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The pro to ly t ic  equi l ibr ium constants  in the sys tem H2SO4-CHsCOOH and the shif ts  in f r e -  
quency of the OH s t re tch ing  v ibra t ions  (A vOH ) of phenol and t r i f luo roace t i c  acid resu l t ing  
f r o m  the pe r tu rba t iona l  ef fec ts  of hydrogen bonding with the carbonyl  group have been m e a -  
sured  for  a - a lky l - subs t i t u t ed  he te rocye l ic  analogs of chaleone.  It  has been shown that  in t ro -  
duction of a methyl  group into the a -pos i t ion  of f i v e - m e m b e r e d  he t e rocyc le s  r e su l t s  in an 
inc rease  in the p r o t o n - a c c e p t o r  p r o p e r t i e s  of chalcone analogs,  and m o r e o ~ e r ,  the influence 
of the methyl  group on the polar iza t ion  of the carbonyl  group is  substant ia l ly  i nc reased  on 
pass ing  f r o m  the furan r ing  to the hiophene and selephene r ings ,  pe rhaps  as  a r e su l t  of the 
par t ic ipa t ion  of the d -o rb i t a l s  of sulfur and se lenium in the e lec t ronic  in te rac t ions .  The 
benzene r ing  t r a n s m i t s  the e lec t ron ic  effect  of the methyl  group to a lmos t  the same  extent 
as the furan r ing.  

In continuation of an examinat ion  of the p ro ton -aecep to r  p r o p e r t i e s  of a, f l -unsaturated he te rocyc l ie  
ketones,  it was decided to de te rmine  the bas ic i ty  of he te rocyc l ic  analogs of chalcone containing an alkyl  
group (methyl o r  ethyl) in the a -pos i t ion  of f i v e - m e m b e r e d  he te rocyc les  (see Table 1). We a s sumed  that 
it would be poss ib le  with this  s e r i e s  of compounds to compa re  the t r a n s m i s s i o n  of the effect  of the methyl  
group on the polar iza t ion  of the carbonyl  group through the benzene,  furan,  thiophene, and selenophene r ings .  

There  is  l i t t le  informat ion  in the l i t e r a tu re  on which to e s t ima te  the compara t ive  abi l i t ies  of different  
he t e rocyc l e s  to t r a n s m i t  the e lec t ron ic  effects  of subst i tutents  [2-6]. The mos t  in te res t ing  work is  on the 
NMR chemica l  shif ts  of he t e rocye le s  [5, 6], since the shielding of the nucleus is v e r y  sens i t ive  to changes 
in e lec t ron  densi ty  resu l t ing  f r o m  subst i tutents  and f r o m  var ia t ions  in the conduction of these ef fec ts  in 
s y s t e m s  with different  he t e roa toms .  

Recently,  two of us [7] have invest igated the UV and IR spect ra ,  and dipole moments ,  of me thy l -  
subst i tuted he te rocyc l ic  analogs of chalcone.  It  was  shown that in the stat ic s tate  the he te rocyc l ic  s y s t e m s  
were  somewhat  m o r e  sensi t ive  to the ef fec ts  of the methyl  subst i tutent  than the benzene nucleus.  It was not 
poss ib le ,  however,  to demons t r a t e  c lea r  d i f fe rences  resu l t ing  f r o m  the nature  of the he te roa tom.  In o rde r  
to compare  the t r a n s m i s s i b i l i t y  of e lec t ron ic  effects  in the va r ious  he te rocyc les  in the dynamic state, we 
have m e a s u r e d  the proto ly t ic  equi l ibr ium constants  in the sy s t em H2SO4-CH~COOH , and the shifts  in f r e -  
quency of the hydroxyl  s t r e t ch ing  v ibra t ions  (A vOH) of phenol and t r i f luoroace t ic  acid resu l t ing  f r o m  the 
pe r tu rba t iona l  e f fec ts  of hydrogen bonding with the carbonyl  group for  a lkyl -subs t i tu ted  he te roeyc l ic  ana-  
logs ofchalcone.  Since it  is  well  known that the p r o p e r t i e s  of 2 ,5-disubst i tu ted f i v e - m e m b e r e d  he te rocyc l i c s  
a re  r e m i n i s c e n t  of those of p a r a - d i s u b s t i t u t e d  benzenes ,  we a lso  de te rmined  the bas ic i ty  of 4 -  and4 '  -me th y l -  
chalcones  for  compar i son .  

For  P a r t  VI, see [1]. 

Gor 'k i i  Kha r ' kov  State Univers i ty .  Trans la ted  f rom Khimiya Getero ts ik l icheskikh  Soedinenii, No. 9, 
pp. 1176-1180, September ,  1970. Original  a r t i c le  submit ted F e b r u a r y  25, 1965. 

�9 1973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, 
N. Y. 10011. ~ill rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $15.00. 

1097 



TABLE 1. 
substi tuted Chalcones RCOCH = CHC6H 5 

Protonat ion Constants  and s vOH Values for  Alkyl-  

m~J O H 
CFsCOOH, COm-pound Formula of ketone K. 105. --PKa* phenol,/~vO H em 41 cm "~ 

198----.5 
89• 
34+-1 
72.+2 
74• 

140• 
80+3 

�9 17,3+ 0,7 
12,8+0,4 

2,70• 
3,05• 
3,47• 
3,14• 
3,13• 
2,85• 
3,10• 
3,76 • 0,02 
3,89• 

246+1 
217• 
213• 
216~2 
211+-.1 
216• 
214• 
215• 
210~2 

I CHaC4H~O--COCH=CHC6H~** 
II CHsC4H20--CH=CHCOCsH~ 

Ill ' CHsC4H2S--COCH=CHC6Hs 
IV C2HsC4H2S--COCH=CHC6Hs 
V CHsC4H2S--CH=CHCOCeH6 

VI CHsC4H~Se--COCH~CHCeH5 
VII CHsC4H2Se--CH=CHCOC~Hs 

VIII I p-CH~C6H4COCH=CHC6H5 
IX I p-CH3C6H4CH=CHCOC6H5 

569+2 
535 • 1 
531+3 
534• 1 
527+2 
532 • I 
528• 
522• 1 
514+__4 

*K is  the equi l ibr ium constant  fo r  the protonat ion of the ketone 

pK a is  the d issocia t ion constant  for  the conjugate acid of the ketone 
** CH3C4HzO is  5 -me thy l -2 - fu ry l ;  CH3C4H~S is 5 -methy l -2- th ieny l ;  
and CH3C4H2Se is 5 -me thy l -2 - se l eneny l .  

The values found for  the protonat ion constants ,  pK a values,  and A ~OH values  for  the a lky l - subs t i -  
tuted chalcones a re  given in Table 1. Compar i son  of these  r e su l t s  with those  obtained p rev ious ly  for  cha l -  
cone and i ts  analogs [8, 9] t shows tha t  the introduction of the methyl  group e i ther  in the 4-  or  4 ' -pos i t ion  
of chalcone, or  in the u-pos i t ion  of the he te rocyc l ic  nucleus of i ts  analogs,  r e su l t s  in a cons iderable  in-  
c r e a s e  in the e l e c t r o n - a c c e p t o r  p r o p e r t i e s .  This is, of course , the  r e su l t  of the e l ec t ron-donor  p r o p e r t i e s  
of the methyl  group which may,  in general ,  a r i s e  f rom the posi t ive  inductive effect  and the effect  of h y p e r -  
conjugation. F r o m  i ts  protolyt ic  equi l ibr ium constant,  1 - ( 5 - e t h y l - 2 - t h i e n y D - 3 - p h e n y l - l - p r o p e n o n e  (IV) 
exhibits  g r e a t e r  bas ic i ty  than the analogous methy l - subs t i tu ted  compound (III). This can, however ,  hardly  
be taken as  proof  of the absence  of the hyperconjugat ive  effect  in these  compounds.  A ve ry  l ikely r ea so n  
for  the significantly g r e a t e r  p ro ton-accep t ing  abil i ty of IV in acid media,  in compar i son  with I I I 'would be 
the m o r e  bulky nature  of the ethyl group in compar i son  with methyl .  This  would shield the thiophene nucleus, 
reducing i ts  solvat ion by acet ic  and sulfur ic  acid molecules ,  thereby  inc reas ing  the in te rac t ion  of the r -  
e lec t ron  s y s t e m  of the he te rocy le  with the earbonyl  group. It should be noted that, since in the fo rmat ion  of 
hydrogen bonds in an ine r t  solvent  (carbon te t raehlor ide) ,  the ef fec ts  of solvation a re  substant ia l ly  reduced  
as compa red  with protanat ion in the s y s t em  H2SO 4-CH3COOH, the abil i ty of IH and IV to a s soc ia te  with 
phenol and t r i f luoroace t ic  acid is  v i r tua l ly  the same (the d i f ference  in the AVOH values  l ies  within the 
l imi t s  of expe r imen ta l  e r r o r ) .  

Compar i sons  of the changes in pK a and AvOH of chalcones,  r e su l t ing  f r o m  the introduction of a 
methyl  group into the a romat i c  r ing  or  the he te rocyc l ic  r ing (see Table  2),shows that the methyl  group has  
a ve ry  cons iderable  effect  on the bas ic i ty  of those i s o m e r s  in which the carbonyl  group is  located in the 
d i rec t  vicini ty of the methyla ted  r ing  (1-propenones) .  This is in a g r e e m e n t  with the genera l ly  accepted 
idea that  the effects  of a toms diminish  with dis tance.  However,  the fact  that, in the 3-propenones ,  the 
changes in pK a and A VO H of t r i f luo roace t i c  acid a re  fa i r ly  l a rge  shows that the t r a n s m i s s i o n  of the e f fec ts  
of the methyl  group through the earbonyl  group conjugated with the c a r b o n - c a r b o n  double bond is  c o m p a r -  
at ively efficient.  We came  to a s i m i l a r  conclusion in [10, 11]. As fa r  as the values  of AvOH for  phenol 
a re  concerned,  however,  they a re  much l e s s  sens i t ive  to the e lec t ronic  ef fec ts  of the methyl  group, as 
compa red  to the pK a and AvOH for  t r i f luoroace t i c  acid. Moreover ,  the influence of the methyl  group on 
the values  of AvOH for  phenol in the 3-propenones  is  much  reduced as  c o m p a r e d  with the 1-propenones  
(see Table 2). It i s  poss ib le  that  dynamic ef fec ts  play a cons iderable  pa r t  in the protonat ion of the carbonyl  
group and the fo rmat ion  of hydrogen bonds with t r i f luo roace t i e  acid. Many worke r s  include hyperoonjuga-  
tion of the methyl  group in these  e f fec t s .  In addition, the abil i ty of chalcones  to f o r m  compara t ive ly  weak 
hydrogen bonds with phenol (as we have shown, [11], - A H  for  the assoc ia t ion  of phenol with chaleones 
amounts to 4-5 kca l /mo le )  ts bas ica l ly  de te rmined  by the s ta t ic  distr ibution of e lec t ron  density in the 
molecu les .  

t" The invest igat ion of the hydrogen bonding of ohalcone and i ts  he te rocye l ic  analogs with t r i f luoroace t ic  
acid will be  r epo r t ed  e l sewhere .  
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T A B L E  2. Changes  in pK a and A P O H  as a R e s u l t  of the 

In t roduc t ion  of  a Methy l  Group into the  Benzene  o r  H e t e r o -  

c y c l i c  Ring  of the Cha lcone  

CH3--R--COCH= C H C 6 H 5  CH3--R--CH=CHCOCsHs 
1 - Propenones 2- Propenones 

--R-- 

--C6H4-- 1 --C4H20-- 
--C4H2S-- 
--C4H2Se-- 

A(AvO~) 
ApKa Phenol. c m  "I 

0,45 9 
0,45 7 
0,78 13 
0,62 10 

A(AVoH) 
CFsCOOH, 

cm -I 

23 
21 
36 
32 

h(avo~) 
API<a Phenol, 

Cl=q -I 

0,32 4 
0,36 1 
0,49 1 
0,44 3 

I A(A,g0H ) 
CFsCOOH, 

I c m - I  

15 
18 
21 
20 

Comparison of the values for ApK a and A(A POH ) resulting from the introduction of a methyl group 
into the (v-position of the heterocyelic radicals shows that transmission of the electronic effect of the 
methyl group increases considerably on passing from the furan to the thiophene and selenophene rings. 
The last two are not significantly different in their capacity to transmit electronic effects. In the l-prope- 
nones, however, there is a tendency to a small reduction in the transmission of electronic effects when the 
sulfur atom is replaced by the heavier selenium. The benzene ring transmits electronic effects to almost 
the same extent as the furan ring (see Table 2). 

The observed regularities in the changes in the transmissibility of the electronic effect of the methyl 
group in this series of five-membered heterocycles agrees with the results given in [4] for the trifluoro- 
aeetylation of furan and thiophene and their u-methyl derivatives by the concurrent reaction method, in 
which introduction of a methyl group increases the rate of trifluoroacetylation of thiopheneto a somewhat 
greater extent than it does in the case of furan. 

It is interesting that the nature of the changes in the transmission of the electronic effects of substi- 
tuents in the heterocycles which have been investigated are in agreement with the regularities noted for 
systems containing the same heteroatoms in open chains [12, 13]. The analogy is apparently due to the 
transmission of the electronic effects from the 2- to the 5-position of the heterocycles predominantly via 
the heteroatom, which is supported by the results given in [14]. 

The substantial increase in the transmission of electronic effects on passing from the furan ring to 
thiophene and selenophene may be explained by the participation of the d-orbitals of sulfur and selenium in 
these effects, as distinct from oxygen in which there is no such possibility. It is, however, known [15] that 
the tendency of the vacant d-orbitals to participate in conjugation is reduced on passing from sulfur to 
selenium. It may be that this is also responsible for the reduction in the transmissibility in the selenophene 
ring in comparison with thiophene. 

We have found that the order of change in transmissibility of the electronic effect of the methyl group 
in five-membered heteroeyeles in the dynamic state (furan < selenophene -< thiophene) is not exactly the 
same as that for the static state. Thus, earlier investigations of the PMR spectra of carbonyl derivatives 
of furan, thiophene and selenophene [16] showed that, in the static state, the transmissibility of the elec- 
tronic effects of substituents in five-membered heteroeycles increased with increasing mass of the hetero- 
atom (furan < thiophene < selenophene). A similar rule has also been noted for the spin-spin coupling con- 
stant for the 2 and 5 protons of the heterocycle [17]. The observed increase in the order of transmissibility 
of electronic effects in heterocyeles in the static state corresponds to the increase in the polarizability of 
the heterocycles [18]. This factor apparently exerts a dominating effect in the static state. 

From Table 1 it also follows that substitution in the 4- and 4'-methylehalcones of the methylated 
benzene ring by ~-methylated 2-furyl, 2-thienyl, and 2-selenenyl (compare VIII with I, IIIwith VI, IX with 
II, and V with VII) is accompanied by a large increase in the protonation constant in acid media, and in the 
value for APOH (particularly A POH for trifluoroacetie acid). In this case, the electronic effect of the 5- 
methylated heterocycles decreases in the order: 2-(5-methyl)-furyl > 2-(5-methyl)-selenenyl > 2-(5- 
methyl)-thienyl. This is in agreement with the earlier conclusion [8, 9] on the similar order of reduction 
in transmissibility of electronic effects of unsubstituted heterocyclie radicals in ~, fi-unsaturated ketones. 
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EXPERIMENTAL 

The protolytic equilibrium constants were determined in sulfuric acid (monohydrate) in glacial acetic 
acid by the speetrophotometrie method on an SF-4 instrument, in thermostated cells at 20~ 0.2 ~ as des- 
cribed in [I, 9, 19]. 

The A ~OH values for phenol were measured in carbon tetraehloride solution on a UR-20 infrared 
speetrophotometer, as in [20]. 

The measurement of the &vOH shifts for trifluoroaeetie acid were carried out in carbon tetraehloride 
solution onIKS-14 and UR-20 M instruments, at an acid concentration of 0.03 M and ketone concentration of 
0.06 M. In the comparison cell there was placed the same concentration of the ketone in carbon tetraehlo- 
ride. The reading was taken from the frequency of vibration of the free hydroxyl group of trifluoroaeetie 
acid, which was found in separate experiments to be 3500 em -I. In view of the hygroseopicity of trifluoro- 
acetic acid, all the work with it was carried out in a dry box. Commercial trifluoroaeetie acid was purified 
by distillation, taking the fraction bp 71 ~ Carbon tetraehloride, after treatment as in [21], was boiled for 
several hours over phosphorus pentoxide, followed by fractional distillation. 
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