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By a c o m p a r i s o n  of the ca l cu l a t ed  and e x p e r i m e n t a l  dipole  m o m e n t s  of e thynyl  2 - t h i e n y l  
ke tones ,  it was  shown tha t t he  S ,O-c i s  c o n f o r m a t i o n  is the m o s t  p robab le  one.  The 
b a s i c i t i e s  of these  compounds  w e r e  e s t i m a t e d  by m e a n s  of IR s p e c t r o s c o p y  f r o m  the shif t  
of the band  of the phenol ic  OH s t r e t c h i n g  v i b r a t i o n .  The c o r r e l a t i o n  r e l a t i o n s h i p s  b e -  
tween  the dipole  m o m e n t s  of the ke tones ,  t h e i r  b a s i c i t i e s ,  and the a s s o c i a t i o n  c o n s t a n t s  of 
p rop io l ic  a c id s  tha t  have i den t i ca l  s u b s t i t u e n t s  a t t ached  to the t r i p l e  bond w e r e  e s t a b l i s h e d .  
It is noted  that  the e x p e r i m e n t a l  c h a r a c t e r i s t i c s  found do not  c o r r e l a t e  wi th  the d i f f e ren t  
s o r t s  of ~ s u b s t i t u e n t  cons t an t s ;  th is  p rov ides  ev idence  for  a d i f f e r ence  in  the m e c h a n i s m  
of the i n t e r a c t i o n  of the a t o m i c  g roups  in a n u m b e r  of a c e t y l e n i c  a nd  a r o m a t i c  m o l e c u l e s .  

The  s t r u c t u r e  of m o l e c u l e s  of t h i eny l  a l kyny l  ke tones  m a k e s  it p o s s i b l e  to a s s u m e  the p o s s i b i l i t y  of 
the  e x i s t e n c e  of t he se  compounds  in  the f o r m  of two p l a n a r  c o n f o r m a t i o n s  (Fig. 1). 

TABLE 1. E x p e r i m e n t a l  and  Ca l cu l a t ed  Dipole  

Momen t s  of C4HaSCO-C-~--C-R 

Pcalc, D 
R /~exp' D . . . . . . . . . . . . . .  ~ --- - 

s.o.cis ] s,o-tram 

C4H9 4,33 
H : 3,49 
Br 3,37 
C6Hs 4,30 
C;H3S 4,14 

3,67 1.25 
3.80 i 1,57 
3.80 ~ 1,42 
3,66 , 1,38 
3,49 1,52 

] 

TABLE 2. Spec t ra l  C h a r a c t e r i s t i c s  of Th i e ny l  Alkynyl  Ke tones  
C 4 H a S C O - C ~ - C - R  

COiTI- 

pound 

I 
II 
Ill 
IV 
V 
V[ 
VI I 
VIII 

'v C = , 
P'- c m  ~ 

C4H9 1636 
CHa 1637 
C3H7 1637 
Si  ( C H a )  a I 0 3 6  
Br 1640 
C6Hs 1634 
H 1640 
C~HaS 1]600 

:Ac= O. 10-4 mole -1 . 
liter �9 crn "2 

2,4~ 
2,3S 
2,40 
2~48 
2,5I 
2,80 
2,62 
3,25 

a m  

190 
108 
t87 
17,5 
152 
186 
155 
176 
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Fig.  1. Conformat ion  of the 
inves t igated ketches .  
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Fig. 2. D iag ram of the 
dis t r ibut ion of the ~ - e l e c -  
t ron  charges .  

TABLE 3. Dissoc ia t ion  Constants  
(pK a) of Propio l ic  Acids  

I 

NO. Acid pK a 

1 Ctt3C -~ CCOOH 
1I C6H5C ~ CCOOH 

Ili Si(CHa)~C--~--CCOOH 
IV , HC~CCOOH 
V I BrC~CCOOH 

7,46 
7fl2 
7,21 
6,84 
6,78 

It has been shown by c o m p a r i s o n  of the calcula ted and ex-  
pe r imen ta l  dipole momen t s  that  2 - f o r m y l -  and 2 -ace ty l th io -  
phenes [1, 2] and thiophene analogs of chalcones  [3] a r e  c h a r a c -  
t e r i z ed  by planar  conformat ions  with a e is  or ienta t ion  of the sulfur  
of the he te ror ing  and the oxygen of the carbonyl  groups .  

Our compar i son  of the calcula ted and exper imen ta l  dipole 
momen t s  of thienyl alkynyl ketches  shows (Table 1) that  a s t r u c -  
tu re  in which the oxygen a tom of the carbonyl  group and the sulfur  
a tom of the he te ror ing  a r e  on the s a m e  side of the single C - C  
bond (S,O-cis i somers )  is m o s t  f avorab le  fo r  them.  

w-Subst i tu ted ethynyl 2- th ienyl  ketones  a r e  convenient  objects  fo r  the study of the t r a n s m i s s i o n  of 
the effect  of subst i tuents  (R) through the t r ip le  bond. F r o m  this point of view, an ana lys i s  of the s p e c t r o -  
scopic  c h a r a c t e r i s t i c s  of the carbonyl  group  is of g r ea t  in teres t .  However,  the f requencies  of the s t r e t ch -  
ing v ibra t ions  and the intensi ty of the absorp t ion  bands of the C =Ogroup  in the IR s p e c t r u m  of the inves t i -  
ga ted  ketches  change only s l i g h t l y a s  the subst i tuents  a r e  va r i ed  (Table 2). It follows f rom the resu l t s  p r e -  
sented  in Table  2 that  the bas ic i ty  of the carbonyl  group, which we es t imated  f r o m  the shift  in the band of 
the phenolic OH s t re tch ing  v ibra t ion  (AvOH), is the m o s t  sens i t ive  p a r a m e t e r  to the change in the e lec t ron  
d is t r ibut ion  under  the influence of subst i tuents  R. The subst i tuents  a r e  a r r a n g e d  in the following o rde r  
with r e s p e c t  to the degree  of the i r  effect  on the bas i c i ty  of the ketones:  

Alk> Ph>  Si (CHa) a~ C4HaS > H~Br .  

It i s  quite apparen t  that  the obs e rved  o r d e r  does not c o r r e s p o n d  to the inductive effect  of r ad ica l s  R. This  
follows f r o m  both the high bas ic i ty  of ketone VI as c o m p a r e d  with VII and f r o m  the reduced  bas ic i ty  of ke-  
tone IV, the inductive constant  of the Si(CH3)3groupingof which r equ i r e s  the highest  bas ic i ty  in the inves -  
t igated s e r i e s  of ketones .  At the s a m e  t ime,  it is known [4] that  the bas ic i t i e s  of a lkynylamines  RCH2C----- 
CH2NH 2 and the magnitude of the quadrupole spli t t ing in t h e  Mbssbaue r  spec t r a  of alkynylt in  compounds 
RCH2C~CSnR 3 [5] a r e  desc r ibed  by the Taf t  induction constants .  Consequently,  it can be a s sumed  that the 
r e a s o n  for  the above change in the bas ic i t i e s  of ethynyl 2- th ienyl  ke tches  is conjugation of subst i tuents  R 
with the t r ip le  bond. Thus the lower  bas ic i ty  of ketone IV as  compa red  with ketches  I - I I I  can be explained 
by  the accep to r  p r o p e r t i e s  of the Si(CH3)3 group. F u r t h e r  ana lys i s  shows that  ne i ther  the re la t ive  magn i -  
tudes of the bas ic i t i e s  nor  the dipole momen t s  of the invest igated ketones c o r r e l a t e  with the different  so r t s  
of ~ subst i tuent  constants  (~I' ~P' ~+ '  Cr~ found on the bas i s  of a r o m a t i c  compounds [6]. 

The a b s e n c e  of a co r r e l a t i on  between the ~ constants  and the quadrupole spl i t t ings in the Mbssbauer  
s p e c t r a  of alkynylt in compounds Alk3SnC~-C-R and the i r  dipole m o v e m e n t s  was a l so  es tab l i shed  for  a 
l a rge  number  of subst i tuents  by Zavgorodni i  and c o - w o r k e r s  [7, 8]. They a s s u m e  that the a constants  of 
the a r o m a t i c  s e r i e s  do not adequate ly  re f l ec t  the in t rae lec t ron ic  in teract ion in the acetylenic  sy s t ems .  All 
of these  r e su l t s  a r e  m o s t  l ikely explained b y  quali tat ive and quanti tat ive changes in the mechan i sm of the 
mutual  effect  of subst i tuents  a t tached to the t r ip le  bond. To a ce r t a in  degree ,  the r e su l t s  obtained may  be 
due to the change in the ove r l ap  in tegra ls  of the AO of the subst i tuent  and the carbon of the t r ip le  bond as  a 
consequence of shortening of C s p - R  bond length with r e s p e c t  to the C s p 2 - R  bond length. 

We would like to d i r ec t  the r e a d e r s '  at tention to the r e su l t s  of a calculat ion of the ~r-eleetron s y s t e m  
of the ketone (Fig. 2) within the Pople approximat ion ,  which show the poss ib i l i ty  of counte rpo la r iza t ion  of 
the Wz and ~y s y s t e m s  of the t r ip le  bond. The effect  may  lead to a ce r t a in  pecul ia r i ty  in the t r a n s m i s s i o n  
of the effect  of the a toms  through the t r ip le  bond. In pa r t i cu la r ,  ff the ~r-electron s y s t e m s  of two subs t i tu-  
ents a t tached to the t r ip le  bond a r e  or iented  in mutual ly  pe rpend icu la r  planes,  the counte rpo la r iza t ion  of 
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the v - e l e c t r o n  clouds of the C - - C  bond can, in pr inciple ,  lead to a change in the sign of the effect,  i .e.,  a 
donor subst i tuent  may  " force"  the t r ip le  bond to be an e l ec t ron  a c c e p t o r  with r e s p e c t  to the second sub-  
s t i tuent  (it m a y  r e in fo rce  its a ccep to r  p rope r t i e s ) .  

The p rob lem of the appl icabi l i ty  of the ~ constants  to ace ty lenic  reac t ion  s e r i e s  was p rev ious ly  ex-  
amined  by Char ton [9]. The s a t i s f ac to ry  co r r e l a t i on  between the ionizat ion constants  of 3 -subs t i tu ted  p r o -  
piolic acids as the dipole momen t s  of acetylenic  compounds and the Hammet t  ~p constants  that  Char ton 
found is probably  de te rmined  by the l imi ted  set  of subst i tuents  a t tached to the acetylenic  bond [CH3, C2H5, 
C4H9, C(CH3)3, C6tt 5 and COOH]. 

In o rde r  to obtain additional informat ion regard ing  the in teract ion of nonbonded a tomic  groups  in 
ace ty len ic  de r iva t ives ,  we m e a s u r e d  the d issoc ia t ion  constants  of 3 -subs t i tu ted  propiol ic  ac ids  with sub-  
s t i tuents  a t tached to t r ip le  bonds that a r e  analogous to the ketones under examinat ion (Table 3). The d i s -  
socia t ion constants  of the propiol ic  (IV) and b romoprop io l i c  (V) acids  a r e  p rac t i ca l ly  identical.  This  fact  
and the data on the bas ic i t i e s  of the analogous ketones can apparen t ly  be explained by compensa t ion  of the 
- I  and +M effects  of the b romine  a tom at tached d i rec t ly  to the t r ip le  bond. 

A l inear  dependence e x p r e s s e d  by the following equation ex is t s  between the AvOH and PKa values  
found: 

AvOH:57.23 pKa-236 (r=0,996; so :  1,6). 

The exis tence  of the l inear  re la t ionsh ip  AvOH = f (PKa) and the absence  of a re la t ionship  between the r e l a -  
t ive bas i c i t i e s  of the ketones  and the Ham m e t t  o-_ cons tants  a l so  exclude the poss ib i l i ty  of a co r re l a t ion  be -  
tween the d issoc ia t ion  constants  of 3-subst i tutedPpropiol ic  acids  and the Hammet t  ~_ constants .  The same  
can be said re la t ive  to the dipole m om en t s  of the ketones,  which a r e  l inear ly  re la te~  to AVoH: 

AVoH=36,9,tt+28 (r=0.99; s0=2.9). 

An increase in the electron density on the oxygen atom of the carbonyl group leads to an increase in the 
basicity and to an increase in the dipole moments of the ketones, inasmuch as ~ is primarily determined 
by polarization of the C-~O group, as shown by the calculations. 

Thus the results obtained with respect to the relative basicities and dipole moments of thienyl alkynyl 
ketones and the acidities of 3-substituted propiolic acids attest to substantial differences in the electronic 
interactions in a number of acetylenic and aromatic molecules. 

EXPERIMENTAL 

The IR spectra of CCI 4 solutions of the thienyl alkynyl ketones were recorded with a UR-20 spec- 
trometer. The intensities of the absorption bands were calculated by the Iogansen method [i0]. The shifts 
of the frequencies of the phenolic OH stretching vibration (AvOH) during its interaction with ketones were 
measured in CC14 (the concentration of the investigated ketone was 0.i mole/liter and the concentration of 
the phenol was 0.02 mole/liter). The AuOH value was determined as the average of five to six measure- 
ments. Treatment of the data by the method of mathematical statistics showed that the absolute error in 
the measurement of AvOH was • cm -i with a confidence probability of 0.95. 

The dipole moments of the ketones were measured with a Dipol' precision dielecometer by the meth- 
od of dilute solutions at 1 MHz and 25 ~ in benzene. The molecular polarization at infinite dilution (P2oo) was 
found by the Hedestrand method. 

The dissociation constants of the acids were determined in methanol by potentiometric titration. 
Benzoic acid, the dissociation constant of which is 9.4 PKa units, was used as the standard. 
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