2 V. P. Litvinov, A. N. Sukiasyan, and Ya. L. Gol'dfarb, Khim. Geterotsikl. Soedin., No. 6, 723 (1972).
3 H. G. Mautner, J. Am. Chem. Soc., 78, 5298 (1956).

4 D. C. Goodall, J. Chem. Soc., No. 6, 890 (1969).

5. V. P. Litvinov, Ya. L. Gol'dfarb, and E. G. Ostapenko, Izv. Akad. Nauk SSSR, Ser. Khim., No. 10,

2279 (1974).

6. Ya. L. Gol'dfarb, V. P. Litvinov, V. S. Bogdanov, G. V. Isagulyants, E. G. Ostapenko, and A. A.
Greish, Izv. Akad. Nauk SSSR, Ser. Khim., No. 10, 2284 (1974).

7. V. P. Litvinov, N. N. Petukhova, Ya. L. Gol'dfarb, and A. 8. Chegolya, USSR Inventor's Certificate
No. 405897 (1972); Byul. Izobr., No. 45, 98 (1973).

§. V. P. Litvinov, Ya. L. Gol'dfarb, V. V. Zelentsov, L. G. Bogdanova, and N. N. Petukhova, Khim.
Geterotsikl, Soedin., No. 5, 486 (1974).

9. V. P. MamaevandO.P. Shkurko, Zh. Obshch, Khim., 31, 3288 (1961).

10. D. A. Shirly and M. J. Danzig, J. Am. Chem. Soc., 74, 2935 (1952).

11. W. Ried and H. Bender, Ber., 88, 34 (1955).

CONDENSED HETEROAROMATIC SYSTEMS THAT
INCLUDE A THIOPHENE RING

37.* PREPARATION OF ISOMERIC FORMY L~-SUBSTITUTED
SELENOLS OF THE BENZO[b]THIOPHENE SERIES

V. P. Litvinov, Ya. L. Gol'dfarb, UDC 547.735'739:541 .49
and V. Yu. Mortikov

Isomeric 2-formylbenzo[bjthiophene-3-selenol and 3-formylbenzo[b]thiophene-2-selenol and
their sulfur analogs were obtained by nucleophilic substitution of the bromine atom in 3~bromo-
2-formylbenzo{b]thiophene or the isomeric 2-bromo-3-formylbenzo[bjthiophene by a hydrosele-
nide or hydrosulfide group by the action of an alcohol solution of NaSeH or NaSH, as well as by
the action of selenourea with subsequent alkaline hydrolysis. Various Schiff bases were ob-
tained from the isolated formyl-substituted selenols and thiols by two methods, and complexes
with divalent Zn, Cd, and Ni were obtained by reaction of the Schiff bases with the correspond-
ing metal acetates. ‘

We have previously [1] obtained 2~-formylbenzo[bjthiophene-3-selenol (I) and 3-formylbenzo[b]thiophene~
2-selenol (II) by organolithium synthesis by the method developed for the analogous compounds with a sulfur
atom [2]. However, in contrast to the 80% yields obtained for the analogous sulfur-containing isomers, the
yields in the preparation of the selenium compounds were only 21%.

Further development of our research on the structures and properties of derivatives of isomeric formyl-
substituted selenols I and II and complexes based on them required us to improve the methods for their synthe-
sis in order to increase the yields and to decrease the amounts of side products, which hinder the synthesis
and isolation of pure ligands and complexes. On the basis of the literature data we concluded that the most
convenient methods are those based on nucleophilic substitution of a labile Cl or Br atom by a hydroselenide
group. 3-Bromo-2-formylbenzobjthiophene (III) and 2-bromo-3-formylbenzo[bjthiophene (IV), which were
obtained by the methods in [3] and [4], respectively, served as the starting compounds. We initially used
selenourea (Method A), which judging from the data in [5], leads to the formation of selenols in good yields,
as the nucleophilic agent. However, the synthesis of formyl-substituted selenols I and II by this method is
accompanied by the significant formation of side products that are insoluble in alcoholic alkali solution; this
can be explained by the possible condensation of the amino group of selenourea with the formyl group, as well
as by nucleophilic substitution of the bromine in IV by the amino group of selenourea [4]. Nevertheless for-
myl-substituted selenols I and II were obtained in 40-45% yields after two reprecipitations from an alcoholic
alkali solution by acidification with dilute HCI.

* See [1] for communication 36.
N. D. Zelinskii Institute of Organic Chemistry, Academy of Sciences ofthe USSR, Moscow 117931, Translated
from Khimiya Geterotsiklicheskikh Soedinenii, No. 7, pp. 905-908, July, 1979, Originalarticle submitted October
30, 1978.
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z I I Br 1 SeH
N SCHA NH,—C~NH, C:s::CHO

m Se 1

CHO @U,cuo
@@Br 3 1\SeH
v Method A "

The formation of side products and the presence of ammonia (liberated in the alkaline hydrolysis step),
which may lead to the formation of a selenol aldimine and dimeric products of condensation with ammonia [6],
prompted us to attempt to synthesize the isomeric formyl-substituted selenols I and II by a different method
(Method B), namely by using sodium hydroselenide [7] as the nucleophilic agent. The isomeric I and II were
obtained in almost guantitative yields by the action of excess alcohol is sodium hydroselenide solution on the
isomeric bromo aldehydes IIl and IV; the formation of very small amounts of selenoaldehydes V and VI was

i !
N Naxn 7 \ R—NH, / Vita,b
(RN, HeD)
W / \ e 2

2 x=se boxes Method B

observed in this case. This is indicated by the presence in the mass spectra of I and II of an M1 peak at

m/e 304 and the fact that the results of elementary analysis for Se are too high (by 3-4%). The amounts of

the indicated impurities depend on the excess amount of sodium hydroselenide used and on the rate of acidifica-
- tion with hydrochloric acid in the second step of the synthesis. It is known [8] that the carbonyl group is cap-

able undergoing reaction with selenols (hydrogen selenide) to give selenoacetals, and the formation of seleno-

aldehydes V and VI is the result of their conversion in the acidification step. Hydrogen selenide is evolved

when the reaction mixture is reprecipitated from an alcoholic alkali solution by the addition of dilute hydro-

chloric acid, and the reaction mixture becomes homogeneous in character.

SeH = HSe
| L]
@:SiCHSe e seld

v vi

The reaction of bromo aldehydes III and IV with an alcohol solution of sodium hydrosulfite and subsequent
treatment of the reaction mixture with excess amine hydrochlorides gave the isomeric mercapto aldimines VIIb
and VIIIb (in 86-90% yields), which were previously obtained in our laboratory by the organolithium synthesis
21.

Schiff bases VIIa and VIIIa were obtained from the isomeric formyl-substituted selenols I and II by con-
densation with amines; the reaction of these Schiff bases with M(OAc), gave complexes with divalent Zn, Cd,
and Ni. The results are presented in Table 1.

EXPERIMENTAL

The IR spectra of KBr pellets were recorded with a UR-20 spectrometer. The UV spectra were re~
corded with a Specord UV-vis spectrophotometer. The mass spectra were recorded with a Varian MAT CH-6
mass spectrometer, The molecular weights of the isomeric formyl-substituted selenols were determined
with an EP-75 precision ebulliograph.

2—Formy1benzo[b]thiopt_lene—B-selenol (I) and 3-Formylbenzofblthiophene-2-selenol (II). A) A 5-g (0.021
mole) sample of 3-bromo-2-formylbenzo[bJthiophene (III) or 2-bromo-3-formylbenzo[b]thiophene (IV) was dis-
solved by heating in 80 ml of methanol, 2.61 g (0.021 mole) of selenourea was added to the solution, and the
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mixture was stirred for 1.5 h., The solution was then acidified with dilute hydrochloric acid, and the preci~
pitate was separated by filtration and dissolved in alcoholic alkali solution. The alkaline solution was acidi-
fied, and this operation was finally repeated. The yellow precipitate was dried in vacuo over P,0; to give

2.3 g (45%) of aldehyde I with mp 115-116°C., UV spectrum: Amax (CoHsOH) 225 nm; Ayyax (CHCL;) 243 nm.

IR spectrum: 3400 em~! (OH...). Found: C 45.1; H 2.5; S13.1; Se 32 .4%. Mepull 248. C3HgOSSe. Calculated:
C44.8; H2.5; §13.3; 8e 32.7%. M 241. The yield of aldehyde II, with mp 137~138°C, was 40%. UV spec-
trum: Apax (C,H;OH) 228 nm; Apa (CHCLy) 243 nm. IR specirum: 3450 cm-! (OH...). Found: C 44.6; H 2.4;
$13.8; Se 32.3%. Mgpyll 236. CgHgOSSe. Calculated: C 44.8; H 2.5; S 13.3; Se 32.7%. M 241.

B) A 5.,7-g (0.024 mole) sample of bromo aldehyde III or IV was added in a stream of argon to a solution
of NaSeH obtained [8] by the addition of 100 ml of absolute alcohol to a mixture of 5.1 g (0.065 mole) of pow-
dered Se and 5 g (0.132 mole) of NaBH, (the excess amount of NaBH, depends on its qualily, and it is imper-
ative that the resulting solution is not red), and the mixture was stirred at 75°C for 35-40 min. It was then
cooled to room temperature, and a solution of 10 ml of concenfrated HCI in 30 ml of water was added to it
slowly dropwise in the course of 40 min with vigorous stirring (in a rapid stream of argon for removal of the
H,Se). The precipitate that formed after reprecipitation from alcoholic alkali solution by acidification with
dilute HCl was removed by filtration and dried in vacuo over P,O; to give 5.7 g of aldehyde I or 5.6 g of al-
dehyde II. The melting points and UV and IR spectra of I and II were in agreement with the constants of the
formyl-substituted selenols obtained by method A and by the organolithium synthesis [1].

Schiff Bases of 2~-Formy!l-3~mercaptobenzo[b]thiophene (VIIb) and 3-Formyl-2-mercaptobenzo[b]thio-
phene (VIIIb). A hot solution of 2.75 g (0.012 mole) of bromo aldehyde HOI or IV in 150 ml of methanol was added
with stirring in a stream of argon to 15 ml of a 17% methanol solution containing 2.55 g (0.035 mole) of KSH,
and the mixture was heated on a water bath for 1 h, If was then cooled and treated with excess amine hydro-
chloride, and the precipitate was removed by filtration, washed twice with water and alcohol, and dried over
P,0;. The resulis are presented in Table 1.

Schiff Bases of 2-Formylbenzo[b]thiophene-3-selenol (VIIa) and Its Isomer (VIIIa). These compounds
were obtained by heating equimolar amounts of formyl-substituted selenol I or II and primary amines for 40
min in CHCl; or CCly; a precipitate formed after the bulk of the solvent was removed by evaporation and the
concentrate was cooled., The results are presented in Table 1.

Divalent Zn, Cd, and Ni Complexes. These complexes were obtained by the addition of a solution of the
metal acetate in DMF to a solution of the corresponding base in the minimum amount of hot DMF. The preci-
pitates were removed by filtration and recrystallized from DMF. The results are presented in Table 1.
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