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Diseases, which directly or indirectly affect the central nervous system, are often accompanied by 
convulsions such as in various forms of epilepsy and Parkinsoffs disease. The drug therapy tbr such diseases is 
pathogenetic, i.e., the agents do not eliminate the cause of the disease and, thus, are used for prolonged periods, 
sometimes during the entire lifetime of patients. Furthemlore, even after elimination of the pathological source 
causing the convulsive disorder, prolonged and continual anticonvulsant therapy is generally required [2, 3l. The 
search for new efficient anticonvulsants with low toxicity and no pronounced side effects remains important in 
pharmaceutical chemistry. 

In a study of the chemical structure of biologically active compounds tbund in Haphq~hyllum plants of the 
Rutaceae family and long since used in folk medicine as anticonvulsants, many new 4-hydroxy-2-oxoquinolines 
were isolated. We have also repeatedly noted the favorable effect of arylalkylamide residues tor the manifestation 
of anticonvulsant properties [4-6]. The S(-) enantiomers proved more active in the case of I-phenylethylamides. 

Hence, we undertook a study of the anticonvulsant activity of l-phenylethylamides of l-R-4-hydroxy-2- 
oxo-3-quinolinecarboxylic acids with S-configuration (1), which were synthesized by the amidation of 
l-R-3-carbethoxy-4-hydroxy-2-oxo-quinolines 2 using S(-)-I-phenylethylamine. In light of the structural features 
of these products, namely, presence of alkyl groups, l-phenylethylamide residues, quinolone fragment, and optical 
activity, PMR spectroscopy and polarimetry were used to confirm the structure. The purity of the products was 
monitored by thin-layer chromatography (Tables 1 and 2) but, when working with optically active compounds, 
complete chemical individuality does not guarantee stereochemical purity. In such cases, the optical purity must 
also be known. Optically pure S(-)-l-phenylethylamine ([ctlD"~ =-39 ~ was used possessing rather high optical 
stability and not racemizing upon acylation 17]. Nevertheless, the wide variety of  factors causing the racemization 
of optically active compounds predetermined the necessity to check the optical purity of amides 1. Various 
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methods were used for this purpose such as the introduction of additional chirality into the compound studied. The 
formation of one or two diastereomers readily determined by PMR spectroscopy is possible depending on the 
purity of the starting sample. In practice, the differences in the chemical shifts of the diastereotopic protons are 
usually slight and may be amplified using lanthanide shift reagents (LSR). The use of chiral LSR permits us to 
detemfine the enantiomeric purity directly without conversion to diastereomers [g]. Such a reagent is europium 
tris-[3-(heptafluoropropylhydroxymethylene)-(+)-canaphorate[. However. our experinaents showed that PMR 
spectroscopy does not pemfit us to monitor the optical purity of amides 1 since the addition of this LSR even to 
optically inactive I-phenylmethylamides of I-R-4-hydroxy-2-oxo-3-quinolinecarboxylic acids (3) does not lead to 
doubling of any signals, probably as a result of the acidic properties of the compounds analyzed. 
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The preparation of both antipodes with identical absolute value of optical rotation is a rather good 
indication of complete optical purity 17], especially if both antipodes are obtained independently using different 
asymmetric reagents. Therefore, we synthesized antipodes of anaides 1, i.e.. l-phenylethylamides 4. We also used 
optically pure l-phenylethylamine but with R-configuration: [ot]~D = +39 ~ Comparison of the properties of the 
products obtained (see Tables I and 2) indicated that they had identical melting points, PMR spectra, and specific 
rotation values, differing only in sign. Thus. amides 1 and 4 are optically pure enantiomers. 

We should note that rotation of the polarization plane for anaides 1 and 4 is opposite to rotation for the 
starting amines although such an.effect has not been found for N.N'-di-l-phenylethylamides of alkylmalonic acids 
or. even more so. for l-phenylmethylamides of I H-4-hydroxy-2-oxo-3-quinolineacetic acid 191. In principle, the 
configuration of compounds and the direction of rotation of the polarization plane are unrelated [7, 91. 
Nevertheless. we attempted to determine the true spatial configuration of anfides 1 by carrying out an X-ray 
diffraction analysis of amide lg. 

The Cambridge Structural Data Base (October. 1998) II1] features only one compound with a similar 
structure, namely. 3-benzoyl-l-ethyl-4-hydroxy-2-oxoquinoline I I 2]. An intramolecular hydrogen bond O,,,,.--H,~, 
(d = 1.395 ,g,) was found to exist in compound under study as in the compound described in the literature. The basic 
distances in the comparable molecular fragments are within standard deviations and do not require commentary. 
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TABLE I. Characteristics of l-Phenylethylamides of l-R-4-Hydroxy-2- 
oxo-3-quinolinecarboxylic Acids 
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* R, values determined in: 1) 6:1 propan-2-ol-hexane or 2) 6:1 methylene 
chloride-hexane. 
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Fig. 1. General view of amide lg molecule. 
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TABLE 2. PMR Spectral Characteristics of I-Phenylethylamides 
I-R-4-Hydroxy-2-oxo-3-quinolinecarboxylic Acids, & ppm* 
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* The signals lor the 4-OH group protons appear as a singlet al 
17.01-17.18 ppm, while the protons of/tie NH groups appear as a doublet at 
10.75-10.82 ppm. 

Since the space group of crystals of amide ig is noncenlrosynmletrical, we attempted to determine the 

absolute configuration by taking two regions of inverse space: 0-->h: ()--+k, 0--->/ and -/r--+0. -k--+0; -/--->0. In the 
least squares refinement of the struclure, the Flack parameter X (when X = 0, the structure should be true in the 
sense of the absolute configuration and when X = - I ,  the structure should be inverted to obtain the "correct" 
configuration [13, 141) proved equal Io zero, but with standard deviation of 2, which indicated that our attempt to 
establish the absolute configuration with high precision was unsuccessful. This failure may be partially attributed 
to the lack of atoms heavier than oxygen in the molecule. Since amide lg was synthesized from 
l-phenylethylamhm with known, namely, S-configuration and the asymmetric site was not affected in the course 
of the chemical reaction, the final product presumably has the same configuration. 

The effect of amides l a - lg  on antispasmodic activity was studied with white rats using phammcological 
and physiological epilepsy models [15-171. Only amides ld- l f  displayed pronounced antiepileptic effect on 
background of experinlental epilepsy and a sedative effect was noted in sonle cases. The preventive administration 
of these compounds led to an increase of the latent period, hastened the temfination of epistatus in the animals, and 
had a sedative effect, which indicates promise for finding anticonvulsant agents among this class of compounds. 

EXPERIMENTAL 

The PMR spectra of the compounds synthesized were taken on a BrukerWP-100SY spectrometer for 
solutions in DMSO-d, using TMS as the internal standard. The specific rotation was determined on a Polamat A 
spectropolarimeter. Thin-layer chromatography was carried out on Silufol UV-254 plates with indication of the 
compounds in UV light at 254 nm. 
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TABLE 3. Atomic Coordinates (x 1r and Equivalent lsotropic Temperature 
Factors (,g,:x 10')in the Structure of Amide lg 
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TABLE 4. Bond Lengths d (,~) in the Structure of Compound lg 
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TABLE 5. Bond Angles co (deg) in the Structure of Compound lg 
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TABLE 5 (continued) 
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105.9(9) 
114.7(91 
1(19.0(7) 
1(18.5(6) 
104.9(9) 
i07.9(6)  
10g.I(91 

117.g19) 

General Method for the Preparation of  l -Phenylethylamides  of  l -R-4-Hydroxy-2-oxo-3-  
qainolinecarboxylic acids. Sample of I-phenylethylamine (1.42 ml, 0.011 tool) was added to solution of  the 
corresponding ethyl ester of  I-R-4-hydroxy-2-oxo-3-quinolinecarboxylic acid (2) (0.01 tool) in ethanol (20 ml) 
and heated at reflux for 6-7 h. After cooling, the mixture was diluted with water and brought to pH 4 by adding 
hydrochloric acid. The residue was filtered off. washed with water, and dried. 

X-ray Diffraction Study. A CAD-4 automatic single-crystal diffractometer was used with kMoK~ 
radiation and graphite monochromator. The unit cell parameters were detemlined and refined at �9 from 14 ~ to 16 ~ 
using 25 reflections. Orthorhombic crystals of  am)de lg  were assigned to the P2,2,2, space group. The unit cell 
parameters at 20~ a = 6.973( 1 ), h = 11.653(2), c = 25.334(4) A; V = 2058.5(6) A': Z = 4. The structure was 
solved by direct methods using the SHELXS-97 program 118] and refined anisotropically by the full-matrix 
method of least squares using the SHELXL-97 program [19] for the nonhydrogen atoms. The positions of  all the 
hydrogen atoms were localized from the Fourier difference map. The final R-factor was 0.0646 using 5898 
reflections with I > 2or(l). The positional parameters o f  the atoms in the compound studied and the isotropic 
temperature parameters equivalent to the corresponding anisotropic parameters are given in Table 3. The 
interatomic distances and bond angles are given in Tables 4 and 5. The arrangement of  the atoms in the molecule 
and numbering of the atoms are shown in Fig. I obtained using the PLUTON program [201. 

The authors express their gratitude to the RFFI research fund for support of  our licensed use of  the 
Cambridge Structural Data Bank (Project No. 96-07-89187). 
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