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As is known, CH acids such as arylmethylketones, ace- 
toacetic, and cyanoacetic esters readily interact with 5-aryl- 
2,3-dihydro-2,3-furandiones (I) in the presence of base cata- 
lysts with the formation of 2-aeylmethyl-2-hydroxy2,3-dihy- 
dro-3-furanones-- stable products of regioselective aldol 
condensation at the lactone carbonyl [1 - 7]. 

It was established that these cyclic semiacetals occur in 
solution in equilibrium with linear oxotautomeric forms, 
enolyzed at the carbonyl groups in positions 3 and 4, and with 
1,3,4,6-tetracarbonyl compounds [I, 3, 5 -7] .  The structure 
of the latter compounds and the close cyclic heterofunctional 
derivatives, as well as their tautomeric equilibria in solutions, 
have been studied in sufficient detail [1, 3, 8 - 12]. 
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It was expected that the reaction of 2,3-furandiones (I) 
with esters of substituted [3-aminocrotonic and 2-arylamino- 
4-oxo-2-butenoic acids could proceed in two directions. 
There are two centers with excess electron density in these 
reagents: nitrogen atom of the enamine fragment and carbon 
atom of the methine fragment (in the above acids, C2 and C3, 
respectively). We believed that these centers may act upon 
2,3-furandiones as either N-or C-nucleophiles. One of these 
reactions was previously briefly mentioned in [13, 14] and re- 
cently confirmed in [4, 7, 15, 16]. 
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Interaction of 5-aryl-2,3-dihydro-2,3-furandiones ( l a -  
Ie) with ethyl ester of 3-benzylamino-2-butenoic acid (il) al- 
lowed us to synthesize 2-aroylmethyl-l-benzyl-2-hydroxy-5- 
methyl-4-ethoxycarbonyl-2,3-dihydro-3-pyrrole ( I l ia-  IIle) 
and benzylamides of aroylpyruvic acids (IVa-IVe) [16]. 
However, we failed to obtain 2-hydroxy-2,3-dihydro-3-pyr- 
rolones (analogous to compounds III) by condensation of 
substituted 2,3-pyrrolediones with arylmethylketones: only 
products of nucleophilic addition at the carbon atom in posi- 
tion 5 of the pyrrole cycle were isolated from the reaction 
mixture [4, 7]. 

Reaction of 2,3-furandiones (Ia, lb) with methyl esters of 
4-aryl-2-arylamino-4-oxo-2-butenoic acids (Va-Vc)  (ob- 
tained via interaction of arylamines with methyl esters of 
aroylpyruvic acids [17]) led (as in the case of reaction be- 
tween 2,3-furandiones with arylamines [18]) to the formation 
of only arylamines of aroylpyruvic acids ( IVa-  lVh). In this 
case, we did not observe the formation of the corresponding 
2,3-dihydro-3-pyrrolones (Ill). 

Data on the yields and constants of compounds II, l I l a -  
Ille, and IVa- IVe  are given in Table 1, and the spectral 
characteristics of some of the obtained compounds are pre- 
sented in Table 2. The results of elemental analyses (C, H, N, 
halogen) of the synthesized compounds agree with the calcu- 
lated values. 

The structure of 3-pyrrolones (111) was established on the 
basis of spectroscopic data and by comparison with structur- 
ally similar 2-hydroxy-2,3-dihydro-3-pyrrolones obtained by 
other methods [ I 1, 19 - 21 ]. 

Substituted amides of aroylpyruvic acids (IV) were iden- 
tified by comparison with the published data [18, 22, 23]. 

The IH NMR spectra of compounds ill measured in 
DMSO-d 6 solutions contain no signals due to protons of the 
NH group (in the spectrum of enaminoester II, a broadened 
signal of the proton of amino group is observed at 8.95 ppm), 
but show a signal due to hydroxyl proton of the cyclic 
semiaminal at 3.31 - 3.45 ppm (Table 2) vanishing on adding 
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a drop of trifluoroacetic acid. (Note that the singlet signal at 
3.58 ppm was misinterpreted in [14] as due to the methyl 
group.) The presence of the signal due to the hydroxyl proton 
indicates that the solutions contain no possible chain 
tautomeric form ofenaminoketoester (VI). However, the fact 
that 2-hydroxy-2,3-dihydro-3-pyrrolones (I11) represent a sta- 
ble cyclic form of enaminoketoesters (VI) allows us to in- 
elude them in the group of nitrous derivatives of 1,3,4,6-tetra- 
carbonyl compounds. 
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Vibrational frequencies of the absorption bands of car- 
bonyl groups in the IR spectra of most pyrrolones lllm do not 
exceed 1690 cm - t in complete agreement with the literature 
data [1 I, 19 - 21]. This fact allows us to reject an alternative 
structure of  regioisomeric 3-hydroxy-2,3-dihydro-2-pyrro- 
lones (Vll), for which the absorption band of lactam carbonyl 
must occur in the region above i 720 cm - I (as can be judged 
from data published for the structurally close 3-substituted 
2,3-dihydro-3-pyrrolones (VIIJ) [24, 25]). 

Recently, Aliev et al. [ 14] published the x-ray diffraction 
data for compound Illa, which confirmed the structure of 2- 
hydroxy-2,3-dihydro-3-pyrrolones (II1) established in our 
earlier works [4, 7, 15, 16]. 

TABLE I. Yields and Analytical Characteristics of Compounds II, iil, and 
IV 

Compound Yield, % M.p., *C Empirical formula 

I1 96 61 - 62 Cs3HtTNO 2 

Ilia 48 168- 1691 C2sHT.3NO s 

Illb 52 161 - 162 C-.26H2sNO s 
II1r 43 136- 137 C~H2~NO 6 

Illd 31 175 - 176 C25H22BrNO s 

Ille 27 147- 148 C25H22CINO s 

IVa 37 89 - 907. CtTHlsNO 3 

IVb 29 94 - 95 CIsHtTNO3 
IVc 33 91 - 9 2  CIIIH I-/NO 4 

IVd 40 121 - 122 CtTHI4BrNO 3 

I Ve 46 97 - 98 C 17 H j4CINO3 
IVf 72 124- 1253 - 

IVg 60 t 3 8 -  1394 - 

IVh 54 i 4 6 -  1475 - 

Notes. Reported m.p. (~ i 161 - 162 [14]; 2 9 2 - 9 3  [14]; 3 113- 114 
[191 - .4 128-1291191;s 161-162119]. 

Interaction of 5-aryl-2,3-dihydro-2,3-furandiones (1) with 
esters of 13-aminocrotonic and 2-arylamino-4-oxo-2-butenoic 
acids apparently proceeds by two competing pathways. De- 
pending on the structure, the enaminoester either attaches at a 
lactone carbonyl of compound 1, acting like both a C-nucleo- 
phile (with participation of  the electron-donor carbon atom in 
the a-position with respect to the ester group - -  pathway A) 
and a N-nucleophile (at the secondary amino group - -  path- 
way B), or proceeds by the latter pathway alone in the case of 
compounds V, where the maximum electron density is accu- 
mulated on the nitrogen atom of  amino group. Intermediate 
products, represented by semiacetals A - C ,  exhibit sub- 
sequent decyclization with scission of  the C 2 -  O bond and 
the formation of  ketoesters D or aroylpyruvoyi amides E, F. 
The subsequent cyclization of intermediate D yields 2-hy- 
droxy-2,3-dihydro-3-pyrrolones (Ill), while amides E, F are 
hydrolyzed in the presence of trace water to the correspond- 
ing amides of  aroylpyruvic acids (IV). 

EXPERIMENTAL CHEMICAL PART 

The IR spectra of compounds lI - lV were recorded on an 
UR-20 spectrophotometer using samples prepared as nujol 
mulls. The JH NMR spectra of  II - IV were obtained on an 
RYa-2310 spectrometer operated at 60 MHz, using DMSO- 
d6 as the solvent and HMDS as the internal standard. The 
course of the reactions was followed and the purity of the 
synthesized compounds was checked by TLC on Silufol UV- 
254 plates eluted in the benzene - hexane 3 : 1 system and de-. 
veioped by iodine vapor. The initial 5-aryl-2,3-dihydro-2,3- 
furandiones ( l a - l e )  were obtained by a modified method 
described in [26], and methyl esters of 4-aryl-2-arylamino-4- 
oxo-2-butenoic acids ( V a - V c )  were obtained according 
to [17]. 

TABLE 2. Parameters of lR and 1H NMR Spectra of Compounds I11 and IV 

Corn- IR spectrum, Vmax, cm - I (crystals) NMR spectrum, 6, ppm pound �9 ' 

Ilia 3164(OH), 1688(C_.._~Et), 1658(C 3 =O), 1644(COPh) 

lllb 3260(OH). 1688(C(X3EtL 1656(C 3 = O, CO__._C6H4Ph-4) 

Illc 3275(OH), 1678(C..___~Et), 1660(C 3 =O), 1637(C_.._OC6H4OMe-4) 

Illd 3300(OH), 1664(C_QOOEt), 1632(C 3 = O, C.__~6H4OBr-4) 

IIIc 3416(O1-1), 1716(C_..,__~Et), 1688(C 3 =O), 1646(C__._~6H4CI-4) 

1Va 3296(NH). 1644(C___ONH). 1565 - 1580(COchd.C = C) 

IVb 3284(NII). 1656(C(__.))N1-1). 1565- 1620(COcheI. C=C) 

IVc 3265(Ntt). 1594(C__ONH). 1540 - 1570(COchet. C = C) 

IVd 3288(NH). 1652(C__QNHL 1540- 1565(COchei. C=C) 
IVe 3284(N1t). 1720(C__ONH). 1575 - 1592(COc,el. C =C) 

I Vg 3204(N1-1CO). 1688(NHC__Q). 1580 - 1605(COcht~. C = C) 

I. 18 (t, 3H, COOCH~Me), 2.43 (s, 3H, Me), 3.31 (s, 1 H, OH), 3.55 (dd, 2H, C__~H COPh), 
4.06 (q, 2H, COOC_. H_.2H Me), 4.74 (dd, 2H, Cl-I~Ph). 7.40 - 7.80 (m, 10H, 2Ph) 

1.18 (t, 3H, COOCH M2_M_e_), 2.31 (s, 3H, 4-MeC~H4), 2.38 (s, 3H, Me), 3.37 (s, I H, OHL 
3.53 (ddr 2H, C__~H COPh), 4.05 (q, 2H, COOCH.._2Me ), 4.71 (dd, 21-t, Ct 1_...._2Ph), 7 35 - 7 60 
(m, 9H, Ph, C6H4) 

1.20 (t, 3H, COOCH M ~ ,  2.46 (s, 3H, Me), 3.42 (s, 1 H, OH), 3.55 (dd, 2H, C__~.H COPh). 
4.01 (q, 2H, COOCI-I~Me), 4.76 (dd, 2H, C C~H Ph), 6.95 - 7.80 (m, 9H, Ph, Cr 

445 (d, 2H, CH.,Ph), 5.91 (s, tH, CH), 6.95 - 7.85 (m, 10H, 2Ph), 1090 (bs, IH, NH) 

2.33 (s, 3H, Me), 4,60 (d, 2H, CH,Ph), 568 (s, IH, CH), 7 10 - 760 (m, 9H, Ph, C6H4), 
11.21 (bs, IH, NH) 

3,78 (s, 3H, MeO), 4.56 (d, 21-t, CH,Ph), 5.65 (s, IH, CH), 6.80-7.80 (m, 9H, Ph, 
C6H4), 11.15 (bs, IH, NH) 
4.41 (d, 2H, CH-tPh), 5.93 (s, I H, CH), 6.95 - 7.75 (m, 91-t. Ph, CoH4), 9.30 (bs, I tl, NH) 

4.41 {d, 2H, CH~Ph). 5.66 (s, 1 H, CH), 6.95 - 7.80 (m, 9H, Ph, Cell4), 938 (bs, 1H, Nit) 

6.74 (s, 3H, MeO), 7.02 (s, I H, CH), 7.20 - 800 (m, 9H, Ph, C6H4). 12.05 (bs, I H, NH) 
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Ethyl ester of  3 -benzylamino-2-butenoie  acid (!i).  To a 
solution of 6.5 g (0.05 mole) of acetoacetic ester in 30 ml of 
diethyl ester was added with stirring 5.35 g (0.05 mole) of 
benzylamine. The precipitate was filtered and recrystallized 
from diethyl ester. Yield of compound 11:10.6 g (96%); 
m.p., 61 -62~  IR spectrum (v, cm-I): 3360 (NH), 1666 
(COOEt); tH NMR spectrum (8, ppm): i.19 (t, 3H, 
COOCH2Me), 1.80 (s, 3H, Me), 4.00 (q, 2H, COOCHTMe), 
4.37 (d, 2H, CHTPh), 6.95 -7 .40  (m, 6H, CH, Ph), 8.95 (bs, 
ill, NH). 

Interaction o f  5-aryl-2 ,3-dihydro-2,3-furandiones  ( la 
- l e )  with ethyl ester o f  3-benzylamino-2-butenoic  acid 
(11). To a solution of  0.024 mole of the corresponding 5,aryl- 
2,3-dihydro-2,3-furandione (Ia - le) [26] in 150 - 200 ml of 
benzene was added with stirring a solution of 0.52g 
(0.024 mole) of  compound 1I in 30 ml of benzene and the 
mixture was heated to boiling. Then the solvent was distilled 
off, and the residue was separated by fractional crystallization 
from benzene-hexane (5:2),  dichloroethane, and iso- 
propanoi to obtain 2-aroylmethyl-l-benzyl-2-hydroxy-5- 
methyl-4-ethoxycarbonyl-2,3-dihydro-3-pyrrolones (Ilia - 
Iile) and benzylamides of  aroylpyruvic acids OVa - IVe). 

Interaction o f  5-aryl-2 ,3-dihydro-2,3-furandiones  (la,  
Ib) with methyl  esters o f  4-aryl-2-arylamino-4-oxo-2-  
butenoic acids ( V a -  Vc). To a solution of 0,01 mole of the 
corresponding 5-aryi-2,3-dihydro-2,3-furandiones (Ia, lb) 
was added with stirring a solution of  0.01 mole of compound 
Va, Vb, or Vc in 100 - ! 50 ml of benzene and the mixture 
was heated to boiling. Then the solvent was distilled off, and 
the residue was recrystailization from ethanol or toluene to 
obtain arylamides of  aroylpyruvic acids ( IVf -  IVh). 

EXPERIMENTAL BIOLOGICAL PART 

We have studied the antimicrobial, anticonvuisive, and 
analgesic activity of the synthesized compounds, and evalu- 
ated their acute toxicity. 

The acute toxicity (LDso) was determined only for the ac- 
tive compounds (I11, IV) by single intraperitoneai injection of 
a 2 % starch suspension to white mice weighing 18-25  g. 
The LDs0 value was determined by the conventional method 
[27]. 

The antimicrobial activity of the synthesized compound 
with respect to standard strains Escher ich ia  coil  M~7 and 

S taphy lococcus  aureus  P-209 was determined by a conven- 
tional method of sequential double serial dilutions in a beef- 
in~hsion broth for a bacterial load of 250 • 103 microbial 
cells per mt solution [28]. The active dose was determined as 
the minimum inhibiting concentration (MIC) of the com- 
pound, that is, the maximum dilution ensuring complete sup- 
pression of the growth of test microbes, the antimicrobial ac- 
tivity of the synthesized compounds was compared to that of 
flumequine and oxolinic and nalydixic acids, modern effi- 
cient antibacterial compounds belonging to the 4-quinoline- 
3-carboxylic acid group [29, 30]. 

The anticonvulsive activity was studied using the maxi- 
mum electroshock test [31]. The compounds were intraperi- 
toneally injected to white mice weighing 1 8 -2 2  g in the 
form of a 2 %  starch suspension at a dose of up to 
400 mg/kg. The effective dose (EDs0, mg/kg) was deter- 
mined using the rapid method described in [32]. In the ab- 
sence of visible effects, the compound was classified as inac- 
tive. Phenobarbital was used as the reference drug. 

The analgesic activity was assessed by the thermal irrita- 
tion (hot-plate) method, whereby the animal feet were ther- 

mally irritated (54~ x 0.2 see) and the onset of the defensive 
licking reflex was monitored. The test was performed on pre- 
selected mice with a control defensive reflex time not exceed- 
ing 15 see. The test was carried out 30, 60, 120, and 180 rain 
after intraperitoneal injection of  the synthesized compounds 
at a dose of  50 mg/kg. An increase in the defensive reflex 
time by not less than 50% against the initial control value was 
considered as an indication of  the analgesic effect. The anal- 
gesic activity was compared to that of analgin. 

The acute toxicity of compounds III and IV for a single 
administration exceeded 1000 mg/kg  [16]. Therefore, the 
compounds can be considered virtually nontoxic, which is an 
advantage over the reference drugs used for the biological ac- 
tivity evaluation (Tables 3 and 4). 

The maximum bacteriostatic activity among the com- 
pounds studied was observed for the benzoylpyruvic acid 
arylamides IVf and IVg, which suppressed the growth of  St. 

aureus  at MIC = 31.2 and 7.8 ~g/ml,  and the growth of  E. 

col i  at MIC =62.5 and 15.6 lag/ml, respectively (Table 3). 
The antimicrobial activity of these compounds is virtually the 
same as that of  the 4-quinolone derivatives. Both 2-hydroxy- 
2,3-dihydro-3-pyrrolones (1II) and the methyl ester of 4-aryl- 
2-n-tolylamino-4-oxo-2-butenoic acids (Vb) exhibited corn- 

TABLE 3. Antimicrobiai Activity of Compounds I|, III, 
IV, and V 

Compound 
MIC,~g/ml 

E. coil M t 7 St. aureus P-209 

11 I000 250 
llla I000 125 
I llb 1 nactive 500 
lilt I000 250 
file I000 250 
I Va 1000 125 
I Vb 1000 1000 
l Vc 1000 1000 
IVf 62.5 31.2 
IVg 15.6 7.8 
Vb 1000 500 
Oxolinic acid* 12.5 - > 256 0.5 - 16 
Nalydixic acid* 125- > 256 05-  8 
Flumequin* 12.5 - > 256 05 - 16 

�9 MIC variation limtts [30, 31]. 
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I'ABLE 4. Anticonvulsive and Analgesic Activity of Com- 
pounds II. III, IV. and V 

Coml'amnd Antlconvulsive ett~:ct Analgesic effect 
(EDso. rag/kg) (defensive reflex, sec) 

II 328 (259 - 397) - 
Ilia 328 (259 - 397) 29.6 (25 - 36) 
IVa Inactive 29.2 (26 - 33) 
IVb 359 (284 - 435) 29. I (26 - 32) 
I Vc 300 (273 - 363) 18. I ( 16 - 20) 
I Ve 300 (273 - 363) 23.4 ( I 8 - 29) 
IVf - 20.5 (16 -25) 
Vb - 15.8(13- 18) 

Phenobarbital 16 ( 13 - 19) 
Analgin - 21.5 (20 - 23) 
Control - 12.9 (12 - 14) 

paratively weak bacteriostatic action with respect to both 
strains o f  bacterial cultures. 

According to the max imum electroshock test data, the an-  
t iconvuls ive effect o f  synthesized compounds  was markedly 
lower than that o f  phenobarbital  (Table 4). 

The analgesic action o f  the compounds  studied was com-  
parable with that o f  anaigin.  The most active were 3-pyrro- 
lone i l ia  and aroylpyruvic acid benzylamides  IVa and IVb, 
which produced a more  than twofold increase in the defen- 
sive reflex t ime against  the control (Table 4). 
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