ical wavelengths were recorded by means of a v2k235d;gital voltmeter; the layer thickness
was 1 cm, the concentration was ~10~* mole/liter, and the temperature was 25.0% 0.1°C.

The 25-90% sulfuric acid solutions were prepared as in [1].

A 100-120-mg sample of the investigated compound was weighed with an analytical balance
and dissolved in distilled water in a 25-ml pycnometer. A 3-ml sample of sulfuric acid was
placed in the cuvette by means of a buret and stirred and thermostatted at 25% 0,1°C for
4-5 min, after which the spectrum was recorded. The next portion of the solution was then
added, and the procedure described above was repeated four to five times (until am optical
density of 0.8 to 1.0 at the analytical wavelength was reached).

The extinction coefficient was calculated with allowance for the change in the concen-
tration and volume of the solution due to the water introduced with the sample of the
substance.
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NITRO DERIVATIVES OF THE THIOPHENE SERIES.
2.% NITRATION OF THIENYL-SUBSTITUTED UNSATURATED
METHYL KETONES

Yu. D. Churkin, L. V. Panfilova, UDC 547.732
A. S. Shashkov, and K. Ya. Burshtein

The nitration of 4-(5-R-2-thienyl)-3-buten-2-ones with nitric acid in acetic an-
hydride i1s accompanied by the formation of a mixture of nitro isomers, whereas
nitration with nitric acid and copper and aluminum nitrates in carbon tetrachlo-
ride, dichloroethane, and acetonitrile leads to the production of only the a-
nitro ketone. The results of quantum~chemical calculations of the reactivity
indexes within the CNDO/2 approximation are in agreement with the experimental
data on electrophilic substitution of these compounds in the basic and protonated
forms.

The nitration of thienyl-substituted a,B-unsaturated methyl ketones is possible via two
pathways — in the heterocyclic ring and in the aliphatiec chain [1]. To explain this it
seemed of interest to make a detalled study of the reactivities of thiophene compounds that
contain conjugated C=C and C=0 bonds.

We calculated the electronic structure for 4-(2~-thienyl)-3-buten-2-one (I) (within the
CNDO/2 approximation on an s- and p-orbital basis without allowance for the d A0 of sulfur
by the method proposed in [2, 3]) and found the reactivity indexes of the molecule (the resid-
ual rm-electron densities) for electrophilic substitution reactions (Fig. 1). We used the
experimental geometry of ketone Ia in the calculations [1]. It follows from the data ob-
tained that the probable reaction centers in ketone I are the 7, 3, 4, and 5 positions
(7>5>3 ~4).

*See [1] for Communication 1.
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Fig. 1. Basic form of ketone I (wm-electron den~
sity distribution).

Fig. 2. Protonated form of ketone I {m~electron
density distribution).

Data from the PMR spectrum of the mixture after nitration of ketone I with nitrie acid

in acetic anhydride at 60 and —5°C showed that a mixture of four nitro compounds rather than

one product, as indicated in [4], is formed:

O—cuacu-—co—cu;—.No,—Q-cuncu—co-—cu, * Q—cu=?—co-cﬂ,+

NO
i ta (59%) ibz% 7
NO, NO,
+ + / \
NO, CH=CH—CO—CH, CH=CK—CO—CH,
. ~— S -
(19%)

The nitration of 5-alkyl-substituted ketomes at 60°C led to complete fesinification;
however, nitration with nitric acid in acetic anhydride at —5°C leads to a mixture of two
nitro isomers Ila and IIb and IIIa and IIIb in a ratio of 4:1:

NO,
R_éi;y_qu=cn—co—cua_—ok $ CH=?—C0—£H,* R /s\ CH=CH—CO—CH,

R n,ia No?(w%) 1,16 b (20%)
U R=CHg HI R=C,H,

In our opinion, this reaction pathway can be explained by the fact that the reaction of ni-
tric acid with acetic anhydride leads to the formation of a nitronium cation, which evidently

reacts gradually with all of the nucleophilic centers present in the examined compounds to
give mixtures of isomers.

The nitration of the investigated compounds with nitric acid (sp. gr. 1.5) in carbon

tetrachloride, 1,2-dichloroethane, and acetonitrile does not take place at low temperatures;
however, at 60°C it leads to the production of only some a-nitro ketones (according to data



TABLE 1. Physicochemical Characteristics of Nitrothienyl-
Substituted a,B-Unsaturated Ketones

Found,
Coms |mp, °C (§r°m ound. % Empirical Calenlated, Yield, %
pe heptane c N s orm C N s
la | 137—139 1508 | 62 | 157 | CoHeNOS {512 | 65 | 158 [ 33—44
b | 118—1185 | 514 | 63 | 160 | CH,NOS | 51,2 | 65 | 158 | 20
Hia | 109—110 | 529 | 60+«| 137 | CoHuNOsS | 533 | 62 | 142 | 33—42
b | 71—725 | 530 | 59 | 144 | CoHuNOS [ 533 | 62 142 | 15

TABLE 2, Spectral Characteristics of Ketones II, III, Ila,
IIIa, IIb, and IIIb

~ | IRspectrum, cm=* }/ PMR spectrum §SCC, Hz _
g Chemical shifts, ppm

& " . | E
Elvls|é . O E
6 L|) L|) g g 34 | 4H a-H B-H |CO—CH;| CH; | Cli 3 \g :
11 j1610{1660] — | — 7.13d|6,72dq 629d{7,57d| 221s |240d] — {36160 —
HI |1610]1660] — | — §7,24d 684dt]6,38d;7,64d| 2,255 |1,311{2.844d|3,6{16,0{ 1,0
112 |1610{1665{1520{1360 7.49d|(i,95dq — |790d} 2475 1253d] — 13851 — (09
I11a [1610}1660}1530]1360] 7,54d17,01d | — |7.93d| 2.46s |1,311[2,93qd|3,5] — 109
111163211684 15421380} 7,885 | — |6,52d]7,65d] 2.30s |2,74s| — {—|160] —
111b{1615]1678]1555 | 1342 7,895' — 16,55d|7,67d| 2.30s 1,35t |3,17q |—{16,0] —

*JCH 2 = 6-7 HZ.
+4-CHs or 4-CH,.

from the PMR spectra of the crude mixtures), viz., Ib, IIa, and IIIa. This pathway is not
explained on the basis of the calculated reactivity indices, probably because of the fact
that the unsaturated ketones react in the protonated form under these conditions. A quantum-
chemical calculation of the protonated form of ketone I showed that the 7 and 4 positions in
it are actually reactive and that 7 » 4 in activity (Fig. 2). Conversion to the protonated
form takes place as a consequence of interaction of the hydronium ion formed from nitric acid
with the carbonyl group with the formation of a complex. The latter, by splitting out water,
is converted to the protonated form of the ketone. In addition to this, we also assume di-
rect protonation of the carbonyl group by a proton from the nitric acid.

The introduction of a nitro group promotes new redistribution of the electron density,
decreases the nucleophilicity of the oxygen atom, and promotes splitting nut of a proton,
which subsequently can either react again with water or protonate another molecule of the
starting unsaturated ketone.

Similarly, nitration with the formation of only o-nitro ketone Ib, IIa, or IIIa takes
place under the influence of copper and aluminum nitrates that contain crystallization water
in carbon tetrachloride, dichloroethane, and acetonitrile at 60°C. This effect of the ni-
trates indicated above can evidently be explained by hydrolysis itself of the crystal hy-
drates [5]. The resulting nitric acid, by reacting with ketones I-IIT, shifts the equilibrium
of the hydrolysis of the nitrate, thereby promoting the formation of new acid molecules.

This leads to more uniform reaction and a decrease in ‘the side processes. Sodium and potassi-~
um nitrates, which do not form crystal hydrates, do not have a nitcating effect on ketones I~
IITI under the same conditions.

EXPERIMENTAL

The IR spectra of KBr pellets of the compounds were recorded with a UR-20 spectrometer.
The PMR spectra of solutions of the compounds in (CDs)2CO were obtained with a Tesla BS-497
spectrometer (100 MHz) with hexamethyldisiloxane as the internal standard. The signals were
assigned by means of double resonance.

Starting ketones I-III were synthesized by the method in [6]. Their nitration with
nitric acid in carbon tetrachloride, dichlorocethane, and acetonitrile was carried out by the
method described in [1].
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Nitration with Nitric Acid in Acetic Anhydride. A 0.0l-mole sample of the ketone was
dissolved In 15 ml of acetic anhydride, and a mixture of 0.015 mole of nitric acid (sp. gr.
1.5) in 3 ml of acetic anhydride was added gradually with stirring at -5 or 60°C. The mix-
ture was maintained at the same temperature for 2 h, after which it was poured into water.
The precipitate was removed by filtration, washed with water to remove traces of acid, and
dried. The crude mixtures was obtained in 50-90% yields.

Nitration with Copper and Aluminum Nitrates. A 0.0l-mole sample of starting ketone I-
IIT was dissolved in 20 ml of the corresponding solvent (CCl,, CzHzCla, and CH,CN), the solu-
tion was heated to 60°C, and an equimolar amount of the metal nitrate was added in portioms
with stirring. Stirring was continued at the same temperature for 2 h, after which the solu-
tion was poured into water, and the precipitate was removed by filtration, washed with water,
and dried. In the case of carbon tetrachloride or dichloroethane the organic layer was sepa-
rated and washed with water, and the solvent was removed by vacuum distillation. The products
were obtained in 45-56% yields.

The physicochemical characteristics of the nitro derivatives of ketone I are presented in
[1], while those of ketone IIa,b and IIIa,b are presented in Tables 1 and 2. Compounds IIb
and IIIb were obtained by alternative syntheses [7].
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SYNTHESIS OF 2-ACYLMETHYL- AND 2-ACYLMETHYLENEBENZO-1,3-DITHIOLES
FROM «—~ALKYNYL KETONES

V. N. Elokhina, A. S. Nakhmanovich, ] UDC 547.738.07
R. V. Karnaukhova, I. D, Kalikhman,
and M, G. Voronkov

The reaction of a-alkynyl ketones with o-phenylenedithiol, which leads to the
formation of 2-acylmethylbenzo-1,3-dithioles, was investigated. Reactions of the
latter with hydrazine hydrate and hydroxylamine and oxidation were realized.
Difficult-~to-obtain 2~acylmethylenebenzo-1,3-dithicles were obtained by the reac-
tion of a-bromoalkynyl ketones with o-phenylenedithiol. The IR and PMR spectra
of the synthesized compounds are presented.

The formation of cyclic adducts as a result of double addition to a triple bond is
possible in the reaction of certain dinucleophiles with acetylenic compounds [1-5].

We have studied the reaction of a-alkynyl ketones Ia-g with o-phenylenedithol, which
leads to the formation of difficult-to-obtain 2-acylmethylbenzo-1,3-dithioles IIla-g via the
scheme:
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