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The IR spectra of 30 chalcone analogs containing a selenophene nu- 
cleus have been measured in the 1800-500 cm "1 region and an as- 
signment of frequencies has been carried out. It has been confirmed 
that the selenophene radical in the static state has a greater electron- 
donating influence than the furyl and thienyl radicals. A linear re- 
lationship has been found between the shift of the frequency of the 
stretching vibrations of the carbonyl (ARC= O) under the influence of 
substituents in the 1-(selenien-2-yI)-3-arylpropenones and the o pa- 
rameters of Hammett's equation. The absorption curve of analogous 

compounds of the selenophene and thlophene series have been com- 
pared. The PMR spectra of selenophene, the isomeric 1-(selenien-2- 
yl)-3-phenylpropenones, and their thiophene analogs have been ob- 
tained. 

C o n t i n u i n g  a s t u d y  of t he  IR s p e c t r a  of o z , f i - u n s a t -  
u r a t e d  k e t c h e s  c o n t a i n i n g  h e t e r o c y e l i e  r a d i c a l s - - f u r y l  
[1], t h i e n y l  [2], p y r r y l  [31, and  q u i n o l y l  [4 ] - -we  d e -  
c i d e d  to i n v e s t i g a t e  a s y s t e m a t i c  s e r i e s  of s e l e n o p h e n e  
a n a l o g s  of the  c h a l c o n e s  of t y p e s  A a n d  B ( s e e T a b l e  1): 

~ - c o - c . = c n - R  ~.a ~ - ~ - e n = c . - c o - R  

-4" B 

I t  w a s  m a i n l y  t he  IR s p e c t r a  a n d  R a m a n  s p e c t r a  of 
on ly  s e l e n o p h e n e  i t s e l f  and  s o m e  of i t s  s i m p l e s t  d e r i v -  
a t i v e s  t ha t  had  b e e n  s t u d i e d  p r e v i o u s i y  [ 5 - 1 1 ] .  In o u r  
p r e c e d i n g  p a p e r s  [ 1 2 - 1 4 ]  t h e r e  a r e  l i k e w i s e  on ly  f r a g -  

m e n t a r y  d a t a  on the  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  of the  

v i b r a t i o n s  of s o m e  c a r b o n y l  c o m p o u n d s  of the  s e l e n o -  
p h e n e  s e r i e s .  

We  h a v e  m e a s u r e d  the  IR s p e c t r a  of e h a l e o n e  a n a -  
l o g s  c o n t a i n i n g  t he  s e l e n o p h e n e  n u c l e u s  in  t he  s o l i d  

s t a t e  a n d  in s o m e  c a s e s  in  s o l u t i o n s  in  c a r b o n  t e t r a -  
c h l o r i d e  a n d  c h l o r o f o r m ~  T h e  c h a r a c t e r i s t i c  f r e q u e n -  
e i e s  of the  v i b r a t i o n s  of the  i n d i v i d u a l  g r o u p s  o b t a i n e d  
a r e  g i v e n  in  T a b l e s  1 a n d  2 a n d  s o m e  c h a r a c t e r i s t i c  
a b s o r p t i o n  c u r v e s  a r e  s h o w n  in  F ig .  1. 

T h e  f r e q u e n c y  of the  s t r e t c h i n g  v i b r a t i o n s  of the  
c a r b o n y l  g r o u p  ( v ~ )  f o r  a l l  t he  c o m p o u n d s  i n v e s t i -  
g a t e d  i s  l o c a t e d  in  t he  1 6 3 3 - 1 6 6 8  c m  -1 r e g i o n .  In  c a r -  
bon  t e t r a c h l o r i d e  s o l u t i o n  ( s e e  T a b l e  2), v ~  i s  
h i g h e r  by  5 - 1 2  c m  -1 t han  f o r  a b s o r p t i o n  in the  s o l i d  

p h a s e .  We  h a v e  found  a s i m i l a r  r u l e  f o r  o t h e r  c~, fl- 
u n s a t u r a t e d  k e t o n e s  of the  h e t e r o c y e l i c  s e r i e s  [ 1 - 4 ]  
and  h a v e  e x p l a i n e d  i t  by  a c h a n g e  in the  f o r c e  c o n s t a n t  
of the  (3=4) bond  u n d e r  the  i n f l u e n c e  of the  c r y s t a l  f i e l d  
a n d  by  t he  w e a k e n i n g  of d i p o l e  o r i e n t a t i o n  [15]o In e h l o -  
r o f o r m ,  v ~  i s  a l w a y s  s o m e w h a t  l o w e r  (by  4 - 9  
e m  - i )  t han  in  c a r b o n  t e t r a c h l o r i d e  b e c a u s e  of the  f o r -  
m a t i o n  of h y d r o g e n  b o n d s ,  w h i c h  i s  a l s o  c o n f i r m e d  by  
a s t u d y  of the  e l e c t r o n i c  s p e c t r a  [16]. A s i m i l a r  p h e n o m -  
e n o n  is  o b s e r v e d  f o r  the  s t r e t c h i n g  v i b r a t i o n s  of the  
v i n y l e n e  g r o u p  ( v ~ ) .  In a p a p e r  p u b l i s h e d  r e c e n t l y  
[17] on  the  i n f l u e n c e  of the  s o l v e n t  on the  v ~  

and vC-~ C absorption bands in c~,fl-unsaturated ke- 
tches with the s-cis conformation, the same shifts 
in the frequencies on passing from solutions in carbon 

tetrachloride to solutions in chloroformwerereported. 
If we compare vo== O for the selenophene chalcones 

with v ~  for the ketones of analogous structure of 
the furan [i] and thiophene [2] series, it is not diffi- 

cult to be convinced that, as a rule, in the first group 
the frequency of the stretching vibrations of the car- 

bonyl group is always somewhat lower. It is known 
that a strengthening of the donor properties of radicals 
leads to a lowering of the order of the C~=<) bond [18]. 

Thus, the conclusion put forward previously [12] that 
the selenophene radical in the static state has a greater 
electron-donating influence than its oxygen and sulfur- 
containing isologs is confirmed. It is interesting that 
the rate constants of deuterium exchange [19] (for the 
s-position) also decrease in the sequence selenophene > 

> thiophene > furan. 
The introduction into the aromatic nucleus of the 

selenophene ehaleones of electron-donating substitu- 
ents (CH 3, CII30, OH, NH 2, and N(CH~)2) or electron- 
accepting substituents (F, CI, NO 2) causes, respectively, 
a lowering or a raising of vC-~ O in comparison with the 
unsubstituted ketones I and If. These changes of fre- 
quency, both for the l-(selenien-2-yl)-3-arylpropen-l- 
ones and for the propen-3-ones isomeric with them, 
are fairly satisfactorily correlated with the cr parame- 
ters of McDaniel and Brown [20] by the equation (see 

Fig. 2): 

hc 
5~c=o 2.3 I(T =P~' 

where ArC= O is the difference in frequencies of the 
stretching vibrations of the carbonyl group in, respec- 
tively, I and II and their substituted derivatives; K is 
Boltzmann's constant; h is Planck's constant; c is the 

velocity of light; and T is the absolute temperature. 
It follows from this that all the compounds studied, 
regardless of the electronic nature of the substituent in- 
troduced, are present in one and the same conforma- 
tional state. The replacement of a phenyl group in com- 
pounds I and II by a furyl, thienyl, or selenienyl group 
(see XXII-XXVI) also leads to a lowering of v ~  be- 
cause of their electron-donating nature, which increases 
in the sequence 2-furyl < 2-thienyl < 2-selenienyl. Con- 
versely, pyrid-2- and -3-yls (XXVII and XXVIII) exert 
an electron-accepting influence and raise v ~  of the 
chalcones. It is also a general characteristic that py- 
rid-2-yl has a greater influence than pyrid-3-yl. The 
quinoline nucleus (XXIX,XXX) somewhat lowers vC= O 
in comparison with phenyl (I,II), probably because of 
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Fig~ 1. 
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tR s p e c t r o g r a m s  of compounds I ,  II ,  and XXVII. 
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Table 1 

Characteristic Frequencies of Selenophene Analogs of the Chalcones, 
cm -I 

pC:u%- d N . . . .  f the ketone ~ V selenienyl ? '~c-H 

I[i 1-(SeIenien-2-yl)-3-phenylpropen-1 . . . .  1652 1595 978 1428' t338;: 1243:1084 ! 852 715 
.II- So,on,en- -.,.-p"enr'propon-3 . . . .  ,662 1588i970 1436,3 2!'-%,i,079 840 7~ 

III l-(Selenien-2-yl)-3-(4-tolyl)propen-l-one 1850 1590 96911425 13 1 1240 1088 

I V [ I.(Selenien-2-yl)-3-(4-tolyt)propen-3-one ~ i818 710 ] t658 1586! 970 ~1437 13.34[~ 2351 - -  ~1817 -- 

i 1648 ' I~ ~ o - V 'l-(Selenien-2-yl)-3-(4-anisyl)propen-l- 15941 970 !1428 1340 1232 1083 8~2 z l0 
I one 

VI 1-(Selenlen-2-yl)-3-(4-anisyl)-propen-3-one i1655, 1a98" ] ~]970 1440 1%8' I240 ~ ! " i 1080t - ; 839 "05 

VII : 1-(Selenien-2-yl)-3-(2 phenyl)propen- t-one4-dimeth~ [1635i1608 970!1424, .13481124211083i 8 3 8 ,  . 705 

ViII 1.(Selenien-2-yl)-3-(2,4-dimethoxy- I1538}160~'960 1438 t350i123~I1070!835 710 
phenyl)propen-3-one [ ~ I t ! : [ 

IX 1.(Selenien.2-yl)-3-(2,4,6-irimethoxy- It642i1595] 984 Ir1440!1346;11238it088[ 843 705 
phenyl)propen-l-one 

X l -(Selenien-2-yl)-3-(2,4,6-t dmet hoxy- 720 
phenyl)propen-3-one 

X[ 1 .(Selenien.2-yl)-3-(4-hydro x yphenyt)- 720 
propen-l*one 

XII 1 -(Selenien-2-yl) -3-(4-amino phenyl)pro- 718 
pen-l-one 

XIII l-(Selenien-2-yl)-3-(4-dimet h ylamino- 715 
phenyl)propen- 1-one 

XIV l.(Selenien.2-yl)-3-(4-dimethylamino- 715 
/ phertyl)propen-3-one 

XV ] 1-(Selenien-2-yt)-3-(4-fluorophenyl)pro- 7 l 7 
] pen-l-one 

XVI [ l-(Selenien-2-yl)-3-(4-chlorophenyl)pro- 700 
pen-l-one 

XVII 1-(Selenien.2-yl)-3-(4-chIorophenyI) pro- 697 
pen-3-one 

XVIII 1 -(Selenien-2-yl)-3-(4-nitrophenyl)pro- 710 
pen-l-one 

XIX 1-(Selenien-2-yl)-3-(4-nitrophenyi)pro- 705 
pen-3-one 

XX 1-(Selenien-2-yl)-3-(4-xenyl)propen-l- 700 
one 

XXI 1 -(Selenien-2-yl)-3-(4-xenyl)propen-3- 705 
one 

XXII 1 .(Selenien-2-yl)-3-(2-fur yl)propen- 1 -one 712 

XXIII t -(Selenien-2-yl)-3-(2-fur yl)propen-3-one 692 

XXIV 1.(Selenien-2-yl) -3-(2-thienyl)propen- 1- 710 
one 

XXV l.(Selenien-2-yl)-3-(2-t hienyl)propen-3- 720 
one 

XXVI 1,3-Di(selenien-2-yl)propenone 705 
XXVII 1 -(Selenien-2-yl)-3-(pyrid-2-yl)pro pen-3- 695 

one 
XXVIII 1.(SeIenien-2-yl)- 3-(pyrid-3-yl)propen-3- 710 

one 
XXIX 1 -(Selenien-2-yl)-3-(quinol-2-yl) propen- 1 712 

one 
XXX l-(Selenien-2-yl)-3-(quinol-2-yl)propen-3 ] 718 

one 
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the cons iderable  inc rease  in the m a s s  of the subs t i tu-  
ent. However,  as has been shown [4], it never the less  
pos se s se s  an e Iee t ron-accep t ing  nature ,  which finds 
i ts  ref lec t ion  in the fact that vO= 0 for XXX is g rea te r  
than vO== 0 for XXIX. 

-20{ o(OCH,,~ ~_N(C",', 
/ _  o (0 C H3} 3 -IoI ~ ~ , ,  ~ " ' ~  

I ~ OH , - , z  

t - ] O I N(tHs}z 

_201 xrOCH~)2~ 

0 .~"~"I" -  ' 
-o.z -0.4 -0:6 -oie 

Fig. 2. Correlation between the shift 
of the f requency of the carbonyl  group 

(APc~o  = UR - ~'tt ) and the r p a r a m -  
e te rs  of the subst i tuents :  O) for the 
1 - ( s e l e n i e n - 2 - y l ) - 3 - a r y l - p r o p e n - 1 -  
ones [p = (4.0 4- 0.3) �9 10-2; r = 0.83*]; 
x) for the i somer i c  p ropen-3 -ones  [p = 

= (6.5 4- 0.4) �9 10-2; r = 0.91]. 

The absorpt ion due to the s t re tch ing  v ibra t ions  of 
the aliphatic vinylene group 0,C== C) is wel l-defined 
in all  compounds in the 1575-1620 cm -1 region,  its 
in tens i ty  being considerably  higher than the intensi ty  
of v ~  (see Fig.  1). 

In aliphatic compounds, u ~  is genera l ly  in the 
r a n g e f r o m  1680 to 1620 cm ~1, a lowering of the fig- 
ure  being caused by conjugation of the vinylene group 
with a carbonyl  group or an a romat ic  or heterocycl ic  
nucleus [21]. In all  the spec t rograms  we also f indpeaks  
of medium and high intensi ty  at 985-960 em -1 which 
are  specific for the nonplanar  deformation v ibra t ions  
of the hydrogens of an ethylenic bond in the t r ans  con-  
figuration.  So far  as concerns  the mutual  a r r ang e me n t  

Table  2 

Stretching Vibra t ions  of the Carbonyl  and Vinylene 
Groups Measured  in Solutions 

In CCI 4 In CHCI 3 
Ketones ~C~O ~C=C ~C=O VG~ 

[ 
II 
V 

V[ 
XVI 

XVII 
XXVI 

1661 
1668 
1654 
1663 
1660 
1668 
1650 

[607 
1600 
1600 
1608 
t609 
1601 
1594 

1652 
1663 
1649 
1659 
1654 
1663 
1645 

1600 
1593 
1594 
1605 
1602 
1597 
1588 

of the vinylene and carbonyl  groups,  on the basis  of 
the ra t io  of the in tens i t i es  of ~ and v ~  [22] it  
mus t  be concluded that we a re  dealing with s - c i s  con- 
format ions .  This  conclusion is a lso conf i rmed by the 
influence of the solvent  on the change in the v ~  and 
v ~  f requencies  as was mentioned above. 

*The low cor re la t ion  coefficients (r), pa r t i cu la r ly  
for p r o p e n - l - o n e s ,  a re  due to the re la t ive ly  low 
changes in g ~ O "  

The skeletal  v ibra t ions  of the selenophene r ing  in 
the compounds studied as in the case of the thiophcne 
der iva t ives  [2, 23] a r e  found at 1560-1520, 1443-1421 
(1433 + 2), 1360-1332 (1346 + 3) and 1245-1230 (1237 + 
4- 2) cm -1. The f i r s t  band at 1560-1520 em -1 has a 
high f requency and a low in tens i ty  and, s ince other 
a romat ic  sys tems  also absorb  in this region,  in a num-  
ber  of cases  it is difficult to identify. The most  in ten-  
sive absorpt ion  is at 1443-1421 cm -1, this f requency 
being somewhat lower for the p r o p e n - l - o n e s  (1427 • 
4- 2 cm- l ) ,  than for the p ropen -3 -ones  (1438 4- 2 cm-1). 
The same tendency appears  for the vibrat ion of the 
selenophene r ing  at 1360-1332 em -1. This  law of the 
change in the f requencies  under  the influence of a sub-  
s t i tuent  p re sen t  in posi t ion 2 of the heterocycle  appar -  
ently has a genera l  nature .  Thus, in pa r t i cu la r ,  it can 
be observed in an ana lys i s  of the IR spec t ra  of the 
thiophene [2] and pyr ro le  [3] chalcones.  Skeletal v ib ra -  
t ions of the 2~monosubst i tuted furans  also undergo s i m -  
i l a r  changes in dependence on the e lec t ronic  na ture  of 
the subst i tuent  [ 2 4 ] .  

g a 7 ppm g 8 ' )ppm 

8 7ppm~ 8 ~pp~ 

Fig.  3. PMR spec t ra  of the ketones 
I and II (top) and their  thiophene ana-  

logs (bottom). 

It mus t  be borne in mind that in chaleone i tself  
there is absorpt ion  of g rea te r  than average  in tensi ty  at 
at 1340 cm - l ,  and therefore  the peak in the 1360-1332 
cm -1 region  is not of grea t  i n t e re s t  for d is t inguishing 
the selenophene ketones f rom ord inary  chalcones.  
F r o m  this point of view, the absorpt ion at 1237 • 2 
cm -1, which is always wel l -def ined and located in a 
na r row region,  is more  convenient .  The in tensi ty  of 
the f i r s t  three types of skeletal  v ibra t ions  of the se l -  
enophene r ing  in those cases  where the carbonyl  group 
is bound di rec t ly  to the he terocycle  (Lhepropen- l -ones)  
is always higher than for the p ropen-3 -ones  (see Fig. 
1). This  difference in in tens i t i es  is due to the s t rong 
in te rac t ion  of the e lec t ron-dona t ing  se lenienyl  groups 
with the e lec t ron-accep t ing  carbonyl  group, in con-  
sequence of which a change in the dipole moment  
a r i s e s  during the v ibra t ions  [24]. 

The p lanar  deformat ion v ibra t ions  of the C--t-I bonds 
of the selenophene rad ica l  (tiC---H) in the 1090-1068 
cm -1 (1082 4- 2) region  are  fa i r ly  well expressed  in the 
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compounds studied. On the other hand, the analogous 
vibrations at 1030-1060 cm -I have a low intensity and 

are difficult to distinguish from the absorption of aro- 
matic chaleones in this region. Table 1 gives other 
frequencies of the nonplanar deformation vibrations 
of the C---H bonds (YC--H) at 852-817 cm -I (823 • 3) and 
720-695 cm -I (705 • 3), which probably relate mainly 

to the selenophene ring; these are also difficult to 
distinguish from the corresponding absorption of 
substituted benzene nuclei and of other heterocy- 
cles. 

It was of interest also to find characteristic fre- 
quencies for the selenophene radical which would per- 
mit the selenophene chalcones to be distinguished from 
the analogous compounds of the thiophene series. On a 
careful comparison of the spectrograms of compounds 

I-XX and XXVl with the spectrograms of the completely 
analogous thiophene derivatives [2], we found no funda- 
mental differences in the numbers and positions of the 
absorption bands. The characteristic absorption bands 

for the C--Se bond at 710-760 cm -I reportedpreviously 

[5-7] we found only in certain compounds. It may also 
be mentioned that a number of absorption maxima for 
the selenophene ketones are displaced somewhat into 
the low-frequency region. Thus, apart from the effect 
of this type that has already been mentioned for v ~  

and v~, the same feature is noted for the absorp- 
tion of the selenophene ring at 1346 • 3, 1237 4- 2, and 
832 • 3 cm -I (analogous absorptions for thiophene de- 
rivatives are: 1365 • 5, 1241 • 2, and 841 • 5 cm-~). 
Conversely, the stretching vibrations of the seleno- 
phenes are located at 1433 • 2 cm -I, while the corre- 

sponding vibrations of the thiophenes are located at 
1419 • 3 cm -I. In many cases, especially for the pro- 
pen-l-ones, the compounds of the thiophene series 

have additional weak or medium-intensity absorp- 
tion at 1354-1375 cm -I and sometimes at about 860 
cm-1' 

In addition to this, we have found that the seleno- 
phene chalcones I and II differ from the correspond- 
ing thiophene chalcones to a far greater extent in their 
PMR spectra (Fig. 3). This difference is caused mainly 
by the fact that the PMR spectrum of selenophene itself, 

according to our measurements (Fig. 4) is unlike that 
of thiophene. In the first case, the signals of the o~- 
and fl-protons are clearly separated and their chemical 

shifts are 7.56 and 7.04 ppm, respectively (standard: 
tetramethylsilane), while in thiophene the signals from 
the s-hydrogen atoms are displaced by only 0.125 ppm 
in the weak-field direction as compared with the sig- 
nals from the protons in the/3 position [25]. It must 
also be mentioned that the ketone I and its thiophene an 
analog in which the carbonyl groups are adjacent to the 
heterocyclic radicals are distinguished particularly 
well by their PMR spectra. The chemical shifts of the 
o~- and fi-protons of the vinylene groups in ketone I are 
located at 7.41 and 7.75 ppm and in ketone II at 7.28 
and 7.50 ppm, and the spin-spin coupling constants 
(15~ and 15.5 Hz) confirm their trans position. A com- 
plete interpretation of the PMR spectra of the c~, fi-un- 

+I 
7,,q0 7/04 ppm 

F ig .  4. PMR s p e c t r u m  
of s e l e n o p h e n e .  

s a t u r a t e d  k e t o n e s  of the  t h i o p h e n e  and s e l e n o p h e n e  
s e r i e s  wil l  be  g iven  l a t e r .  

EXPERIMENTAL 

The IR spectra of the chalcone analogs containing a setenophene 
nucleus were measured in the solid phase in potassium bromide tab- 
lets (2 mg of substance to 100 mg of KBr) and also in carbon tetra- 
chloride and chloroform solutions (at concentrations of the substances 
of 2.5-8.8 �9 10 -2 M) on a UR-10 instrument in the 1800-800 cm "t re- 
gion. 

The PMR spectra were measured by A. I. Yatsenko on a high-res- 
olution instrument (1 �9 10 "8) at a frequency of 40 MHz; the range of 
variation of the magnetic field was 9400-10 000 G. The chemical 
shifts of the signals given in the text and in Figs. 3 and 4 were mea- 
sured relative to hexamethyldisiloxane as internal standard and were 
recalculated to tetramethylsilane. The measurement of selenophene 
was carried out on a liquid sample and those of I, If, and their thio- 
phene analogs in carbon tetrachloride solution at several concentra- 
tions of the substances (of the order of 0.6, 0.8, and 0.15 M) with 
subsequent extrapolation to infinite dilution. 
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