EXPERIMENTAL

The absorption spectra of 10-4-10~° mole/liter solutions of the compounds in toluene were measured
with an SF-4A spectrophotometer. The IR spectra of KBr pellets were measured with a UR-20 spectrometer
at 700-4000 cm-! (with NaCl and LiF prisms).

Diethyl Thiophenebis (methylenephosphonate) @). A mixture of 41 g (0.37 mole) of bis(chloromethyljthio-
phene, 77 ml (0.45 mole) of triethyl phosphite, and 150 ml of dry p-xylene was refluxed for 10 h, after which
the p-xylene was removed by vacuum distillation to give 85 g (97%) of I as a red oil.

2,5-Distyrylthiophene (IVa). Sodium methoxide (a solution of 1.5 g of sodium in the minimum amount
of absolute methanol) was added in portions to a solution of 10 g (0.025 mole) of Iin 40 m! of dimethylforma-
mide (DMF), and the mixture was allowed to stand for 15 min, A solution of 5.5 g (0.05 mole) of benzaldehyde
in 15 ml of DMF was then added, and the mixture was allowed to stand for another 15 h. The resulting precip-
itate was removed by filtration and an additional amount of the reaction product was isolated from the filtrate
by the addition of water. The product was purified by two crystallizations with activated charcoal from cyclo-
hexane and subsequent chromatography of a solution in benzene on aluminum oxide to give 2.2 g (30%) ofa yellow
powder with mp 197°C. Compounds IVb-k were similarly synthesized (Table 1).
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CONDENSED HETEROAROMATIC SYSTEMS THAT INCLUDE
A THIOPHENE RING

36.* NEW COMPLEXING AND CHELATE COMPOUNDS OF THE BENZO[b]-
THIOPHENE SERIES WITH SELENIUM AS THE DONOR

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

New complexing compounds, viz., 2-formylbenzoblthiophene-3-selenol and 3-formylbenzo[b]-
thiophene-2-selenol, and some derivatives involving the selenium atom and the formy!l group,

as well as complexes of divalent nickel and copper based on them, were obtained. The tautom-
erism of the isomeric formylthiopheneselenols was studied by means of IR spectroscopy, and

it was shown that 3~formylbenzo|b]jthiophene-2-selenol, in contrast to 2-formylbenzo[b]thiophene~
3-selenol, exists in the form of a mixture of two tautomers.

* See [1] for communication 35.
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The difference in the lengths of the bonds of sulfur and selenium atoms with carbon in organic compounds
is a factor involved in their strengths. The fact that selenides of the furan, thiophene, and selenophene series
with an alkylselenide group in the ¢ position of the ring readily split out this group under the influence of or-
ganolithium compounds even at low temperatures and that, moreover, the Cyyop, ~Se bond is also easily
cleaved by the action of excess bromine [2] may serve as an example. Thus an a priori prediction or an at-
tempt to draw a parallel in the mechanisms of the reactions of organoselenium and organosulfur compounds is
to a certain extent risky, and only experiments can give an accurate answer to the guestions that arise in such
cases, Of great significance here is the difference in the degree of polarization of the C =S and C = Se bonds
[3], which has a pronounced effect on the tautomeric equilibrium of the complexing compounds. It is also
known that replacement of the donor sulfur atom by selenium in complexes leads to an increase in the com-
plexes {4].

In our laboratory we have studied complexes based on benzo [bjthiophenes that have an oxygen or sulfur
atom as one of the donors [5-7]. It seemed of interest in this respect to study complexing compounds of the
benzo(bJthiophene series in which the selenium atom is one of the coordination centers. The first task was to
develop a method for the preparation of compounds of this type, to study their tautomerism, and to obtain com-
plexes from them, For the synthesis of 2-formylbenzo[b]thiophene-3-selenol (If) and 3-formylbenzo bithio-
phene-2-selenol (VII) we used the methods proposed in our laboratory for the preparation of the corresponding
sulfur analogs [8]; these methods involve the one-step introduction of selenium and a formyl group in the 2 and
3 positions of benzo[b]thiophene. The use of this method for the preparation of aldehyde II (Scheme 1, Path-
way A) leads to the formation of a mixture of 25% II and up to 8% bis (benzo[b]thien-3~yl) diselenide (IIl), which
is the product of oxidation of benzo [b)thiophene~3~selenol; aldehyde VII is formed in up to 21% yield by this
method. Products of alkylation of the selenium atom, viz., 2-formyl-2-methylselenobenzofblthiophene (VIII)
and 2-formyl-3-methylselenobenzo[b]thiophene (IV), were obtained by the action of dimethyl sulfate on the
sodium salt of aldehyde II and the sodium salt of aldehyde VII. Aldehyde IV was also obtained by an indepen-
dent method. The data from PMR, IR, and UV spectroscopy are in agreement with the IV and VIII structures
and with the structures of some derivatives involving the aldehyde group (V and VI). The low yields of alde-
hydes II and VII prompted us to synthesize the isomeric aldehydes by a different method, which includes the
preparation of acetal XI and bromoacetal XIV with subsequent treatment of them with n-BuLi and Se (Scheme 1,
Pathway B). The yield in the last step in the preparation of aldehyde VII by this method was ~19%, whereas
a mixture of 10% II and 15% of a substance whose structure, according to the data from the PMR and IR spectra,
can be depicted by formula XV is formed in the preparation of aldehyde II. The formation of isomeric aldehydes
I and VI by this method in even lower yields and the increase in the number of steps make their preparation
by method A (Scheme 1) preferable.
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Aldehydes II and VI are potentially capable of existing in several theoretically possible tautomeric
forms (a~d) or an equilibrium mixture of them (Scheme 2). We were unable to study the structures of II and
VII by PMR spectroscopy because of their low solubilities. The IR-spectroscopic data provide evidence that
isomeric aldehydes II and VII exist in the solid state and in solutions of various concentrations primarily in
enol forms IIb and VIIb with an intramolecular hydrogen bond. This is indicated by the broad band at 3400
em=-! for II and at 3450 cm~! for VII, which can be assigned to the intramolecular vibrations of the hydroxy
group. The absence of tautomeric form IIa is confirmed by the fact that the IR spectrum does not contain the
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absorption band at ~1500 cm~! that is characteristic for other benzo{b]thiophene derivatives with a formyl
group in the 2 position of the thiophene ring such as, for example, XIII (v . C 1507 cm=!) and IV e =c 1490
cm-1). In the case of isomer VII the presence of a band at 1465 cm~!, which is also present in the spectrum

of its 3~formyl-2-methylselenobenzo[bjthiophene derivative (VIII) and is characteristic for the vibrations of

the C = C bond of the thiophene ring, indicates the presence of tautomer VIla. This is also confirmed by the
presence of two bands at 1645 and 1670 cm~!, which are characteristic for a formyl group in the 3 position of
benzo[b]thiophene (e.g., in the case of 3-formyl-2-methylselenobenzo[b]thiophene v - 1650 cm~!). On the
basis of the material presented above, it may be assumed that 2-formylbenzo[bljthiophene~-3-selenol prefer-
ably exists in the IIb form, whereas its isomer exists in the form of a mixture of two tautomers (VIIa and VIIb).

Complexes with the compositions XVIa,b and XVIla,b were obtained by reaction of aldehydes II or VII
with ethylenediamine (en) and acetates (Scheme 3):
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In contrast to the sulfur analogs, which are formed via Scheme 1 in up to 80% yields (e.g., 3-formylbenzo[b]-
thiophene-2-thiol [7]), the isomeric aldehydes Il and VII, as noted above, are formed only in yields that do not
exceed 21%. A possible explanation for this may be the steric hindrance that develops when an Se atom is
introduced in intermediate XVIII, which is formed as a result of the addition of a second equivalent of n-BuLi
(Scheme 4) or dimethylformamide (DMF) to XIX, which is formed as an intermediate in the final stage of the
one-step synthesis via Pathway A.
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The formation of intermediates, viz., 3-formylbenzo bjthiophene (X) and benzo[bJthiophene-3-selenol
(XX}, inno less than 60%yields indicates the complexity of the reaction precisely inthe second step of the synthesis.

EXPERIMENTAL

The IR spectra of KBr pellets of the compounds were recorded with a UR-20 spectrometer. The PMR
spectra were recorded with a Varian DA~60-IL spectrometer (60 MHz) with tetramethylsilane as the internal
standard. The UV spectra were recorded with a Specord UV-vis spectrophotometer. The mass spectra were
recorded with a Varian MAT CH-~6 spectrometer at an ionizing-electron energy of 70 eV. The molecular
weights of the isomeric aldehydes were measured with an EP-75 precision ebulliograph.

2-Formylbenzo[b]thiophene-3-s¢lenol (I). A 29.4-g (0.138 mole) sample of 3-bromobenzo[blthiophene
1) in 45 ml of absolute ether was added at ~70°C to an ether solution of 8.82 g (0.138 mole) of n~butyllithium.
After 15 min, 10.9 g (0.138 mole) of powdered selenium was added to the mixture at —70°C, after which the
cooling bath was removed. After 30 min (after the selenium had dissolved), a second equivalent of n~butylli-
thium (8.82 g) was added at —30°C. After 5 min at —30°C, 10,1 gofdry DMF in 18 ml of absolute ether was
added, and the mixture was stirred at —10°C for 30 min. It was then treated with 50 ml of water, and the
aqueous layer was separated. The ether layer was washed with water, and the combined water layers were
acidified with dilute HCl. The resulting yellow precipitate was removed by filtration, dried over P,0O,, and re-
crystallized from hexane to give 8.3 g (25%) of aldehyde II with mp 115-116°C. UV spectrum: Ap5x (in alcohol)
225 nm (log € 4.30); (in chloroform) 243 nm (log & 4.31). IR spectrum: 3400 cm-! —OH...). Mgpuylt 250.
Found: C 45.2; H 2.5; S13.2; Se 32.5%. CgH;OSSe. Calculated: C 44.8; H 2.5; $13.3; Se 32.7%. M 241,

The hexane-insoluble residue in the preparation of II was recrystallized from toluene to give diselenide
TII with mp 120-120.5°C and [M**] 424. Found: C 45.6; H 2.7; S15.2; Se 37.4%. CycH;(S,8e,. Calculated: C
45.3; H2.4; S15.1; Se 37.2%.

2-Formyl-3-methylselenobenzo[bjthiophene (IV). Excess dimethyl sulfate (15 ml) was added with stir~
ring to a solution of 2.2 g (0.009 mole) of aldehyde II in 150 ml of 1 N aqueous NaOH, and the mixture was
heated at 70°C for 30 min. It was then cooled and extracted thoroughly with benzene. The benzene extracts
were washed with a saturated solution of Na,CO; and twice with water and dried over MgSO,. The benzene
was removed by distillation, and the residue began to crystallize. It was recrystallized from ether to give
1.61 g (69%) of light-yellow crystals of IV with mp 73.5-74°C. UV spectrum: Apax (in chloroform) 308 nm
(log € 4.18). IR spectrum: 1675 cm-! (C=0). PMR spectrum (in CDCly): 10.47 (1H, s, CH =0), 7.3-8.3 (4H,
m, Hyrom)» 2nd 2.33 ppm (3H, s, CHy). [M*-]255. Found: C 47.1; H 3.2, 812.3; Se 30.8%. C; H;OSSe. Cal-
culated: C 47.1; H 3.2; S12.6; Se 30.9%. M 255.

2-Formyl-3-methylselenobenzo[blthiophene Dioxolane (VI). A 3.1-g (0.04 mole) sample of freshly dis-
tilled ethylene glycol and two crystals of p-toluenesulfonic acid were added to a solution of 9.8 g (0.38 mole)
of IV in 50 ml of benzene, and the mixture was refluxed for 5 h with a Dean— Stark trap. It was then washed
with Na,CO, solution and water and dried over MgSO,, the benzene was removed by distillation, and the resi-
due was distilled to give 10.8 g (96%) of VI as a light-yellow liquid with bp 176-178°C (2.0-2.5 mm) and ng
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1.6601, which crystallized on standing to give a product with mp 54-55°C (from ether). IR spectrum: The
band characteristic for a formyl group is absent. PMR spectrum (in CgDg): 6.9-8.2 ¢H, m, Hypom)s 6.63
(1", s, C—H), 3.58 (4H, m, CH, ~CH,), and 1.89 ppm (3H, s, CH;). Found: C 48,7; H 4.3%. Cy,H,,0,588e. Cal-
culated: C 48.2; H4.1%.

2-Formyl-3-methylselenobenzo[b|thiophene Anil (V). A 0.93-g (0.01 mole) sample of aniline was added
to a solution of 1.7 g (0.007 mole) of IV in 60 ml of benzene, and the mixture was refluxed for 2 h with a Dean—
Stark trap. The benzene was removed by distillation, and the residue was recrystallized from alcohol to give
anil V in quantitative yield in the form of light-yellow needles with mp 93~94°C. UV spectrum: Ay g% (in chlo-
roform) 345 nm (log & 4.23). PMR spectrum (in CDCly): 9.17 (1H, s, CH=N-), 7.2-8.2 @H, m, Hy,.,,), and
2.20 ppm (3H, s, CHy). [M*"]330. Found; C 58.2; H 4.1; N 4.4; S 9.5; Se 23.5%. C;;H;sNSSe. Calculated: C
58.2; H4.0; N 4.2; S 9.7; Se 23.9%. M 330.

3-Methylselenobenzo[b]thiophene (IX). An 8.95-g (0.14 mole) sample of n-butyllithium in 80 ml of ether
was added at —70°C in a stream of argon to a solution of 30 g (0.14 mole) of I in 100 ml of absolute ether. After
15 min, 26.3 g (0.14 mole) of dimethyldiselenide in 40 ml of absolute ether was added with stirring, the cooling
bath was removed, and the mixture was stirred for 1 h. A total of 100 ml of 25% aqueous NH,C1 solution was
then added at —5°C, and the mixture was again stirred for 15 min. The ether layer was separated, and the
aqueous layer was extracted thoroughly with ether. The ether extracts were washed with water and dried over
MgSO,, the ether was removed by distillation, and the residue was distilled in vacuo to give 25.3 g (79.5%) of
IX with bp 127-128°C (2.5-3 mm) and n%) 1.6869; judging from the results of gas—liquid chromatography (GLC),
IX contained up to 7.5% starting I. Found: C 47.2; H 3.1%. CgH;SSe. Calculated: C 47.6; H 3.5%.

2-Formyl-3~-methylselenobenzob]thiophene (IV). A 14.1-g (0.105 mole) sample of N-methylformaniline
was added with stirring to 15 g (0.098 mole) of POCI;, and the mixture was stirred at 60°C for 30 min. A 21.7-g
(0.079 mole) sample of IX was added dropwise, and the mixture was stirred at 60°C for 4 h. It was then hydro-
lyzed with water, and the agueous mixture was extracted with ether. The ether extracts were washed with
water and dried over MgS8O,, the ether was removed by distillation, and the residue was recrystallized from
alcohol to give 14.5 g (60%) of aldehyde IV with mp 73.5-74°C. No melting-point depression was observed for
a mixture of this product with a sample of IV obtained by a different method. Found: C 47.2; H 3.2; $12.3; Se
30.8%. C;(HzOSSe. Calculated: C 47.1; H 3.2; S 12.6; Se 30.9%.

3-Formylbenzobjthiophene-2-selenol (VII). A cooled (to —70°C) solution of 19.6 g (0.092 mole) of I in
30 ml of absolute ether was added with stirring at —70°C in a stream of argon to an ether solution of 5.88 g
(0.091 mole) of n-butyllithium (49.3 ml), and the mixture was then stirred for 30 min, after which, 6.7 g of
dry DMF in 12 ml of absolute ether was added at —70°C, and a second equivalent (5.88 g) of n-butyllithium was
added at —30°C. Themixture was stirred at —30°C for 30 min, after which 7.26 g of powdered selenium was added at
—25°C, and the mixture was stirred at 20°C until the selenium had dissolved completely. The solution was
hydrolyzed with water, the ether layer was washed with water, and the combined agueous extracts were acidi-
fied with dilute HCl to pH 3. The precipitate was removed by filtration, washed with water, and dried over
P,0; to give 4.68 g (21%) of VII with mp 109-111°C. Reprecipitation from a solution in alcoholic alkali by the
addition of dilute HCl gave a product with mp 137-138°C. UV spectrum: Ay, (in alcohol) 228 nm (log € 4.27);
(in chloroform) 243 nm (log € 4.30). IR spectrum: 3450 cm™! (—OH...). Mebull 248. Found: C 45.0; H 2.4;
S 13.3; Se 32.3%. CyH OSSe. Calculated: C 44.8; H 2.5; S 13.3; Se 32.7%. M 241,

3-Formyl-2-methylselenobenzo[b]thiophene (VIII). A 2-g (0.008 mole) sample of VII was added to a hot
solution of 5 g (0.089 mole) of KOH in 100 ml of ethanol, and the mixture was heated until all of the VI had
dissolved. The solution was filtered, and the filtrate was treated in portions with 12.6 g (0.1 mole) of dimethyl
sulfate. The mixture was cooled and treated with 200 ml of water, and the aqueous mixture was extracted with
benzene. The extract was washed with a saturated solution of Na,CO; and water and dried over MgSO,. The
benzene was removed by distillation, ether was added to the residue, and the resulting precipitate was removed
by filtration and recrystallized from acetone to give 1.5 g (71%) of VIII with mp 96-97°C. UV spectrum: Apax
(in chloroform) 318 nm (log € 3.85). IR spectrum: 1650 cm-! (C =0). PMR spectrum, (CD;),CO: 10.35 (1H, s,
CH =0), 7.2-8.4 4H, m, Harom)’ and 2.5 ppm (3H, s, CHj;). [M+‘] 255. Found: C 47.1; H 3.2; §12.3; Se
30.7%. C;H;OSSe. Calculated: C 47.1; H 3.2; §12.6; Se 30.9%. M 255.

3-Formylbenzolbjthiophene (X), This compound, with bp 117-120°C (2 mm) and mp 56.5-57°C (mp 56-57°C
[9]), was obtained in 50% yield by the method in [9].

3-Formylbenzo[b)thiophene Diethylacetal (XI). A mixture of 9.18 g (0.057 mole) of aldehyde X, 8.58 g
(0.058 mole) of freshly distilled ethyl orthoformate, 27 m! of absolute alcohol, and one to two drops of con-

735



centrated HCl was refluxed for 4h, after which the alcohol was removed by distillation, and the residue was distilled

to give 11.3 g (84%) of XI with bp 119~120°C (2 mm) and n¥) 1.5585. Found: C 65.9; H 6.8; §13.9%. C;3H;;0,8.
Calculated: C 66.1; H 6.8; S13.6%.

3~Formylbenzobjthiophene~2-selenol (VII). A solution of 9.44 g (0.04 mole) of acetal XI in 15 ml of
absolute ether was added with stirring at —30°C in a stream of nitrogen to a solution of 2.6 g (0.041 mole) of
n-butyllithium in 25 ml of ether. The mixture was then stirred for 30 min at —30°C, after which 3.13 g (0.04
mole) of powdered Se was added, and the mixture was stirred at 20°C for 4 h. It was then hydrolyzed with
water, and the ether layer was washed twice with water., The combined aqueous layers were acidified with a
1 N HC! solution, and the yellow precipitate was removed by filtration and dried over P,O;. Reprecipitation
from a solution in 1 N alcoholic alkali by the addition of HC1 solution gave 1.8 g (19%) of VII with mp 137-138°C.
No melting~point depression was observed for a mixture of this product with a sample of the compound ob-
tained via Pathway A (Scheme 1).

Z-Formylbenzo[b]i_:ggphene (XII)., This compound, with bp 125~126°C (3 mm) and mp 33°C (mp 34-34.5°C
[10]), was obtained in 74% yield by the method in [10].

3-Bromo-2-formylbenzo[b]thiophene (XIII), This compound, with mp 117-118°C (mp 118-118.5°C [11]),
was obtained in 70% yield by the method in [11]. IR spectrum: 1665 cm~! (C = 0).

3-Bromo-2-formylbenzo[b]thiophene Dioxolane (XIV), A mixture of 17.9 g (0.075 mole) of XIII, 6 g
(0.097 mole) of ethylene glycol, two crystals of p-toluenesulfonic acid, and 80 m!l of absolute benzene was re-
fluxed with a Dean—Stark trap for 5 h, after which the solution was washed with a saturated solution of Na,CO,
and water and dried over MgSO,. The benzene was removed by distillation, and the residue was distilled to
give 21 g (98.5%) of XIV with bp 173-175°C (4 mm). Found: C 46.2; H 3.1%. C;;H0,BrS. Calculated: C 46.3;
H 3.2%.

2-Formylbenzo[blthiophene-3-selenol (II). A solution of 16.1 g (0.057 mole) of acetal XIV in 25 ml of
absolute ether was added in a stream of argon at —70°C to a solution of 3.65 g (0.057 mole) of n-butyllithium
in 33 ml of ether, after which 4.45 g (0.057 mole) of powdered selenium was added at —30°C, and the mixture
was stirred for 30 min. The cooling bath was then removed, and the mixture was stirred for another 4 h and
worked up as in the preparation of aldehyde VII to give 1.36 g (10%) of II with mp 115-116°C, No melting-point
depression was observed for a mixture of this product with a sample obtained via Pathway A. The ether layer
was washed with water and dried over MgSO,, the ether was removed by distillation, and the residue was re-
crystallized from benzene to give 2.0 g (15%) of XV with mp 177-178°C. PMR spectrum (C;D;): 6.75-8.10 (8H,
m, Hyyom), 6.70 (2H, s, CH), and 3.5 ppm (8H, m, CH,). [M**]489. Found: C 45.1; H 3.9; Se 15.7%. CyyH;s-
0O,8,8e. Calculated: C 54.0; H 3.7; Se 16,1%. M 489.

N, N'-{Bis(3-selenobenzo[b]-2-thenylidene)ethylenediaminato} Cu (). (XVIa). A 6.5-g (0.027 mole) sam~
ple of II was dissolved by heating in 100 ml of DMF, after which 0.24 g (0.014 mole) of ethylenediamine was
added, and the resulting solution was heated at 100°C for 20 min. A hot filtered solution of 2.8 g (0.014 mole)
of Cu(OAc),: H,O in 10 m! of DMF was added to the hot solution, and the precipitate that formed in the course
of 10 h was removed by filtration to give 4.7 g (61.5%) of complex XVIa (golden-brown crystals). Recrystalli-
zation from bromobenzene gave a product with mp 284-286°C (dec.). Found: C 42.2; H 2.5; S11.6; Se 28.2;

Cu 10.9%. CyoH;,N,S,Se,Cu. Calculated: C 42,3; H 2.5; S11.3; Se 27.8; Cu 11.2%.

N, N'-{Bis- (3-selenobenzo[b]-2-thenylidene)ethylenediaminato} Ni (II) (XVIb). The nickel chelate was ob~
tained in 65% yield by a method similar to that used to prepare chelate XVIa. The cherry-red crystals decom-
posed above 360°C. Found: C 42.7; H 2.7; S 11.5; Se 27.9; Ni 10.6%. C,H,,N,S,Se,Ni. Calculated: C 42.7; H
2.5; S11.4; Se 28.1; Ni 10.4%.

N,N'-{Bis (2-selenobenzo[b]-3-thenylidene)ethylenediaminato} Cu (II) (XVIfa). This complex was simi-
larly obtained in 52% yield. The dark-brown needles had mp 293-294°C (from bromobenzene). Found: C 42.0;
H 2.3; S11.4; Se 28.0; Cu 11.0%. CyH;,N,8,8e,Cu. Calculated: C 42.3; H 2.5; S 11.3; Se 28.1; Cu 11.2%.

N,N'-{Bis (2-selenobenzo[b]-3-thenylidene)ethylenediaminato} Ni (II) (XVIIb). The nickel chelate was si-
milarly obtained in 49% yield and decomposed above 360°C (from dimethylacetamide). Found: C 42.5; H 2.7;
S11.4; Se 28.4; Ni 10.2%. C,H;;N,S,Se,Ni. Calculated: C 42.7; H 2.5; S11.4; Se 28.0; Ni 10.4%.
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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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