Chemistry of Heteroevelic Compoands. Viol. 36, No. 1. 2000

4-HYDROXY-2-QUINOLONES. 38.* SYNTHESIS,
STRUCTURE, AND ANTICONVULSANT ACTIVITY

OF OPTICALLY ACTIVE 1-PHENYLETHYLAMIDES OF
1-R-4-HYDROXY-2-0XO0-3-QUINOLINECARBOXYLIC ACIDS

I.V. Ukrainets', S. G. Taran', N. V. Likhanova', V.B. R_vbakovl,
0. V. Gorokhova', and Nidal Amin Jaradat'

A synthesis is reported for optically pure antipodes of 1-phenviethvlamides of |-R-4-hydroxy-2-oxo-3-
quinolinecarboxylic acids. An attempr was made 10 ¢stablish the absolute configuration of these products
by X-rav diffraction crystallographic analvsis. The anticonvulsant activity of the S-enantiomers was
studied.

Keywords: 4-hydroxyquinolone. carbostyril. |-phenylethylamides, optical activity. X-ray diffraction
structural analysis. anticonvulsants.

Diseases. which directly or indirectly affect the central nervous system, are often accompanied by
convulsions such as in various forms of epilepsy and Parkinson's disease. The drug therapy for such diseases is
pathogenetic, L.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. Furthermore. even after elimination of the pathological source
causing the convulsive disorder, prolonged and continual anticonvulsant therapy is generally required (2, 3]. The
search for new effictent 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 found in Haplophylium plants of the
Rutaceae tamily 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 |-phenylethylamides.

Hence, we undertook a study of the anticonvulsant activity of 1-phenylethylamides of 1-R-4-hydroxy-2-
oxo-3-quinolinecarboxylic acids with S-configuration (1). which were synthesized by the amidation of
1-R-3-carbethoxy-4-hydroxy-2-oxo-quinolines 2 using S(-)-1-phenylethylamine. In light of the structural features
of these products, namely, presence of alkyl groups, 1-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 | 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(-)-1-phenylethylamine (al, =-39°) was used possessing rather high optical
stability and not racemizing upon acylation |7]. 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

* For Communication 37, see ref. | 1].
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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
determine the enantiomeric purity directly without conversion to diastereomers [8]. Such a reagent is europium
tris-|3-(heptatluoropropylhydroxymethylene)-(+)-camphorate|. However, our experiments showed that PMR
spectroscopy does not permit us to monitor the optical purity of amides 1 since the addition of this LSR even to
optically inactive I-phenylimethylamides of [-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 |7], especially if both antipodes are obtained independently using ditferent
asymmetric reagents. Therefore, we synthesized antipodes of amides 1, i.e., 1-phenylethylamides 4. We also used
optically pure 1-phenylethylamine but with R-configuration: I(x]“D = +39°. Comparison of the properties of the
products obtained (see Tables | and 2) indicated that they had identical melting points, PMR spectra, and specific
rotation values, diftering only in sign. Thus. amides 1 and 4 are optically pure enantiomers.

We should note that rotation of the polarization plane for amides 1 and 4 is opposite to rotation for the
starting amines although such an etfect has not been found for N.N'-di- | -phenylethylamides ot alkylmalonic acids
or, even more so, for 1-phenylmethylamides of 1H-4-hydroxy-2-oxo-3-quinolineacetic acid [9]. In principle. the
configuration of compounds and the direction of rotation of the polarization plane are unrelated (7, 9].
Nevertheless. we attempted to determine the true spatial configuration of amides 1 by carrying out an X-ray
diffraction analysis of amide 1g.

The Cambridge Structural Data Base (October. 1998) [11] features only one compound with a similar
structure, namely. 3-benzoyl-!-ethyl-4-hydroxy-2-oxoquinoline {12]. An intramolecular hydrogen bond O,,,---H
(d = 1.395 A) 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.

(1]
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TABLE 1. Characteristics of 1-Phenylethylamides of [-R-4-Hydroxy-2-
oxo-3-quinolinecarboxylic Acids

__Found, % Py fa™ |
Com- If.mpm.c:n] Caloutated, % ' mp, °C dew. \vl‘cld.
pound | formula (cthanoi) (<. P
. b
¢ H N ! - &/ 100 mi)

1a CiethN2Oy 70,20 | S48 | 9.3 | 049 | 025 | 269-270 +3).3 K9
70.12 | 523 9.09 )

3a Cr:HieNLO 007 | 528 9.16 | 049 | 0.25 247-249 93
70.12 1 523 | 9.09

4a CuHuNO: | 7022 | 517 | 9.04 | 049 | 025 | 269-270 2315 9N
70.12 | S.23 9.09 )

b CrHiNO, 70.86 | S5.58 8.00 [ 058 { 0.40 99-101 +12.4 S6
70.79 5.63 R.69 (5)

4b CratlaN:O: 70.77 | 5.09 8.601 058 | 040 99-101 -12.4 84
7079 | 563 | ReY (3)

le CanHaNO; 7050 | 590 &.3% 0.63 | 047 116-118 +2.6 K3
Ti4l | S99 | 833 (10

¢ CanbhN-O, 7148 5.89 8.40 0.63 1 047 116-118 -2.6 81
TrAT [ 599 | 833 (a0

id CabhNOy | 72,32 | 585 R.00 | 065 | 051 107-109 +8.2 92
230 | 579 | 804 h

4d CaHaN-O: 7247 | 581 .09 0.65 1 0.51 107-109 -%.2 87
7240 579 KA h

le CoHeNO | 7190 | 6,38 7.91 | .67 | 0.52 123-125 +42.8 82
7oK | 633 | 799 2)

4 CoyllaN-Os ] 72,00 [ 6.2 7.90 | 0.67 | 0.52 123125 428 RO
71.98 6.33 7.99 )

I CoullNOC | 724 [ 071 7.66 | 0.68 | 0.53 112-114 +22.7 79
7251 6.64 7.69 %)

R} CoalNO, 7247 | 058 1.73 .08 | 0,53 9397 RO
72, 6.64 7.69

4 CobLNLO,y 7 6.67 7.60 [ 0.68 | 0.53 12-114 S22 K0
7251 6.64 7.69 3

Ig CalleN:Or 72.90 6.98 745 070 | 087 XX-90 +300.2 | K3
7299 | 603 | 730 )

3y CoHNO: 73.08 | 087 1.37 0.70 | 0.57 72-74 XX
7299 [ 692 740

4 CaHEN-O 7291 6.96 746 0.70 | 1.57 8R8-00 -30.2 78
7299 | 692 | 730 )

* R, values determined in: 1) 6:1 propan-2-ol-hexane or 2) 6:1 methylene
chloride—hexane.

Fig. 1. General view of amide 1g molecule.



TABLE 2. PMR Spectral Characteristics of [-Phenylethylamides of
1-R-4-Hydroxy-2-oxo0-3-quinolinecarboxylic Acids. §, ppm*

Com- 5-H 7-1 8- O6-H + Ph CH CH: CH -CH» R
pound | (L. ) | (il [ (I d) [ (6l m) (L gy GH. )
1a,3a,] 797 7.66 7.47 7.36-7.14 519 1.53 11.87 (111 s, NID)
4a
lh.4b | R.03 7.76 7.55 7.44-7.20 516 1.52 357 (Bl s. Moy
1c. 4¢ 8.08 7.78 7.60 7.45-7.21 Sle 1.53 4.27 (2H. 4. NCH-y
120 (3H. . Moy
id, 4d R.06 7.76 7.49 7.43-7.17 ST 1.5} 5.99 (111 m. CH=).
{3H.m. 4.87 2H. 5. ClL=)
CH + NCIH)
fe, de R.03 777 7.0} 7.46-7.20 S.16 1.52 416 (2H O LUNCHY):
1.69 (211 m.
CH . Mek
0.94 (3111, Mc)
f, R.08 7.76 7.58 7.44-7.22 hRIY .55 409 (2H L NCH-k
RINEL} 1.30 (411 m.
(CHa 1 Mek
.92 (3. L M)
1g,3a, ] S04 7.77 7.59 7.45-7.19 Sa 1.53 420 (2H U NCH g
g 1.721 (2H. q.
NCH-CH:x
1.36 (411 m,
(CH L Mex
(93 (3t Me)

* The signals for the 4-OH group protons appear as a singlet at
17.01-17.18 ppm. while the protons of the NH groups appear as a doublet at
10.75-10.82 ppm.

Since the space group of crystals of annde Ig is noncentrosymmetrical, we attempted to determine the
absolute configuration by taking two regions of inverse space: 0—=h: 0=k, 0=/ and -h—>0. -k—0; -[>0. In the
least squares refinement of the structure. the Flack parameter X (when X = 0. the structure should be true in the
sense of the absolute configuration and when X = -1, the structure should be inverted to obtain the "correct”
configuration [13. 14]) proved equal to zero, but with standard deviation of 2, which indicated that our attempt to
establish the absolute configuration with high precision was unsuccesstul. This failure may be partially attributed
to the lack of atoms heavier than oxygen in the molecule. Since amide Ig was synthesized from
I-phenylethylamine with known, namely, S-configuration and the asymmetric site was not atfected in the course
of the chemical reaction, the final product presumably has the sume configuration.

The etfect of annides Ia-1g on antispasmodic activity was studied with white rats using pharmacological
and physiological epilepsy models [15-17]. Only amides 1d-1f displayed pronounced antiepileptic effect on
background of experimental epilepsy and a sedative etfect was noted in some cases. The preventive administration
of these compounds led to an increase of the latent period. hastened the termination 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 Bruker WP-100SY spectrometer tor
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 (x10") and Equivalent Isotropic Temperature
Factors (A’x10") in the Structure of Amide 1g

Atom X v - [
N, RINZATEN] 2771¢hH 422401 48¢1)
C, ‘ 3015(2) 33MMD 4704¢1) 47D
Coy ‘ 2038(2) 1542(1) 473001 SX(1)
Ciy I 2820(2) S092¢1) S207(h) 67(1)
C ! 2778¢2) 4468(1) S672(1) )
Cnn ‘ 2R30(2) 3306(1) S629(1) 601y
Cioy ’ 2919(¢1) 2715(1) 51751 A7)
Cow “ 2900(1) 1488¢1) Si46(1) AR(1)
O, ‘ 2780(1) 912(1) 5599(1) 62(1)
Co, \ 2951(¢1) 932(1) J067(1) J6(01)
Comy 3052 1587(1) JIK3(1) 4801
Oy ‘ 32011 1A% 3739(1) 62(1)
Conn f 2RR7(2) 330(1) $661(1) 5201
O, : 2750(1) KTR(D) S090(1) 65(1)
N, ‘ 3012(1) 8781 A204¢1) 81
Cos ‘ 2959(2) 21331 457N w0(1)
Ca, 4052(2) -2500(1) 36741 . snl)
Cos, j 5637(2) S3179(1) 37181 81
Corne ‘ 6604(2) -3559(2) 3279¢1) 115¢1)
Ch- 5974(2) -326001) 2787 1201
Cos 4439(3) S223R4 D) 273 105(1)
Corm ‘ 3453(2) 21021 31771 €301
Coon, I458(2) 3408(1) 37291 sotl)
Con 1627(2) 687(1) 345001 67
Coos, ‘ 20042) 4341 2967(1) 831
Cory ) +41(2) 4821(2) 25851 109¢1)
Con ' 837(3) 526002) 2119¢1) 150¢1)
Cors, K9R(2) S2555(1) JI87(1) 8801
H,s, 304(15) 4950(7) 44284 6i3)
", 277701 6) 3930(8) S99 78(3)
H,., ‘ 2627(19) 1914(9) 399004y R3(4)
1L, 27R2(15) 2842(8) 3951(3) 67(3)
H, ' 2707(14) 247 S452(3) S9(3)
Ho, ! 3199(14) -429(7) 3927(3) S
M : 3620(14) S2412(8) 4472(4) PATRS)
Hy., S97R(14H) S343%(7) 1035(3) 58(3)
T 7821(17) -4031(9) 3296(4) 8R(4)
Hoye P 6675(14) -3508(7) 249103 631
H., ‘ 3966(16) S23K3O) 2403 R6(3)
o, ‘ 2362(17) S1727(8) 3135(4) R1(3)
o, ; 4234017 1076(9) 3IR04(4) R3(3)
H, gy 4353(15) 2916(9) 35133 T3
Hiin : R60(13) 2982(8) 3376(3) 61(3)
1m0 ! 647(17) 4073(9) 3690(4) K24
Hiors, L 314010 4158(9) 2785(4) 903
Hoo f 1926(15) S3IR(8) 3036(4) R4(3)
Hioy, ‘ 575017) 3491(9) 25314 103(4)
Hovomn : -8S0(16) 4579(9) 278%(4) 83(3)
i, ; -240(15) 5340(9) 1893(4) R0(3)
He ) ‘ 1403(15) 5943(%) 2196(4) 92(3)
How 1 1703(16) 4685(9) 1943(4) 90(3)
Hioe, 880(16) -339%(9) $126(4) %0(3)
Hysan ‘ 342(15) -2397(9) 1501(4) 85(3)
Ui 228(16) S2217010) 383114y 90(4)
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TABLE 4. Bond Lengths d (A) in the Structure of Compound 1g

Bond d Bond o

Ny Choy 1.3839(12) Can-Cuam 1.374(2)
Ni—Cin 1.3919(12) Casy Con 1.373(2)
Niy—Coem 1.4706(12) Coo-Hos 0.891(8)
CorCey 1.3993(14) Ciier Cam 1.366(2)
Co-Cim 1.4024(13) Cirer -Horm 0.845(11)
CiayCiay 13714 CarCus, 1.335(2)
CoyHey 0.904(9) Can-Hen 0.941(9)
CiaCia 1.384(2) Coxy Caw 1.383(2)
Cuy-Hen 0.984(1 Cosy-Hoxy 0.941(1M
Cio-Cin 1.355¢2) Ciior-Haw 0.940(11)
Cisy Hes) (1.984(10) Con Coony 1.495(2)
Cin Cony 1.4063(13) Cou-Hizon, 0.967(11)
Ci-Hie 01.91%(9) Coxor-Hoaom 1.008(10)
Cioy G 1.4319(14) Cor-Cian 1.525(2)
Cesy Oy 1.3307(11) Ceoor-Hea 0.997(9)
Cosr Com 1.376913) Coon-Hom 10211 1)
O Hisy 1.101(R) Ceony Cooyy 1. 460(2)
Cin Ciimn 144R5(13) Cin -Hizg 0.962(11)
Coay -Gy 1.4717(13) Ciony Hioepy 1.046(10)
Coo Oum 1.2415(11) Coar Coop 1.488(2)
Con Onny 1.2032(11) Con-Heg, 121111
Ciy Nayy 1.3253(12) Cioy-Hona LO3R(LD)
Onn Hisy 1.395(K) Cirn Hizan 0.949(10)
Nux Cas 1.4681(13) Can Heoam 0.909(10)
Nan Hiy (LRRO(R) Con-Hizae 1.005¢10)
Con Cun 1.504(2) Cixer Hizeay 0.986(10)
Gy Cas 1.519¢2) Cizy Hizem 0.970(10)
Cin Hay 0.977(9) Cizsi Hezsen 1.027010)
Cion Cusy 1.364(2)

TABLE 5. Bond Angles ¢ (deg} in the Structure of Compound 1g

Angle

0] Angle [0}
1 2 3 4
Com Noy-Cezy 122717 Ciier Cass Has 119.4(6)
Coam Ny -Cioy 116.35¢7) Cisy CherCas 119.9(2)
Ciay Niy-Ciany 120.93(8) Con -CrorHae H7.(7)
Ny Car-Cin 121.53(&) Cis-Cuer-Hiie 122.7(7
Niy-Cery-Cony 119.87(%) Cisi Comn-Ciien 119.53(14)
Co-C2-Ciny 118.59(9) Casn-Can-Hi 121.6(6)
Ciay Cy-Cin 120.76(9) Cie -Can-Has 118.8(6)
Coy Cizy Hin 120.3(6) Cun-Can-Cae 121.24(13)
Cio-Cory Hiyy 118.9(6) Cin Con-Hon 120.7(7)
Ciy CyCiny 120.32(140) Cuo Casy-Has 118.0(7)
Ciy Cay-Heg 116.7¢6) Cha Coa- Con 119.91(13)
Cio) -Coa-Hey 122.9¢6) Coar Cha—Hn 120.0¢6)
CiorCi,-Coay 120.29¢1(h Cisr Cumi-Haw 120.1(6)
Cio-Cio-Hisy 123.5¢6) Nin-CoorCian 113.43(9)
Coay-Cesy Hisy 116.1{6) Niy-Coan-Hizoa 108.3(6)
Ci=Ciy Cony 120.75(9) Can~Cour-Haoa 113.3(7)
Ciy=Cim~Hiar 124.6(6) Nuy-Ceo-Hoom 105.0(5)
Ciy-Cion-Hiem 114.6(6) Ciany-Coam-Hison, 113.3(%)
Cn-Cn-Cian 119.24(9) HezoarCoon-Heon, 102.6(9)



TABLE 5 (continued)

| 2 3 4
Ci-Cov-Ce LIR.53(8) Can-Cony Can E10.86(10)
Ci-Con—Ciny 122.23¢R) Con Con Hiny 1H.6(5)
Oa-Cesy-Cioy 121619 Ciany Ciony Thiapy,y 114.4(5)
Ouy~Cin-Ciny 117.35(R) Caoy Cozny Hoaimy 112.716)
Ci-Cii-Ciry 121.01(R) CioaCioy Hong 110.0(6)
Cioy-Om-Hin 100.7(4) Hiaiay Con Higy 96.7(¥)
Cisy ConLCiimy 120.05(8) Cioy Cooay Gy 116.21(13)
CisrCCiny 118.53(8) Ciary-Crozy Hioayy 108.2(6)
Cun-Ciy Ciny 121.41(8) Cizy Coon-Hesang 109.5(6)
Ono—Can—Ni 119.06(R) Coany-Cin Hizam 90.2(0)
Ouo Cim Cowy 123.27(9) Ceoy Con Heow 114.7(5)
Ni=Com Gy 117.66(8) Hizzy Ciza Hezog 116.9(9)
On-Co Nuzy [20.8K%(9) Ci-Ciany Ciopy 115.3(2)
O —Cay-Cony 119.95(%) Cony-Coan-Hiny, R7.116)
Niyy-Coiny -Cony 119.15(8) Coan-Cian Hiary 11R.0(5)
Can Oun Hig 100.7(3) Ciny Con Hig 109.0(6)
Coan-Nan -Con 123.28(R) Cin Con i, 121.0¢6)
Cllll"NuZ)' Heia 114.8(6) Hisiv Con Hezm ']()().X(X)
Ciovr Noaw Hu 121.8(6) Coizny Coon Hany 112.9(7)
Ny -Con Cin 109.69(8) CoonCon Hing 114.7(6)
Nz -Con-Ciasy 110.28¢9) Hizsyy Cizo Hiom,y 112.8(%)
Cion-Cazs Coagy 112.78(9) Cioo-Can Hiaag 94.3(6)
Nea=Coa-Hoy 104.7(6) Hiva-Coan Hez 105.9(9)
Cor Can Hy 109.3(6) ey -Cion Hony 114.7(9)
Ciag-Can-Hay, 109.8(6) Coiar-Coasi-Hixey, 109.0(7)
Ciua-Can Coa TR 14(11) Con -Coasi-Hea LOX.5(6)
Cia=Cam -Can 120.68(10) Hisen, -Ciae Hireny 104.99)
CourCun-Cirn 121 14¢t0) Cou-Coa-Hos 107 9(6)
Cay Coo-Cim 121.29¢13) Hixeyy Cooa Hie 10%.1¢9}
Cia Caq Has 119.0(6) o Coaey Flowsy 117.8(9)

General Method for the Preparation of 1-Phenylethylamides of 1-R-4-Hydroxy-2-o0xo0-3-
quinolinecarboxylic acids. Sample of 1-phenylethylamine (1.42 ml, 0.011 mol) was added to solution of the
corresponding ethyl ester of 1-R-4-hydroxy-2-oxo0-3-quinolinecarboxylic acid (2) (0.01 mol) 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 AMoK,
radiation and graphite monochromator. The unit cell parameters were determined and refined at « from 14° to 16°
using 25 reflections. Orthorhombic crystals of amide 1g were assigned to the P22 2, space group. The unit cell
parameters at 20°C: a = 6.973(1), h=11.653(2), ¢ =25.334(4) A; V =2058.5(6) A". Z=4. The structure was
solved by direct methods using the SHELXS-97 program [18] 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 difterence map. The final R-factor was (.0646 using 5898
reflections with /> 2g(/). The positional parameters of 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. | obtained using the PLUTON program {20)].

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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