TeMrieparypHusi HHTEpBaI
ot 303 mo 333 K upe3 obparna razosa xpomarorpadus (IGC). JlucnepcuoHHaTa KOMIIOHEHTA HA MOBBPXHOCTHATA

CHCPIuUsd 7SD Ha H3CJICABAHUTC a,IlCOp6LII/IOHHI/I NOBBPXHOCTU € OLCHCHA H3II0I3BalKU BpEMCHATAa HaA 3aJAbpiKaHC Ha

Pas3IMYHU HETOJIPHU OPTaHWYHU ChEIMHEHUS B 00JIaCTTa Ha Oe3KpaiiHO paspexnane. JMCIIEpCHOHHUTE KOMITIOHEHTH
Ha TIOBBPXHOCTHHTE eHepruu yo no Fowkes u Dorris-Gray ca Gmusku u ca mpecmeTHaTH Kucennuaumte Kx and
6asuunure koHcTanTH Kp 3a chemuuenusata 3-(6-memun-2-nupuoun)-2-(2-muenun)-1,3-muasonuoun-4-on n 3-(6-
memun-2-nupuoun-2-(3-memun-2-muenun)-1,3-muazonruoun-4-on.
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