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It  has been shown on the bas i s  of dipole m o m e n t  and IR spec t roscop ic  m e a s u r e m e n t s  of 
th iophene-naphthalene analogs  of chalcone that  the l a t t e r  exis t  in the s - c i s  fo rm in so lu-  
t ions and have a t r a n s  configurat ion of the subst i tutents  at the double bond and a definite 
posi t ion of the thiophene ring. 

Dipole mo m en t  and IR spec t roscop ic  m e a n s u r e m e n t s  have been used  in the c lar i f ica t ion  of the s t e r i c  
s t ruc tu re  of 3 - ( 2 - t h i e n y l ) - l - ( 1 - n a p h t h y l ) - p r o p - 2 - e n - l - o n e  (I), 3 - ( 2 - t h i e n y l ) - l - ( 2 - n a p h t h y l ) p r o p - 2 - e n - l - o n e  
(II), 3 - (2- th ienyl ) -  1 - ( 1 - n a p h t h y l ) p r o p - l - e n - 3 - o n e  (III}, 3-  (2-thienyl} -1 -  ( 2 -nap thy l )p rop - l - en -3 -one  (IV), 
3 - ( 5 - n i t r o - 2 - t h i e n y l ) - l - ( 1 - n a p h t h y l ) - p r o p - 2 - e n - l - o n e  (V), 3 - ( 5 - n i t r o - 2 - t h i e n y l ) - l - ( 2 - n a p h t h y l ) p r o p - 2 - e n -  
1-one (VI), 3 - ( 5 - n i t r o - 2 - t h i e n y l ) - l - ( 1 - n a p h t h y l ) p r o p - l - e n - 3 - o n e  (VII), and 3 - ( 5 - n i t r o - 2 - t h i e n y l ) - l - ( 2 -  
n a p h t h y l ) p r o p - l - e n - 3 - o n e  (VIII). It  follows f r o m  the expe r imen ta l  dipole m o m e n t  of thiophene of 0.55 D [1] 
that  the dipole m o m e n t  of the thiophene r ing  subst i tuted in posit ion 2 is  equal  to 1.01 D and is d i rec ted  at an 
angle of 40 ~ to the axis  joining the cen te r  of the thiophene r ing with the he te roa tom.  In an analogous way the 
dipole m o m e n t  of 5-ni t rothiophene subst i tuted in posi t ion 2, equal  to 3.78 D and forming  an angle of 60 ~ 
with the axis  ment ioned,was  found f r o m  the value of 4.25 D [1] for  the dipole moment  of 2-ni t rothiophene.  
F o r  o ther  bond m o m e n t s  the following va lues  were  used:  Csp2 "- Hg  = 0.7 D; C = O ~ = 2.26 D (calculated 
f r o m  the dipole m o m e n t  of benzaldehyde).  The angles between the double and single bonds were  taken to 
be equal  to 120 ~ in all  c a s e s .  

We c a r r i e d  out the calcula t ions  by the vec to r  additivity scheme  of a whole s e r i e s  of p lanar  s t r u c t u r e s  
for  each  of the ke tones  (I-VIH), including cis  and t r ans  configurat ions of subst i tuents  at the double bond, 
s - c i s  and s - t r a n s  conformat ions  of conjugated C=C and C=O bonds, and f o r m s  due to the a s y m m e t r i c a l  
s t ruc tu re  of the thiophene and naphthalene subst i tutents .  Upon compar i son  with the expe r imen ta l  r e su l t s  
(see Table  1) the calcula ted f igures  make it  poss ib le  to decide on two poss ib le  conformat ions :  s - c i s  and s -  
t r a n s  [Fig. 1, ke tones  I, IH, V, VII]. The low calcula ted value of the i r  dipole momen t s  (2.44-2.51 D for  
ke tones  I - IV  and around 2 D for  ketones  V-VIH) m a k e s  it poss ib le  to r e j e c t  all s t r u c t u r e s  having cis con-  
fo rmat ions  of hydrogen a toms  at  the double bond. 

The dipole momen t  method does not make  it  poss ib le  to make  an unequivocal  choice between s - e i s  
and s - t r a n s  conformat ions .  Fur the r  helpful informat ion  can be can be obtained f r o m  examinat ion of IR 
spec t r a .  All the ke tones  inves t iga ted  have an absorpt ion  band in the 980-995 c m - I  region (Tab le l ) ,  the 
in tensi ty  of which v a r i e s  f rom medium to high (a typica l  spec t rum is  p resen ted  in Fig. 2) and which is 
caused  by deformat ion  v ibra t ions  of hydrogen a toms  in the t r ans  posit ion at the double bond. As a rule,  
this  band is  found in the 990-965 cm-1 range,  but this  range  is  shifted to the f requency region of 1000-980 
em -i  [2] upon conjugation with a ca rbonyl  group. Thus, the IR spec t r a  conf i rm the conclusions made in the 
invest igat ion of dipole m om en t s  that  ke tones  I -VII I  a re  t r ans  i s o m e r s  with r e s p e c t  to the s t e r i c  a r r a n g e -  
ment  of subst i tuents  at the ethylene bond. Each of the ke tones  gives two high-intensi ty  bands between 1700 
and 1580 c m - L  The Mgh-f requeney band at 1641-1661 cm -1 (Table l )  m u s t  be ass igned to s t re tch ing  v i b r a -  
t ions of the carbonyl  group, while the low-f requency  band (1585-1606 cm- l )  belongs to s t re tch ing  v ibra t ions  
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R=H S - t r a n s  / Z c a l c  = 3 . 5 0  D 
R=H S-cis/~calc = 3.50D R=N0~ S-trans ~ca[c = 5o71 D 
R=NOz s-cis ~calc = 5.71D 
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R=H S-trans /~ca~c = 3.50 D 
R=NO~ S - t r a n s  ] J ' c a l c  = 5 . 7 1  D 

R=H s - c i s  ~ L c a l c  = 3 . S O D  

}~=N0~ S-cis ~calc = 5.71 D 

Fig. 1. s - c i s  and s -  trans  conformat ions  
of ketones  I, IT[, V, and VII. 
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Fig. 2. IR s p e c t r a  of com-  
pounds I and VI. 

TABLE 1 

Com- 
pound 

I 

II 

Ill 

IV 

V 

VI 

VII 

VIII 

Formula 

~_ , Absorption___ c m , l  

"exp ~calc C-o  c -C  CH/-~ 

T f l - c . = c . - c o - ~  

Q 

3,31 

3,62 

3,20 

3,62 

4,96 

4,29 

4,70 

4,6.5 

3,50 1652 

3,50 1657 

3,50 1641 

3,50 1646 

5,71 1659 

5,71 1661 

5,71 1648 

5,71 1651 1596 

980 

980 

980 

982 

983 

995 

981 

986 

of the ethylene bond. For  the ~, f i -unsaturated thiophene ketones  studied e a r l i e r  the absorpt ion reg ions  of 
carbonyl  and double bonds a r e  found at 1635-1670 and 1585-1615 c m - I  [3], r e spec t ive ly .  Attention is  drawn 
by the fact  that the intensi ty of the s t re tch ing-v ibra t ion  band of the ethylene bond is higher than the inten-  
s i ty of absorpt ion of the earbonyl  group. As is known, such a re la t ion  between the intensi ty of C=C and 
C=O bands is an indication of the i r  s - c i s  a r r a n g e m e n t  re la t ive  to one another  [4, 5]. Of the two poss ib le  
conformat ions  depicted in Fig. 1, these  r e su l t s  m a k e i t  poss ib le  to decide on the s - c i s  conformat ion.  

Of the two poss ib le  s t r uc tu r e s  de te rmined  by the a s y m m e t r i c  s t ruc tu re  of the thiophene substi tuent  
and which we have provis iona l ly  cal led s ' - c i s  and s ' - t r a n s  (Fig. 3), for  ke tones  III, IV, VII, and VIII the 
ca lcula t ions  show the appropr i a t eness  of that in which the he te rocyc l ie  sulfur  atom and the earbonyl  oxygen 
a re  a r r anged  on the same side of the bond connecting the he te rocyc le  and the carbon of the earbonyl  group 
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R=H St. tranS~calc = 3.50D R=H S'-r ~ca lc  = 3.50D 
]~=N02 SI-trans /-~calc = 5 .7 ID  R=N0 z Sl.cis ~calc = 5.71D 

R=H Sw-qis ~ca l c  = 2,61D R=H SU-trans/~calc = 2.61D 
R=N0z S~ ~calc = 2.02D R=N0 z S~-trsns ~calc = 2.O4D 

Fig. 3. Conformations due to the 
asymmetric structure of the thio- 
phene ring. 

(Fig. 3a, b), i.e., s ' - t rans  conformation. An opposite arrange- 
ment of the heterocyele leads to a structure having a low 
dipole moment which is rather too low. A similar fact has 
been reported previously by Lv_mbroso and Pastour [6]. These 
authors postulated an s ' - t rans  conformation for ~-thiophene- 
aldehyde and ~-acetothienone. 

The dipole moment method also makes it possible to 
differentiate s ' -c is  and s ' - t rans  forms where a C=C double 
bond is adjacent to the thiophene ring (Fig. 3c, d). A definite 
answer cannot be given with respect to the arrangement of the 
naphthalene ring. The method of attachment of the naphthalene 
ring (in position 1 or 2) and rotation around the bond with the 
substituent in both thepositionsmentioned does not affect the 
dipole moment calculated by the vector scheme. 

Thus, ~, fi-unsaturated ketones containing the tMophene 
and naphthalene rings obtained by crotonic condensation [7] 
have a transeonfiguration of substituents at the double bond, 
a definite position of the thiophene ring, and an s-cis confor- 
mation of the conjugated C---C and C--O bonds. 

EXPERIMENTAL 

The dielectric eontants of dilute dioxane solutions were determined by the method of zero beats. The 
IR spectra were measured on a UR-10 instrument in tetrachloroethylene solutions. 

The authors express their gratitude to Z. S. Titov for taking the IR spectra. 
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