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The IR-spectra of 29 chalcone homologs containing a pyrrole nucleus were 
recorded in the solid phase, and in some cases in carbon tetrachloride 
solutions of varying concentrations. All the compounds studied formed 
intermolecuiar hydrogen bonds; and, when the carbonyl group was 
located close to the pyrrole ring (propenones-1), intramolecular hydro- 
gen bonds were also formed. According to the distribution of sub- 
stituents about the aliphatic double bond, all the ketones studied were 
trans-isomers; and, according to the relative distribution of carbonyl 
and vinyl groups, they had an s-cis-conformation. In the propenone-1 
series there was a satisfactory correlation between vC= O and Hammett's 
o-parameters. The corresponding frequencies were investigated. 

In prev ious  papers  we r e p o r t e d  the e l ec t ron ic  ab-  
sorp t ion  spec t r a  of py r ro l e  chaleone homologs in n e u -  
t r a l  so lvents  [1] as well  as in s t rong ly  acid and a lka-  
l ine media  [2]. In this paper  we inves t iga ted  the i n f r a -  
r ed  spec t ra  of cha lcones .  There  is  a pauci ty of in -  
f o r m a t i o n  in the l i t e r a t u r e  on the v ib ra t ion  spec t r a  of 
a ,  ~ - u n s a t u r a t e d  ketones der ived  f r o m  pyr ro le .  Only a 
few papers  [3,4] include f r a g m e n t a r y  data on the c h a r -  
a c t e r i s t i c  v i b r a t o r y  f r equenc ie s  of some unsa tu r a t e d  
ketones of the p y r r o l e  s e r i e s .  

We reco rded ,  in the sol id phase (KBr pellet)  and in 
some cases  in  CC1r solut ion,  the I R - s p e c t r a  of 29 chal -  
cone homologs conta in ing  the py r ro l e  nuc leus .  Tables  1 
and 2 p r e s e n t  the c h a r a c t e r i s t i c  v ib ra t i on  f r equenc ie s  
of the va r ious  groups,  and Fig.  1 some absorp t ion  
cu rves .  

All the s p e c t r o g r a m s  r e c o r d e d  in the sol id phase 
exhibited the broad,  i n t ense  absorp t ion  band of the 
N--H g-roup that pa r t i c ipa te s  in hydrogen bond f o r m a -  
t ion. This band has a m a x i m u m  that l ies  within a r a t h e r  
n a r r o w  reg ion ,  at 3275-3300 cm - ! .  Only compound 
XXVIII exhibi ted a very  diffuse b a n d a t  3038-3088 cm -1. 
We could not detect ,  in the so l id  s ta te ,  the absorp t ion  
c h a r a c t e r i s t i c  of the unbound N--H group of the p y r r o l e  
r ing ,  r epo r t ed  at 3400-3440 cm -1 [5] or at 3450-3500 
cm -1 [6]. It may be supposed that  in c rys t a l  f o rm the 
molecu les  of py r ro l i c  chalcone homologs a re  bound in 
po lymer ic  a s soc i a t i ons .  These  a s soc i a t i ons  a r e  fo rmed  
not only because  of a hydrogen bond between the hydro-  

gen of the imino  group and the oxygen of the carbonyl  
group, but also because  of a hydrogen bond of the 
type N--H. o �9 N between pyr ro le  nucle i .  This  conclus ion  
is conf i rmed  by the fact that,  in compound XXI, which 
conta ins  two py r ro l e  r i ngs ,  no absorp t ion  bands c o r -  
responding  to a f ree  N--H group was observed  (Table 
1). F u r t h e r m o r e ,  it  is  known that py r ro l e  i t se l f  is in 
a s ta te  of po lymer i c  a s soc ia t ion  [7,8]. A study of the 
in teg ra l  in tens i ty  of the absorp t ion  band of the N--H 
bond of carbonyl  compounds of the py r ro l e  s e r i e s  leads  
to be l ieve  that in these  compounds two s i m i l a r  types 
of i n t e r m o l e c u l a r  a s soc ia t ion  a re  poss ib l e  [9]. The 
u sua l l y  low f requency  of the N--H group of compound 

XXVIII may  also be p robab ly  explained by the f o r m a -  
t ion of a hydrogen bond between the hydrogen of the 
imino  group of the py r ro l e  r ing  and the n i t rogen  of the 
quinol ine  r ing .  

The compara t ive ly  low value of VN-- H in all the 
compounds s tudied (a lower ing  of 150-250 cm -1) points  
out to a r a t h e r  s t rong  hydrogen bond which is  f o rmed  
in the c r y s t a l l i n e  s ta te .  This  is  r e f l ec ted  in the me l t -  
ing points  of py r ro l i c  cha lcones  which a re  much higher  
than those of analogous compounds of the a roma t i c  
and fu ran  s e r i e s .  For  in s t ance ,  ketones I, II, and 
XXI mel t  at 141 ~ 134 ~ and 172~ re spec t ive ly  [10], 
while chalcone me l t s  at 58 ~ C [11], and the c o r r e s -  
ponding fu ran  compounds mel t  at 89 ~ 37.5 ~ and 90 ~ C 
[12]. It is c h a r a c t e r i s t i c  that  upon N-methy la t ion  of I 
and II, i . e . ,  by t r a n s f o r m i n g  them to compounds III 
and IV, the me l t ing  points  sharply  dec rea se  (III me l t s  
at 112 ~ C, and IV at 88 ~ C) [1]. 

It may also be obse rved  that,  in the i s o m e r i c  ke-  
tches  (I and II, V, and VI, and so forth) ,  the VN-- H 
is ,  as a ru le ,  s m a l l e r  in that i s o m e r  in which the c a r -  
bonyl group is  located next to the py r r o l e  cycle (pro- 
penone-1) .  This  may explain the i n c r e a s e d  mobi l i ty  
of the imino  group hydrogen under  the inf luence  of 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  of carbonyl  and, con-  
sequent ly ,  the fo rma t ion  of a s t r o n g e r  hydrogen bond. 

In addit ion to the absorp t ion  band of the bound N--H 
group, the I R - s p e c t r o g r a m s  of py r ro l i c  chalcones  
solut ions  in CC14 exhibit  a band in the 3450-3480 cm - I  
reg ion .  This  band is c h a r a c t e r i s t i c  of a f r ee  N--H 
group that does not pa r t i c ipa t e  in hydrogen bond fo r -  
mat ion  (Table 2). F u r t h e r m o r e ,  the VN_ H of the 
bound group is  found at somewhat  h igher  f r equenc ies  
(up to 20 - 30  cm -1 higher)  than the analogous abso rp -  
t ion in the sol id  phase .  In dilute solut ions  of I, II, V, 
VI, at concen t ra t ions  f rom 1 . 1 0  -2 to 1 - 1 0  -3 M (see 
Table  2) the r e l a t ion  between the absorp t ion  in t ens i t i e s  
of the bound and the f r ee  N--H groups is  a l te red :  there  
is  an i n c r e a s e  in the r e l a t i v e  absorp t ion  in tens i ty  of the 
f ree  N--H group,  and this  is  c h a r a c t e r i s t i c  of an i n t e r -  
m o l e c u l a r  hydrogen bond. The data p r e sen t ed  in Table  
2 on the absorp t ion  i n t ens i t i e~  of f ree  and bond N--H 
groups w a r r a n t  the hypothes is  that ,  at the concen t r a -  
t ions  s tudied,  the re  is  fundamenta l ly  an equ i l ib r ium 
between the nonassoc ia ted  molecu les  and the i r  l i n e a r  
d i r ec t s .  

It is  worth  not ic ing  that  the r e l a t ion  between the 
absorp t ion  i n t e ns i t i e s  (% t r a n s m i s s i o n )  of the f ree  and 
the bound N--H groups in ketones I and V are higher at 

the same concentrations than those of the isomeric 

ketones II and VI. Furthermore, the VN-- H of I and V 

are located at lower frequencies than the VN--H of II 
and VI (14-27 cm -i lower for the free group and 32-49 
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Com- 
pound 

I 

II 

IIl  

IV 

V 

VI 

VII 

VIII 

IX 

X 

XI 

XII 

XIII 

XIV 

XV 

XVI 

XVII 

XVllI 

XIX 

XX 

XXI 

XXII 

XXIII 

XXIV 

XXV 

XXVI 

XXVI I 

XXVI I I 

XXIX 

Character is t ic  Frequenc ies  
r 

Structural formula VN-H PC--O 

~--CO--CH ~.CH-- �9  

CH 3 

ot  3 

OCH~ 
N ~ I  -- CO --CII CI|--~'~--N(CI,3)2 

ULc.-~c.-co-/;'%_N~c., Nil ~ 3 2 
~-~--CO-- CI' ~C. - - (~- -F  

~--CO--C|| CH -~--~--CI 

Nil/-- = -- - - ~ - -  

~ - -  CO--CIt - CH--~--Br 

~ - - C I I  -=.CI'--CO--~--Br 

~--~-~" N , ,  ~, , -co- (_~7 \ -No2 

~ . -  co-c .  ~. c . -  ~__~ - ~ - ~  

~-c,,~ c,,-co-.~-/~ 

~ - c o - c , , :  ~ , , - ~  
~-~- cN ~. c,,- co - ~.~--~ 

~-co-~,, c,,-~ 
~ - c . =  c , , - ~ o - ~  
~-~-co-c. - ~ . - ~  

--CH ,=CH --CO - -  

3232 

3253 

3252 

3280 

3257 

3230 

3B52 

3238 

3240 

3249 

3268 

3312 

3275 

33t2 

3250 

3290 

3253 

3290 

3270 

3232 

3216 

3248 

3232 

3250 

3330 
3260 

3088 
3038 

32,82 

Table 1 

of the Pyrrol ic  Homologs  of Chalcone,  cm -1 

vC=C 

1650 1590 

1662 1586 

1650 1593! 

1650 1590 

1545 1586 

1651 1610 

1644 1573 

1655 1610 

1634 1603 

1632 1608 

1645 16,05 

1654 1583 

1648 1590 

1652 

1658 

1667 

1645 

1645 

1651 

1652 

1638 

1650 

1640 

1640 

1644 1572 

1640 1582 

1640 1562 

165l 1595 

1654 1590 

Vpyrrole ring 

15,46 1408 

1,547 1418 

1537 14'12 

1570 1415 

1542 1406 

1545 I~18 

1515 1406 

1550 1415 

1548 1405 

1534 1407 

1530 1420 

1554 1414 

1545 1410 

i550 1416 

1558 1420 

1559 1423 

1548 1418 

1522 1428 

1548 1410 

1545 1413 

15~0 1405 

1558 1403 

1550 141,5 

1542 1405 

1550 1412 

1550 1405 

1545 1415 

1550 1408 

1558 1430 

Utraus- 
H - C = C - H  

980 

980 

992 

983 

990 

985 

985 

987 

980 

980 

970 

970 

983 

970 

983 

958 

980 

976 

978 

/3N-H 

11,40 1115 

1136 --  

1134 1113 

1135 

1135 1115 

1137 

1130 1118 

1138,1110 

1133 

1140 11t5 

1138 1112 

1132 

1142 1120 

1140 

1140 1115 

1137 1119 

1142 1113 

1135 

1135 1120 

1140 1110 

1137 

t140 1112 

1138 

1140 1110 

1128 

1115 1138 

1140 1120 

13C-H 

1057 1043 

1031 1022 

1079 1052 

I063' 1038 
1020 

1060 104'0 

1032 1020 

1063 1045 
1030 
t030 

1(~0 1030 

1055 

1030 

1062 

1058 1040 

1036 1015 

1062 1043 

1078 1048 

1070 1045 

1040 1010 

1060 

1035 

1065 1034 

1056 1030 

1070 1055 

i060 10.38 

1065 1038 

1057 1040 

1082 1035 

1060 

1078 

')'C-H 

940~90 837 772 742 

930 884 852 830 780 740 

878 776 750 

845 775 745 

940 ,816 730 

884 815 736 

947 885 828 770 755 

883 830 743 

945 885 .855 830 766 

942 890 847 817 787 752 

950 882 815 755 

948 892 833 778 Z53 

942 821 780 755 

880 821 75,0 

945 820 775 756 

881 822 760 

945 887 845 774 756 

850 830 760 740 

945 888 832 772 750 

885 835 1820 775 738 

948 880 700 735 

943 884,855 785 755 734 

938 881 855 830 755 740 

940 885 865 825 745 

883 838 720 

940 830 743 

963 882 847 817 746 730 

940 880 832 762 750 728 

952 885 ,835 8BO 771 740 
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Fig. 1. I R - s p e c t r a  of the compounds: 1) 1 - (pyr ry l -2 ) -3 -  
phenylpropenone- 1 (I); 2) 1- (pyrry l -  2)- 3-phenylpro-  

penone- 3 (II). 
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c m  -1 lower  fo r  the  bound N--H group) .  Th is  would l e a d  
us to expec t  an i n v e r s e  i n t e n s i t y  r a t i o .  This  m a y b e  due 
to the  f o r m a t i o n ,  in compounds  con ta in ing  a c a r b o n y l  
group next  to the  p y r r o l e  c y c l e  (I, V, and o t h e r s ,  of an 
i n t r a m o l e c u l a r  hydrogen  bond in add i t ion  to the  i n t e r -  
m o l e c u l a r  one.  The i n t r a m o l e c u l a r  bond i s ,  howeve r ,  
not  v e r y  s t a b l e ,  and in p r o p e n o n e s - 1  t h e r e  i s  an equ i -  
l i b r i u m  be tween  f o r m s  with  i n t r a -  and with  i n t e r m o l e -  
c u l a r  hydrogen  bonds .  The i n t r a m o l e c u l a r  hyd rogen  
bond i s  of ten e n e r g e t i c a l l y  m o r e  advan tageous  than the 
i n t e r m o l e c u l a r  [13]. Yet  the  e n e r g y  of the i n t r a m o l e -  
c u l a r  bond depends ,  o t h e r  cond i t ions  be ing  equal ,  on 
the conf igu ra t ion  of the  c y c l e  f o r m e d  [14]. F o r  the 
f o r m a t i o n  of an i n t r a m o l e c u l a r  hyd rogen  bond, the  
m o s t  f a v o r a b l e  d i s t r i b u t i o n  of a l l  the  t h r e e  p a r t i c i p a t -  
ing a t o m s  i s  tha t  of a s t r a i g h t  l ine  [15]. In p r o p e n o n e s -  
1 the angle  be tween  N- -H.  �9 .O,  a s  m a y  be seen  f r o m  
S t u a r t - B r i e g l e b  m o d e l s ,  i s  too acu te .  T h e r e f o r e ,  the 
i n t r a m o l e c u l a r  h y d r o g e n  bond i s  e n e r g e t i c a l l y  l e s s  
f a v o r a b l e  than the i n t e r m o l e c u l a r .  A c c o r d i n g t o  G r i g g ' s  
da ta  [16], the e s t e r s  of p y r r o l  2 - c a r b o x y l i c  a c i d s  m a y  
f o r m  both i n t r a -  and i n t e r m o l e c u l a r  hydrogen  bonds ,  
in which the VN--H of the f r e e  group of that  bound 
by i n t r a m o l e c u l a r  hyd rogen  bonds  a r e  not much  d i f -  
f e r e n t  f r o m  each  o t h e r ,  and the l a t t e r  f r equen t ly  ap -  
p e a r s  only  as  a s h o u l d e r  on the fundamenta l  a b s o r p -  
t ion band o r  i t s  a s y m m e t r i c  f o r m .  F u r t h e r m o r e ,  a 
r e c e n t  i nves t i ga t i on  of 2 - a c y l  p y r r o l e s  and of the me thy l  
e s t e r s  of p y r r o l e  c a r b o x y l i c  a c i d s  [19], a l though it does  
not deny the p o s s i b l e  f o r m a t i o n  in t hem of i n t r a m o l e -  
c u l a r  hyd rogen  bonds ,  con ta ins  da ta  tha t  c o n t r a d i c t  
such a view [16]. It should  be noted that  the ab so rp t i on  
band of the c a r b o n y l  group of compounds  II and VI 
(Table  2) i s  sp l i t  up, whi le  that  of I and V does  not 
exhibi t  such  a c l e a r  s p l i t t i n g  of the vC== O. Ev iden t ly ,  
in the f i r s t  c a s e  the  f r e q u e n c i e s  of the f r e e  and the 
bound i n t e r m o l e c u l a r  hyd rogen  bonds  of the c a r b o n y l  
g roups  a r e  c o m p a r a t i v e l y  m o r e  a p a r t  than in c o m -  
pounds I and V, which p o s s e s s  both i n t r a - a n d  i n t e r -  
m o l e c u l a r  hydrogen  bonds ,  and the d i f f e r e n c e  be tween  
the c o r r e s p o n d i n g  f r e q u e n c i e s  i s  l e s s .  

In a l l  p y r r o l i c  homologs  of c ha l c one s ,  the c h a r a c -  
t e r i s t i c  v ib r a t i on  f r equency  of the  c a r b o n y l  group l i e s  
be tween  1632 and 1667 cm -1 (Table  1). This  f r equency  

J 

* 0 .04 .  

" *0.02. 

~: ~  o . 

-0,02. 8, \ 
O" 

-05 0 § ~1 

Fig .  2. C o r r e l a t i o n  be tween v ~ O  
and H a m m e t t ' s  c r -cons tan ts ,  p = 0.05; 

s = 0.01. 

is, in most cases, somewhat lower than the vO== 0 in 
chalcone and its furan [18] and thiophene [19] homo- 
logs. This is associated with the relatively high elec- 
tron-donating capacity of the pyrrole cycle [i], which 
is capable of polarizing the carbonyl group. On this 
account, the vG=4) of propenones-1 is always lower 
than that of propenones-3. The introduction of elec- 
tron-donating substituents into aromatic nuclei I and 
II, as was to be expected, lowers vG==O, while elec- 
tron-accepting substituents raise vG==O, Within the 
propenones-i series, the correlation between u 
and the Hammett's or-constants is quite well main- 
tained (Fig. 2), according to the equation: 

Nhc 
(vHC=O--v%=O) 2.3.RT 9~ 

where vHG== O and riG== O are the valence vibrations of 
carbonyl in l-(pyrryl-2)-3-phenylpropenone-i (1) and 
in its substituted derivatives, respectively. 

The vibration frequency of the aliphatic double bond 
lies between the limits 1570-1610 em -I. The intensity 

of the vG== C band is almost always higher than that of 

Table 2 

Valence Vibrations of the O==O and N--H Bonds of the Pyrrolic 
Homologs of Chalcone, Measured in CCI 4 Solution 

Com- 
pound 

Il l  

1V 

V 

VI 

Concentration, 
M 

5.48.10 -2 
2,74. 10 -2 
1.37. I0 -2 

5.05. 10 -2 
2.52.10 -2 
1.26. I0 -2 

5. 10 -3 

5. 10 -3 

1 �9 1 0  - 2  

5.  I0 -3 
I �9 10 -a  

1 �9 1 0  - 2  

5 .10  - s  
1 �9 1 0  - 3  

Vibration frequencies, cm -1 

N-H  bond C=O bond 

free 

1660 (19) 
1660 (15) 
1660 (5) 

1660 

1658 

1660 (16) 
1660 (10) 
1660 (5) 

free combined 

3456 (67)* 3256 (30) 
3456 (49) 3256 (t3) 
3456 (31) 3256 (5) 

3470 (31) 3305 (441 
3470 (22) 3305 (20) 
3470 (12) 3305 (8) 

3451 (48) 3258 (28) 
3451 (38) 3258 (20) 
3451 (16) 

3478 (38) 3290 (44) 
3478 (21) 3290 (22) 
3478 (14) 

combined 

1652 (46) 
1652 [34) 
1652 (19) 

1646 (25) 
1646 (17) 
1646 (5) 

1658 (67) 
1658 (58) 
1658 (22) 

1648 (20) 
1648 (8) 

*In parentheses, percent transmission. 
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~C==O, and this is character is t ic  of the s - c i s -d i s -  
tribution of the corresponding bonds [20]. As to the 
distribution of the substituents about the aliphatie dou- 
ble bond, all the compounds studied are  t rans i somers .  
This is quite evident from the average and high inten- 
sit ies of the absorption at 958-992 em -1, which is 
character is t ic  of the trans vinyl group [21]. 

The pyrrole ring is of course most easily detected 
by the valence vibrations of the N---H group. Accord-  
ing to R. A. Jones [4], the plane deformation vibra-  
tions of the N--H group in 2-substituted pyrroles  lie at 
1117 +3 cm-1, and those of pyrrole  itself at 1146 cm -1 
[22]. We found that, in this region, propenones- lhave  
two absorption bands of average and high intensities 
at 1130-1142 cm -1 (1136 ~1) and at 1110-1120 em -1 
(1114 + 2), but thatpropenones-3 have only one band at 
a higher frequency. It is possible that propenones-1 
may have two types of hydrogen bonds in which the 

group participates, and to which is due the pre-  
sence of a second absorption maximum. This does not 
exclude the existence of "breathing" vibrations in the 
pyrrole  cycle, to which is conventionally ascribed the 
band at 1133 :~ 3 cm -I [4]. However, N-methylated III 
and IV do not exhibit absorption in this region. 

Two strong bands at 1565 and 1500 cm -1 [23] are  
usually adduced to the skeletal vibrations of the pyrrole  
cycle. R. A. Jones [4] observed three absorption 
bands at 1550, 1470, and 1420 cm -1. In the compounds 
studied by us, only two corresponding vibration type 
at 1530-1570 (1547+3) cm -~ and at 1405-1430 (1413 • 3) 
cm -I were well observed (Table i). The first band was 

more intense and better developed in propenones-3, 

in which the carbonyl group is separated from the 

heterocycle by a vinyl group. On the other hand, the 

second vibration type (at 1405-1430 cm -I) was more 

intense and oustanding in propenones-l. 
The absorptions at 1000-1100 and below 960 cm -I 

(Table i) were considered as corresponding to the plane 

and out-of-plane deformation vibrations of the C--H 

group. 
It may be noted that the total number of absorption 

bands and their intensities are appreciably greater in 

propenones-3 than in propenones-l, especially in the 

1200-1400 cm -I region (Fig. i) This is evidently a rc- 

sult of the greater interlinking in the first case of the 

carbonyl group with the pyrrole cycle. It is interest- 

ing that furan [18] and thiophene [19] chalcone homo- 

logs exhibit an inverse picture. 

EXPERIMENTAL 

The IR-spectra of pyrrolic chalcone homologs were recorded in the 
solid phase in KBR pellets (I mg of substance and I00 mg of KBr) in 
a UR-10 infrared spectrometer in the 600-3500 cm -l region. The 
spectra of compounds I-VI were recorded in CCla solution at concen- 
trations from I. 10 -2 to I. 10 -3 M, with an IKS-14 apparatus. 
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