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INFRARED SPECTRA OF THIOPHENE ANALOGS OF CHALCONES AND THEIR 
VINY LOGS 
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The IR spectra of 45 thiophene analogs of chalcones and vinylogs, and 
(2-thienyl)phenylketone are determined in the 1700-650 cm -I region, 
and frequency assignments made. It is confirmed that the carbonyl 
group and aliphatic double bond are so situated with respect to one 
another that there is approximation to the S-cis form. It is shown that 
in the systems studied, 2-thienyl has an electron-donating effect, ex- 
ceeding that of 2-furyl. It is also found that for 1-(2-thienyl)-a-aryl- 
propen-l-ones the carbonyl group frequency shift due to substituents 
tends to correlate with" the Hammett o parameters. 

P rev ious  c o m m u n i c a t i o n s  have deal t  with r e s u l t s  
of s tudies  of UV and v i s ib le  reg ion  absorp t ion  spec t r a  
[1] and dipole m o m e n t s  [2] of a r e g u l a r  s e r i e s  of a ,  

u n s a t u r a t e d  ketches  conta in ing  the thiophene r ing.  
Cont inuing work on e luc ida t ing  r e l a t i onsh ips  between 
p r o p e r t i e s  and s t r u c t u r e s  of these  compounds,  we 
decided to m e a s u r e  t h e i r  IR spec t r a .  

The l i t e r a t u r e  in fo rma t ion  on IR spec t r a  of th io -  
phone de r iva t ive  ea rbony l  compounds is r a t h e r  l i m i -  
ted. The re  a re  r e l e v a n t  data only for thiophene a l de -  
hyde, 2 -ace to th ienone ,  thiophene carboxyl ic  acids ,  
e s t e r s  of these ,  and some other  compounds [3-8] .  
Hi ther to  the v ib ra t i on  spec t r a  of thiophene analogs of 
chalcone and the i r  v inylogs  have not  been  inves t iga ted .  

We have c a r r i e d  out m e a s u r e m e n t s ,  gene ra l l y  on 
so l ids ,  but in some cases  on ca rbon  t e t r a ch lo r i de  and 
c h l o r o f o r m  so lu t ions ,  of the IR spec t r a  of 45 thiophene 
analogs of cha lcones  and of t he i r  n e a r e s t  v inylogs ,  as 
well  as ,  for c o m p a r i s o n ,  (2- th ienyl)phenylketone.  
Tab les  1 and 2 give the c h a r a c t e r i s t i c  v ib ra t i on  f r e -  
quenc ies  of the indiv idual  g roups ,  and some a b s o r p -  

t ion plots a re  given in Fig. 1. 
All the a ,  /1 u n s a t u r a t e d  ke tones  inves t iga ted  

showed an abso rp t i on  band whose in tens i ty  v a r i e d  
f rom m e d i u m  to high, c h a r a c t e r i s t i c  of ou t -o f -p lane  
de fo rma t ion  v ib r a t i ons  of hydrogens  of the v iny lene  
group t r a n s  to the subs t i t uen t s .  Gene ra l l y  the band 
was at 965 cm -1 [9], but  he r e ,  as a r e s u l t  of con ju-  
gat ion with the ca rbony l  group,  or with the a r o m a t i c  
and thiophene r ings  it is d i sp laced  in the h igher  f r e -  
quency d i r ec t i on ,  and l ies  at 970-1000 cm -1. With 
compounds  con ta in ing  two (XX%'III-XLII) and three  
(XLIII-XLV) double bonds ,  this  abso rp t ion  is p a r -  
t i c u l a r l y  in tense ;  it l ies  in the 990-1015 cm -1 region ,  
and s o m e t i m e s  c o n s i s t s  of two bands.  It is n o t e -  
worthy that ,  as a ru le ,  the in t ens i ty  of a c a rbony l  
g roup  va lence  v i b r a t i o n s  band is c o n s i d e r a b l y  l e s s  
than the in tens i ty  of abso rp t ion  of an a l iphat ic  double 
bond (see Fig. 1). It is known that  this  kind of i n t e n -  

s i ty  r e l a t i o n s h i p  for the C = O  and C = C  bonds bands  is 

an ana ly t i c a l  i nd ica to r  of t he i r  be ing S - t r a n s  to one 
ano the r  [10-13] .  Thus the IR s p e c t r a  data con f i rm  the 

conc lus ions  p rev ious ly  drawn f rom s tudies  of dipole 
mome n t s  [2], that the thiophene analogs of chalcones  
and the i r  vinylogs s tudied by us a re  t r a n s  i s o m e r s  as 
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Fig. i. IR spectra of compounds 

I, H, and XLVl. 

far as the relative position of substituents and aliphatic 

double bond is concerned, while the relative position 
of the earbonyl and vinyl groups corresponds to S-cis 

conformations. It is of interest that the conclusion 

drawn [i0] that A~ = ~C--O - ~C=C should be over 
60 cm -I for the S-cis form, is not in accord with what 

is found for many of our ketones (see Table I), while 
the figure of 75 cm -I [14, 15] is in even poorer agree- 

ment. 
All the thiophene ketones investigated show a sharp- 

ly defined absorption maximum in the 1635-1670 
cm -I region characteristic of valence vibrations of 

the carbonyl group. In the case of measurements 

made in chloroform solution (see Table 2), ~C=O is 

5-11 cm -i lower than the corresponding ones in 

carbon tetrachloride, in agreement with reported in- 

ferences regarding the effect of the hydrogen bond 

formed (see [16], p. 393). This confirms a view which 

three of us put forward from a study of electronic 

spectra, about hydrogen bonding of a, fi unsaturated 

ketones of the thiophene series in ethanol and chloro- 

form solution [i]. In comparison with solutions in 

carbon tetrachloride, ~C=O in the solid phase is 

lower by 3-8 cm -I, which can be put down to a change 

in the C=O bond force constant due to the action of 

the crystal field, and to weakening of the dipole orien- 

tation (see [16], p. 380). 
Replacement of the benzene ring in chalcone 

(~C=O = 1669 cm-1; ~C=C = 1610 cm -I) [17] by a 
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th iophene one r e s u l t s  in d e c r e a s e  in va lence  v i b r a -  
t ions f r equency  of the c a r b o n y l  g roup  and of the a l i -  
phat ic  double  bond (cf. I - I I I ) .  This  d e c r e a s e  is  g r e a t e r  
when th ienyl  r e p l a c e s  a phenyl  s u b s t i t u t e n t i m m e d i a t e l y  
a d j a c e n t  to the c a r b o n y l  g roup ,  and i t  is  p a r t i c u l a r l y  
g r e a t  when both phenyls  a r e  r e p l a c e d  by thienyl .  

Tab le  2 

C a r b o n y l  Group  C h a r a c t e r i s t i c  
F r e q u e n c i e s  

UC: O, cm "-'f 
C o m -  
pound 

I 
II 

III 
XXVIII 

KBr tab les  CHCls 

1652 1650 
1660 1652 
1640 1640 
1642 1639 

Hence in t h e s e  s y s t e m s  the th iophene r i ng  exh ib i t s  a 
g r e a t e r  e l e c t r o n - d o n a t i n g  e f fec t  than phenyl ,  c aus ing  
a d e c r e a s e  in e l e c t r o n  d e n s i t y  at  the c a r b o n y l  oxygen,  
and consequen t  l o w e r i n g  of ~C~O;  h e r e  t h e r e  is  
g r e a t e r  conjuga t ion  of th[enyl  with the  c a r b o n y l  g roup  
when they a r e  next  to one ano ther .  Th i s  l a t t e r  fac t  is 
a l so  c o n f i r m e d  by the s p e c t r u m  of I having m o r e  in -  
t ense  a b s o r p t i o n  bands  in the 1200-1600 cm -1 r eg ion  
than II (see Fig .  1). 

C o m p a r i s o n  of uC--~O for  th iophene  s e r i e s  ~ ,  fl 
u n s a t u r a t e d  ke tones  wi th  ~C~-O for  ana logous  t h i o -  
phene d e r i v a t i v e  compounds  [17], shows tha t  in the 
in the  f o r m e r  c a s e  u C _  O is a lways  lower  than in the 
l a t t e r  (by 8 - 1 0  cm-1).~VvVhen i nves t i ga t i ng  e l e c t r o n i c  
a b s o r p t i o n  s p e c t r a  of ~ ,  fi u n s a t u r a t e d  ke tones  c o n -  
ta in ing  furan  and th iophene  r i n g s  [1 ,18 ,  19], i t  was 
e s t a b l i s h e d  tha t  2,ma x fo r  the  long wave  band d i f f e red  
l i t t l e  in the two c a s e s ,  so tha t  the e f fec t s  of c o n j u g a -  
t ion of t he se  two h e t e r o e y c l i c  r i n g s  is  a p p r o x i m a t e l y  
equal .  F r o m  a s tudy of bond lengths  and d ipo le  m o -  
m e n t s  of fu ran  and th iophene ,  B raude  and F a w c e t t  
[20] conc luded  tha t  2 - f u r y l  and 2 - th i eny l  have  a p p r o x -  
i m a t e l y  equa l  s t a t i c  con juga t ion  e f fec t s .  Hence i t  
fo l lows that  the  a p p r e c i a b l y  l ower  va lue  of uC_~ O for  
th iophene  ke tones  in c o m p a r i s o n  with fu ran  ones ,  
m u s t  not  be a s c r i b e d  to a d i f f e r e n c e  in con juga t ion  
e f f ec t s .  It is  b e s t  exp l a ined  as  be ing  due to the n e g a -  
t ive  induc t ive  ef fec t  of fu ry l  be ing  g r e a t e r  than tha t  
of th i eny l  [21], so tha t  the to ta l  e l e c t r o n - d o n a t i n g  e f -  
f ec t  of th ieny l  e x c e e d s  tha t  of fury l .  It is  of i n t e r e s t  
tha t ,  on the c o n t r a r y  the to ta l  dynamic  e l e c t r o n d o n a -  
t ing e f fec t  of 2 - f u r y l  is  g r e a t e r  than tha t  of 2 - t h i e n y l  
[21, 22]. A c o m p a r a t i v e l y  low v a l e n c e  v i b r a t i o n s  f r e -  
quency  is  found for  ( 2 - t h i e n y l ) - p h e n y l k e t o n e  (XLVI) 
though it  l a cks  a con juga ted  double  bond, which l a t t e r  
u s u a l l y  l o w e r s  uC-~O by about  40 c m  -I  (cf. [9], p. 
426). P o s s i b l y  i t  a r i s e s ,  as  a r e s u l t  of an i n c r e a s e  in 
va l e nce  angle  a t  the c a r b o n y l  g roup ,  due to s t e r i c  
e f f ec t s ,  which a r e  known to l ead  to l ower ing  of the  
f r e q u e n c y  [23,24] .  

In m o s t  c a s e s  i n t roduc t i on  of e l e c t r o n - d o n a t i n g  
g roups  (CH3, CH30, (CH3)2N) into the m o l e c u l e  of the 
th iophene  ana log  of c h a l c o n e  r e s u l t s  in a p p r e c i a b l e  

l ower ing  of PC-~O (see IV-XI I I ) ,  whi le  on the o ther  
hand e l e c t r o n - a c c e p t i n g  g roups  r a i s e  uC~O (see XIV, 
XV, XVIII,  XIX). This  change in u C ~ O  under  the 
ac t ion  of subs t i t uen t s  of d i f f e r en t  e l e c t r o n i c  na tu re  
tends  to run  p a r a l l e l  to the H a m m e t t  equat ion o c o n -  
s t an t s ,  as  can be seen ,  for  e x a m p l e ,  f r o m  Fig.  2, 
which shows how AvC~_~ O is a funct ion of the  McDanie l  
and Brown (~ p a r a m e t e r s  [25] in the c a s e  of 1 - ( 2 -  
t h i e n y l ) - 3 - a r y l p r o p e n - l - o n e s .  The l ower ing  of u C ~ O  
is a s c r i b e d  to the a c c umula t i on  of v iny lene  groups  in 
the ke tone  m o l e c u l e ,  i . e .  the t r a n s f o r m a t i o n  f rom 
p ropenones  to pen tad ienones  and h e p t a t r i e n o n e s  is  not 
a c c o m p a n i e d  by r e m o v a l  of c a r b o n y l  g roups  f rom 
the h e t e r o c y c l i c  r ing ,  e . g .  (I, XVIII, XLIII  e tc .  ). 

The c h a r a c t e r i s t i c  v i b r a t i o n s  of the a l ipha t i c  
double  bond for the  compounds  i n v e s t i g a t e d  due to 
conjuga t ion  with the c a r b o n y l  group,  a r e  c o n s i d e r a b l y  
l o w e r e d ,  in c o m p a r i s o n  with the u sua l  ones ,  by the 
th iophene  and a r o m a t i c  r i n g s ,  and occur  in the 1 5 7 5 -  
1615 c m  -1 r eg ion .  R e p l a c e m e n t  of phenyls  in the 
cha lcone  by t h i eny l s ,  a l so  g ives  r i s e  to a 1 6 - 3 5  c m  -1 
uC~C lower ing .  An even g r e a t e r  v C ~ C  lower ing  is 
b rough t  about  by t r a n s i t i o n  f r o m  p ropenones  to p e n t a -  
d i enones ,  then f u r t h e r  to h e p t a t r i e n o n e s ,  and is s o m e -  
t i m e s  a c c o m p a n i e d  by band sp l i t t ing .  The e f fec t s  of the 
v a r i o u s  subs t i t uen t s  in the a r o m a t i c  r i ng  on uC_~ C is 
l e s s  p ronounced  than on uC--~O; howeve r  h e r e  too t h e r e  
is  a t endency  to l ower ing  of vC__~ C through the ac t ion  
of ne ighbo r ing  e l e c t r o n s ,  and to an i n c r e a s e  due to 
e l e c t r o n - a c c e p t o r s  (cL IV-XIX).  

AYC=O'Ucom N(CH~)~ 

-02 -0.4 -O.6 -o~ 
4 

8 

lb. 

12. 

8- 

4 '  

NO;/ (~t 
Fig .  2. AvC_~O as  a f u n c -  
t ion of the  McDanie l  and 

Brown (~ p a r a m e t e r .  

The th iophene  r i n g  shows up in the s p e c t r o g r a m s  
of r i ng  i n - p h a s e  and o u t - o f - p h a s e  v i b r a t i o n s  in the 
~1420,  ~1350 and ~1240 c m  -1 r e g i o n s .  The th iophene  
r i n g  v i b r a t i o n  band,  g iven in [3], and ly ing  at  1523 • 
• 9 c m  -1 can  in m o s t  c a s e s  be o b s e r v e d  only in c o m -  
pounds w h e r e  the c a r b o n y l  g roups  a r e  d i r e c t l y  jo ined  
to the h e t e r o c y c l i c  r ing;  f u r t h e r m o r e ,  in a n u m b e r  of 
c a s e s  it  is  h a r d  to d i f f e r e n t i a t e  be tween  i t  and the a b -  
s o r p t i o n  due to a r o m a t i c  s y s t e m s .  However ,  in the 
c a s e  of III, w h e r e  a r y l  is  a b se n t ,  i t  can e a s i l y  be 
s een  a t  1520 c m  -1 (medium in tens i ty ) .  It should  be 
no ted  tha t  cha l cone  i t s e l f  shows a b s o r p t i o n  at  the 
1340 c m  -1 r e g i o n  (above m e d i u m  in tens i ty ) .  A l l  th is  
goes  to show tha t  the  th iophene  r i n g  v i b r a t i o n s  in ~ ,  
fl u n s a t u r a t e d  ke tones  can  be fol lowed m o s t  c l e a r l y  by 
bands  at  1420 and 1240 c m  -1. 

Th ieny l  C- -H p l a n a r  d e f o r m a t i o n  v i b r a t i o n s  at  
1081 • 3 c m  -1 [3] a r e  c l e a r  only  fo r  t hose  of the  
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present ketones where the carbonyl group is beside 
the heterocyclic ring. Such a band, then, as that 
at 1043 cm -I cannot serve to identify the thio- 

phene r ing,  s ince  in the m a j o r i t y  of c a s e s  it is v e r y  
weak,  and f u r t h e r m o r e  in the ca se  of cha lcone  t h e r e  
is abso rp t ion  in the 1035 cm - i  reg ion .  

2 -Subs t i tu ted  th iophenes  can fu r the r  be ident i f ied  
by h e t e r o c y c l i c  r i ng  C--H o u t - o f - p l a n e  de fo rma t ion  
v ib ra t ions ,  lying in the 830-890  cm -1 r eg ion  (see 
Table  1). T h e r e ,  however ,  i t  mus t  be r e m e m b e r e d  
that  not  fa r  away a r e  C--H d e f o r m a t i o n  v ib ra t ions  of 
1, 4 - d i s u b s t i t u t e d  benzenes  at  810-832  cm - i  (see [16], 
p. 316), of 1, 2, 4 - t r i s u b s t i t u e d  benzenes  at  805-825 
cm -1, and of 1 ,2 ,  4, 6 - t e t r a s u b s t i t u t e d  benzenes ,  which 
he re  a p p e a r e d  at  820-830  cm -1. F o r  t hese  r e a s o n s  
it was d i f f icu l t  to ident i fy  with our  compounds ,  the 
th iophene r ing  "b rea th ing"  v ib ra t i ons  band,  which 
a c c o r d i n g  to publ i shed  [3] da ta  is a t  823 • 20 cm -~. 
A paper  [3] g ives  ye t  ano the r  band c h a r a c t e r i s t i c  of 
C ~ H  ou t -o f -p l ane  v ib r a t i ons  of 2 - s u b s t i t u t e d  t h i o -  
phenes ,  at  925 + 8 cm -1. We, l ike Hidalgo [26], did 
not find this  abso rp t ion .  5 - N i t r o - 2 - t h i e n y l  d e r i v a t i v e s  
(XX-XXVII) have a h i g h - i n t e n s i t y  band at  818-830  
cm -1, p robab ly  owing t h e i r  o r ig in  to o u t - o f - p l a n e  c o -  
phase  v ib ra t i ons  of two a d j a c e n t  C- -H bonds.  Here  
t h e r e  is a l so  often o b s e r v e d  a weak a b s o r p t i o n  at  
880-890 cm -1, which can be a s s i g n e d  to C--N va lence  
v i b r a t i ons  (see [16], p. 432). 

A n i t ro  g roup  at  pos i t ion  5 in the th iophene r ing  
(XXI-XXViI ,  X L - X L I I )  is  c h a r a c t e r i z e d  by highly 
in tense  bands ,  whe re  the f requency  of the  a n t i s y m -  
m e t r i c  v i b r a t i o n s  is  a p p r e c i a b l y  lowered ,  and l i es  
in the 1492-1510 cm -1 r eg ion .  This  is  m o s t  p robab ly  
bound up with the e l e c t r o n - d o n a t i n g  na tu r e  of the t h i o -  
phene r ing ,  i t  be ing  known that  conjugat ion  with 
donor  g roups  d e c r e a s e s  the c o r r e s p o n d i n g  f r equency  
(see [9], p. 426). In th is  connec t ion  it is c h a r a c t e r -  
i s t i c  that  the n i t r o  g roup  f r equency  d e c r e a s e s ,  when 
the c a r b o n y l  g roup  moves  away f rom the th iophene 
r ing.  With compounds  XVIII, XlX, XXXVII-XXXIX,  
where  the n i t r o  g roup  is in the benzene  r ing ,  ~as is 
in the usua l  r eg ion  a t  1515-1533 cm -1. With r e g a r d  
to the n i t r o  g roup  s y m m e t r i c  v i b r a t i o n s  band,  it  is 
u s ua l l y  c o m b i n e d  with the a b s o r p t i o n  due to th iophene 
r i ng  v i b r a t i o n s  (1354 i 7 c m  -I [3]) and the a b s o r p t i o n  
of the cha lcone  at  1340 crn -1, and is d i s t i n g u i s h e d  by 
an a l t o g e t h e r  high i n t e g r a l  i n t ens i ty  in the 1328-1360 
em -1 reg ion .  

Many of the compounds  i n v e s t i g a t e d  con ta ined  a 
me thoxy l  g roup  jo ined  to an a r o m a t i c  r ing  (VI-X,  
XXIV-XXVII ,  XXX-XXXVI) .  Its c h a r a c t e r i s t i c  v i -  
b r a t i o n  f r e q u e n c i e s  a r e ,  a g r e e i n g  with the r e s u l t s  of 
o the r  au tho r s  [27] in the 1260-1330 cm -1 reg ion ;  
m e t h y l - o x y g e n  va lence  v i b r a t i o n s  l ie  a t  1020-1040  
cm -1. The l a t t e r  band can be iden t i f i ed  qui te  wel l ,  and 
with a c c u m u l a t i o n  of me thoxy l  g roups  in the m o l e -  
cule ,  i ts  f r equency  is a p p r e c i a b l y  r a i s e d .  Thus  when 
one me thoxy l  g roup  is  p r e s e n t  i t  is  a t  1020-1028  cm-1  

(VI-VII ) ,  in the  c a s e  of 1, 3 - d i m e t h o x y d e r i v a t [ v e s  at  
1027-1033 c m  -1 (VIII, IX), and with 1 , 3 , 5 - t r i m e t h o x y  
g r o u p s ,  a t  1030-1040  cm -1 (X, XI). It should  be noted  
tha t  with (2 - th i eny l )pheny lke tone  band in tens  i t i e s ,  
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as  c o m p a r e d  with the cha lcone  anaologs  and the v iny-  
logs,  a r e  d i s t i nc t ly  lower ,  and that  the number  of 
bands is l e s s  (see Fig.  1). 

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

IR s p e c t r a  were  d e t e r m i n e d ,  us ing an IKS-14 
i n s t r u m e n t ,  in CC14 and CHC13, and w i t h a  UR- I0  
i n s t r u m e n t  t ab le t t ed  with KBr (1.5 mg compound per  
100 mg KBr) ,  over  the reg ion  1800-650 cm -1. 
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