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Synthesis and reaction of cyanopyridone derivatives and their potential
biological activities
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4-Carboxy-3-cyano-6-biphenyl-pyrid-2-one (1) was prepared and then allowed to react with methyliodide, benzenesulpho-
nyl chloride, phenylisothiocyanate, acetic anhydride, o-phenylenediamine, phenylmagnesium bromide and phosphorus
pentasulphide affording the corresponding N-substituted pyrid-2-one 2±5, 4-(benzimidazol-2-yl)-pyrid-2-one 7, 2-hydro-
xy-2-phenyl-1,2-dihydro-pyridine 8 and 2-thiopyridone 9 derivatives, respectively. Treatment of 1 with dimethyl sulphate
and phosphorus oxychloride to give 2-methoxy pyridine 12 and 2-chloro pyridine 13 derivatives. Reaction of 13 with
amines and hydrazine hydrate afforded 14 and 15, respectively. The structural assignments of the new compounds were
based on analytical, spectroscopic measurements and chemical reactions. Some of the obtained compounds showed inter-
esting antibacterial and antifungal activities in vitro.

1. Introduction

In this work, the chemical activity of 4-carboxy-3-cyano-
6-biphenyl-pyrid-2-one was studied to obtain several sub-
stituted pyridines for biological evaluation.

2. Investigations, results and discussion

2.1. Chemistry

Extensive studies [1, 2] described the reaction of active
methylene compounds with a,b-unsaturated ketones in the
presence of ammonium acetate to afford cyanopyridines

through a Michael type addition, followed by cyclization.
The obtained cyanopyridines were found to possess a pro-
nounced antimicrobial activity [3, 4].
In the present work, 4-carboxy-3-cyano-6-biphenyl-pyrid-
2-one (1) was obtained by condensation of b-(p-phe-
nyl)benzoylacrylic acid with cyanoacetamide in boiling
ethanol in the presence of piperidine as a catalyst. The
introduction of aromatic residues into the terminal posi-

tions of the conjugate system.
#
@C�C

lÿC�O appears to

increase its polar character and therefore its tendency to
undergo the Michael condensation as well as the effect of
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the presence of a carboxylic group on the polarity of the
molecule [1] (Scheme 1). The structure of 1 was con-
firmed by elemental analysis and spectral data.
The cyanopyridone derivative 1 was used as a key inter-
mediate in the synthesis of the N-substituted 4-carboxy-3-
cyano-6-biphenyl-pyrid-2-ones 2±5 via the condensation
with methyl iodide [5], benzene sulphonyl chloride, phe-
nylisothiocyanate and acetic anhydride in alkaline media.
The structure of new compounds were established for the
reaction product based on analytical and spectral data
(Table 1).
Compound 5 reacted with hydrazine hydrate in boiling
ethanol to afford the corresponding triazol derivate 6
(Scheme 2).

The pyrid-2-one derivative 1 proved to be an useful pre-
cursor for the synthesis of other heterocycles for biologi-
cal evaluation (Table 2). Thus the reaction of this pyridone
derivative 1 with o-phenylenediamine afforded the corre-
sponding 4-(benzimidazol-2-yl)-3-cyanopyrid-2-one deri-
vative 7, the IR spectra showed absorption bands at
3220 cmÿ1 (NH), 1625 cmÿ1 C�N and the disappearance
of absorption bands at 3400 cmÿ1 (OH) and 1605 cmÿ1

(C�O carboxyl).
Treatment of 1 with phenylmagnesium bromide afforded
4-carboxy-3-cyano-2-hydroxy-2-phenyl-6-biphenyl-1,2-d-
ihydro-pyridine (8), IR spectra showed an absorption band
at 3420 cmÿ1 (OH) and a disappearance of the absorption
band at 1675 (C�O ring amid). Heating of 1 with phos-

ORIGINAL ARTICLES

Pharmazie 54 (1999) 3 179

Table 1: Spectral data of compounds 1±17

Comp. IR (cmÿ1) 1H NMR (d ppm)

1 1730 (C�O) carboxyl,
1675 (C�O) ring amide,
2230 (CN), 2890 (OH),
3157 (NH), 1635 (C�N),

6.7 (s, 1 H, CH heterocycl),
8.1 (s, 1 H, NH)
7.1±7.7 (m, 9 H), aromatic
protons)

2 3410 (OH), 1675 (C�O),
1592 (CN),
2921 (ÿCH), 1725 (C�O)

2.4 (s, 3 H, NÿCH3),
6.3 (s, 1 H, CH heterocycl),
7.3±7.9 (m, 9 H, aromatic
protons)

3 1670 (C�O) ring amide,
1725 (C�O carboxyl),
3330 (OH), 2225 (CN),
1391, 1332, 1188 all
to (SO2)

7.1±7.9 (m, 14 H, aromatic
protons),
6.4 (s, 1 H, CH heterocycl)

4 3210 (NH), 1240 (C�S),
1592 (CÿN)

8.5 (s, 1 H, NHÿC
l�S),

7.2±8.1 (m, 14 H, aromatic
protons)
6.3 (s, 1 H, CH heterocycl)

5 1725 (C�O acetyl),
1718 (C�O carboxyl),
1675 (C�O ring amide),
2230 (CN), 3330 (OH)

2.4 (s, 3 H, COÿCH3),
6.2 (s, 1 H, CH heterocycl),
7.3±7.9 (m, 9 H, aromatic
protons)

6 1620 (C�N), 2225 (CN),
1716 (C�O carboxyl),
3320 (OH)

2.5 (s, 3 H, CH3),
7.1±7.9 (m, 9 H, aromatic
protons),
6.5 (s, 1 H, CH heterocycl)

7 1625 (C�N), 3157 (NÿH),
1677 (C�O ring amide),
2220 (CN), 3325 (NH)

8.1 (s, 1 H, NH),
6.7 (s, 1 H, CH heterocycl),
7.3±7.9 (m, 13 H, aromatic
protons),
8.5 (s, 1 H, NH)

8 2210 (CN), 3270 (NH),
1718 (C�O carboxyl),
3420 (OH)

5.9 (s, 1 H, CH heterocycl),
8.1 (s, 1 H, NH),
7.3±7.9 (m, 14 H, aromatic
protons)

9 1180 (C�S), 1615 (C�N),
3160 (NH), 2820 (SH),
3010 (OH), 1750 (C�O)

9.6 (br, 1 H, SH),
10.2 (br, 1 H, NHÿC�S),
7.6±8.5 (m, 9 H, aromatic
protons),
6.5 (s, 1 H, heterocycl)

10 3300 (NH), 1615 (C�N),
1690 (C�O carboxyl),
2225 (CN)

10.9 (br, 1 H, NH),
6.3 (s, 1 H, CH heterocycl),
7.5±8.1 (m, 14 H, aromatic
protons)

Comp. IR (cmÿ1) 1H NMR (d ppm)

11 1620 (C�N), 1390 (CÿS),
2230 (CN)

2.9±3.1 (t, 2 H,
ÿCH2ÿCH2ÿCN),
4.1±4.3 (t, 2 H,
ÿSÿCH2ÿCH2ÿ),
7.1±7.3 (m, 9 H, aromatic
protons),
6.3 (s, 1 H, CH heterocycl)

12 1100 (ÿCÿOÿ), 2220 (CN),
1630 (C�N), 1725 (C�O),
3031 (OH)

4.6 (s, 3 H, OCH3),
7.1±7.5 (m, 9 H, aromatic
protons),
6.5 (s, 1 H, CH heterocycl)

13 1620 (C�N), 2220 (CN),
1725 (C�O carboxyl),
3010 (OH), 1670 (CÿCl)

7.3±7.9 (m, 9 H, aromatic
protons),
6.1 (s, 1 H, CH heterocycl)

14a 1625 (C�N), 3330 (NH),
1725 (C�O carboxyl),
3010 (OH)

14b 1625 (C�N), 3290 (NH),
1310 (OH)

10.1 (s, br, 1 H, NH),
6.1 (s, 1 H,
ÿCH heterocycl),
7.1±7.3 (m, 13 H, aromatic
protons),
2.5 (s, 3 H, OCH3)

14c 1630 (C�N), 3320 (NH),
1720 (C�O carboxyl),
3100 (OH), 2225 (CN)

15 3400, 3180 (NH2, NH),
1610 (C�N),
1725 (C�O carboxyl),
3102 (OH), 2215 (CN)

4.5 (s, 2 H, NH2),
8.00 (s, 1 H, NH),
6.1 (s, 1 H, CH heterocycl),
7.1±7.5 (m, 9H, aromatic
protons)

16a 2230 (CN), 3320 (NH),
1615 (C�N),
1720 (C�O carboxyl),
3200 (OH)

10.2 (s, 1 H, NH),
7.1±8.0 (m, 14 H, aromatic
protons),
8.2 (s, 1 H, CH�N),
6.5 (s, 1 H, CH heterocycl)

16b 1620 (C�N), 3210 (NH),
1720 (C�O carboxyl),
3200 (OH)

7.5±8.1 (m, 13 H, aromatic
protons),
8.1 (s, 1 H, CH�N),
6.3 (s, 1 H, CH heterocycl),
2.1 (s, 3 H, OCH3)

17 3300 (NH), 1615 (C�N),
1690 (C�O)

5.4 (br, 2 H, NHÿNH),
4.6 (s, 2 H, CH2),
6.3 (s, 1 H, CH heterocycl),
3.4 (t, 3 H, CH2ÿCH3),
4.1 (q, 2 H, CH2ÿCH3),
7.2±7.9 (m, 9H, aromatic
protons)



phorus pentasulfide [6] in dry pyridine afforded the cor-
responding thiopyridine derivative 9, IR spectra shows a
broad absorption band at 3160±2820 cmÿ1, characteristic

of a NHÿC
ll
S

� N
l�C

l
SH

ÿ system. The thione 9 was con-

densed with aniline to give the corresponding 2-anilino-
pyridine derivative 10. The structures of compound 10
was also confirmed by analytical data and spectral data.
The IR absorption spectra revealed an absorption band at
3220±3240 cmÿ1 (NH) and the disappearance of the ab-
sorption band at 1240 cmÿ1 (C�S). Reaction of 9 with
acrylonitrile [7] in aqueous sodium hydroxide gave the 2-
(20-cyanoethylthio)-pyridine derivative 11 (Scheme 3).
Reaction of 1 with dimethyl suphate [7] in boiling dry
acetone containing anhydrous potassium carbonate af-
forded the corresponding 2-methoxypyridine derivative 12.
The IR spectrum revealed absorption bands at 1100 cmÿ1

(CÿO), 2220 cmÿ1 (C�N) and the disappearance of ab-
sorption bands at 1675 cmÿ1 (C�O) and 3300 cmÿ1

(NH).

The chloro derivative 13 was obtained by treatment of 1
with phosphorus oxychloride in the presence of phos-
phorus pentachloride [8, 9], which underwent nucleophilic
substitution with amines and hydrazine resulting in 2-ami-
no-/and hydrazino-4-carboxy-3-cyano-6-biphenyl-pyridines
14a±c and 15, respectively. The structure of 15 was
further supported by its reaction with aromatic aldehydes
[6] which afforded the corresponding arylidenehydrazonyl
derivatives 16a, b, while condensation of 15 with ethyl
chloroacetate afforded the corresponding 17 (Scheme 4,
Table 1).

2.2. Biological activity

Most of the prepared compounds were tested in vitro for
antibacterial activity (minimum inhibition concentration,
MIC) against Gram-negative bacteria (Serratia marcescens
and Proteus mirabilis) and Gram-positive bacteria (Sta-
phylococcus aureus and Bacillus cereus) using the nutrient
agar pour plate method [10] at the 125 mg/ml level
against the micro-organisms used. The antifungal activity
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of the same compounds were tested to determine the MIC
using turbidimetric method [11]. The reference antibiotic
ampicillin was used to evaluate the potency of the tested
compounds. The test results (Table 2) revealed that com-
pound 17 possesses the highest activity against Staphylo-
coccus aureus and Bacillus cereus. Also compound 16b
possesses high activity against Staphylococcus aureus
compared to ampicillin. All the tested compounds except

1, 3 and 14b showed mild activity against the fungus As-
pergillus fumigatus.

3. Experimental

3.1. Apparatus and methods

All m.p's are uncorrected, IR spectra (cmÿ1) were recorded on a Pye-Uni-
cam spectrophotometer type 1200 using KBr Wafer technique. 1H NMR
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Table 2: Antibacterial and fungicidal activity of the tested compounds

Compd. Staphylococcus aureus
(ATCC-6538-P)

Bacillus cereus
(NRRL-B-569)

Serratia marcescens
(IMRU-70)

Proteus mirabilis
(NTC-289)

Aspergillus fumigatus
(PP-29)

1 � � � � ÿ
3 � � � � ÿ
4 �� � �� � �
5 � � � � �
6 � � � � �
7 �� �� �� �� �
9 �� �� �� �� �

13 �� �� � � �
14a � �� � �� �
14b �� �� �� �� ÿ
15 �� � �� � �
16a �� �� �� �� �
16b ��� �� �� � �
17 ��� ��� �� �� �
Amp. �� �� �� �� ÿ
Diameter of the zone of inhibition:
ÿ: <1 cm; �: 1 to 1.5 cm; ��: 1.5 cm to 2 cm; ���: >2 cm. The solvent was DMF Amp.: Ampicillin
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spectra were recorded on a Varian EM-390 (90 MHz) spectrometer using
TMS as an internal standard and DMSO-d6 as solvent. Chemical shifts
were expressed in d (ppm) values. Elemental analysis were determined
using parkin-Elmer 240 C Microanalyser; all the results were in an accept-
able range.

3.2. 4-Carboxy-3-cyano-6-biphenyl-pyrid-2-one (1)

To a mixture of b-(p-phenyl) benzoyl acrylic acid (0.01 mol) and cyano-
acetamide (0.02 mol) in C2H5OH (50 ml) a few drops of piperidine were
added; the mixture was heated under reflux for 6 h. The reaction mixture
was concentrated under reduced pressure and acidified with CH3COOH.
The separated solid was filtered off, washed successively with H2O and
C2H5OH and crystallized from C2H5OH to give yellow crystals of 1, m.p.:
240±242 �C, yield 80%.
C19H12N2O3 (316.3)

3.3. N-Methyl-4-carboxy-3-cyano-6-biphenyl-pyrid-2-one (2)

To a solution of 1 (0.05 mol) in pyridine (15 ml) was added CH3I
(0.05 mol). The reaction mixture was refluxed for 4 h, cooled, poured into
ice-cold H2O. The solid products separated were filtered off and crystal-
lized from C2H5OH to give brown powder of 2, m.p.: 170±173 �C, yield:
50%.
C20H14N2O3 (330.3)

3.4. N-Phenylsulphonyl-4-carboxy-3-cyano-6-biphenyl-pyrid-2-one (3)

To a solution of 1 (0.05 mol) in pyridine (15 ml) benzenesulphonyl chlor-
ide (0.05 mol) was added. The reaction mixture was refluxed for 4 h,
cooled, poured into ice-cold H2O. The solid products that separated was
filtered off and crystallized from C2H5OH to give deep brown powder of
3, m.p.: 150±154 �C; yield: 50%.
C25H16N2O5S (456.5)

3.5. N-Phenylthiocarbamoyl-4-carboxy-3-cyano-6-biphenyl-pyrid-2-one
(4)

To a solution of 1 (0.01 mol) in aqueous NaOH (8%), phenylisothiocyana-
ta (0.01 mol) was added. The reaction mixture was refluxed for 4 h,
cooled, poured into ice-cold H2O. The solid products separated were fil-
tered off and crystallized from petroleum ether (60±80 �C) to afford 4 as
yellow crystals, m.p.: 110±112 �C; yield: 85%.
C26H17N3O3S (451.5)

3.6 N-Acetyl-4-carboxy-3-cyano-6-biphenyl-pyrid-2-one (5)

To a solution of 1 (0.01 mol) in Ac2O (30 mol), AcONa (1 g) was added.
The reaction mixture was heated under reflux for 4 h and poured into ice-
cold H2O. The separated product was filtered off and crystallized from
C2H5OH as deep brown powder, m.p.: 195±198 �C; yield: 65%.
C21H14N2O4 (358.4)

3.7. 5-Carboxy-4-cyano-1-methyl-7-biphenyl-1,2,4-triazolo[3,4-a]pyridine
(6)

A mixture of 5 (0.01 mol) and hydrazine hydrate (0.01 mol) in C2H5OH
(20 ml) was refluxed for 6 h, then allowed to cool. The solid product was
collected and crystallized from C2H5OH as pale yellow crystals, m.p.:
160±163 �C; yield: 70%.
C21H14N4O2 (354.4)

3.8. 4-(Benzimidazol-2-yl)-3-cyano-6-biphenyl-pyrid-2-one (7)

A mixture of 1 (0.01 mol) and o-phenylenediamine (0.01 mol) in C2H5OH
(20 ml) was refluxed for 48 h, then allowed to cool. The solid product was
collected and crystallized from C2H5OH as dark brown powder, m.p.:
210±213 �C; yield: 60%.
C25H16N4O (388.3)

3.9. 4-Carboxy-3-cyano-2-hydroxy-2-phenyl-6-biphenyl-1,2-dihydro-pyri-
dine (8)

To a well stirred suspension of Mg turnings (1 g) in 30 ml of dry
(C2H5)2O/benzene mixture (1:1), bromobenzene (0.01 mol) in 30 ml of
dry (C2H5)2O/bezene was added and stirring was continued at 30 �C for
30 min. A suspension of 1 (0.01 mol) in 30 ml of a dry (C2H5)2O/benzene
mixture was added dropwise add and stirring was continued for 1 h. Then
the reaction mixture was heated on a steam ÿ bath for 5 h and left over-
night. It was decomposed with a saturated solution of NH4Cl. The organic
layer was extracted and washed well. The etheral solution was dried and
then evaporated under reduced pressure. The solid was collected and crys-
tallized from benzene as brown crystals, m.p.: 130±133 �C; yield: 60%.
C25H18N2O3 (394.3)

3.10. 4-Carboxy-3-cyano-6-biphenyl-2-thiopyridone (9)

To a solution of cyanopyridone 1 (0.01 mol) in dry pyridine (20 ml), P2S5

(0.02 mol) was added, and the reaction mixture was refluxed for 6 h. Then
it was cooled and poured into an ice/H2O mixture. The separated solid
was filtered off, washed with H2O, dried and crystallized from benzene to
give a dark brown powder of 9, m.p.: 180±184 �C; yield: 60%.
C19H12N2O2S (332.4)

3.11. 2-Anilino-4-carboxy-3-cyano-6-biphenyl-pyridine (10)

A mixture of 9 (0.01 mol) and aniline (3 ml) was heated at 170±180 �C
for 4 h. On cooling and dilution with C2H5OH, yellow crystals separated.
The reaction mixture was heated on a water-bath for 8 h. The solid product
was collected and crystallized from benzene/petroleum ether (60±80 �C)
to afford 10 as reddish brown powder; m.p.: 220±222 �C; yield: 50%.
C25H17N3O2 (391.4)

3.12. 2-(2-Cyanoethylthio)-4-carboxy-3-cyano-6-biphenyl-pyridine (11)

A mixture of 9 (0.01 mol) and acrylonitrile (0.01 mol) in 20 ml of pyridine
was refluxed for 3 h. Then it was cooled and poured into an ice/HCl
mixture. The separated solid was filtered off, washed with H2O, dried
and crystallized from ethanol to give a brown powder of 11, m.p.: 150±
153 �C; yield: 55%.
C25H15N3O2S (385.4)

3.13. 2-Methoxy-4-carboxy-3-cyano-6-biphenyl-pyridine (12)

A mixture of 1 (0.01 mol), dimethyl sulphate (0.01 mol) and anh. K2CO3

(0.4 g) in dry acetone (50 ml) was refluxed for 24 h. Then it was cooled
and poured into an ice/H2O mixture. The separated solid was filtered off
and crystallized from acetone to give yellow crystals (12); m.p.: 160±
164 �C; yield: 45%.
C20H14N2O3 (330.3)

3.14. 4-Carboxy-2-chloro-3-cyano-6-biphenyl-pyridine (13)

A solution of 1 (0.01 mol) in POCl3 (10 ml) was heated on a boiling water
bath for 1 h in the presence of PCl5 (1 g). The reaction mixture was
cooled and poured into crushed ice. The obtained solid was separated by
filteration, dried and crystallized from benzene to give 13, m.p.: 200±
202 �C; yield: 60%.
C19H11ClN2O2 (334.8)

3.15. 2-Amino-4-carboxy-3-cyano-6-biphenyl-pyridines 14a±c

A mixture of 13 (0.01 mol) and an appropriate amine (0.02 mol) in abs.
C2H5OH (30 ml) was refluxed for 6±8 h. The excess of solvent was re-
moved under reduced pressure and the residue was washed with H2O. The
crude material gave, on trituration with petroleum ether, a solid which was
crystallized from C2H5OH to give 14a±c.
14a (R�CH3): yellow crystals, m.p.: 140±143 �C; yield: 55%.
C20H15N3O2 (329.4)
14b (R�C6H4OCH3 (4)): brown powder, m.p.: 130±132 �C; yield: 60%.
C26H19N3O3 (421.5)
14c R�(CH2ÿC6H5): white crystals, m.p.: 155±157 �C; yield: 70%.
C26H19N3O2 (405.5)

3.16. 4-Carboxy-3-cyano-2-hydrazino-6-biphenyl-pyridine (15)

A mixture of 13 (0.01 mol), and hydrazine hydrate (0.01 mol) in abs.
C2H5OH (30 ml) was refluxed for 6 h, and cooled. The solid formed was
filtered off and crystallized from acetone to give white crystals of 15, m.p.:
170±737 �C; yield: 60%.
C19H14N4O2 (330.3)

3.17. Arylidenehydrazonyl derivatives 16a, b

A mixture of 15 (0.01 mol) and aromatic aldehyde (0.01 mol) in abs.
C2H5OH (30 ml) was refluxed for 3 h. The solid obtained was filtered off
and crystallized from C2H5OH to give 16a, b.
16a (R�C6H5): yellow crystals, m.p.: 100±102 �C; yield: 85%.
C26H18N4O2 (418.3)
16b (R�C6H4OCH3 (4)): yellow crystals, m.p.: 138±140 �C; yield: 80%.
C27H20N4O3 (448.5)

3.18. 4-Carboxy-3-cyano-2-carbethoxymethyl hydrazino-6-biphenylpyri-
dine (17)

A mixture of 15 (0.01 mol) and ethyl chloroacetate (0.01 mol) in 30 ml of
sodium ethoxide (0.4 g sodium metal in 30 ml of C2H5OH), was refluxed
for 6 h. After cooling the precipitated product was filtered off and crystal-
lized from EtOH to give yellow crystals of 17, m.p.: 120±122 �C; yield:
75%.
C23H20N4O4 (416.4)
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Temperature effects on the chromatographic behaviour of racemic 2-ami-
dotetralins on a Whelk-O 1 stationary phase in super- and subcritical fluid
chromatography

U. Selditz 1, S. Copinga3, C. J. Grol2, J. P. Franke1, R. A. de Zeeuw1, H. WikstroÈm2 and O. Gyllenhaal4

The chromatographic behaviour of thirty structurally related racemic 2-amidotetralins on a cis-(3R; 4S)-Whelk-O 1 station-
ary phase was investigated at five different temperatures between 50 and ÿ15 �C using super-or subscritical fluid chroma-
tography (SFC/SubFC). Generally, low selectivity factors were observed for this class of analytes on this stationary
phase. In particular, phenyl and benzyl substituted analogues were strongly retained, probably due to strong p p interac-
tions with the chiral selector molecule, but the enantioselectivity was low. This also counts for the two p-iodo substituted
methoxy analogues, although here steric effects may be responsible for the high capacity factors. In about 10% of the
cases, a decrease in the (surrounding) temperature of the column did not result in an improved selectivity. Only four
compounds out of thirty could not be resolved under the given conditions.

1. Introduction

Retention in chromatography is dependent on the free en-
ergy of the partitioning process of an analyte between the
mobile and the stationary phase. In order to estimate the
enthalpic and entropic contributions to this analyte trans-
fer, van't Hoff plots are usually generated, in which the
natural logarithms of experimentally determined retention
parameters are plotted against the reciprocal of absolute
temperature at constant pressure. The slope of such a
graph, which theoretically should be linear, yields the en-
thalpy of the analyte transfer [1, 2]. However, there have
also been reports about nonlinear van't Hoff plots where
deviations from the theory are explained by alterations of
the adsorption or dissociation processes, or by changes in
the mobile phase interactions with either the analyte or the
stationary phase [2].
In the equilibrium state, the capacity factor k0i of a certain
analyte can be related via the distribution coefficient KD

to the temperature according to equations 1a and 1b, re-
spectively, where in (a) DG0 refers to the change in Gibbs
free energy of the analyte transfer between the mobile and
stationary phase, R is the ideal gas constant, T is the abso-
lute temperature, and in (b) Vm; s are the volumes of the
mobile and stationary phases, respectively, Cs;m are the
respective analyte concentrations in the two phases, and j
is defined as the phase ratio.

DG0 � ÿRT ln KD �1a�

KD � Cs=Cm � k0i�Vm=Vs� � k0i=j �1b�
According to the Gibbs-Helmholtz equation (2), the
change in free energy can also be expressed in enthalpic
and entropic terms,

DG0 � DH0 ÿ T DS0 �2�
where DH0 and DS0 are the respective changes in enthal-
py and entropy of the analyte transfer. When substituting
eq. 1a with 1b and combining eqs. 1 and 2, the solvation
to ln k0i will generate the following relationship:

ln k0i � ÿDH0=RT� DS0=R� ln j �3�
From this equation it can be concluded, that the enthalpic
contribution to retention decreases with temperature,
whereas the entropic contribution is independent of tem-
perature. The former parameter can therefore be obtained
experimentally by determining the analyte retention as a
function of temperature at constant density. The slope of
the ln k0 vs. 1/T plot represents ÿDH0 /R, whereas the
entropy of transfer can be obtained from the y-intercept, if
the phase ratio can be estimated [3]. This is, however, not
necessary when we look at the selectivity factor a, which
is defined as the ratio of the capacity factors of the respec-
tive enantiomers. Now, eq. 3 can be rearranged to

ln a � d DH0=RT� d DS0=R �4�
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