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The reaction of esters of alkyl-substituted (E)-5-amino-4-hydroxy-2,3,epoxy- 
valeric acids with some hydrohalic acids gave the corresponding 2-halo-4-amino- 
methyl-2-buten-4-olldes, the hydrochlorides of which have diuretic activity. 

Functional derivatives of unsaturated y-lactones [i, 2], particularly y-heteromethyl- 
substituted butenolides [3], are widely used in organic synthesis and are substances with 
high biological activity. A promising approach to the synthesis of this class of compounds 
on the basis of epoxy carboxylic acid derivatives (chiefly 4,5-epoxy-2-alkenolc acid esters) 
has been developed in recent years [3-6]. 

In the present research we have shown that (E)-5-dlalkylamino-4-hydroxy-3,4-dimethyl- 
2,3-epoxyvalerlc acid esters I-IV, which were obtained by the method that we described in 
[7], form the previously unknown N,N-disubstituted 2-halo-3,4-dimethyl-4-amlnomethyl-2- 
buten-4-olides VI-XIII (Table i) in 40-70% yields when they are heated with excess hydro- 
chloric or hydrobromic acid. 
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la--c, VI, X R=CHa; II, VII, XI R--Rffi(CHa)4; Ill, VIII, XII R--R=(CH~)6; IV, IX, 
XIII R--R=(CH2)20(CH2)2; V, XIV R--R=(CI-Ia)s; Ia R1=C2Hs; Ib, II--V R I= 

�9 =CH(CHs)~; IcR~=C(CHs)a; Hal=Cl, Br, I; VI--IX X=C1,X--XIII X=Br, XIV X=H 

The conversion of esters l-IV to lactones Vl-Xlll probably proceeds via the addition of 
the hydrogen halide to the oxirane ring and subsequent lactonlzation and dehydration of the 
intermediate halohydrin. It should be noted that butenollde VI is formed from isopropyl 
ester Ib in substantially higher yield than from ethyl and tert-butyl esters la and Ic under 
identical conditions (see Table i). This is possibly associated with the relatively high 
rates of hydrolysis of esters la,c [8], which competes with opening of the epoxy ring. 

The reaction of esters I-V with hydriodlc acid under similar conditions is accompanied 
by considerable resinification of the reaction mixture and reductlve processes. Thus, in- 
stead of the expected iodo-substituted analog of VI-XIII, 3,4-dlmethyl-4-piperldlnomethyl- 
2-buten-4-ollde (XIV) (Table i) was obtained in low yield as a result of the reaction of 
isopropyl 5-plperidlno-4-hydroxy-3,4-dlmethyl-2,3-epoxyvalerate (V):wlth HI. 

The IR spectra of VI-XIV are characteristic for unsaturated y-lactones and contain In- 
tense absorption bands of a carbonyl group at 1770-1780 cm -~ and a C--O bond at 1000-1030 cm-*, 
as well as a weak absorption band of a C-~C bond at 1650 cm-*. A peculiarity of the PMR spec- 
tra of butenolides VI-XIV (Table 2) is the significant difference in the chemical shifts of 
the protons of the methyl groups due to the deshlelding effect of the C,-C bond on the 3-CHs 
group. The signal of the 4-CH~ group is observed in the form of a quartet with Jgem = 14 Hz 
or a broad singlet. In contrast to halo-substituted lactones VI-XIII, the PMR spectrum of 
lactone XIV contains a quartet at weak field of the 2-H proton, which couples with the 3-CHs 
group. 
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TABLE 2. 

Com- I 

VI 2,00 
VII 2,00 

VIII 2,00 

IX 1,96 

X 2,00 
XI 1,93 

XII 1,90 

XIII 1,95 

XIV 1,93 
br s 

Data from the PMR Spectra of Butenolides VI-XIV 

6, ppm 
i 

4-CHa 4-CH2 i RzN and other protons (s) (dd, ]=14 Hz) 

1,33 
1,35 

1,38 

1,33 

1,33 
1,30 

1,28 

1,38 

1,26 

2,37; 2,68 
2,73 br  s 

2,80; 2,95 

2,26; 2,56 

2,41; 2,71 
2,70 br s 

2,65; 2,90 

2,41; 2,71 

2,28; 2,56 

2,20 (6H, s, 2CHa) 
1,46--1,84 (4H, m, 2CH=); 2,23--2,63 (4H, m, 
CH2NCH=) 
1,52 (8H, br  s ,  4CH~); 2,60--2,87 (4H, m , 
CH=NCH2) 
2,20--2,60 (4H, m. CH2NCH2); 3,33--3,60 (4H, 
m CH~OCH~) 
2,22 (6H, s., 2CHa) 
1,45--1,80 (4H, ra, 2CHa); 2,28--2,62 (4H, m, 
CH~NCH~) 
1,40 (8H, br s, 4CH~); 2,40--2,73 (4H, m., 
CHINCH2) 
2,33--2,48 (4H, m, CH2NCH2); 3,40--3,63 (4HI 
m., CH2OCH2) 
1,20--1,63 (6H, m, 3CH2); 2,22--2,40 (4H, m, 
CH2NCH2); 5,53 (IH, q , / = l , 5 H z ,  2-H) 

The mass spectra of VI-XIII are characteristic for monohalo-substituted derivatives. 
The molecular-ion peak (M +) is of low intensity and is accompanied in all cases by an [M + 
2] + peak; the intensity of the latter for chloro-substltuted lactones VI-IX is approxi- 
mately one third the intensity of the M + peak. The intensities of the peaks of these ions 
are approximately equal for bromo derivatives X-XIII. The most intense peaks in the mass 
spectra of butenolides VI-XIII correspond to [R~NCHa] + ions and have m/z values of 58, 84, 
i00, and 112 (for RaN = dimethylamlno, pyrrolidino, morpholino, and homopiperidino, respec- 
tively). 

In order to confirm the structure of lactones VI-XIII we realized the hydrogenation of 
the hydrochloride of VI in the presence of platinum dioxide. We found that in this case, in 
addition to the addition of hydrogen to the C--Cbond on the side of the 4-CHs group, which 
is less bulky than the protonated dimethylnm~nomethyl group, the C-C1 bond undergoes hydro- 
genolysis, which leads to the formation in 83% yield of (Z)-3,4-dimethyl-4-dlmethylamino- 
methylbutan-4-olide hydrochloride (XV), which we previously synthesized via another method 
[9]: 

H 
CH~,~.___ 1 

(CH~)2NHCl 

We obtained the hydrochlorides of 2-halo-4-amlnomethyl-2-buten-4-olides VI-XIII and 
studied their toxicitles and diuretic and cardiotroplc activity. A study of the acute 
toxicity in white mice in the case of intravenous administration showed that the indicated 
compounds differ appreciably with respect to the LDso index, w~Ich ranges from 66.8 mg/kg 
(VIII hydrochloride) to 306.9 mg/kg (XIII hydrochloride). In experiments with white rats 
it was established that all of the investigated VI-XIII hydrochlorides have pronounced 
diuretic activity that is comparable in magnitude to the effect of the known diuretic agent 
furosemlde. Experiments conducted on the isolated heart of a frog did not reveal cardio- 
tropic activity for X. This makes it possible to assume that the diuretic activity of the 
investigated compounds is associated with a direct effect on the functional state of the 
kidneys. 

EXPERIMENTAL 

The IR spectra of solutions (0.I mole/liter) of the substances in CCI~ (layer thickness 
0.01 cm) were recorded with a Specord 75-1Rspectrometer. The PMRspectra of solutions in 
CCI~ were measured with a Tesla BS-467 spectrometer (60 MHz) with hexamethyldisiloxane as 
the internal standard. The mass spectra were obtained with a Varian MAT-311 spectrometer 
with a system for direct introduction of the samples at an ion-source temperature of I00- 
150~ and an ionlzing-electron energy of 70 eV. The course of the reaction and the purity 
of the compounds obtained were monitored by thln-layer chromatography (TLC) on activity II 
AlsOs with development byiodlne vapors. 

Esters I-V were obtained by the method in [7]. 
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2-Halo-3,4-dimethyl-4-dialkylaminomethyl-2-buten-4-olides VI-XIII. A solution of 30 
mmole of ester l-IV in 15 ml (175 mmole) of 36% HCI or 20 ml (175 mmole)of 48% HBr was re- 
fluxed for 5 h, after which it was saturated with hydrogen chloride or, respectively, I0 ml 
of 48% HBr was added, and the mixture was refluxed for 5 h. It was then treated with a 
saturated solution of potassium carbonate until the liberation of carbon dioxide ceased, and 
the mixture was extracted with ether. The extract was dried with sodium sulfate, the ether 
was evaporated in uacuo, and the residue was cry~tallized from hexane-isopropyl alcohol 
(I0:i). Mass spectra, m/Z (relative intensity, %): VI: [M + 2] + 205 (i), M + 203 (3), 188 
(i), 161 (i), 159 (3), 147 (2), 145 (6), 124 (4), i08 (2), i00 (7), 96 (6), 67 (20), 65 (12), 
59 (32), 58 (100), 57 (27), 44 (24), 43 (45), 42 (43); IX; [M + 2] + 247 (i), M + 245 (3), 149 
(6), 147 (4), 146 (4), 145 (8), 102 (8), i01 (45), 100 (100), 99 (7), 98 (43), 78 (8), 72 
(37), 70 (41), 60 (9), 59 (50), 58 (25), 57 (53), 44 (27), 43 (45), 42 (46), 41 (37); X: 
[M + 2] + 249 (3), M + 247 (3), 205 (4), 203 (5), 189 (3), 187 (3), 149 (6), 124 (15), 108 (6), 
100 (10), 96 (8), 67 (25), 65 (i0), 59 (36), 58 (i00), 57 (32), 44 (22), 43 (40), 42 (42). 
The hydrochlorides of VI-XIII were obtained by passing HCI into solutions of lactones VI-XIII 
in dry ether; the precipitates were separated and crystallized from acetone-methanol (2:1). 

3,4-Dimethyl-4-piperidinomethyl-2-buten-4-olide (XlV). This compound was similarly ob- 
tained by the reaction of 57% HI on ester III. The residue remaining after removal of the 
solvent from the ether extracts was chromatographed with a column packed with activity II 
Al2Os by elutlon with ether-nhexane (5:1) with collection of the fraction with Rf 0.82. 
Lactone XIV was crystallized from hexane. 

(Z)-3,4-Dimethyl-4-dimethylaminomethylbutan-4-olide (XV). A solution of 3.0 g (12.5 
mmole) of the hydrochloride of amine Vl in 25 ml of absolute methanol was stirred in a hydro- 
gen atmosphere in the presence of 0.i g of platinum dioxide until 610 ml (25.0 mmole; 745 mm, 
18~ of Hs had been absorbed, after which the catalyst was removed by filtration, the meth- 
anol was removed by distillation, and the residue was crystallized from acetone--methanol 
(I0:i) to give 2.1 g (83%) of the hydrochloride of XVwith mp 182~ Free base XVwas iso- 
lated by the action of potassium carbonate on an aqueous solution of the hydrochloride and 
subsequent extraction with ether. The ether was removed, and the residue was distilled in 
vacuo with collection of the fraction with bp 66~ (3 mm) and nD ~ 1.4553. PMR spectrum: 
0.92-1.26 (IH, m, 3-H), 0.98 (3H, d, J - 7 Hz, 3-CHs), i.Ii (3H, s, 4-CHs), 2.02-2.64 (4H, 
m, 2CHI), and 2.22 ppm [6H, s, N(CHs)s]. Compound XVwas identical to the compound obtained 
by the method in [9] with respect to its PMR spectrum and the melting point observed for a 
mixture of hydrochlorldes of the samples. 
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