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The reaction of 5-aryl-2,3-dihydrofuran-2,3-diones with benzamide oxime, di- 
aminoglyoxime, and hydroxyurea gave 3-phenyl-5-aroylacetyl-l,2,4-oxadiazoles, 
5,6-dihydroxyimino-3-phenacylidenepiperazin-2-ones, and 3-hydroxy-5-phenacyl- 
ideneimidazolidine-2,4-diones, respectively. 6-Phenacylidene-5-oxo-4,5,6,7- 
tetrahydrofurazano[3,4-b]pyrazines are formed in the reaction of 5-aryl-2,3- 
dihydrofuran-2,3-diones with diaminofurazan. 

We have shown that hydroxylamine opens the ring of 5-aryl-2,3-dihydro-2,3-diones (I) 
almost instantaneously with the formation of 4-aryl-2,4-dioxobutyrohydroxamic acids [2]. 
With compounds (I) under more drastic conditions hydroxylamine hydrochloride forms the 
recyclization products 3-aryl-5-hydroxy-l, 2-oxazin-6-ones [ 3 ]. 

1,2-Hydroxyamino compounds are even less susceptible to entry into recyclization and 
o-aminophenol open the ring of furandiones (I), and the reaction products are N-(2-hydroxy- 
ethyl)- and N-(2-hydroxyphenyl)aroylpyruvamides. In the case of o-aminophenol the products 
from the recyclization of compounds (I), i.e., 3-phenacylidene-l,4-benzoxazin-4-ones, can 
be obtained by heating the reagents at 160-170~ [2]. 

In this connection it seemed of interest to bring amide oximes and hydroxyureas, which 
are the analogs of the previously investigated 1,2-hydroxyamino compounds and contain nucleo- 
philic groups at the C=N and C-N bonds, into reaction with the furandiones (I). As found, 
the furandiones (I) undergo recyclization in reaction with benzamide oxime under signifi- 
cantly milder conditions (dioxane, 100-II0~ 15-30 min) than the other previously investi- 
gated hydroxyamino compounds. However, recyclization only takes place through one function- 
al group in compounds (Ia-f), i.e., the lactone carbonyl, and the reaction products are 3- 
phenyl-5-aroylacetyl- i, 2,4-oxadiazoles (IIa, c-f). 
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I--III,  V a R=H,  b R=CH3, c R=Br ,  d R=CI, e R=CH~O, f R ~ F  

In the PMR spectrum of (lla) in addition to the multiplet for the ten aromatic protons 
centered at 7.43 ppm there is a singlet for the methine proton at 7.17 ppm and a broadened 
signal for the proton of the enolic hydroxyl at 15.4 ppm. The PMR spectra of the other com- 
pounds (IIc-f) are similar. In the IR spectra of compounds (IIa, c-f) there is a strong 

*For Communication 7, see [i]. 
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TABLE i. Characteristics of the Synthesized Compounds 

,=~ rap, ~ 

8~ 
I I a  134...135 69,8 
1Tr 144... 1461 54,9 

I Id  139... 14(11 62,3 
I I e  132... 133 / 67,0 
I I f  135...  t361 65,6 

I I I a  I 251 ...2521 52,4 
lllb. 237.. .238 / 54,0 
I I I c  267.. .268 40,5 
I I I d  273.. .  274 46,5 
lV,b ]276., 278[ 57,6 
lVc [293 2951 42,8 
IVd ~278 2801 49.5 
IVe ~280 282[ 54,4 
va [238., 2391 56.7 
V c ]249 251] 42,3 
va 1252 253[ 49,4 

Found, % 

C H N (Hal) 

3.9 9,0 
2,8 7,9 (21,1) 
3,4 8,9 (11,4) 
4,2 8,4 
3.3 8,8 
3.5 20,2 
3.9 19,3 
2.4 15.6 (22,5) 
2.8 18,1 (11,4) 
3.7 20,6 
2.0 16,6 (23,7) 
2,3 19,1 (12,1) 
3,4 19.4 
3,4 11,9 
2.1 8.7 (25,7) 
2,5 10.5 (13,2) 

Molecular  
formula 

C,THI2N203 
C,TH,IBrN203 
C,THuCIN203 
ClsH,~N204 
C,~H.FN203 
CI2HmN404 
Ct3HmN404 
Cj2HgBrN404 
C12HgCIN404 
CI3H,oN40~ 
C,2HTBrN4Oz 
CI2HTC1N403 
C~3H,0N~O4 
C,,HsN204 
C.HTBrN~O4 
CHHTC1N'~O4 

Calculated, % 

I 
C ] H N (Hal) 

69.9 4,1 9,6 
55.0 2.9 7.6 (21,6) 
62,5 3.4 8,6 (10,9) 
67,1 4,3 8;7 
65,8 3.5 9,0 
52,6 3,6 20,4 
54.1 4,1 19,4 
40,8 2,5 15,8 (22.6) 
46,6 2,9 18,1 (11,5) 
57,7 3,7 20.7 
42,9 2,0 16,7 (23,8) 
49,5 2A 19,3 (12,2) 
54.5 3,5 19,6 
56,9 3,4 12,0 
42,4 2,2 9,0 (25,7} 
49,5 2,6 10,5 (13,3) 

I Yield. 

48 
98 
89 
53 
82 
41 
50 
45 
54 
70 
65 
60 
74 
10 
7 
6 

llb 

lllb 

broad band at 1600-1610 cm -I, due to the carbonyl group included in a strong intramolecular 
hydrogen bond [4]. Thus, the spectral data indicate that one of the carbonyl groups in the 
~-dicarbonyl fragment of compounds (lla, c-f) is fully enolized. 

The recyclization of the furandiones (I) by the action of diaminoglyoxime does not take 
place through the amide oxime groups. The reagent in this reaction exhibits the characteris- 
tics of a 1,2-diamine, and the reaction products are the 5,6-dihydroxyimino-3-phenacylidene- 
piperazin-2-ones (Ilia-d) [5]. The PMR spectrum of (Ilia) contains a singlet for the methine 
proton at 6.28 ppm, a multiplet for the five protons of the phenyl ring centered at 7.71 ppm, 
signals for the protons of the two groups at 10.85 and 12.55 ppm, and a signal for the two 
protons of the two OH groups at 11.55 ppm. The PMR spectra of compounds (lllb-d) are similar 
in nature. The IR spectra of compounds (Ilia)d) contain absorption bands at 1620-1640 (ke- 
tone carbonyl) and 1700-1710 cm -I (amide carbonyl) and also a broad band at 3100-3300 cm -l, 
due to the stretching vibrations of the hydroxyl and amino groups. In the UV spectra of 
these compounds %max is at 341-343 nm (log e 4.23-4.27). 

The mass spectrum of (lllb) contains peaks with the following m/z values: 288 [M] t, 
270 [M - H=O] T, 255 [M -NHOH] +, 119 [CH3CsH~CO] +, 91 [CH3CsH~] +. The obtained spectral 
data agree well with the structure proposed for compounds (Ilia-d), but they also corre- 
spond to some degree to the structure of 3-(2-hydroxyamidino)-5-aroylacetyl-l,2,4-oxadia- 
zoles, the formation of which is possible during recyclization of the furandiones (I) 
through one of the amide oxime groups of the diaminoglyoxime. In order to compare the 
spectral data of compounds (Ilia-d) with the corresponding data for the structurally simi- 
lar compounds, which are known to have the structure of 5,6-dihydroxyiminopiperazin-2-one, 
we brought 3,4-diaminofurazan into reaction with the furandiones (I). As found, the recy- 
clization of the furandiones (I) by the action of this reagent takes place in boiling 
dioxane in i h, and its products are 6-phenacylidene-5-oxo-4,5,6,7-tetrahydrofurazano[3,4- 
b]pyrazines (IVb-e). 

H 
NH2~----~ NR2 ~ 0/N~ N ~  cHCOC6H'R-~ 

| + N O/N -- \ ~.,.N/~O N. ~ 
H 
b-c 

The IR spectra of compounds (IVb-e) contain bands at 1600-1615 (ketone carbonyl), 
1700-1710 (amide carbonyl), and 3100-3300 cm -l (NH stretching vibrations). This agrees 
closely with the IR spectra of compounds (Ilia-d) and with the data in [6]. 

In the UV spectra of compounds (IVb-e) Xma x is at ~358-362 nm (loge 4.24-4.32), and 
the form of the spectra curves and the position of the absorption maxima for compounds 
(Ilia-d) and (IVb-e) are very similar. This makes it possible to reject finally the 
structure of 1,2,4-oxadiazoles for compounds (Ilia-d). 

The products in the reactions of furandiones (I) with hydroxyurea in acetamide at II0- 
120~ are 3-hydroxy-5-phenacylideneimidazolidine-~,4-diones (Va, c, d). Thus, hydroxyurea 
enters this reaction not as a 1,2-hydroxyamino compound but as a l,l-diamino compound. 
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In the IR spectra the stretching vibrations of the ketone carbonyl in the phenacyli- 
dene substituent appear at -1670-1675 cm -l, and the stretching vibrations of the carbonyl 
at positions 4 and 2 of the heterocycle corresponds to absorption at 1735-1740 and 1800- 
1805 cm "I. In addition, the spectra contain absorption at 3300-3310 cm -I, due to the NH 
groups, and at 3550-3555 cm -I due to the hydroxy group. The PMR spectrum of (Va) contains 
a singlet for the methine proton at 6.88 ppm, a multiplet for the aromatic protons cen- 
tered at 7.81 ppm, and a broad signal for the two protons of the hydroxyl and amino groups 
at I1.15 ppm. The PMR spectra of compounds (Vc, d) have the same character. In the UV 
spectra of these compounds kma x lies at -330 nm [7]. The spectral characteristics of 
compounds (Va, c, d) agree well with the corresponding characteristics of 5-phenacylidene- 
2,4-imidazolidine-2,4-diones not having a hydroxyl group at position 3 [8]. 

The mass spectrum of (Va) contains peaks with the following m/z values: 232 [M] +, 
215 [M - OH] + , 201 [M - NOH] +, 173 [M - CONOH] +, 145 [CsHsCOCH--C=NH] +, 105 [C6H5CO] +, 77 
[C6H5] +. 

Thus, the amide oximes and hydroxyurea react with the furandiones (I) like 1,2-hydroxy- 
amino compounds only in the case where there are no structural possibilities for the forma- 
tion of more favorable heterocyclic systems by these binucleophiles, where they act as l,l- 
and 1,2-diamino compounds. 

EXPERIMENTAL 

The IR spectra of the compounds were recorded on a UR-20 spectrophotometer in Vaseline 
oil. The UV spectra were obtained on a Specord UV-vis spectrophotometer in ethanol at con- 
centrations of 10-3-10 -s M. The PMR spectra were recorded on an RS-60 spectrometer at 60 
MHz in DMSO-d 6 with HMDS as internal standard~ The mass spectra were recorded on a Varian- 
301 instrument at 50 eV with an electron inversion current of 1.5 mA at temperatures close 
to the melting points of the substances. The characteristics of the synthesized compounds 
are given in Table i. 

3-Phenyl-5-aroylacetyl-l~2,4-oxadiazoles (IIa~ c-f). To a solution of 0.01 mole of 
(I) in 150 ml of dioxane we added 0.01 mole of the benzamide oxime. The mixture was boiled 
for 30 min, and after evaporation of the solvent the product was recrystallized from acetonitrile. 
trile. 

5~6-Dihydroxyimino-3-phenacylidenepiperazin-2-ones (Ilia-d). To a solution of 0.0042 
mole of the dioxime in 30 ml of dioxane we added 0.0042 mole of compound (I). The mixture 
was boiled for 2 h, and the precipitate was filtered off and recrystallized from alcohol 
or dioxaneo 

6-Phenacylidene-5-oxo-4~5~6t7-tetrahydrofurazano[3~4-b]Dyrazines (IVb-e). To a solu- 
tion of 0.005 mole of diaminofurazan in 30 ml of dioxane we added 0.005 mole of compound (I). 
The mixture was boiled for 1 h, and the product was recrystallized from a i:i mixture of 
dioxane and water. 

3-Hydroxy-5-phenacylideneimidazolidine-2~4-diones (Va~ c~ d). A mixture of 0.01 mole 
of (I) and 0.01 mole of hydroxyurea in i0 g of acetamide was melted on a paraffin bath at 
I10-120~ for 1.5 h. The melt was poured into water, and the precipitate was filtered off 
and recrystallized from acetonitrile. 
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