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SYNTHESIS OF NEW DERIVATIVES OF
CARBO(HETERO)CYCLOSPIROBUTANOIC LACTONES

R. A. Kuroyan, S. A. Pogosyan, and N, P. Grigoryan

The diethyl esters of 2-oxo-1-oxaspirof4,4[nonan-3,4-dicarboxylic, 2-oxo-1-oxaspirof4,5]decan-3,4-dicarb-
oxylic and 7, 7-di-methyvi-1, 8-dioxaspiro-[4, S]decan-3, 4-dicarboxvlic acids (la-c) are transformed by
hydrochloric acid into 2-oxo-1-oxa-spiro]4,4fnonan-, 2-oxo-1-oxaspiro-[4,5]decan-, and 7.7-dimethyl-1,8-
dioxaspirof4, 5]decan-4-carboxylic acids (lla-c), which are converted into the acyl chlorides Illa-c, and the lat-
ter into the chloromethyl ketones IVa-c. Reaction of the acyl chlorides of lla and I1b with thiosemicarbazide
gives the acid thiosemicarbazides Va and Vb, which form the triazoles Via and VIb in potassium hydroxide
solution, and the thiadiazoles VIla an VIIb in sulfuric acid. Reaction of the chloromethyl ketones [Va-c with
Sformamide givesthe imidazoles Villa-c. The diestersla-creactwithbenzylamine to form the N-benzylimides 1Xa-c.

Earlier we developed a convenient method for the synthesis of 3.4-diethoxycarbonylcarbo(heteryl)cyclospirobutanoic
lactones [1, 2]. Simultaneously it was shown that the diesters could easily be transformed into the monoesters, since the de-
ethoxycarbonylation certainly proceeds on position 3 of the butanoic lactone ring. In continming studies of the chemical
properties of 3,4-diethoxycarbonylcarbo(hetero)-cyclospirobutanoic lactones. we investigated their behavior in acidic medium.
The diesters la-c hydrolyzed upon boiling in concentrated hydrochloric acid. At the same time, the decarboxylation of the
butanoic lactone also proceeded on position 3, resulting in the formation of the monoacids Tla-c. Based upon the acids
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obtained, we developed a method for the preparation of derivatives of carbo(hetero)-cyclospirobutanoic lactones containing a
triazole, thiadiazole, or imidazole heterocycle in position 4 of the butanoic lactone ring. The acids [la-c were transformed into
the acyl chlorides Ifla-c. The reaction of Ila, b with thiosemicarbazide in pyridine at 0°C gave the acid thiosemicarbazides Va-
¢, which cyclized in the presence of potassium hydroxide into the triazoles Vla-c, and in the presence of concentrated sulfuric
acid into the thiadiazoles VIla, b. The triazoles and thiadiazoles obtained were crystalline materials, insoluble in the usual
organic solvents. In contrast to the thiadiazoles, the triazoles were easily soluble in 10% sodium hydroxide solution. For the
synthesis of the imidazoles derivatives V1lla-c of the carbo(hetero)cyclospirobutanoic lactones, the chloromethyl ketones IVa-c,
prepared from the acyl chlorides Illa-c, were condensed with formamide. Characteristic resonance absorptions in the 1H NMR
spectra of the imidazoles Villa-c showed signals of the hydrogen atom of the CH==N group at 7.73 ppm.

We also developed a method for the synthesis of N-benzylimides of the carbo(hetero)cyclospirobutanoic lactones 1Xa-c
by condensation of the diesters Ia-c with benzylamine using a small quantity of methanol. In the 'H NMR spectra, the protons
in position 3 and 4 of the butanoic lactone ring occurred in the form of a doublet at 3.36 and 3.96 ppm for IXa, 3.43 and 3.93
ppm for IXb, and 3.20 and 4.23 ppm for IXc.

The structures of the compounds obtained were confirmed by IR, 'H NMR and mass spectrometry .

EXPERIMENTAL

The IR spectra were recorded on a UR-20 instrument and the *H NMR spectra with a Varian T-60 instrument in CDCl,
(lIa, b; la-c; IVa-c; Vllla-c), CD,0D (IXa-c), and DMSO-d¢ (llc, Va, b, VIla, b), and Varian T-100 in DMSO-dg (Va, b).
The mass spectra were obtained with a MX-1303 spectrometer using direct introduction of the sample and ionization energy
of 50 eV. The purity of the compounds obtained was monitored by TLC on Silufol UV-254 plates using the systems
chloroform —acetone, 8:2 (Ila-c, llla-c, VIIIb, ¢); chloroform —acetone, 1:1 (Villa); chloroform —methanol, 8:2 (Vb, VIb,
VIIla);, acetone~—benzene, 5:3(Va); and chloroform—ethanol, 8:2(Vb, VIb, VIila); acetone—benzene, 5:3(Va); and
chloroform —ethanol, 8:2, (IXa-c).

Elemental analysis data for the synthesized compounds for C, H, N, and S corresponded with the calculated values.

Characteristics of the synthesized compounds are presented in Table 1.

2-Oxo-1-oxaspiro[4,4]nonan-4-carboxylic Acid (Ila, CgH;,0,4), 2-Oxo-1-oxaspiro[4,5]decan-4-carboxylic Acid
{IIb, C H404), and 7,7-Dimethyl-2-oxo-1,8-dioxaspiro[4,5]decan-4-carboxylic Acid (Ilc, C{;H,;s05). A mixture of 0.1
mole of compound Ia-Ib in 148 ml of concentrated hydrochloric acid was boiled for 5 h. After cooling, the resulting crystals
were filtered off and washed with a small portion of ether. Recrystallization was from water for Ila and 1Ib, and from ethanol
for llc.

2-Oxo-1-oxaspiro[4,4]nonan-4-carbonyl Chloride (Ila, CoH,,ClO;), 2-Oxo-1-oxaspiro[4,5]decan-4-carbonyl
Chloride (IIIb, C{3jH,;Cl0O;), and 7,7-Dimethyl-2-o0xo-1,8-dioxaspiro[4,5]decan-4-carbonyl Chiloride(Illc, C;;H;5ClO}).
A suspension of 0.1 mole of acid [Ila-c in 200 ml of absolute benzene and 17.8 g (0.15 mole) of thionyl chioride was boiled
for 6 h and the benzene and excess thionyl chloride were removed under reduced pressure. Seventy ml of absolute benzene
was added to the residue and distilled twice, and the residue was then distilled under vacuum.

2-Oxo-4-chloroacetyl-1-oxaspiro[4,4]nonane (IVa, C;H;Cl0,), 2-Oxo-4-chloroacetyl-1-oxaspiro[4,5]decane
(IVb, C;;H5ClO4, and 7.7-Dimethyl-2-oxo-10-dioxaspiro[4,5]decane (IVe, C,,H,,Cl0,). To an ethereal solution of
diazomethane, prepared from 41 g (0.4 mole) of N-nitrosomethy! urea, was added with stirring and cooling to —5°C and 100
ml of concentrated hydrochloric acid was added dropwise and the mixture was stirred for 1 h. The ether layer was separated
and the aqueous layer, neutralized with potassium acetate, was extracted with ether. The extracts were washed with water and
dried with anhydrous calcium chloride. After distillation of the solvent, the crystals formed were washed with ether and
recrystallized from ethanol.

Thiosemicarbazides of 2-Oxo-1-oxaspiro[4,4]nonan-4-carboxylic Acid (Va, C;oH;sN;SO;) and 2-Oxo-1-
oxaspirol4,5]decan-4-carboxylic Acid (Vb, C;;H{7N;80;). A suspension of 0.19 mole of thiosemicarbazide in 100 ml of
dry pyridine was treated with stirring and cooling to 0°C with 0.19 mole of acryl chloride Iila or I1Ib in 100 ml of dry benzene
over 30 min. The stirring was continued for an additional 4 h until complete solution of the thiosemicarbazide. The solution
was kept at room temperature for 12 h, and 1.3 liters of water was added with stirring, and the stirring was continued for 2

h until complete solidification of the residue, which was then filtered, washed with 300 ml of water, and recrystallized from
acetone.
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2-Ox0-4-(5'-mercapto-1',2',4'-triazol-3’ -yl)-1-oxaspiro{4,5lnonane (Via, C;,H,3;N;80,) and 2-Oxo-4-(5'-mercapto-
1',2',4'-triazol-3'-yl)-1-oxaspiro[4,5]decane (VIb, C;,H;sN;50,). A mixture of 0.02 mole of thiosemicarbazide Va or Vb
and 1.75 g (0.032 mole) of potassium hydroxide in 25 ml of water was boiled for 2 h, filtered, cooled, acidified with acetic
acid, and kept overnight. The resulting crystals were filtered off and recrystallized from methanol.
2-0x0-4-(2'-amino-1',3',4'-triazol-5'-yl)-1-oxaspiro[4,4]nonane (VIIa, CyoH,3N;380,) and 2-Oxo-4-(2'-amino-
1',2',4'-triazol-5'yl))-1-oxaspiro{4,5ldecane (V1Ib, C{{H;5N350,). A mixture of 0.03 mole of the thiosemicarbazide Va or
Vb in 42 ml of concentrated sulfuric acid was stirred until complete solution, then poured into 250 ml of ice water. The crystals
were filtered off washed with 75 ml of water and recrystallized from methanol.
4-(Imidazolyl-4'-yl)-2-oxo-1-oxaspiro[4,4]nonane  (VIIla, C[{H{4,N,O, and 4-(Imidazolyl-4'-yl)-2-0x0-1-
oxaspiro{4,Sijdecane (VIIIb, C,H(N,O; and 7,7-Dimethyl-4-(imidazolyl-4'-yl)-2-oxo-1,8-dioxaspiro{4,Sldecane (VIIic,
C,,HgN,05. A mixture of 0.07 mole of the corresponding IVa-c in 86 ml of formamide was boiled for 2 h. After cooling,
140 m! of 3 N hydrochloric acid and 5 g of activated charcoal were added, and the mixture was boiled for 15 min. The mother
liquor was filtered off. cooled, and 50 ml of 25% ammonia solution was added, and the mixture was kept in a refrigerator
overnight. The resulting crystal were filtered and recrystallized from a 1:1 mixture of benzene —petroleum ether.
N-Benzyl-2-oxo0-1-0oxaspiro[4,4]nonan-3,4-dicarboximide (IXa, C;7H{7NOy), N-Benzyl-2-oxo-1-oxaspiro-[4,5]decan-
3.4-dicarboximide (IXb, C,gH;¢NOy), and N-Benzyl-7,7-dimethyl-2-oxo-1,8-dioxaspiro[4,5]decan-3,4-dicarboximide
(IXe, C;oH;;NOg). A mixwre of 0.2 mole of the corresponding diethyl ester la-c, 0.02 mole of benzylamine and 5 ml of
methanol was stirred at 55-60°C in a water bath for 1 h. Then the heating was continued for an additional hour under reduced
pressure and the residue was dissolved in ether, washed with 15% hydrochloric acid solution, water, and saturated sodium
bicarbonate solution. The solution was dried with magnesium sulfate, concentrated, and the residue was dissolved in 30 ml of
absolute ether and kept overnight. The resulting crystals were separated and recrystallized from ethanol (cf. Table ).
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