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The electronic absorption spectra of ten chalcone analogs derived from 

4- and 5-nitropyrroles have been measured in solution in ethanol, di- 

oxane, concentrated sulfuric acid. and 20% ethanolic caustic potash 

and interpreted. The IR spectra of these compourlds and also of 4- and 

5 - n i t r o - 2 - a c e t y l p y r r o l e s  and  5 - n i t r o p y r r o l e - 2 - a l d e h y d e  h a v e  been  

m e a s u r e d  in the  3 7 0 0 - 5 0 0  c m  -1 r eg ion ,  an  a s s ignmen t  of f r equenc ies  

has been  ca r r i ed  out ,  and cons idera t ions  have  been  put  forward  on the  

c o n n e c t i o n  be tween  the  c h a r a c t e r i s t i c  f ea tu res  of the  absorp t ion  and 

the c h e m i c a l  s t ruc tu re .  

In a p r e c e d i n g  p a p e r ,  we d e s c r i b e d  the s y n t h e s i s  of 
cha lcone  ana logs  conta in ing  a 4 -  o r  5 - n i t r o p y r r o l - 2 - y l  
r a d i c a l  [1]. It a p p e a r e d  of i n t e r e s t  to s tudy t h e i r  e l e c -  
t r o n i c  and IR s p e c t r a .  L i t e r a t u r e  in fo rma t ion  on s p e c -  
t r a l  i nves t iga t ions  of n i t r o p y r r o l e s  is  f a i r l y  l i m i t e d  in 
sp i t e  of the fac t  tha t  some  of t hem p o s s e s s s  b io log i ca l  
ac t iv i ty  [2, 3]. Among them we m a y  m e n t i o n  i n v e s t i g a -  
t ions  [4, 5] in which the UV s p e c t r a  of the  n i t r o p y r r o ! e s  
w e r e  s tud ied  in connec t ion  with the phenomenon of t a u -  
t o m e r i s m ,  and s o m e  o t h e r s  [6, 7]. The IR s p e c t r a  of 
the  n i t r o p y r r o l e s  have been  s tud ied  even l e s s  [7]. 

We have m e a s u r e d  the a b s o r p t i o n  s p e c t r a  in the UV 
and v i s i b l e  r eg ions  in so lu t ions  in e thanol ,  dioxane,  
c o n c e n t r a t e d  su l fu r i c  ac id ,  and 20% e thano l ic  c a us t i c  
po ta sh  of the  i s o m e r i c  1 - ( 5 ( 4 ) - n i t r o p y r r o l - 2 - y l ) - 3 - R -  
p ropenones  with the c a r b o n y l  g roup  in v a r i o u s  p o s i -  
t ions  in the con juga ted  chain ,  whe re  R = phenyl  ( I - I I I ) ,  
4 - a n i s y l  ( IV-VI) ,  4 -n i t r opheny l  (VII-IX) and p y r r o l - 2 -  
yl  (X) (Table  1, F ig .  1). The IR s p e c t r a  of t h e s e  c o m -  
pounds and a l so  of 5 - n i t r o p y r r o t e - 2 - a l d e h y d e  (XI) and 
of 4-  and 5 - n i t r o - 2 - a c e t y l p y r r o l e s  (XII, XIII) w e r e r e -  
c o r d e d  in the  so l id  phase  (po ta s s ium b r o m i d e  t ab l e t s )  
and, for  the  ke tones  I and III, a l so  in ca rbon  t e t r a c h l o -  
r i de  so lu t ion  (Table 2, F ig .  2). 
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Fig.  i. A b s o r p t i o n  c u r v e s  of the ke tones  II and III, 
r e s p e c t i v e l y ,  in: 1, l a )  e thanol ,  2, 2a) 20% e thanol ic  

c ans t i c  potash;  3, 3a) 95 % su l fu r i c  ac id .  

In n e u t r a l  so lven ts ,  in the UV the  compounds  in -  
v e s t i g a t e d  g e n e r a l l y  have two w e l l - d e f i n e d  s t rong  ab- 

so rp t ion  bands  a t  230-285  and 320-420  nm. In s t rong  
ac id  and a lka l ine  m e d i a  ano ther  band of longer  w a v e -  
length  is  found, which is due to the abso rp t ion  of the 
c o r r e s p o n d i n g  conjugated  ca t ion  o r  anion.  In view of 
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2. IR s p e c t r a  of the  ke tones  II, I l l ,  and X. 

i t s  high in tens i ty  and i t s  r e l a t i o n  to the  so lven t s ,  the 
long-wave  abso rp t ion  m u s t  be  a s c r i b e d  to ~ --* ~* e l e c -  
t r on i c  t r a n s i t i o n s  in the m a i n  e h r o m o p h o r e - - t h e  m a i n  
chain of conjugat ion .  In the  shor twave  r eg ion  a p p e a r s  
the  q u a s i - a u t o n o m y  of the ind iv idua l  c h r o m o p h o r e s - -  
the a r o m a t i c  and h e t e r o c y c l i c  s y s t e m s ,  and a l so  the 
n i t ro  group,  which, as is  wel l  known, a b s o r b s  at about 
270 nm [8]. The l a t t e r  ev iden t ly  a p p e a r s  b e s t  whentwo 
n i t ro  groups  a r e  p r e s e n t  at the ends of the  mo lecu l e  as,  
fo r  e x a m p l e ,  in compounds  VIII and IX. 

In so lu t ions  in e thanol  and d ioxane ,  I - X  m a y  fo rm 
hydrogen  bonds  with the  so lvent  in which the hydrogen  
of the imino  group (ethanol,  dioxane)  and of the  c a r -  
bonyl  group (ethanol) take par t .  The f o r m a t i o n  of 
i n t e r m o l e c u l a r  p o l y m e r i c  a s s o c i a t e s  of I - X  at  the con-  
c e n t r a t i o n s  at which the s p e c t r o p h o t o m e t r i e  m e a s u r e -  
m e n t s  w e r e  c a r r i e d  out (10 -5 M) m u s t  be exc luded .  
The s p e c t r a l  cu rves  in e thanol  and dioxane a r e  a l m o s t  
iden t i ca l ,  but in the m a j o r i t y  of c a s e s  the  a b s o r p t i o n  
m a x i m a  of the e thanoI ic  so lu t ions  a r e  sh i f ted  s o m e -  
what ( 2 -6  nm) in the  r e d  d i r eq t ion .  Thus,  the  d i f f e r -  
ence  in the types  of hydrogen  bonds  in th is  c a se  l eve l s  
o u t .  
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Table 1 

Spectral Characteristics of the Chalcone Analogs I - X  in the UV and Visible Regions 
,,, ,~ 

?'-max, nm/8 

Formula 

II 

O~N--~'--N'-- ~ -- CO --CH=s 
U 

H 

0IN ~--CO--CH =Cf|--~--~--OCH:~ 
l! 

O~N-~]~N]~--CO --CII . C l l ~ - - O C H  3 
H 

ethanol  

230[12480 
325/27860 

232/9738 
360/24140 

288/9488 
390/26100 

245/15600 
355/27280 

247/9333 
377/27330 

dioxano  

255/10340 
323/28080 

340* 

354/31450 

285/9018 
391" 386/28500 

243/t5050 
350/28330 

357* 

245/10550 
372/35080 

cone H:SO 4 

255/10960; 335/10650; 
463/57410 

255[6300; 337/6130; 
480[54000 

260/5882; 330/9100 
493/44810 

265[11800; 345/11280 
480/76340 

270[7506; 350/7949 
505/55200 

4t5"*i 

473** 

462** 

20% ethanolic solution of KOH 

313j19400 
393[20800 

270/9150; 312/13000 
410/25100 

268/11600; 398/13000 
450/15300 

333/25200 
395/24800 

272/14900 
410/25100 

O2N-.~-~--CH = CH--CO--(~--OCHI 

" ,QNY_Co_cn=c H 
H 

O~N--~"N'N'~- (~O- C It :: C I!--/ffff~--NO~ 
H 

H 

323/13700 
392]30100 

392* 

322/23270 

353* 

245/11790 
277/[3320 
333]12020 

270/16200 
396/28160 417" 

320/13000 
386/30100 

323/22230 

242]12390 
275/11090 
333/14610 

273/15910 
392/25150 

365/12150 
495/43100 

327/11520 
424/38460 

317/5420; 345/5580; 
443/36670 

311/12280 
490[45790 

500**] 270/18000; 405/13409 
453/19000 

380* 

460* 

02N--~-~--CO--C H-: CH--~ 
H I! 

260/6200 
330/10850 
421/30900 

268/3893 
388* 328/9408 

424/24650 

255/5715; 3~7/6767; 
523/60150 

380* 

455* 

I 

403** - -  -- 

470** 

391/17300 
457/23800 477** 

*hma x of the  ke tones  w i t h o u t  a nitro group in the pyrrole nucleus. 
**Xma x o f  the  ke tones  in a 30% so lut ion  o f  sulfuric acid in glacial acetic acid, 
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Table 2 

C h a r a c t e r i s t i c  F requenc ie s  of Compounds I -XI I I  (IR Spectra) 

Com-! 
pound 

[ 
%~N H 

I 3300--3220 
I 3200 

IIII 3215 
I~ 3170 

3200 
VI 3210 

VII 3200 
VIII! 3210 

I~ 3255 
. 3410; 

3180--3160 

X~ i 3190--314532303240 

I 

VCH Pfor the pyrrole 
ring 

v NO~ 

3138 
3150; 3138 
3130; 3110 

3130 
3142 

3124; 3108 
3136; 3118 
3134; 3122 
3141;3115 

3134; 3112 

I ~  1009 1565 146011397 981 
16001 15501 14551 1375] 987 

1665, 1610] 1582] 1460~ 13801 978 
1640i 1580] 1565 1470 1413 984 
1663i 1590] 1575 1460! 1372 995 
I670i 16i51 1585 1465 i 14o01 98o 

1565 14701 980 16701 1603! 1410 I 
1675[ 1612 i 1566 1480] 1374 902 

164011 3 t;51 
1657 
1085 [ 1478 13821 - -  

15051 1352 
1525 1340 
1515 1280 
15121 1360 
1520 1345 
15151 1285 
1512 1350 
152211348; 1322 
1532 1360; 1330 
1505 1335 

1530 1350; 1285 
1495 1322 

1520 1305 
I 

1150 1050 
I1701 1052 
i167! I052 
1152 1055 
If70 1050 
185~ 1047 

1155 i050 
176 1060 
164/lO4O 

1173 1050 

1156 1058 
1175i 1078 
12051 1038 

We have p rev ious ly  [9, 10] s tudied the e lec t ron ic  
spec t r a  of o therwise  analogous ketones  conta in ing  no 
n i t ro  groups in the py r ro l e  r ing .  The compar i son  of 
the spec t r a  made shows that the in t roduc t ion  of a n i t ro  
group into pos i t ion  5 of a py r ro l e  nuc leus  adjacent  to 
the ca rbony l  group for ketones  in the molecule  of which 
there  is a donor r ad ica l  (II, V, X) causes  a cons ide rab le  
ba thochromic  effect (20-33 nm).  Converse ly ,  the i n -  
t roduct ion  of a n i t ro  group in posi t ion 4 (I, IV, VII) a l -  
ways leads to a blue shift of the absorp t ion  max i mum 
of the long-wave band (by 2 - 3 I  nm).  Where the pyr ro le  
chalcone conta ins  an e l e c t r o n - a c c e p t i n g  rad ica l  (4 -n i -  
t rophenyl ,  VII-IX),  then, r e g a r d l e s s  of the posi t ion of 
the carbonyl  in the conjugated chain,  on the i n t r oduc -  
t ion of a n i t ro  group (in pos i t ion  4 or 5) a b lue - sh i f t  is 
obse rved  (by 20-31  nm).  The l a t t e r  fact is in a g r e e -  
ment  with the ru le  found p rev ious ly  in a study of the 
spec t r a  of fu ran  chalcones  [11] and thiophene chaIcones 
[12] that the in t roduc t ion  of a second n i t ro  group into 
the d i s ta l  end of a chalcone molecu le  e i ther  has no 
effect on hma  x or,  more  f requent ly ,  causes  a hypso-  
chromic  shift.  It is t rue  that  this  blue shift is p a r t i c u -  
l a r ly  la rge  for  the p y r r o l e  ketones .  It is i n t e r e s t i ng  
that a n i t ro  group in the py r ro l e  nucleus  r emote  f rom 
the ca rbonyl  group has no apprec iab le  inf luence on the 
UV s p e c t r u m  (III, VI). 

In addition to this ,  if we cons ide r  how the r e p l a c e -  
ment  of one of the phenyls  in chalcone (kma x in ethanol 
312 nm) by a 4- or 5 - n i t r o p y r r o l - 2 - y l  group affects the 
long-wave absorpt ion ,  it can be seen  that the r ed  shift  
i nc r ea se s  sharp ly  in the sequence  I > II > III. It is n a -  
tu ra l  that a n i t ro  group in posi t ion 4 of the py r ro ly l  
group has a s m a l l e r  inf luence on the spec t rum,  s ince  
this  posi t ion in  f i v e - m e m b e r e d  he te rooyc les  is equ iv-  
alent  to a m e t a  pos i t ion  of compounds of the benzene  
s e r i e s ,  where the conjugat ion effect is  absent .  

All  the ketones studied p o s s e s s  ha loehromic  p rop-  
e r t ies .  The in t roduc t ion  of a n i t ro  group into them 
lowers  the i r  bas ic i ty ,  on the one hand, and c o n s i d e r -  
ably i n c r e a s e s  the i r  r e s i s t a n c e  to the agg re s s ive  a c -  
t ion of m i n e r a l  ac ids ,  on the other  hand. Thus,  while 
the o r d i n a r y  p y r r o l e  chalcones  very  rapid ly  r e s in i fy  
in concen t ra ted  su l fu r i c  acid and the posi t ion  of kma x 
can be r e c o r d e d  only qua l i ta t ive ly  in s e l f - r e c o r d i n g  
spec t ropho tomete r s ,  compounds I - X  are comple te ly  

s tab le  for  2 - 3  hro In a 30% solut ion of su l fur ic  acid in 
g lacia l  acet ic  acid, in which the py r ro l e  ke tones  with-  
out n i t r o  groups were  studied [10], the h a l o c h r o m i s m  
is not shown because  of the tow bas ic i ty  of I -X .  A 
n i t ro  group in a py r ro ly l  r ad ica l  deepens  the ha lo -  
chromic  colora t ion  by 20-65  nm (I, II, III). The g r e a t -  
es t  ba thochromic  effect is obse rved  when the n i t r o  
group is in t roduced into the he te rocyc le  adjacent  to 
the carbonyl  group and it can be unders tood that  it 
exe r t s  a g r e a t e r  effect in posi t ion 5 than in posi t ion 4. 
In su l fur ic  acid the addit ion of a proton to the carbonyl  
group takes  place [10], with the fo rmat ion  of the con-  
jugate  ca rbon ium ion, the color  of which depends on 
the e l ec t ron  d i sp l a c e me n t s  in the chain of conjugat ion 
in the d i rec t ion  towards  the ca rbon ium atom > C+OH. 
It is na tu ra l  that a n i t ro  group in the py r ro l e  r ing  (II) 
p romotes  this  shift of the e l ec t ron  densi ty  and leads to 
the m a x i m u m  ba thoehromic  effect. 

The compounds inves t iga ted  p o s s e s s s  not only bas ic  
p rope r t i e s  but a lso a f a i r ly  well  expres sed  acidic n a -  
tu re .  The p re sence  of a n i t ro  group in a pyr ro le  r i ng  
enhances  the i r  acidic p rope r t i e s  and, as a rule ,  they 
d issolve  in alcoholic  solut ions  of a lka l i s  with the f o r -  
mat ion  of colored anions.  The p r e s e n c e  of an i sobes t ic  
point on the absorp t ion  curves  of the ketone III m e a -  
s u r e d  in e thanol ie  solut ions  of caust ic  potash of v a r i -  
ous concen t ra t ions  shows the ex i s tence  of the ac id-  
base  equ i l ib r ium : 

O O- 
! 7--5 

t I I I  
0 

Of the two m e s o m e r i c  s t ruc tures* ,  the f i r s t - -wi th  a 
negat ive  charge on the oxygen- -mus t  have the deeper  
color  [10]. The n i t r o  group i n c r e a s e s  the propor t ion  of 
the s t r u c t u r e  with a minus  on the n i t rogen  and leads to 
a hypsoehromic  shift by 10 nm in compar i son  with the 
ketone without a n i t ro  group. The opposite phenomenon 

*A structure with a minus on the oxygen of the nitro 

group is also possible. 
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is o b s e r v e d  fo r  the  anions of compounds I and 1I, in 
which the in t roduc t ion  of a n i t ro  g roup  c a u s e s  a ba tho -  
c h r o m i c  ef fec t  of 1 3 - 3 0  nm. A c o m p a r i s o n  of the a b -  
so rp t ion  m a x i m a  of the long-wave  band of the  anions of 
I, II, and III with IV, V, and VI, r e s p e c t i v e l y ,  shows 
that ,  as has  been r e p o r t e d  p r e v i o u s l y  [10], a methoxy  
group in the  a r o m a t i c  nuc leus  has  no s ign i f i can t  ef fec t  
on the  co lo ra t ion .  

A study of the IR s p e c t r a  of compounds  I - X I I I  (Table 
2, Fig.  2) shows that  in the c r y s t a l l i n e  s t a t e  they  a r e  
a s s o c i a t e d  th rough  a hydrogen  bond be tween  the imino  
group and the ca rbony l .  Thus,  in a l l  the s p e c t r o g r a m s  
t h e r e  is  a b r o a d  abso rp t ion  band of the  NH group p a r -  
t i c ipa t ing  in the  f o r m a t i o n  of a hydrogen  bond with a 
m a x i m u m  in the  3145-3265 cm -1 region+ The a b s o r p -  
t ion c h a r a c t e r i s t i c  for  a f r e e  imino group  in p y r r o l e s ,  
loca ted ,  a c c o r d i n g  to the  l i t e r a t u r e ,  at 3400-3440 cm - t  
[13] or  at 3450-3500 cm - t  [14] was found only in c o m -  
pound X, which conta ins  two p y r r o l e  r i ngs  in the  m o l -  
ecule  (3410 c m - l ) .  At high di lut ion (10":5-10 -6 M) in 
ca rbon  t e t r a c h l o r i d e ,  the abso rp t ion  c h a r a c t e r i s t i c  fo r  
a nonbound NH group  is  a l so  found for  ke tones  II and 
III at 3425-3430 cm -1. It mus t  be a s s u m e d  that  the 
hydrogen  bond in the  n i t r o p y r r o l e  chalcone  analogs  i s  
s t r o n g e r  than in the analogous  cha lcones  not con t a in -  
ing a n i t ro  group,  s ince  VNH in the l a t t e r  c a se  is lo -  
ca ted  at h ighe r  f r e q u e n c i e s - - 3 2 3 2 - 3 2 9 0  cm -1 [15]. At 
the s a m e  t i m e ,  in the  p a i r s  of i s o m e r i c  ke tones  II  and 
III, V and VI, and VIII and IX, VNH is lower  fo r  that  
i s o m e r  in which the ca rbony l  group is ad j acen t  to the  
n i t r o p y r r o l e  r ing ,  s ince  under  t hese  condi t ions  the  
N--H bond is l o o s e r .  The p r e s e n c e  of a s t r o n g e r  hy-  
d rogen  bond in I - X I I I  i s  a l so  c o n f i r m e d  by the f a c t t h a t  
the  p l a n a r  de fo rma t ion  v ib r a t i ons  of the N--H group 
(riNI-I) a r e  shif ted into the h igh - f r equency  r e g i o n - - 1 1 5 0 -  
1205 cm -1 as c o m p a r e d  with 1136 • 1 cm -1 a c c o r d i n g  
to l i t e r a t u r e  da ta  [15]. F o r  the d e r i v a t i v e s  of 4 - n i t r o -  
p y r r o l e ,  fiNH is somewha t  l o w e r  than fo r  the  i s o m e r i c  
5 - n i t r o  compounds.  

A doublet  of bands  of low and m e d i u m  in tens i ty  is  
f r equen t ly  o b s e r v e d  in the 3110-3140 cm -1 reg ion  
which, a cco rd ing  to Lord  and M i l l e r  [16], m a y  be a s -  
c r i b e d  to the s t r e t c h i n g  v i b r a t i o n s  of the  C- -H bonds 
(vCH) of the p y r r o l e  r ing .  The absence  of such v i b r a -  
t ions  in the case  of compound X can be  exp la ined  by 
t h e i r  ove r l app ing  with the ad jacent  b r o a d  abso rp t i on  
band of an NH group p a r t i c i p a t i n g  in the  f o r m a t i o n  of a 
hydrogen  bond. 

The c h a r a c t e r i s t i c  f r equency  of the  v ib r a t i ons  of a 
ca rbony l  group (vC==O) of the  compounds  s tud ied  is 
found in the  r a n g e  f rom 1690 to 1640 cm - l .  This  i s  
c o n s i d e r a b l y  h igher  than for  the c o r r e s p o n d i n g  sub -  
s t a n c e s  not  conta in ing  a n i t r o  group and is a c o n s e -  
quence of the  e l e c t r o n - a c c e p t i n g  na tu r e  of the  l a t t e r ,  
which l e a d s  to a d e c r e a s e  in the p o l a r i z a t i o n  of the  
ca rbony l .  The s t r e t c h i n g  v i b r a t i o n s  of an a l i pha t i c  
double  bond (vC-~C) a r e  l oca t ed  in the  1620-1590 cm -1 
reg ion ,  and t h e i r  in tens i ty  is c o n s i d e r a b l y  h igher  than 
the in tens i ty  of v C==O (Fig.  2). Such a r e l a t i o n s h i p  of 
the i n t ens i t i e s  of vC==O and vC==C is  c h a r a c t e r i s t i c  for  
the s - c i s  a r r a n g e m e n t  of the c o r r e s p o n d i n g  bonds in 
a , r i - u n s a t u r a t e d  ke tones  [17]. However ,  the  p r e s e n c e  

of a b so rp t i on  in the 995-978 cm -1 reg ion  (nonplanar  
d e f o r m a t i o n  v i b r a t i o n s  of the hydrogens  of a v iny lene  
group--~/Ctt==CH) enab les  compounds I - X  to be a s -  
s igned,  with r e s p e c t  to the a r r a n g e m e n t  of the s u b s t i t -  
uents  about the double  bond, to the t r a n s  i s o m e r s .  

The n i t ro  g roups  in compounds I - X I I I  a r e  c o m p a r a -  
t i ve ly  r e a d i l y  de t ec t ed  by m e a n s  of the a n t i s y m m e t r i c a l  
(vas) and s y m m e t r i c a l  (v s) s t r e t c h i n g  v i b r a t i o n s  of 
m e d i u m  and high in tens i ty  at 1500-1532 cm -1 and 
1285-1360 cm -1, r e s p e c t i v e l y .  While the a s s i g n m e n t  
of Vas does  not give r i s e  to doubt, in c o n t r a s t  to th i s ,  
Vs is p r e s e n t  in the r eg ion  in which many  o the r  v i b r a -  
t ions  fa l l  and it m a y  be sp l i t  [18], and t h e r e f o r e  i t s  
a s s i g n m e n t  is  not  a lways  suf f ic ien t ly  s t r i c t .  In c o m -  
pounds VI I - IX ,  which have two n i t ro  g r o u p s - - i n  the  
p y r r o l e  and benzene  n u c l e i - - i t  i s  not  p o s s i b l e  to r e -  
co rd  the c o r r e s p o n d i n g  v i b r a t i o n  bands  s e p a r a t e l y  and 
the  a b s o r p t i o n s  of the two n i t r o  groups  a r e  s u p e r p o s e d .  
The somewhat  low value  of Vas in the p y r r o l e  ke tones  
is p robab ly  connec ted  with the  s t r o n g  e l e c t r o n - d o n a t -  
ing n a t u r e  of the h e t e r o c y c l e ,  which a l so  l e a d s  to a 
l ower ing  of the f r equency  [19]. It i s  i n t e r e s t i n g  tha t  a 
n i t ro  group in pos i t ion  4 of the  p y r r o l e  r ing  of the 
compounds s tud ied  has Vas in the r ange  of f r equenc ie s  
somewhat  lower  than fo r  the i s o m e r s  in which the n i -  
t r o  group is  in pos i t ion  5 (I and II, IV and V, VII and 
VIII, XII and XIII). This  is  p r o b a b l y  con~neeted with 
the  fact  tha t  in the f i r s t  c a se  i t  is not conjugated  with 
the  e l e c t r o n - a c c e p t i n g  ca rbony l  and is  under  the  in-  
f luence only of the  e l e c t r o n - d o n a t i n g  p y r r o l e  r ing .  

The in t roduc t ion  of a n i t r o  group into the p y r r o l e  
nucleus  is  a l so  r e f l e c t e d  in the  s t r e t c h i n g  v ib r a t i ons  of 
the  h e t e r o c y c l e .  In the p r e c e d i n g  inves t iga t ion  [15] on 
the analogous  cha lcones  not  conta in ing a n i t ro  group,  
two t y p e s  of s k e l e t a l  v i b r a t i o n s  of the p y r r o l e  nucleus  
were  found: 1547 • 3 c m  - l a n d  1413 • 3 cm - l .  In our  
compounds ,  the  f i r s t  type  of v i b r a t i o n s  l i e s  in the 
1550-1585 cm -1 r eg ion  but a p p e a r s  a s  a v e r y  weak 
band,  and only fo r  I, IV, VII, and XII with a n i t ro  
group in pos i t ion  4 do these  v i b r a t i o n s  a t ta in  a m o d e r -  
ate in tens i ty .  This  is  c o n f i r m e d  by r e s u l t s  [20] a c -  
co rd ing  to which the band c lo se  to 1565 cm - I  is  s t r o n g -  
e s t  in 2, 3- and 2, 4 -d i subs t i t u t ed  p y r r o l e s  and is weakes t  
in the  2, 5- i s o m e r s .  The second  type of s k e l e t a l  v i -  
b r a t i o n s  of p y r r o l e  ment ioned  is  c o n s i d e r a b l y  shi f ted  
under  the inf luence  of a n i t ro  group into the l o w - f r e -  
quency r e g i o n - - 1 3 7 2 - 1 4 1 3  c m - t - - w i t h  a bso rp t i on  of 
m e d i u m  and high in tens i ty ,  and th is  sh i f t  is  g r e a t e r  
fo r  the  5 - n i t r o p y r r o l e  d e r i v a t i v e s  than fo r  the 4 - n i t r o  
i s o m e r s .  In the  subs t a nc e s  s tud ied ,  e s p e c i a l l y  f o r  the  
2, 5 -d i subs t i t u t ed  p y r r o l e s ,  a t h i r d  type  of s t r e t c h i n g  
v i b r a t i o n s  of the h e t e r o c y c l e ,  which has  r e c e n t l y  been  
r e p o r t e d  [21], is  found at 1455-1480 cm - t .  

So f a r  a s  c o n c e r n s  the o ther  abso rp t ion  peaks  ly ing  
be low 1200 cm - t ,  they  ma in ly  r e l a t e  to the  p l ana r  and 
nonp lana r  v i b r a t i o n s  of the  CH groups  of the  a r o m a t i c  
and p y r r o l e  r i ngs ,  and i t  is e x t r e m e l y  d i f f icul t  to iden-  
t i fy  them in many  c a s e s .  In Table 2 we give only the 
we l l -de f Ined  a bso rp t i on  of m e d i u m  and high in tens i ty  
at  1058-1078 cm - t  which m u s t  p robab ly  be a s s i g h e d  
to the  p l a n a r  de fo rma t ion  v i b r a t i o n s  of the  hydrogen  
of the  n i t r o p y r r o l y l  group (riCH)- 
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F o r  5 - n i t r o p y r r o l e - 2 - a l d e h y d e  (XI) a n d  2 - a c e t y l -  

5 - n i t r o p y r r o l e  (XIII) ,  o n l y  t w o  h i g h - i n t e n s i t y  p e a k s  

a r e  o b s e r v e d  in  t h e  9 9 0 - 7 0 0  c m  -~ r e g i o n ,  a t  810 ,  7 7 0  

a n d  8 1 9 ,  750  c m  -1, r e s p e c t i v e l y ,  w h i c h  c a n  b e  a s -  

s i g n e d  t o  t h e  n o n 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  of  t h e  

t w o  h y d r o g e n  a t o m s  a d j a c e n t  t o  o n e  a n o t h e r  in  t h e  3, 4 -  

p o s i t i o n s  o f  t h e  p y r r o l e  r i n g .  F o r  t h e  p u r p o s e s  o f  

i d e n t i f i e a t i o n ,  i t  i s  of  i n t e r e s t  t o  m e n t i o n  t h a t  in  t h e  

e a s e  o f  4 - n i t r o - 2 - a c e t y l p y r r o l e  (XII) t h e r e  a r e  f i v e  

m a x i m a  of m e d i u m  a n d  h i g h  i n t e n s i t y  in  t h i s  r e g i o n .  

EXPERIMENTAL 

The measurement  of the electronic absorption spectra was carried 
out on an SF-4 spectrophotometer with 2 " 10 -5 to 4 �9 10 -6 M solutions. 
The IR spectra were recorded for the substances in the solid phase in the 
form of tablets with potassium bromide (2 mg of substance per 100 mg 
of KBr), and compounds I and IiI were also recorded in carbon tetra- 
chloride solution at a concentration of 1 �9 10-5-1 �9 10 -6 M in a UR-10 
instrument in the range from 3700 to 500 em -1. 

The solvents were purified as described by Weissberger et aI. [22]. 
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