sodium carbonate solution, water until the wash waters were neutral, and ethanol to give 0
(21%) of a product with mp 319-320°C (from dimethylformamide). Found, %: C 75.23 H 5.8; N
C20HyeN202. Calculated, %: C 75.4; H 5.7; N 8.8. :

7 g
8.6.

4-Nitro—-4'~dimethylaminostilbene was obtained by the method in [11]; the synthesis of 2-
(p—nitrophenyl)-5-(p~dimethylaminophenyl)-1,3,4-oxadiazole was described in [1].
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SYNTHESIS AND REACTIONS OF THIENO[2',3':5,4]THIENO[2,3-c]~
AND THIENO[2',3':4,5]THIENOf2,3-c]PYRYLIUM SALTS

V. I. Dulenko, S. V. Tolkunov, and
N. N. Alekseev UDC 547.737'816'83.07:543,422

Methods for the synthesis of isomeric thienothiophenes by cyclization of methyl ¥-
thienylmercaptoacetoacetates in polyphosphoric acid (PPA) were developed, It is
shown that the acylation of the acetonyl derivaties of isomeric thienothiophenes

in an aliphatic acid anhydride—70% perchloric acid system leads to the corresponding
pyrylium salts. Some reactions of the latter with nucleophilic reagents were
studied. The structures of the substance obtained were confirmed by the IR and PMR
spectra.

In a continuation of our research on the synthesis and properties of pyrylium salts con-
densed with heterocyclic systems [1-3] we have realized the synthesis of thieno[2',3"':5,4]-
thieno[2,3~c]pyrylium and thieno[2',3':4,5]thieno[2,3-c]pyrylium perchlorates.*

We have observed that 5-alkylthieno[2,3-b]thiophen-3-ylacetic acid esters IIa,b and 5-
methylthieno[3,2-b]thiophen-3-ylacetic acid ester IVa (Table 4) are formed in good yields in
the intramolecular cyclization of y-thienylmercaptoacetoacetic acid esters in polyphosphoric
acid (PPA). The cyclization takes place under mild conditions only when substituent R is
present in one of the o positions of the thiophene ring. Only resinification

*See [4] for our preliminary communication.

Tnstitute of Physical Organic Chemistry and Coal Chemistry, Academy of Sciences of the
Ukrainian SSR, Donetsk 340048, Translated from Khimiya Geterotsiklicheskikh Soedinenii, No.
1, pp. 37-41, January, 1983. Original article submitted December 9, 198l; revision submitted
May 24, 1982,
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products were isolated in the cyclization of unsubstituted methyl y-(2-thienylmercapto)aceto-
acetate. It must be noted that the formation of isomers of Ila,b and IVa is possible in the
cyclization of the type used [5]. We showedbymeans of gas—liquid chromatography (GLC) and
PMR spectroscopy that individual products are formed. Alkaline hydrolysis of IIa,b and IVa
leads to the corresponding 5-alkylthieno[2,3-b]lthiophen-3-ylacetic acids (IIc,d) and 5-methyl-
thieno[3,2~b]thiophen-yl-acetic acid (IVb).

The acetonyl derivatives of isomeric thienothiophenes IIe,f and IVe were obtained by the
same method as that used for the acetonyl derivatives of benzo[b]thiophene [6]. Wedemonstrat-
ed the formation of mixtures of the ketones and the acyl derivatives of the enols of the
ketones by spectroscopy.

The acylation of 5-alkyl-3-acetonylthieno{2,3-bJthicphene (ITe, f) and 5-methyl-3-aceto-
nylthieno[3,2~blthiophene (IVc) in an aliphatic acid anhydride—perchloric acid system takes
place in the free o position of the thienothiophene ring with subsequent cyclization to give
thieno{2',3":5,4]thieno[2,3-c]pyrylium (Va-e) and thieno[2',3':4,5]thieno[2,3-c]pyrylium
(ViTa,b) perchlorates.
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V, VI a Ri=CH,; R2?=CHs b R!=CH,;, R?=CgHs;; ¢ R!=CyHs; R*=CH,; d R'=CpHj,
R?=CpHy; e R1=CyHs, R? =C,Ha; VII, VIII a R?=CHs;, b R?=C,H;

Reaction products Va-e to VIIa, b are stable crystalline compounds, the structures of
which were proved by the results of elementary analysis and IR and PMR spectroscopy (Tables
1 and 5).

Thus in the PMR spectrum of perchlorate Va the chemical shifts of the protons of the
methyl groups are observed at 3,16, 2.94, and 2.75 ppm, whereas they are observed at 2,94 and
2,75 ppm and at 3,16 and 2,75 ppm, respectively in the PMR spectra of perchlorates Vb and Ve,
Thus the chemical shift of the protons of the methyl groups in the 1, 3, and 6 positions are,
respectively, 3,16, 2,94, and 2,75 ppm, The weak-field shift of the signals of the methyl
groups in the 1 and 3 positions is due to their deshielding by the positively charged hetero~
atom of the pyrylium ring. The aromatic protons are observed at 7,46 and 7.99 ppm. The
chemical shifts of the methyl groups in 1,3,5-trimethylthieno[2',3':4,5]1thieno[2,3~c]pyrylium
perchlorate were similarly established (Table 5).

The IR spectra of Va-e and VIIa, b contain absorption bands at 1620, 1550, 1300, and
1090 cm™', which are characteristic for the pyrylium and thienothiophene rings, as well as
the C10,” anion,

33



Owing to the presence of a pyrylium ring, V and VII can be converted to various com~
pounds of the heteroaromatic series by the action of nucleophilic agents. When ammonia is
passed into alcohol suspensions of perchlorates Va-d and VIIa, b the latter are converted to
the corresponding pyridine bases VIa-d and VIIIa, b in good yields (Table 2),

Hydroxy and amino derivatives of thieno[2,3-b]benzo[blthiophene were isolated in the re-
action of perchlorates Vb-d with aqueous alcohol solutions of alkalis and secondary cyclic
amines (piperidine and morpholine) (Table 3).

cH, w{ X cH
/ on  — ?
Vb-d |
s R §7 g

N H
[ j xa,b
X

1Xa-d

IX a R'=R¥*=CHs, X=0; b RI=CH;, R3=H, X=CHy;, ¢ R'=C,H;, R¥*=CH;, X=CHy,
d R'=C,Hs, R3=CH,, X=0; X a R'=CoHs, R*=H; bR'=CsHs R®=CH;

Compounds VIIa, b react similarly under these conditions to give the corresponding
thieno[3,2-b]benzo[blthiophene derivatives XIa-d and XIIa, b.

N
)

L\$/' o
S /fi\ R? S R*
AN N
O, L
CH, N SN, CH s CH,
Xta-d xna,b

XI a R¥=H; b R?=CHy ¢ R®=H;d R®=CHs: a, b X=CHy ¢ d X=0; XII a R¥=H;
b R3=CH;

EXPERIMENTAL

The IR spectra of mineral oil suspensions of the compounds obtained were recorded with a
UR-20 spectrometer, The PMR spectra were recorded with a Tesla BS-467 spectrometer (60 MHz)
with tetramethylsilane as the standard. The spectra of pyrylium salts were recorded in
CF3CO0H, while the spectra of the hydroxy and dialkylamino derivatives of thienobenzo[b]thio-
phene were recorded in CCl,.

Methyl y-Thienylmercaptoacetoacetates (Ia, b, III), A 0,1-mole sample of mercaptothio-
phene was added at room temperature to a solution of sodium methoxide obtained from 2.3 g
(0,1 mole) of sodium in 100 ml of methanol, after which a solution of 0.1 mole of methyl y-
chloroacetoacetate in 20 ml of methanol was added dropwise, and the reaction mixture was
refluxed for 1 h, and 80 ml of methanol was removed by distillation, The residue was poured
into 0,5 liter of cold water, and the aqueous mixture was extracted with ether, The extract
was dried over calcium chloride, the ether was removed, and the residue was distilled in vacuo
(Table 4).

Methyl Thieno[2,3~b]thiophen-3-yl—- and Thieno [3,2-b]thiophen-3~ylacetates (IIa, b, IVa).
A solution of 0.1 mole of ester Ia, b or III in 150 ml of chlorobenzene was added with vigor-
ous stirring to 250 g of polyphosphoric acid (PPA), and the reaction mixture was heated at
55°C for 3 h, It was then poured over 1 kg of ice, and the product was extracted with
chlorobenzene. The extract was dried over calcium chloride, the chlorobenzene was removed
at reduced pressure, and the residue was distilled in vacuo (Table 4).
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TABLE 1, Characteristics of V and VII
Com-~ . Found, ‘70 Empitical Cale., ‘ff’o Yield,
pound| mp, °C formula %o
HI| C clH|al| s
Ve 198—199 1434130 [11,0]194] CieHClOsS: 43,3} 3.3 10,6 19,1 84
Vb| 166—167 45,21 4,0 110,0|18,0| CisHisClOsS: [44,8) 3.7 |10,2]184 86
Ve | 169—170 [45,11 4,0 [10,6[18,1| CisH13ClOsS: 44,8] 3,7 110,2]184 86
vd| 146—147 (46,0} 44 ) 9511811 CuHisClOsS; 46,4 4,1 | 9,8]|17,7 84
ve 145—146 |49,6] 4,6 | 94(160{ CisHiClOsS: 49,2 49| 9.0]164 81
VIila| 230—231 435 35 {109(188] Ci2HuClOsS: 43,11 3,3 110,6119,1 89
VIlb| 210—211 144,5| 341 98180} CisHisClOsS: 44,81 3,7 102 18,4 87
TABLE 2, Characteristics of VI and VIII
Com- mp, °C Found, % Empirical Cale., % Yield, {gg S{_
d ,
poun clulnls formula c gl s % g(r:ate,
VIa|108—109i61,5}1 49 | 64 27,71 C;.H NS, 161,8| 4,7 | 6,1 {274| 91 {241—242
VIib| 66—67 {6321 55 |59 [256] CisHisNS: [63,11 53 15,7 25981 90 [236-—-237
Vic| 56—57 {62,8] 50 | 5,4 {256| CisHaNS, (63,11 53 | 5,7 [25,9( 92 |215—216
vid — 64,9{ 53|50 (249] CisH;sNS; 64457 }53 |246| 93 [207—208
Viiia | 103—104]61,4] 45 | 6,0 {27,6] C;oHuNS, [61,8] 47| 6,1°[27,4] 92 |243—244
VIIIb | 73—74 163455 |59 {257] CiHiNS, [63,1] 531 5,7 {258 91 |229—230
TABLE 3. Characteristics of IX-XII
Com- . Found, % Empirical Calc., % vield,
pound | mp, °C formula %,
clHiN|S C H N s |
1Xa 144—145 164,7; 6,4 | 4,8 }20,4| C;7H;sNOS3 | 64,4 6,0 44 20,2 51
1Xb 157—158 169,01 69 | 4,8 120,5] C;sHayNS2 68,6 | 6,7 4,4 20,3 44
1Xc 123—124 69,7 7,4 | 4,7 119,2] C1eH23NS, 69,2 7,0 4,3 19,4 52
IXd} 165—166 |658] 6,01 4,6 }20,0]C;sH2NOS, | 65,3 | 6,3 4,2 19,4 48
Xa 144—145 163,21 53| — 1254} C3H20S; 62,8 | 4,9 — 25,8 40
Xb 151—152 {639] 58 { — }24,8] C;sH,08, 64,1 54 — 244 47
Xla 96--97 68,01 65§ 49 121,6] Cy7HoNS, 67,8 6,3 -1 4,7 21,2 43
X1b 100—101 1689] 6,4 | 4,7 | 20,1 ] CisHaiNS, 68,6 6,7 4.4 20,3 54
Xic'| 135—136 163,8] 53 | 4,8 120,9| C,cHsNOS, | 634 | 56 4.6 21,1 44
X1d 193—194 164,2]| 6,3 | 4,2 | 20,3| C;H;sNOS, | 644 | 6,0 4.4 20,2 56
XIla 157—158 61,1145 — [27,1]| CioH1oOS:2 61,5 4.3 — 27,4 41
X1ib 172—173 63,01 5,2 § — | 26,0] C;3H;20S; 62,8 | 4,9 ~— 25,8 50
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TABLE 4,

Characteristics of I-IV

Com-| bp, °C (mm) Found, % Empirical cale., % ;Yieid:
o Q
pound| ¢ mp, °C) c H s formuia c H s i %
“Ta | 175180 (2) | 498 | 53 1266 | CoHip0:S; 492 | 49 | 962 | 70
1b 175—182 (2) 51,6 | 5,1 25,3 C11H1403S, 51,2 | 5,4 24,8 72
1la 165—170 (3) 53.3 48 | 280 CioH100,.S2 53,1 4,4 28,3 58
ITb 160—165 (2) 545 | 54 27,2 C1H20.5, 550 | 5,0 | 26,7 57
Ilc (82—83) 50,4 34 | 304 CoHgO,S, 50,9 | 38 [ 302 90
11d (68-—69) 534 | 4,8 28,0 C1oH100,:S» 53,1 44 28,3 87
ITe 135—140 (1) 576 | 4,4 31,0 C1oH100S2 57,1 4.8 | 30,5 51
11 140—143 (1) 59,3 | 5,2 28,2 C11H120S2 589 | 54 | 286 52
111 176—181 (2) 49,7 | 54 26,4 C10H1203S2 492 { 49 26,2 73
Iva 175—180 (3) 52,7 1 4,0 28,5 10H 100282 53,1 44 28,3 63
IVb | (104—105) 506 | 42 | 305 9HgO2S, 509 | 3,8 |302 80
Iye | 138—140 (1) 574 | 5,1 30,8 CipH;008S, 57,1 48 | 30,6 52
TABLE 5. PMR Spectra of V-IX, XI, and XII
Com- . 5. ppm
pound ] aromatic
-Me 5-Me s protons
va 2,75 2,94 3,16 7,99; 7,46
Vb 2,76 2,94 — 8,00; 7,50
Ve — 2,94 3,17 7.99; 7,50
Via 2,56 2,63 2,65 7,26, 7,10
Vie — 2,55 2,64 7,30, 7,10
Viia 2,86 2,90 3,14 7.84; 7,46
VIilb 2,86 2,90 — 7,84; 7,46
VIilia 2,66 2,69 2,69 7,27; 7,00
Ixd - 2,52 (2,63) 7.26; 7,93
XlIc 2,63 — 2,46 7,20; 6,89; 6,65
X1d 2,74 -— (2,63); 2,57 7,10; 7,85
XI1b 2,60 — (2,38); 2,25 —

Thieno[2,3-b]thiophen-3-yl-~ and Thieno[3,2-b]thiophen-3-~ylacetic Acids (Ilc, d, IVb).

These compounds were obtained by hydrolysis of Ila, b and IVa by the method in [7] (Table 4).

3-Acetonylthieno[2,3-b]- and Thieno[3,2-b]thiophenes (Ile, £, IVc).

obtained from IIc, d and IVb by the method in [6] (Table 4).

These compounds were

Thieno{2',3":5,4]- and Thieno{27,3":4,5]thieno{2,3~c]pyridium Perchlorates (Va-e, VIIa,

b).

An acylating mixture prepared from 0,05 mole of the corresponding anhydride and 0,01

mole of 707 perchloric acid was added with stirring at 0°C to 0,01 mole of IIc, d or IVb,

during which the mixture warmed up and solidified after a certain time,

After 10 min, 50 ml

of ether was added to the reaction mixture, and the precipitate was removed by filtration,
washed with cold alcohol and ether, dried, and crystallized from glacial acetic acid (Table

1.

Thieno[2',3':5,4]- and Thieno[2',3':4,5]thieno{2,3-c]pyridines (VIa-d, VIIIa, b).

Gaseous ammonia was passed at 20°C into a suspension of 0.0l mole of Va-e or VIIa, b in 30
ml of alcohol in the course of 20 min, after which a solution was refluxed for 10 min and
The product was extracted with ether, the extract was
dried over sodium hydroxide, the ether was evaporated, and the residue was crystallized from

poured into water containing ice.

hexane (Table 2).

Hydroxy Derivatives of Thieno[2,3-b]- and Thieno[3,2-b]benzothiophene (Xa, b,

XIIa, b),

A solution of 0,07 mole of sodium hydroxide in 6 ml of water was added to a solution of 0,01
mole of Vb, d or-VIIa, b in 30 ml of alcohol, and the reaction mixture was refluxed for 6 h.

It was then cooled and poured into 100 ml of water,
ether, and the aqueous layer was separated and acidified with hydrochloric acid.

The aqueous mixture was extracted with

The precip~

itate was removed by filtration and crystallized from aqueous alcohol (Table 3).

Dialkylamine Derivatives of Thieno[2,3-b]- and Thieno[3,2-b]benzothiophene (IXa~d, XIa-d).

A mixture of 0,01 mole of Vb~d or VIIa, b and 15 ml of the secondary amine was refluxed for
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5 h, after which the excess secondary amine was removed by vacuum distillation, and the resi-
due was dissolved in ether., The ether solution was washed thoroughly with an alkaline so-
lution to remove the hydroxy compounds, and the ether layer was dried over sodium hydroxide.
The ether was removed, and the residue was crystallized from hexane (Table 3).
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CONDENSED HETEROCYCLES WITH A THIAZOLE RING

E. K. Mikitenko and N, N. Romanov UDC 547,859'789,61,07:543,422

Previously unknown 6-methylthiazolo[3,4-alpyrimidinium salts that can be used to
obtain cyanine dyes were synthesized. The spectral characteristics of the compounds
obtained were investigated.

Monomethylidynecyanine dyes have been previously synthesized from 6-methylthio-substi-
tuted thiazolo[3,4-alpyrimidinium salts [2]. It was noted that the absorption spectra of
such derivatives contain two bands, the positions and intensities of which are determined
by the substituents in the thiazolopyrimidine ring. It seemed of interest to obtain a larger
number of polymethine dyes that contain a thiazolopyrimidine ring,

H,NCSEH, + CgH;CH(CN)OSO,CH; + R-—C(=0)CHR*—C(=0)R® [+11 + [(C,H,0),CH],CH,

I I Vb-e Vi

N

CeHls S [o R— ~ CgHy S CeHy S s A
ij[ﬁ;ﬁL\é&i\ﬁ | =z Niﬂ:;;i\CHs T ;iﬂig;i\<77\\97L\N: :::
CHy N CH, CH; clo] R‘/K{km aoy l/ w Cor <l,2u5
R? R
Vi - va~e IXa-e

a RI=R?=R3=H; b R!=R3=H, R?=CgH;; ¢ R'=R3=CH,, R?’=H; d R'=CgH;, R?=H,
R3=CHj; ¢ R'=R3=C¢H;, R*=H

This objective could have been realized on the basis of 6-methylthiazolo[3,4~-alpyrimidi-
nium salts, the synthesis of which still had to be worked out, We were able to accomplish
this by extending the method proposed in [3] for 6-phenyl-substituted thiazolopyrimidinium
salts after its appropriate modification. Taking into account the indications in [4] that
the 4~amino~2Z-methyl-5-phenylthiazolium salt (III) that should have been the starting sub-
stance in the method in [3] could not be obtained by the reaction of thisacetamide (I) with
cyanobenzyl benzenesulfonate (II), we carried out the reaction between I and II in the presence
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