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APPLICATION OF PHASE TRANSFER CATALYSIS IN
HETEROCYCLIC SYNTHESIS: SYNTHESIS OF SOME

NEW POLYFUNCTIONAL THIOPHENES,
THIOPYRANS, PYRIDINES AND OXAZINES

O. A. Abd Allah and A. M. El-Sayed
Chemistry Department, Faculty of Science, South Valley

University, Sohag, Egypt

The reaction of compound 1 with CS2 and different active halo
compounds gave the corresponding thiophene derivatives 2a,b–4a,b,
whereas treatment of compound 1 with CS2 and active methy-
lene compounds afforded the corresponding thiopyran derivatives
5a,b, 6a,b, 7, and 8. Also, 1,3-thioxane derivatives 9 and 10
were obtained by reacting compound 1 with CS2 and different
cycloalkanones. Thiophene and pyrrolidene derivatives 11, 12a,b,
and 13a,b were obtained by reacting compound 1 with phenyl
isothiocyanate and different halo compounds. The active methy-
lene compounds and/or cycloalkanones were treated with com-
pound 1 in the presence of phenyl isothiocyanate to give pyridines,
thiopyran and oxazine derivatives 14a,b–16a,b, 17a–19a, and 19b,
respectively.

Keywords: CS2; diethyl cyanoacetate; ethyl chloroformate; PTC; spiro
compounds

Ketoketene1 or cyanoketene2 acetals, as well as heterocyclic ketene N,
N,3,4 or N,S-acetals,3−8 have important applications in heterocyclic syn-
thesis. Our present work deals with the synthesis of new series of thio-
phenes, thiopyrans, thioxanes, pyridines, and oxazines starting with
the related ethyl cyanomalonate, using a solid-liquid phase-transfer
catalysis technique.

RESULTS AND DISCUSSION

Diethyl cyanomalonate 1 was synthesized by treating ethyl cyanoac-
etate with ethyl chloroformate in 1:1 molar ratio using solid-liquid

Address correspondence to O. A. Abd Allah, Chemistry Department, Faculty of
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phase-transfer catalysis conditions [benzene/K2CO3/tetrabutyl ammo-
nium bromide (TBAB)] (cf. Scheme 1).

SCHEME 1

On treating compound 1 with CS2 and different halo compounds
including phenacyl bromide, chloroacetonitrile, or chloroacetamide in
1:1:1 molar ratio in one pot procedure using solid-liquid PTC condi-
tions [DMF/K2CO3/tetrabutylammonium bromide (TBAB)], 3-amino-
4-dicarbethoxy thiophene 2a–4a and 3-hydroxy-4-cyano-4-carbethoxy
derivatives 2b, 3b were obtained respectively (cf. Scheme 2).

SCHEME 2

The reaction pathway was assumed to proceed through two steps:
firstly the formation of dithioic acid9 (intermediate L) followed by alky-
lation of the SH group with the halo compound. The second step is either
a nucleophilic addition of the active methylene group at the cyano group
to form thiophene derivatives 2a and 4a or a nucleophilic attack of the
active methylene group at the CO ester group with the elimination of
an ethanol molecule to give compounds 2b, 3b respectively. All products
were confirmed by IR, 1H-NMR and elemental analysis.

Treatment of compound 1 with CS2 and the active methylene com-
pounds ethyl cyanoacetate or malononitrile in a 1:1:1 molar ratio using
the same PTC reaction conditions gave the corresponding thiopyran
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derivatives 5a,b and 6a,b respectively. The compounds 5a and 6a were
obtained from the organic layer in 52% yield and compounds 5b and 6b
were separated by acidifying the K2CO3 layer with dilute acetic acid in
48% yield (cf. Scheme 3).

SCHEME 3

The reaction pathway was assumed to proceed via a nucleophilic
attack of the SH group of the dithioic acid at the CO ester group with
elimination of an ethanol molecule, followed by cyclization through a
nucleophilic attack of the CH2 group at the cyano group or CO ester
group affording compounds 5a or 5b. The formation of compounds 6a,b
was assumed to proceed via the attack of the SH group of the dithioic
acid at the CN group, followed by another nucleophilic attack of the
methylene group at either the cyano group to give compound 6a or the
CO ester group to form compound 6b.

Meanwhile, thiopyran derivatives 7 or 8 were obtained in good yield
by reacting compound 1 with CS2 and ethyl acetoacetate or diethyl mal-
onate in 1:1:1 molar ratio using the same experimental phase-transfer
catalysis conditions (cf. Scheme 4).

SCHEME 4

Spiro 1,3-thioxane 9 and 10 were obtained by treating compound 1
with CS2 and cyclopentanone or cyclohexanone under PTC conditions.
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The reaction pathway was assumed to proceed via the attack of the
SH group of the intermediate dithioic acid at the CO group to give the
adduct M which underwent intramolecular cyclization through the nu-
cleophilic attack of the OH group at the other ethoxycarbonyl group to
give the final products 9 or 10 (cf. Scheme 5). IR and 1H-NMR spec-
tra of all the products were consistent with the proposed structures
(cf. Table I).

SCHEME 5

Moreover, compound 1 was allowed to react with phenyl isothio-
cyanate and halo compounds, including chloroacetonitrile, chloroac-
etamide or phenacyl bromide in 1:1:1 molar ratio under solid
liquid, phase-transfer catalysis conditions [DMF/K2CO3/tetrabutyl-
ammonium bromide (TBAB)] to give the corresponding thiophene
derivatives 11, 12a, or 13a as major products and pyrrolidene
derivatives 12b or 13b as minor ones (cf. Scheme 6).

SCHEME 6
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Treatment of compound 1 with phenyl isothiocyanate along with the
active methylene, malononitrile, diethyl malonate10 or ethyl cyanoac-
etate in a 1:1:1 molar ratio, gave the corresponding polyfunctional
pyridines 14a,b–16a,b (cf. Scheme 7).

SCHEME 7

On treating compound 1 with phenyl isothiocyanate and ethyl aceto-
acetate under the usual PTC conditions, the corresponding 3-
carbethoxy-3-cyano-4-hydroxythiopyrane 2,5-dione 17 was obtained11

(cf. Scheme 8).

SCHEME 8
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1,3-Oxazine derivatives 18a,b or 19a,b were obtained by treating
compound 1 with phenyl isothiocyanate and cyclopentanone or cyclo-
hexanone under the same PTC conditions (cf. Scheme 9).

SCHEME 9

IR and 1H-NMR of all products were in agreement with the suggested
structures (cf. Table I).

EXPERIMENTAL

Synthesis of Diethyl Cyanomalonate ( 1 )

A mixture of ethyl cyanoacetate (0.01 mol), ethyl chloroformate
(0.01 mol), anhydrous potassium carbonate (3 gm), and a catalytic
amount of TBAB, in benzene (20 mL) was stirred for 4 h at 50◦C. The re-
action mixture was filtered off. The separated carbonate was dissolved
in water (60 ml) and filtered. The separated solid was crystallized from
ethanol (cf. Table I).

Phase Transfer Catalysis Technique

General Procedure
To a stirred solution of compound 1 (0.01 mol) in dimethylformamide

(30 ml) was added anhydrous potassium carbonate (3 g), a catalytic
amount of TBAB and (0.01 mol) of CS2 or phenylisothiocyanate. The
formed dianionic ambident compound was then treated with (0.01
mol) of halo compounds (including phenacyl bromide, chloroacetoni-
trile or chloroacetamide), active methylene compounds (namely, ethyl
cyanoacetate, malononitrile, ethyl acetoacetate or diethyl malonate) or
cycloalkanone (cyclopentanone or cyclohexanone). The reaction mixture
was stirred over periods of time (cf. Table I).
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At the end of the reaction (TLC), the organic layer was separated and
evaporated in vaccuo. The residue was treated with water, filtered, and
crystallized from a suitable solvent, to give 2a,b, 3a,b, 4a, 11, 12a,b–
15b, 16b, 19b, 5a, and 6a.

The solid potassium carbonate layer was dissolved in water and fil-
tered. The solid products were crystallized from the suitable solvents,
where compounds 12a–15a, 18, 19a were obtained. The filtrate was
treated with diluted AcOH and left for 12–24 h at room temperature.
The separated solid was filtered off and crystallized from the appropri-
ate solvent, where compounds 5b, 6b were obtained.

M.S.—Compound 7: m/e (relative intensity)%:299(5.30), 292(20.50),
290(98.70), 259(54.90), 190(15.10), 149(39.70).

M.S.—Compound 14a: m/e (relative intensity)% : 339(0.40)(M+1),
307(2.10), 256(13.60), 236(7.10), 185(6.30), 149(18.30).

M.S.—Compound 16b: m/e (relative intensity)% : 388(1.00),
334(5.50), 304(27.1), 142(100), 135(33.90), 118(4.00).
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