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Eleven a , f i -unsatura ted  alcohols and their fluoborate salts were synthesized by the selective 
reduction with sodium borohydride of vinylogs of thiophene chalcones.  On the basis  of the 
IR and NMR spect ra  it was establ ished that these alcohols a re  the t rans  i somers  with respect  
to the orientation of the hydrogen atoms on the aliphatic double bond. The absorption spec-  
t ra  of the alcohols and their  f luoborates in neutral  and acid solvents were studied. The 
i somer ic  alcohols form cations of the same s t ruc ture  with acids.  A linear dependence be-  
tween the absorpt ion maxims of the polymethine salt and the number of methine groups in 
the cations was established. Deviations were noted for acid solutions of alcohols with un- 
symmet r i ca l  s t ruc tures .  

We have previously studied the spec t ra  and ha lochromism of diphenyl-,  2- thienylphenyl-  (I), and b i s -  
(2-thienyl)carbinols (IX) [1]. It is well known [1-3] that these carbinols form deeply colored solutions on 
react ion with acids .  It was of interest  to study the effect of the ha lochromism of vinylogs of 2- thienyl-  
phenyl-  and bis(2- thienyl)carbinols .  With this end in mind we synthesized 11 previously undescribed a , p -  
unsaturated alcohols.  The composit ions and s t ruc tures  of these compounds were confirmed by analysis 
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Fig. I. Absorption spectra of vinylogs of dithienylcarbinol (IX) in 10% CF3COOH in C2H4CI~: 
i) ],5-bis(2-thienyl)-l,4-pentadien-3-ol (XI); 2) 1,5-bis(2-thienyl)-2,4-pentadien-l-ol (XII)o 

Fig. 2. PMR spectra: i) l-(2-thienyl)-3-phenyl-2-propenol (Ill) in acetone ; 2) l-phenyl-3- 
(2-thienyl)-2-propenol (II) in acetone; 3) II and Ill in 10% CF3COOH in C2H4CI z. 
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and by the UV, IR, and PMR spect ra .  The analytical data, measurements  of the absorption spect ra  of neu- 
t ra l  and acidic solutions of the alcohols and solutions of the fluoborates,  and the frequencies of the valence 
vibrat ions  of the hydroxyl group (vOH) and the out-of-plane deformation vibrations of the hydrogen atoms 
of the vinylene group (TCH= CH) are  presented in Table 1. 

The IR spec t rog rams  of KBr pellets of all of the alcohols contain a broad intense band f rom 3300-3500 
cm -1 f rom the valence vibrat ions of the hydroxyl group associa ted  by an in termolecular  hydrogen bond. 
This bond is apparently weak since the band of the associated hydroxyl group of the alcohol vanishes in 10 -~ 
M carbon te t raehlor ide solutions, and one observed only the absorpt ion band of the free hydroxyl group 
(3600-3640 em -1). The intense absorption at 960-990 cm -1 is due to out-of-plane deformation vibrations of 
the hydrogens of the vinyl group with t rans  orientation of the substituents [4]. In [5] it was established that 
the thiophene analogs of chalcone and its vinylogs are  the t rans i somers  with respec t  to the position of the 
substituents on the atiphatie double bond. Consequently, reduction of the carbonyl group of the c~,fi-unsat- 
urated ketones does not change their  t rans  configuration. Our investigation of the PMR spect ra  of the a l -  
cohols conf i rms this conclusion~ The measured  spin-spin interaction constants of the a and fi protons are  
found at 15.6 to 16.2 Hz, which is convincing proof of their  t rans  orientation with respec t  to the double bonds 
[6, 7]. 

As seen f rom Table 1, the oz,fi-unsaturated alcohols in ethanol absorb f rom 230 to 330 nm. Replace-  
ment  of the phenyl radical  by the more  e lect ron-donat ing thienyl radical  ((r-0o21) [8] in I, II, and V does 
not change the position of the long-wave absorption maximum, while the same substitution in III causes a 
bathochromic shift in Xma x by 28 am (compare III with X)o This may serve as a confirmation of the fact 
that  the atomic grouping responsible  for the long-wave absorpt ion of the alcohols is 

~ -cn~cn-cnoH- 

In a compar ison of ~max for  neutral  and acid solutions it turned out that the lat ter  absorbed in a con-  
s iderably  longer-wave region.  As is apparent  f rom the data for acid solutions of the alcohols, replacement  
of the phenyl r ing by a thiophene r ing leads to a red  shift in the maximum by ~ 40 nm (II, III, and X; IV, V, 
VI, XI, and XII; VII, VIII, and XIII). As in the case of neutral  solutions of the alcohols,  the accumulation of 
vinylene groups causes a deepening in the color,  during which a l inear  dependence of the absorption maxi-  
mum on the number  of methine groups is observed for each ser ies  of acid solutions of the polymethine sal ts .  
A s imi la r  dependence was noted in the cyanin dye ser ies  [9, 10]. It is interest ing that the absorption maxi-  
mum of i somer ic  alcohols (II and III, IV, V, and VI: VII and VIII; XI and XII; Fig~ 1) have the same values.  
This sor t  of regular i ty  was also observed in [11] for  several  i somer ic  d is tyrylcarbinols .  This indicates 
the formation of cations with the same s t ructure  and also conf i rms the identical cha rac te r  of the PMR spec-  
t ra  of acid solutions of the i somer ic  unsaturated alcohols (Fig. 2). The signals of the protons of vinylene 
groups and of the methine proton of the carbinol are  markedly  shifted to weak field in compar ison with neu- 
t ra l  solutions and are  vir tual ly the same as the signals of the r ing  protons of the aromat ic  and heterocycl ic  
r ings [12, 13]. This indicates that the positive charge is delocalized over the entire molecule, including the 

a romat ic  and heterocycl ic  radica ls .  

A eompar ison  of the long-wave absorption maxima of the polymethine salts of both symmetr ica l  and 
unsymmetr iea l  s t ruc tures  (II, IV, and VII) indieates that Xma x of the unsymmetr ica l  salt is shifted some-  
what (5-12 nm) to the shor t -wave region relat ive to the hal f -sum of the absorption maxima of the e o r r e -  
sponding symmet r i ca l  compounds [13]~ 

E X P E R I M E N T A L  

o~,p-Unsaturated Alcohols~ These were synthesized as follows. Sodium borohydride (0~ mole) was 
added gradually with s t i r r ing  and cooling to 0.05 mole of the ketone in 20-40 ml of methanol~ The mixture 
was allowed to stand for 2 h at room tempera ture ,  cooled, and a cold 570 solution of sodium hydroxide was 
added to it. The resul t ing  precipitate was fil tered, washed with alkali and water  until it gave a neutral r e -  
action, and dr ied in vacuo.  The compounds obtained are  solid crysta l l ine  substances and, like unsaturated 
a romat ic  alcohols [14, 15], are thermal ly  unstable and gradually oxidized in a ir .  
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Fluobora te  Salts.  These  were  obtained by mix ing  a 0.05-mole e ther  solution of the unsa tura ted  alcohol 
and 0.5 mole  of a 32% solution of f luoboric  acid.  The sal t  that r e su l t ed  on cooling was f i l te red,  washed r e -  
peatedly  with absolute e ther ,  and dr ied.  

The IR spec t r a  of ca rbon  te t rach lor ide  solutions (c 1 �9 10 -z M) and KBr pel le ts  (2 m g  of compound per  
200 m g  of KBr) were  obtained with a UR-20M s p e c t r o m e t e r .  The PMR spec t r a  were  obtained with a YaMR- 
5535 s p e c t r o m e t e r  with an opera t ing  f requency of 40 MHz. The absorpt ion  spec t r a  were  m e a s u r e d  with 
Hitachi SF-4 and SF-10 spec t ropho tomete r so  
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