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It  is shown that the bas ic i ty  of subst i tuted thiophenes depends on the e lec t ronic  effects  of the 
subst i tuents .  The bas ic i ty  of organosi l icon der iva t ives  of thiophene is de te rmined  not only 
by the - I  effect  but also by the effect  of d~r-Plr in teract ion in the S i - r i n g  bond. The depen-  
dence of the degree  of dTr-p~ r in teract ion on the na ture  of the th ree  other  subst i tuents  attached 
to the si l icon atom is examined.  

As we have shown by PMR spec t roscopy  [1,2], organosi l icon der iva t ives  of thiophene are  e x t r e m e l y  
convenient  subjects  for  a study of dw-Plr in teract ion.  We also es tab l i shed  the d l r -p~  c h a r a c t e r  of the s i l i -  
con bond with the thiophene ring by IR spec t roscopy  [3]. The p roce s s  of dTr-PTr in teract ion is accompanied  
by t r a n s f e r  of the w-e lec t ron  densi ty of the thiophene r ing to the vacant  3d orbi ta ls  of the si l icon a tom.  A 
study of the effect  of d~r-P~r in teract ion on the bas i s  of expe r imen t s  that  a re  d i rec t ly  assoc ia ted  with the 
magnitude of the w -e lec t ron  densi ty of the thiophene r ing,  i .e. ,  with the bas ic i ty  of the la t t e r ,  t he r e fo re  
s e e m s  of cons iderable  i n t e re s t .  In view of this ,  we under took a study, by IR spec t roscopy ,  of the bas ic i ty  
of a number  of organosi l icon der iva t ives  of thiophene and some of the i r  carbon analogs ( rable  1). 

The he te rocyc l ic  s y s t e m  of the thiophene ring has  ~r-molecular o rb i t a l s ,  owing to which thiophene 
and its de r iva t ives  a re  cons idered  to be weak ~r ba se s .  In view of this ,  thiophene de r iva t ives  behave as 
e lec t ron  donors during the format ion  of a hydrogen bond with proton donors  (we used phenol as the proton 
donor in the p resen t  r e s e a r c h ) .  I t  is obvious that  the magnitude of the e lec t ron  densi ty  of the thiophene 
r ing and, consequently,  its bas ic i ty  depend substant ia l ly  on the na ture  of the subst i tuent .  The data p r e -  
sented in Table 1 convincingly conf i rm this .  The Av values a re  the shifts  in the f requency of the s t r e t c h -  
ing vibrat ion of the OH group of unassoc ia ted  phenol (3609 cm -1) during format ion with it of an O - H  "..~r 
bond with substi tuted thiophene. Following the point of view widely propagated  in the l i t e ra tu re  [4], we a s -  
sumed that  the Av values a re  propor t iona l  to the energy  of the hydrogen bond and, consequently,  to the 
bas i c i ty  of the thiophene r ing.  (it is known [5] that the hydrogen bond in he te rocyc l ic  a romat i c  s y s t e m s  of 
the thiophene, furan,  and pyr ro le  types is fo rmed  p r i m a r i l y  with the 1r e lec t rons  r a the r  than with the 
he te roa tom.)  

We will ini t ial ly cons ider  the Av values in subst i tuted thiophenes with methyl ,  chloro,  and b r o m o  
groups as subst i tuents  (compounds I - IX) .  The introduction of a methyl  group, which is a typical  e lec t ron  
donor,  into the 2 or  3 position of the thiophene ring cons iderab ly  i n c r e a s e s  the bas ic i ty  of the molecule  - 
the Av values in methyl thiophenes a re  11-13 cm ~ higher  than in unsubst i tuted thiophene. The Av values 
in 2,5-dimethyl thiophene is 21 cm -1 higher  than in unsubsti tuted thiophene, which a t tes t s  to the additive 
contribution of both methyl  groups to the inc rease  in bas ic i ty .  The introduction of a chlor ine atom, which, 

*See [1] for  communicat ion II .  
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TABLE 1. ZX~ Values in the IR Spectra  of the 
Investigated Compounds 

Compound Name Av, cm -I 

I 
II 

Ill 
IV 
v 

vI 
vii 

viii 
IX 
x 

xI 
xII 

xIII 
xIv 
xv 

xvI 
xvII 

xvIiI 
xIx 
xx 

xxI 

XXll 
XXIII 
XXIV 
XXV 

XXVI 
XXVII 

Thiophene 
2- Md~hyl~hiophene 
3- Methyllhiophene 
2-Chloro~ioi~heme 
2, 5- Dimethylahiophene 
2,5- Dichlorolhiophene 
2-Bromo- 5-chlorothiophene 
2,5- Dibromolhiophene 
2,3, 5- Trichlorofliiophene 
2 - Silylfl~_iophene 
2 - ( Me ~hylsilyl)thio phone 
3 - ( Me~h~rlsil)l)thio[~hene 
Ethyldi(2- lhien~l)sflane 
Tri~2-1hie~_ yl)sflane 
2 - (TfimeJhykc:ilyl) ~hiophene 

] Dimemy].'di (2-thienyl)silane 
] MethylIri(2 - ~hienyl)~Ilane 
I' 2 -(Dimethylethoxysily1)th[ophene 
| Methylethoxydi (2~ 
| 2 = (T~elhoxyfilyl)~hfoplf~ne f 
i 2 - T r i e t h o x ] s i l y ] -  3 - r h e t h y l -  

l h i o p h e n e  
2, 5- D/silvlflfiouhene 
2, 5- Di( rrfethy 1,~ily D flfiophene 
2,5-Di(dimethylsilyl)thiophene 
2,5- Di(trimerliy lfi.IyD tfiiophene 
2- Me~yl- 5-silylthiophene 
2 - Chloro- 5-$ilyl~tiOlShene 

53 
64 
66 
39 
74 
26 
29 
3l 
15 
44 
54 
55 
49 
50 
63 
59 
55 
59 (256") 
65 (229*) 
- -  (209*) 
73 (214") 

40 
~4 
64 
70 
57 
28 

*This is the Av value corresponding to the 
formation of a hydrogen bond between phenol 
and the oxygen atom of the ethoxy group.  

The formation of a hydrogen bond between 
phenol and the thiophene ring was not observed 
for this compound. 

in contras t  to the methyl group, is an e lec t ron-accep tor  
substituent, into the 2 position leads to a decrease  in 
Av as compared with Av in thiophene by 14 cm -1 . The 
replacement  of two and three hydrogen atoms by chlo-  
rine atoms leads to a decrease  in Av of, respect ively,  
27 and 40 cm - i .  The Av value for 2 ,5-dibromothio-  
phene is 22 cm -1 less than that for unsubstituted thio-  
phene. The decrease  in A v on passing f rom thiophene 
to 2-bromo-5-chloroth iophene is 24 cm -1, which is ex-  
t r emely  close to the sum of the additive contributions 
of chlorine and bromine (25 cm- l ) .  Thus both donor 
and acceptor  substituents have an additive effect on the 
magnitude of the basici ty of the thiophene ring as they 
accumulate in the molecule.  

Similar  dependences on the electronic effects of 
substituents are also observed in s i lyl -subst i tuted 
thiophenes. Thus replacement  of the methyl groups of 
the Si(CH3) 3 f ragment  of (trimethylsilyl)thiophene by 
the more  e lec t ron-accept ing hydrogen atoms (transi-  
tion f rom XV to XI and to X) leads to a decrease  in 
the Av values.  A s imi la r  decrease  in the Av values 
also o c c u r s  when the methyl groups of 2 ,5-di ( t r imethyl-  
silyl)thiophene are  replaced by hydrogen atoms in the 
se r i e s  of compounds XXV-XXII. Compounds containing 
S i - H  bonds have lower basic i t ies  in the pairs  of c o m -  
pounds XIII and XVI and XIV and XVII. The value in 2- 
methyl-5-s i lyl thiophene (57 cm -1) is somewhat l a rge r  
than Av for unsubstituted thiophene (53 cm-l ) .  This is 
the resul t  of the additive contribution of methyl and 
silyl substituents to the basici ty of this compound. In 
fact, transit ion f rom thiophene to 2-silylthiophene 

lowers Au by 9 cm -1, while t ransi t ion to 2-methylthiophene ra ises  Au by 11 cm -1 . As a result ,  the basic i ty  
of 2-methyl-5-s i ly l th iophene exceeds the basic i ty  of thiophene only very  slightly. Similarly,  the bas ic i ty  
of 2-chloro-5-s i ly l th iophene is determined by the sum of the additive contributions of the electron effects 
of the two substi tuents.  

A compar ison of the Av values in organosil icon derivatives and their  carbon analogs definitively in-  
dicates that the electronic effects of silyl substituents are the net resul t  of the inductive effect and d~-Plr  
interact ion.  The basici t ies  of methylthiophenes II, HI and 2,5-dimethylthiophene are considerably  g rea t e r  
than the basici t ies  of their  corresponding silicon analogs (X, XXII, and XXVI), despite the considerably  
higher e lectronegat ivi ty  of the carbon atom (2.6) as compared  with the silicon atom (1.9) [6]. It is also 
charac te r i s t i c  that 2-methylthiophene and 2-tr imethylsi lyl thiophene have pract ical ly  the same basici t ies ,  
although the Si(CH3) 3 group has a much la rger  +I effect (~ * = -0 .9  [7]) as compared  with the methyl  group 
(cr * = 0). We also note that the basici t ies  of all of the 2,5-disubstituted thiophenes that contain organo-  
silicon substituents (XXII-XXV) are lower than the basici ty of 2,5-dimethylthiophene. Starting only f rom 
higher  values of the +I effect of silyl substituents as compared  with the CH 3 group, one might have ex-  
pected lower Au values in the carbon compounds than in the organosil icon compound. 

The anomalously low basici ty  of organosil icon derivat ives of thiophene, which cannot be explained by 
the inductive effect of silyl substituents,  is due to the effect of the d~r-p7 r interaction in the s i l i c o n - r i n g  
bond. The effect of dlr-PTr interaction is accompanied by t rans fe r  of ~r-electron density f rom the r ing to 
the silicon atom. In this case  the silicon atom acts as an e lec t ron-accep tor  center ,  and the decrease  in 
the electron density on the ring resu l t s  in a decrease  in its basici ty.  

The Av values in XVIII-XXI give information regarding  the hydrogen bond not only with the ring but 
also with the oxygen atom of the ethoxy group. The predominant type of associat ion with phenol in these 
compounds is a hydrogen bond of the O - H  "~ O - S i  type. However, the absorption band that cor responds  to 
the formation of an O - H  "." ~r bond is of ex t remely  low intensity or  pract ica l ly  absent.  The thiophene ring 
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of 2-(dimethylethoxysi lyl) thiophene has an anomalously  high bas ic i ty  r 59 cm -l) as compa red  with that  
expected on the bas is  of only the inductive effect  of th ree  subst i tuents  at tached to the si l icon a tom on A v. 
In fact ,  the inductive effect  of the ethoxy group is a lmos t  equal to the inductive effect  of the th ree  hydrogen 
a toms .  However ,  2-(dimethylethoxysi lyl) thiophene has a much higher  bas ic i ty  than 2-si lyl thiophene r 
44 cm-1) .  This  is evidence that  the Sill 3 group is a g r e a t e r  e lec t ron acceptor  than the Si(CH3) 2 (OC2H5) frag- 
ment. The la t t e r  indicates the p re sence  of the effect  of dlr-p~ r i n t e r a c t i m  in the S i - O  bond, which acts  
counter  to the - I  effect  of the ethoxy group and the re fo re  lowers  the e l e c t r o n - a c c e p t o r  p rope r t i e s  of the 
Si(CH3) 2 (OC2H5) f r agmen t  as a whole.  In addition, the d~r-p~r in teract ion in 2-(dimethylethoxysi lyl) thiophene 
is apparent ly  r ea l i zed  p r i m a r i l y  in the S i - O  bond. In this case ,  a s im i l a r  in teract ion with the thiophene 
ring occurs  to a sma l l  degree .  Weakening of the d~r-p~ r bond of si l icon with the r ing also i n c r e a s e s  the 
bas ic i ty  of the l a t t e r .  

The Av values cor responding  to a hydrogen bond between phenol and the oxygen of the alkoxy group 
are  cons iderab ly  l a rge r  than the Av values cor responding  to a hydrogen bond between phenol and the r ing.  
The r ea son  for  this is the cons iderab ly  higher  bas ic i ty  of the oxygen atom as compa red  with the r ing.  The 
AV values d e c r e a s e d  in the s e r i e s  of compounds XVIII-XX, which is caused by an i nc r ea se  in the - I  effect  
of th ree  subst i tuents  at tached to the si l icon a tom.  The bas ic i ty  of the oxygen a tom in XXI is higher than in 
XX owing to a de c r ea s e  in the - I  effect  of the r ing when a methyl  group is introduced into it. Let  us c o m -  
pare  the A ~ values in XVIII and XX with Av in t r imethyle thoxys i lane  (271 cm -1) and methyl t r ie thoxys i lane  
(237 cm -1 ) [8]. In pa i r s ,  ~H3)3SiOC2H 5-  (C4H3S) (CH3)2SiOCaH 5 and CH3Si (OC2H5) 3 -  (C4H3S)Si (OC2H5)3, the di f -  
f e rences  between the Av values of a lkyl -  and thienylethoxysi lane are ,  r e spec t ive ly ,  15 and 28 cm -1 . This  
indicates  the g r e a t e r  e l e c t r o n - a c e e p t o r  c h a r a c t e r  of the thiophene ring when it en te r s  into the composi t ion 
of the 2-( t r ie thoxysi lyl) thiophene molecu le .  In this molecule ,  even the d r - p 7  r In teract ion in the S i - O  bond 
is p robab ly  e x p r e s s e d  to an e x t r e m e l y  insignificant  degree  as compa red  with this so r t  of in teract ion in 
(C4H3S) (CH3)2SiOC2H 5. This conclusion can be drawn on the bas i s  of the data in [9] on the effects  of d~r-P~r 
in teract ion in a lkoxys i lanes .  As for the d~r-p~r in teract ion of si l icon with the ring, i t  is apparent ly  en t i re ly  
absent  in (C4H3S)Si (OC2H5) 3 . The e l ec t ron -ac cep to r  p rope r t i e s  of the thienyl group in this compound t h e r e -  
fore  depend only on the - I  effect  of this group.  Owing to the la rge  - I  effect  of the C4H3S f r agmen t  as c o m -  
pared  with the methyl  group,  the bas ic i ty  of the oxygen a tom in 2-  ( tr iethoxysilyl)thiophene is cons iderab ly  
lower than in methyl t r ie thoxys i lane .  In (C4H3S)(CH3)2SiOC2Hs, the effect  of dv-p~  r in terac t ion  of s i l icon 
with the ring does occur ,  even though it  is r e l a t ive ly  sma l l .  This  effect  acts counter  to the inductive effect ,  
.which can be cons idered  as a dec r ea s e  in the - I  effect  of the C4H3S group.  As a resu l t ,  the bas ic i ty  of the 
oxygen a tom of 2-(dimethylethoxysi lyl) thiophene becomes  higher  than might  have been expected on the bas i s  
of the inductive effect  of the C4H3S f ragment .  

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

The IR spec t r a  of the invest igated compounds were  obtained with a UR-20 spee t ropho tomete r  at 3200- 
3600 crn -1. The spec t ropho tomete r  was f i r s t  thoroughly ca l ib ra ted  with r e s p e c t  to wave n u m b e r s .  To 
m e a s u r e  A~,  a solution of phenol in carbon te t rach lor ide  (c 0.01-0.02 M) was mixed with thiophene in vo l -  
ume ra t ios  f rom 3 : 1  to 5 : 1. In a number  of c a se s ,  a cuvette  containing a solution of the thiophene in c a r -  
bon t e t rach lo r ide  was placed in the compar i son  channel of the spec t ropho tome te r .  The th ickness  of the ab-  
sorbing l aye r  in al l  c a se s  was 4 r am.  
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