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THE ABSORPTION SPECTRA AND SYNTHESIS OF 
SOME 2,2’-BITHIENYL DERIVATIVES 

R. F. CURTIS and G. T. PHILLIPS* 

Departmen of Chcmrstry. Univcrsily Collcgc of Swansea. Singleton Park. S~ansea 

Ahstraet-The IR and UV absorption spectra of 2 .2’-bithienyl derivatives have been correlated. and are 

shown to have maxima which are characteristic of the substitution pattern. In the IR. 2.2’-bithienyl shows 

maxima at 835. 690 cm-’ ; S-substituted derivatives at 840. 800 and 690 cm-’ and 5.5’disubstituted 

derivatives at 800 cm- ‘. In the UV region the characteristic maximum of 2.2’-bithienyl at 301 mp (E. 

12.800) undergoes bathochromic shifts of ca. 30 mp or ca. 50 mu when single or conjugated chromophores 

are substituted in the 5position. These correlations give a good guide to the substitution pattern of 

naturally occurring 2.2’-bithienyl systems. Syntheses of S-methyl-. 5.5’dlformyl- and 5-formyl-5’-iodo-2.2’- 

bithienyl are recorded. 

IN THE COUM of our investigations of naturally occurring thiophens’-3 we have 
examined the IR and UV absorption spectra of a large number of 2.2’-bithienyl 
derivatives. We can now record correlations which are useful for establishing the 
pattern and nature of the substituents frequently observed in natural products 
based on this skeleton. 

These correlations are particularly useful since 2.2’-bithienyl derivatives are 
generally unstable to chemical degradation and occur in low abundance as natural 
products. 

Infrared spectra 
Numerous papers have been published on the vibrational spectra of thiophen 

and its derivatives and these have been summarized in a recent publication by 
Lippincott et ~1.~ In addition to the correlations now available for mono-substituted 
thiophens.4 Schulte’ has studied numerous 2Sdi’substituted thiophens and has 
shown that a strong band at 800 f 15 cm-’ is especially characteristic of these 
compounds. The results of our comparable observations in the 2.2’-bithienyl series. 
in which the base skeleton contains both a 2-substituted and a 2.5disubstituted 
thiophen nucleus. are presented in Table 2. 

It is clear that the absorption bands between 850 and 670 cm-’ are characteristic 
of the substitution pattern. Thus 2.2’-bithienykl) shows intense bands at 835 and 
690 cm-‘; 5-substituted-2.2’-bithienyl derivatives (II) show bands at 840. 800 and 

l Present address: The Chemical Laboratory. University of Sussex. Falmer. Brighton. 

’ R. E. Atkinson. R. F. Curtis and G. T. Phillips J. Chrm. SW. 7109 (1965). 

’ R. E. Atkinson. R. F. Curtis and G. T. Phillips. J. Chcm. Sot. I IO1 (1966). 

’ R. E. Atkinson. R. F. Curtis and G. T. Phillips. C/rem. & Ind. 2101 (1964); J. Chcm. SW. in press (1967). 

4 M. Horak. I. J. Hyams and E. R. Lippincott. Specfrochint. Actu 22. I355 (1966). 

’ K. E. Schuhe. A. Kreulzberger and G. Bohn. C/rem. Err. 97. 3263 (1964). 
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690 cm- ‘. and 5.5’-disubstituted-2.2’-bithienyl derivatives (III) show only a single 
band at 800 cm- ‘. These observations are summarized in Table 1. and listed in 
detail in Table 2. 

TABLE I 

Substitution pattern 

1. R = R’ = H 

II. R # H. R’ = H 

111. R # H. R’ # H 

Characteristic frequencies (cm-‘) 

835.690 cm- ’ 
840.800.690 cm - ’ 

8COcm-’ 

: Il. 

The recent results of Lippincott et ~1.4 suggest that the bands in the region of 833 
cm-’ and 690 cm-’ are probably due to C-H out-of-plane vibrations rather than 
“ring breathing’: and CH out-of-plane deformations as o@ginally assigned ,by 
Katritzky.6 The band which appears at 800 cm-’ in the mono- and di-substituted 
bithienyls is clearly characteristic of a 2.5-disubstituted thiophen ring and was 
assigned to a “ring breathing” absorption by Schulte.’ 

Absorption bands characteristic of aromatic systems were also observed, e.g. 
5-substituted-2.2’-bithienyl derivatives showed a weak but sharp absorption at 
3050 f 50 cm- ’ which is probably due to the C-H stretching mode4.’ of the C-H 
bond in the 5’-position. An even weaker band at 2950 cm-’ was also observed in 
some 5.5’-disubstituted-2.2’-bithienyl derivatives; it is probably. therefore. the C-H 
stretching mode of the C-H bond in the p-positions of the thiophen rings. 

Strong peaks were observed in the 1400-1450 cm-’ region in all the compounds 
examined. These were localized near 1510. 1450 and 1425 cm- ’ and are probably 
connected with a ring-stretching absorption4 

The usefulness of these correlations is illustrated by the IR absorption frequencies 
of compounds 2. 7. 10 and 11 isolated from Tagetes rnin~ta.~~~ which were clearly 
shown to be 5-substituted-2.2’-bithienyl derivatives from the consistent absorptions 
at 840, 800 and 690 cm-‘. In contrast to these. the closely-related synthetic inter- 
mediates 27 and 28 and the naturally occurring acetate 29,3.8 showed absorptions 
only at ca. 800 cm -’ in agreement with the above correlations. We have already 
pointed out’ that the absorption at 690 cm-’ can be confused with a cis double 
bond; in a 2.2’-bithienyl derivative an absorption at 690 cm-’ more likely to be 
indicative of a 5-substituted-2.2’-bithienyl derivative, rather than the presence of an 
isolated cis double bond. 

Ultraviolet absorption spectra 
The UV absorption spectra of 5- and 5.5’-disubstituted-2,2’-bithienyl derivatives 

show three main absorption bands. First, a broad band at ca. 33&360 rn& (E,,, 
ca. 20.000) characteristic of an electron transfer’ transition. This may be subdivided 

’ A. R. Katrltzky and A. J. Boulton. J. Clrrm. SW. 3500 (1959). 

’ L. J. Bellamy. The I~~ureJ Sprcrru ofCowp/ex Molecules p. 64. Methuen. London (1960) 

s F. Bohlmann and K.-M. Klein. Chew. Ber. 96. 1229 (1963). 

9 J. Murrell. J. Chem. Sot. 3779 (1956). 
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into two distinct types. the first of which may involve an electronic transition from 
the x orbital of the aromatic ring into the x* orbital of the chromophoric group 
(Fig. 1). The bathochromic shifts characteristic of this type. relative to the local 
x-x+ excitation of the parent 2.2’-bithienyl.nucleus are shown in Table 2 (section A). 

The second type is shown by the compounds listed in Table 3 (section B). and possibly 
represents transitions between the p-orbital of the substituent and the antibonding 
II* orbital of the heterocyclic rings (Fig 2). 

nG. 2 

In addition, compounds which have substituents representing both auxcchromes 
and chromophores on the same nucleus are listed in Section C. 

Table 2 shows that the bathochromic shift contributed by auxochromes (relative 
to 2.2’-bithienyl) is from 6-14 mp. decreasing in the series I > Br > Cl > CH, and 
consistent with the dihalogenated series. The bathochromic shift contributed by a 
carbonyl chromophore is ca. 50 mu and decreases in the order CHO > COMe > 
CO,Me. Comparisons in any halogenated series. with a corresponding series con- 
taining a carbonyl chromophore (e.g. the halogenated-2.2’-bithienyls and the 5- 
halogenated-5’-methoxycarbonyl derivatives) show that the sum contribution of the 
auxochrome and chromophore differ from the sum of their individual contributions 
by only +2 mu. 

These correlations are useful to determine the substitution pattern and the nature 
of the conjugation in naturally occurring, 2.2’-bithienyl derivatives. such as com- 
pounds 2.7.10. Il. 28 and 29 in Table 2. The weaker conjugative effect of an acetylenic 
bond, relative to a cis or trans double bond is shown by the absorption maxima of 
the alcohols 8.9 and 10. 

A second major band of moderate intensity (E,,, 58OO-9ooo) occurs at ca. 240- 
250 mu. and may be due to the IL-R* local excitation transition of the heteroaromatic 
nucleus. This band is characteristic. but not diagnostic of. a 2.2’-bithienyl nucleus. 

The absorption band at 207 + 3 mu may be due to the q-a* transition of the p 
electrons of the heteroatom and the antibonding u orbital. 

All of the compounds discussed were prepared by the standard methods indicated 
in Table 2. 5-Methyl-2,2’-bithienyl was prepared in excellent yield by Wolff-Kishner 
reduction of 5-formyl-2.2’-bithieny1.‘3 and the latter compound was prepared by 
formylation of 2.2’-bithienyl with phosphorus oxychloride dimethyl formamide. 

” J H. Uhlenbroek and J. D. Bijloo. Rec. Trac. C/h. 79. I I81 (1960). 

’ ’ d. F. Curtis and G. T. Phillips. J. Chem. Sot. 5134 (1965). 

” G. Carpanelli and G. Leandri. Ann. Chh.. fraly 57. 187 (1961). 

” E. Lescot. Jr.. Ng. Ph. B&I-Hoi and N. D. Xuong. J. Chen~. Sot 3234 (1959). 
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The ftrst twoexamples ofdisubstitution in this reaction have recently been recorded;20 
a further example is the isolation of 5.5’-diformyl-2.2’-bithienyl in significant yield 
in this reaction. 

5-Formyl-5-iodo-2.2’-bithienyl (25) was prepared by direct iodination of the 
formyl derivative 3. 

EXPERIMENTAL 

IR spectra were measured with a Perkin-Elmer speclrophotometer Model 237 at a concentration ol 

ca. I ‘)() with potassium bromide discs. or where appropriate as lilms. UV absorption spectra were 

measured in EtOH soln with a Unicam SP 800 spectrophotometer. 

5.5’-D~~rmyl-2.2’-hirhien)‘l (12). POCI, (41.3 g) was added in small portions 10 2.2’-bithienyl (30 g) and 

dimethyl formamide (24 g) in dry toluene (450 ml). After the exothermic reaction the mixture was heated 

on a Steam bath for 2.5 hr. cooled and warm saturated aqueous AcONa (600 ml) added. The organic 

layer was worked up in the usual way and the residue on evaporation fractionally crystallized from 

benzene light petroleum (b.p. e-60 ) (I :5) 10 give 5.5’~ifi,rmy/-2.2’hirhirnyl (12: IO g) as yellow plates. 

m.p. 217--E ‘. (Found: C. 54.0; H. 3.2. ClOH,OIS, requires: C. 54.0: H. 2.8”,,.) 

The mother hquors were evaporated and the residue crystallized from benzene light petroleum (b.p. 

60 80’ ; I : IO) to give 3 (25.7 gl as yellow pIales. m.p. 58-59’ (lit.13 m.p. 59 ). (Found: C. 55.6; H. 3.3. 

Calc for C,H,OSI: C. 55.6: H. 3.1 ‘I,,.) 

5-Melh~l-2.2’-hirhicnyl (17). The preceding formyl derivative (IO g) and hydrdzine (IOO”,, I3 ml) in 

ethylene glycol (50 ml) were heated under rellux for 30 min. cooled and KOH (I3 g) added. After heating 

under reflux lor .u) min the product was po&d into water. extracted with pentane (3 x 100 ml). dried 

(Na,SO,) and evaporated. The residual orange oil was passed through alumina (30 x 4 cm) in pentane 

solution. the solvent recovered and the residue distilled IO give 17 as a colourless oil (7.7 g: 83”,,). b.p. 

50” 0 0.006 mm: lil.‘” 145. 146 I7 mm. (Found: C. 602: H. 4.6. Calc for C,H,S,: C. 60.0: H. 4.5”,,.) 

5-Fon,l~/-5’-iotlo-2.2’-~if/li~,n~/ (25). Iodine (9.1 g) and yellow HgO (7.7 g) were added alternatively IO 

a stirred soln of 5-rormyl-2.2’-bithienyl (7 g) in benzene (70 ml) at 40 during 2 hr. Over this period a buff 

ppl appeared. The whole reaction mixture was shaken with ether (300 ml) and sal. Klaq (300 ml) and 

the ethereal layer separaled. washed and dried (Na,SO,). Evaporation gave 5-foml~/-5’-ioc/o-2.2’-~if~i(,J~~/ 

1251 as plates from CHCI, pentane. m p. 186 (90 g). (Found: C. 33.6: H. 1.6: S. 20.5. C,H,IOS requires: 

C. 33.X: H. 1.2: S. 20.0”,,.) 

Ac,kr~o~/c~t/~cr~~et~r .- WC are gralerlll IO the S.R C. for financial supporl (G.T.P.) and Pro&or C. H. Hassall 

(or labordlory ~dcilirles. 
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