B) A 7.8-g (0.09 mole) sample of morpholine was added to a solution of 2.0 g (0.01 mole) of 4~-piperidyl~
2-~sulfolene in 20 ml of methanol, and the mixture was heated at 60°C for 10 h. The resulting solution was
evaporated, and the residue was crystallized from 50% aqueous acetone to give 2.7 g (98%) of VI, No melting-
point depression was observed for mixtures of the products obtained in experiments A and B.

3,4-Dimorpholinylsulfolane (V). A 2.0-g (0.01 mole) sample of 4-morpholinyl-2-sulfolene and 8.7 g
(0.1 mole) of morpholine were dissolved in 70 ml of methanol, and the solution was heated at 60°C for 20 h.
It was then evaporated, and the residue was crystallized from 10% ethanol to give 2.6 g (90%) of a product
with mp 167-168°C. Found: N 9.5; $11.1%. Cy,H,;,N,0,8. Calculated: N 9.6; S 11.0%.
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SYNTHESIS OF w,w'-DIARYL-SUBSTITUTED
2,5-DIVINYLTHIOPHENES

L. Ya. Malkes, R. A. Minakova, UDC 547.732:541.634
and L. V, Kozyreva

The phosphonate modification of the Wittig reaction was used to synthesize w,w'-diaryl-substi-
tuted 2, 5~divinylthiophenes that contain phenyl, 4-biphenylyl, 2-naphthyl, 9-anthryl, and 2-
thienyl groups, as well as functional substituted 2, 5-distyrylthiophenes.

Vinyl derivatives of thiophene have found application as optical bleaches [1] and biologically active sub-
stances [2, 3]. These compounds, which include various chromophore groupings, may, like the analogous
benzene derivatives [4], be of interest as effective luminophores.

We have synthesized w,w'-diaryl-substituted 2,5-divinylthiophenes (DDVT) that contain phenyl, 2-naph-
thyl, 4-biphenylyl, 9-anthryl, and 2-thienyl groups, as well as functional substituted 2, 5-distyrylthiop.ienes
(Table 1).

The arylthienylethylenes described in the literature were obtained by various methods [5, 6). In parti-
cular, arylthienylethylenes were synthesized via the Wittig reaction both from formylthiophene [7] and from
chloromethylthiophene [8]. However, a mixture of the cis and trans isomers is obtained in both cases.

For the synthesis of the DDVT we used the phosphonate modification of the Wittig reaction [9], which
does not have this disadvantage; the reaction products are, as a rule, the trans isomers,

To obtain the DDVT we first used diethyl thiophenebis (methylenephosphonate) (I), since the use of 2,5-
diformylthiophene as the starting compound would lead to complication of the synthesis and make it a multi-
step process.

All-Union Scientific-Research Institute of Single Crystals, Scintillation Materials, and Ultrapure Chemi-
cal Substances, Kharkov 310072. Translated from Khimiya Geterotsiklicheskikh Soedinenii, No. 7, pp. 895~
897, July, 1979. Original article submitted March 1, 1978; revision submitted December 18, 1978,
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TABLE 1. Characteristics of w,w'-Diaryl-Substituted 2,5-Divi-

nylthiophenes
= E b v Found, Y Cale. , %
3 82 E|E ’ Empirical |~31C,7 R
g* R o “%5 b I I formula g
: =2 R = 2
3 & EE S EL S e|nls cluys &
1Va|CsHs 197] 395 |4,6 | 950|1620)83,2]5,4]10,9]|CoH 6S 83,315,5111,1) 30
1Vb|2-CioHy 247 405 14,78| 945(1618(86,415,01 8,3|CasH20S 86,6151 82|35
V¢ |4-CieHe 3141 415 [6,7 | 94711627|87,3[5,2| 7,2{CsHaS 87,3154 7,31 40
1Vd|9-Ci.He 283| 420 12,5 | 953(1623{88,8(5,2| 6,3{CasHaS 88,514,991 6,5( 30
IVe}4-Cl—CgH, 203] 397 [7,3 |958/1618|67,1]3,8] 8,8{CyH,,SCl, ]67,2/3,9) 89] 22
IVT | 4-CH;0—Cgl14[243] 405 15,9 | 953|1605i76,0|5,5] 8,9]CaHy0.S 1759(5,7] 9,21 30
IV} 4-NO,—CeH, 275 i?g 4,3 9560|1625(63,313,6] 8,3|CyH;4N,0,S |63,5/3,7| 8535
4,92
IVh|2-C,HsS 151] 435 13,7 | 938]1620]63,9(3,8{32,0)C1sH12S: 64,014,0{32,0§ 30

The synthesis was accomplished via the scheme

T +2P(0C,Hy), ? Ejl | ? +2CH,0Na
c1cn12J\s,1cnz(:| -2C,H,Cl (OC, M), P—Cll, g~ ~CH,~P(OC,H,), -2CH,OH

A - — -
— % 2 oY
(OC,H),P— T g~ ~CH~P(OC,H,), (OCJHE)Q'F'"CI \S/Lf"""(ocz"s)z

HoH
0—c{ ~>SC—0
i R RS

(OC,1,),POON + RIIC'-?—CIILS,:LCII——CHR

WVa-h

As a consequence of the electron-acceptor effect of the thiophene ring [10}, replacement of the benzene
ring by a thiophene ring facilitates the formation of the diethyl thiophenebis(methylenephosphonate) carbanion
an.

The negative charge in carbanion II is delocalized to a greater extent than in the case of the participa-
tion of the benzene ring. The decrease in the nucleophilicity of I, on the one hand, decreases the rate of its
attack on the carbonyl carbon atom, whereas, on the other hand, it will promote an increase in the polariza-
tion of the P — O bond. The step involving the formation of four-membered intermediate III and its subsequent
decomposition to give the olefin and a phosphinic acid salt is facilitated as the electrophilicity of the phospho-
rus atom increases.

Thus I forms a stable carbanion, and, as is well known [11], in this case the step involving the formation
and decomposition of the four-membered ring is the rate-determining step.

The structure of the compounds obtained is confirmed by data from their IR spectra. An intense band
of out-of-plane deformation vibrations of the CH bond of a trans-ethylene group (ycyg = 938-958 cm-!) appears
in the IR spectra. The bands of the stretching vibrations of the double bonds (e = =1605-1627 cm~1) are of
low intensity, which is characteristic for symmetrical systems with a double bond that is only slightly polar-
ized. When methoxy and nitro groups are introduced in the para position of the terminal phenyl groups of 2,5-
distyrylthiophene, the intensity of the band increases significantly, and this constitutes evidence for an in-
crease in the polarity of the C =C bond.

The compounds obtained were characterized by their UV absorption spectra in toluene; they contain one
intense band at 395-435 nm (¢ 25,000-73,000).

Thus, the phosphonate modification of the Wittig reaction can be successfully used for the synthesis of
vinyl derivatives of thiophene,
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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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