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The Claisen reaction of 2, 5-diacetylthiophene with various aromatic
and heterocyclic aldehydes was utilized to prepare 15 new unsaturated
diketones (diarylidene-2,5-diacetylthiophenes). Most of them were
characterized as their bis-2,4-dinitrophenylhydrazones, for which
Amax Values in chloroform solution are given. The reaction of diaryl-
idene-2, 5-diacetylthiophenes with phenylhydrazine hydrochloride has
given five 2, 5-bis(1'-pheny1-5'-R—A2 -pyrazoline-3"-y1) thiophene
showing strong luminescence. A method was developed for the synthe-
sis of 2, 5-diacetylthiophene by the oxidation of 5-ethyl-2-aceto-
thienone,

In continuation of work on the synthesis and exami-
nation of the physicochemical properties of unsaturated
diketones of the thiophene series [1], we decided to ef-
fect the Claisen reaction 2,5-diacetylthiophene with
various aromatic and heterocyclic aldehydes accord-
ing to the scheme:
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-~ RCH =CHCO—[| P]—COCH:CHR + 2 H,0
§

where R = phenyl (I), 4-tolyl (II), 4-anisyl (III), 2, 4-di-
methoxyphenyl (IV), 4-hydroxyphenyl (V), 4-dimethyl-
aminophenyl (VI), 4-fluorophenyl (VII), 4-chlorophenyl
(VII), 4-bromophenyl (IX), 4-nitrophenyl (X), 2-fu-
ryl (XI), 2-thienyl (XII), 2-selenenyl (XIII), 2-pyr-
rolyl (XIV), and 2-quinolyl (XV).

The 2,5~-diacetylthiophenes required for the con-
densation may be obtained by the direct acylation of
2-acetothienone [2] or thiophene [3]. The products ob-
tained are, however, impure, and the yields are very
low, even according to the literature not exceeding
6% calculated on 2-acetothienone. We have developed
a new and much more convenient synthesis of 2,5-
diacetylthiophene by the following route:

b ! —_ Vo
Rs COCH, — Sl—C2H3 CHy—( S-CoCH, —
— CHa—CO-—[I s l]—cocn3

The 2-acetothienone is reduced to ethylthiophene by
hydrazine (Wolff-Kizhner) [4]. The ethylthiophene is
acetylated by acetic anhydride in presence of anhydrone
using a method similar to that in [5]. Finally, the oxi-
dation of 5-ethyl-2-acetothienone with KMnOy in neu-
tral solution, in a similar way to that described in [6]
for 1,4-diacetylbenzene, gives 2,5-diacetylthiophene.
By this method, sufficiently pure2 ,5-diacetylthiophene
is obtained in 15% yield based on 2-acetothienone.

In most cases, the Claisen reaction of the appro-
priate aromatic or heterocyclic aldehydes with 2,5-
diacetylthiophene proceeded readily at room tempera=

ture in aqueous-alcoholic solution in presence of a
small amount of a 20% solution of NaOH, and were
usually complete after a few hours, the only exceptions
being the condensation products of 2,5-diacetylthio-
phene with 4-dimethylaminobenzaldehyde, 4~hydroxy-
benzaldehyde, and pyrrole-2-aldehyde. Satisfactory
yields of diketones VI and XIV were obtained only by
the use of 40% NaOH as condensing agent at room tem-
perature for long periods. Compound V was obtained
by the use of an acid catalyst (hydrogen chloride) as

in [7].

All of the o ,B8-unsaturated diketones which we have
prepared are stable, high-melting, crystalline solids
(Table 1), readily soluble in chlorobenzene, less so
in benzene, and almost insoluble in alcohol. They show
pronounced halochromic behavior, and in solution in
cone. HySO, their color deepens to reddish-violet.

The bis-2,4~dinitrophenylhydrazones were usually
formed on boiling the diketones in acetic acid solu~
tion with alcoholic 2, 4-dinitrophenylhydrazine in the
presence of a small quantity of HC] for about 36 hr [§].

On boiling solutions of the diketones I-III, XII and
XIII in acetic acid with an alcoholic solution of phenyl-
hydrazine hydrochloride, we obtained the correspond-
ing 2,5-bis(1'-phenyl-5'-R-A?-pyrazolin-3"-yl) thio-
phenes:

e g,
R—C@T/N T/CH——R
CeHy CeHy

where R = phenyl (XVI), 4-tolyl (XVII), 4-anisyl (XVIII),
2-thienyl (XIX), and 2-selenenyl (XX).

Attempts to react diketones VI, X, XI, and XIV with ’
phenylhydrazine hydrochloride were unsuccessful, re-
sinification being observed.

The dipyrazolinylthiophenes (Table 2) are yellowish,
high-melting, crystalline solids, rather sparingly sol-
uble in the usual organic solvents. A positive Knorr
[9] reaction (formation of a blue coloration on addi-
tion of conc. Hy80, and FeCly) was obtained for all
these dipyrazolinylthiophenes. The structures of these
compounds were confirmed by their IR spectra, in
which the band at 3200—3500 em™* characteristic of
the N—H stretching frequency was absent. Solutions in
benzene and toluene on irradiation with UV show a
bright blue (XVI, XVIII-XX) or green (XVII) lumine-
scence.

EXPERIMENTAL

5-Ethyl-2-acetothienone, Into a round-bottomed flask fitted witha
reflux condenser were placed 11.2 g (0.10 mole) of 5-ethylthiophene
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Table 2
Properties of 2,5-bis(1'-Phenyl-5'-R-A?-pyrazolin~3"-yl)
thiophenes
Cal o
Com- o) Molecular Found, % 2 ct(xyiated, =
pound R °. formula z
i=" U
5 N s N|s | 8
XVI | Phenyl 194 | CgHasN,S 10.44; 1055 | 6.22; 6.21|10.67] 6.11| 67
XVII |4-Tolyl 210 | CssHsaN4S 997, 10.09 | 591; 595 |10.13] 5.80] 52
XVIII |4-Methoxyphenyl | 174 | CggHazN4O,S 9.40; 970\ 540, 556 | 9.58| 548 43
XIX |2-Thienyl 186 | CaoHzeN4Ss 10.37; 10.54 | 18.02; 17.85|10.43,17.92| 62
XX |2-Selenenyl 192 | CaoH2eN4SSep | 873; 891 | 4.79; 4.92| 888 508/ 70

[10], 15.3 g (0.15 mole) of acetic anhydride, and 0.45 g (0.002 mole)
of anhydrous magnesium perchlorate, andthese boiled inthe water bath
for 30~45 min, The mixture was poured into 100 ml of cold water,
the organic layer separated and the aqueous layer was extracted with
ether. The combined extracts were washed with water and sodium
carbonate solution, and dried over anhydrous sodium sulfate. Frac-
tionation in vacuo gave a fraction bp 120-122° C (12 mm). The yield
of 5-ethyl-2-acetothienone was 12.3 g (80%).

2,5-Diacetylthiophene, In a three-necked flask, fitted with a
mechanical stirrer, thermometer, and dropping funnel, were placed
8 g of MgO, 240 ml of water, 28 ml of HNO; (d 1.40) and 32 g of
KMnO,. The mixture was heated at 60° C on the water bath until
complete solution was obtained, cooled to 35° C, and 16 gof5-ethyl-
2-acetothienone was added dropwise. Stirring was continued for 2.5 hr at
the same temperature, The manganese dioxide which separated was
filtered off and the solid washed three times with hot ethyl acetate
(80 ml). The aqueous layer was also washed twice with ethyl acetate.
The residue, after removal of the solvent, was recrystallized from
ethyl acetate to give 2.8 g (15%) of colorless plates, mp 172° C ([2],
172-178° C).

Claisen reaction, Stoichiometric amounts of 2, 5-diacetylthio-
phene (0.01 mole) and the corresponding aromatic or heterocyclic
aldehyde (0.02 miole) were dissolved in 20~40 ml of methanol, and
1-3 ml of 20% aqueous sodium hydroxide added dropwise. The solid
which separated was filtered off after a few hours, washed, and re-
crystallized from acetic acid (I-V, XI-XIII), chlorobenzene (VII-X,
X1V,XV), or dichloroethane (VI).

Preparation of dipyrazolinylthiophenes. The unsaturated diketone
(0.05 mole), dissolved in the minimum amount of acetic acid, and
0.15 mole of an alcoholic solution of phenylhydrazine hydrochloride
were boiled under reflux for 10~15 hr. The crystals which separated
were filtered off and recrystallized from acetic acid,
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