
The chemical shifts were obtained by extrapolation to infinite dilution. The internal standards for  the *H 
and ISF spectra  were, respectively, tetramethylsilane and fluorobenzene. The INDOR spectra were obtained 
with a Tesla spectrometer . .  The ABC PMR spectra of 1,2-diarylaziridines I-XI were analyzed in accordance 
with the method in [10]. 

Compounds XII-XXXI were obtained from methyleuedimethylsulfurane and the appropriate Schiff 
bases  [11]. 
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IR S P E C T R A  OF S U B S T I T U T E D  P Y R R O L E S  

B. A. T r o f i m o v ,  N. I .  G o l o v a n o v a ,  
A. I. M i k h a l e v a ,  S. E. K o r o s t o v a ,  
A. N. V a s i l ' e v ,  a n d  L .  N. B a l a b a n o v a  

UDC 547.74 : 543.422.4 

The IR spectra of 52 substituted pyrroles,  including 24 1-vinylpyrroles,  were thoroughly 
analyzed. The principal analytical bands of the pyrrole  ring and the vinyl group were 
isolated. Doublet character  of the bands of the stretching vibrations of the double bond 
(VC=C) and the C - H  (CH2--) out-of-plane deformation vibrations, which indicates the 
presence of rotational isomerism relative to the N-vinyl bond, was detected. The inte- 
gral  intensity of the principal component of the VC= C doublet was measured for 12 of the 
1-vinylpyrroles,  and it is shown that it is practically independent of the structure of the 
alkyl substituents in the ring. Proof for  the existence of a nonplanar gauche conforma- 
tion for the 1-vinylpyrroles was obtained. 

A new synthesis of pyrroles  [1-3] has made many previously unknown or  little-studied compounds of 
this series,  including 1-vinyl-substituted compounds, which are  interesting subjects for  the study of the 
effects of conjugation, problems of aromatici ty,  and the influence of unsaturated groupings attached to the 
nitrogen atom, accessible.  The vibrational spectra of pyrroles  have not been studied systematically. There 
~re only disconnected data available on the IR spectra of 1-methyl- ,  1-phenyl- 2,5-dimethyl-,  and 2,5-di- 
phenylpyrroles [4], 1 - , 2 - ,  and 3-alkylpyrroles and 2,3,5-tr ialkylpyrroles [5-7], and 1- and 2-al lylpyrroles 
[8]. The Raman spectrum of pyrrol.e has been studied [9], and the force constants ofpyrrole  and its deuterated 
and methyl derivatives have been calculated [10]. 
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T A B L E  1.  L i s t  of the Inves t iga ted  P y r r o l e s  
I R[ 

Com- 
po~ 

I 
II 

III 
IV 
V 

V1 
VII 

VIII 
IX 
X 

XI 
XlI 

Xlll 
XIV 
XV 

XVI 
XVII 

XVIII 
XIX 
XX 

XXI 
XXII 

XXIII 
XXIV 
XXV 

XXVI 

l RI 

H 
H 
H 
H 
H 
H 
H 
H 

CH~ H 
CH~ 
C~H~ 
C~Hs ]CH~ 
C~H~ ]C:,Hs 
C,~H~ IC~H~ 

--(CHub-- 
--(CH~)s-- 

C~Hs CHs H 
C~Hs C~Hs H 
C~H~ ]C~H~ ]CH~ 
C~Ha ]C~Hs C~H~ 
C~Hs [C~Hs n-CaH~ 

'C~Hs i-CaHr C~H~ 
C2Hs --(CE ~)~-- 
CH~=CH CH~ H 
CH~=CH CHa CH3 
CH~=CH CHs n-C~Hr 
CH~=CH CH~ i-CaH~ 
CH~=CH CHa ~CsHIt 
CH2=CH C~Hs 
CH~=CH C~Hs CHa 
CH2=CH n-C4H~ 
CH~=CH n-C4H~ n-C~H~ 
CH2=CH i-C4H~ H 
CI-I~CH t-C~H~ H 

Com- 
pound 

XXVI I I  
XXVIIII 

XXIXl 
XXXl 

XXXI I 
XXXIII 

XXXIIII 
XXXIVI 
XXXVI 

XXXVI I 
XXXVII 

XXXVI I I 

I0 

CH~=CH 
CH~=CH 
CH~=CH 
CH~=CH 
CH~=CH 
CH~=CH 
CH~=CH 
CH~=CH 
CH~=CH 
CH~=CH 
CH~=CH 
CH~=CH 

R= R s 

n-C~H~ H 
C~Hs H 
C,~H5 CH~ 
C~Hs C~H~ 
C~Hs n.C~Fb 
C~Hs I-C~Hz 
C~Hs C~Hs 
v-C~H~--C~H~ H 
~-CI--C~H~ H 
~-Br--C~H~ H 

, - - (CH2)~--  
- -  (CH~) sCH (CH3)-- 

XXXIXI CH2=CH 
XLI (CH2)2SCuH5 

XLII (CH~) 2SC3HT-n 
XLIII (CH,) 2SC4Hg-n 

XLIIII (CH2) 2SC_~Hs 
. XLIVl (CH2)2SC~HT-n 

XLVI (CH~)2SC3HT-i 
XLVII (CH2)~SC~Hg-n 

X L V I I I  (CH~)~SC4H~-i 
XLVIII[ (CIt2)2SC.~H5 

XLIX (CH2)~SC~Fb-n 
L] (CH~)2SC3H~-i 

LI[ (CH~)~SCMo-n 
LII I (CH~)~SC4H~-i 

c0.  I." C6H5 
--(CH~)~-- 
--(CH2h-- 
--(CH2)4-- 
--(CH~)4-- 
--(CH2) 4-- 

-- (CH~) 3CH (CH3)-- 
-- (CH2)3CH (CH3)-- 
--(CH2)aCH(CH3)-- 
--(CH2)sCH (CH~)-- 
--(CH~)3CH (CH3)-- 

In the p r e s e n t  r e s e a r c h  we made  a deta i led  ana lys i s  of the IR s p e c t r a  of 52 subs t i tu ted  p y r r o l e s  {pri- 
m a r i l y  1 - v i n y l p y r r o l e s )  in o r d e r  to fix the boundar i e s  of the c h a r a c t e r i s t i c  p y r r o l e  and vinyl  absorp t ion ,  to 
a s c e r t a i n  the bands  m o s t  su i tab le  f o r  the ident i f ica t ion of the inves t iga ted  compounds ,  and to de tec t  the 
p o s s i b l e  c o n f o r m a t i o n s  r e l a t i ve  to the N-v iny l  bond. A l i s t  of the inves t iga ted  p y r r o l e s  is g iven  in Table  1, 
and t he i r  typica l  IR s p e c t r a  a r e  shown in F ig .  1. 

A c o m p a r i s o n  of  the s p e c t r a  of 1 - v i n y l p y r r o l e s  XVI-XXXIX with the s p e c t r a  of p y r r o l e s  I -VIII ,  IX-XV, 
and X L - L I I ,  which  do not  have a v inyl  g roup  a t t ached  to the n i t rogen  a tom,  m a k e s  it pos s ib l e  to r e l i ab ly  i so-  
la te  the a b s o r p t i o n  bands r e l a t e d  to the double bond. Of g r e a t e s t  ana ly t i ca l  va lue  a r e  the f ive that  a r e  c h a r a c -  
t e r i z e d  by high o r  med ium intens i ty  and c o n s t a n c y  of pos i t ion:  H - - C = C - - H  fan v ib ra t ions  (wCH) at  582 • 4 (In); 
CH2---- fan  v ib r a t i ons  ir 2) at  859 * 5 (s) (the band a p p e a r s  as  a doublet  o r  is app rec i ab ly  broadened;  the low- 
f r e q u e n c y  componen t  is p resen ted ) ;  H - C = C - H  twis t ing v ib ra t ions  (vCH) at 946 • 6 is); and C----C s t r e t ch ing  
v ib ra t ions  (PC=C) a t  1585 • 5 (m) and 1.642 * 2 (s). All  of these  bands  a r e  absen t  in the s p e c t r a  Of nonvinyl  
compounds  I -VIII ,  IX-XV, and X L - L I I .  

The fo l lowing bands  a r e  c o m m o n t o  the  s p e c t r a  of all  of  the  p y r r o l e s  without  except ion:  708 • 4 is) , p y r r o l e  r ing  
C- -H  d e f o r m a t i o n  v ib ra t ions ,  which in many c a s e s  show up as  a n a r r o w  doublet  o r  t r ip l e t  with ~ 1 0  c m  -1 b e -  
tween the max ima ;  ~1380  c m  -1 (s) (more  often a doublet  with 10-20  cm -1 be tween  the m a x i m a ,  and l e s s  f r e -  
quent ly  a doublet  with up to 30 c m  -1 be tween  the max ima) ;  1490 • 4 (s) and ~1540  (usually a weak  doublet  with 
a d i f f e rence  in f r e q u e n c i e s  of  10-20  cm-1).  The las t  th ree  bands  ( ~ 1380, ~1490 ,  and ~ 1540 em -1) a r e  a s s u m e d  
to be r e l a t e d  to the s t r e t c h i n g  v ib ra t ions  of the p y r r o l e  ske le ton  [10]. The band at ~1300  cm -1 (s) ( some t imes  
a doublet) is c h a r a c t e r i s t i c  only f o r  N- subs t i t u t ed  p y r r o l e s  and is p robab ly  r e l a t ed  to C - N  s t r e t ch ing  v i b r a -  
t ions [4]. This band is at  1330 c m  -1 in the s p e c t r a  of 1 - e t h y l - 2 - p h e n y l p y r r o l e s  X-XIV.  Addit ional  bands  
(~1500 s, 1575-1585 w, and 1605-1612 m) r e l a t ed  to the benzene  r ing v ib ra t ions  a p p e a r  in the s p e c t r a  of 2 -  
p h e n y l - s u b s t i t u t e d  p y r r o l e s  ffl, VI, X, XI, XHI, XXVIII, XXIX, and XXXIII a t  1490 and 1600 c m  -1. At 3090-  
3140 c m  -1 {pr imar i ly  at  3100 cm- i )  -the s p e c t r a  of all  of  the p y r r o l e s  conta in  a w e a k , p o o r l y  r e s o l v e d  mult iple t ,  
which  is of l i t t le  use  f o r  ident i f ica t ion p u r p o s e s .  

U n s y m m e t r i c a l  1 - v i n y l - 2 - s u b s t i t u t e d  p y r r o l e s  m a y  have th ree  c o n f o r m a t i o n s  r e l a t ive  to the N-v iny l  
bond (Fig. 2): two p l a n a r  syn  and anti  c o n f o r m a t i o n s  (the angle  be tween  the p lanes  of  the r ing  and  double bond 

~ 0 ~ and one nonp lana r  gauche  c o n f o r m a t i o n  ia ~ 90~ A c e r t a i n  popula t ion  of the p l a n a r  c o n f o r m a t i o n s  of 
1 - v i n y l p y r r o l e s  is ev idenced  by, f o r  example ,  an ana lys i s  of the i r  NMR s p e c t r a  [11]. The two p l . n n r  con -  
f o r m a t i o n s  have s i m i l a r  g e o m e t r i e s  (they d e g e n e r a t e  to one c o n f o r m a t i o n  when R = H) and a p p r o x i m a t e l y  equal 
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Typical  IR spec t ra  of 1-v inylpyrro les :  a) 3-methyl-2-ethyl-l-vinyl- 
pyr ro le ;  b) 7 -methyl - l -v iny l -4 ,5 ,6 ,7- te t rahydro indole ;  c) 2 ,3-pentamethyl -  
ene - l -v iny lpy r ro l e ;  d) 1-v inyl -2 ,3-d iphenylpyrro le  (films). 

Fig.  2. Conformations of 1-vinyl-2-subst i tu ted  py r ro le s .  
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Fig. 3. Steric hindrance of the planar  syn con- 
fo rmat ion  o f 2 , t e r t - b u t y l - l - v i n y l p y r r o l e  (XXVI) 
(an interact ion radius of 0.6 .~ was used for  the 
hydrogen atoms [14]). 

Fig. 4. IR spec t ra  at 1400-1.650 cm -1 and 800- 
1000 era-l :  a) 1-vinylpyrrole ;  b) 2 -m e th y l -1 -  
vinylpyrrole ;  c) 2 - t e r t - b u t y l - l - v i n y l p y r r o l e .  

conditions fo r  conjugation of the double bond with the ring �9 sys tem exis t  in them. The IR f requencies  of these 
conformations the re fo re  should not differ  appreciably.  Conjugation is "disconnected, '  in the gauche conforma-  
tion, and, in addition, it has a fundamentally different  geometry ,  and some of the f requencies  of its vinyl group-  
ing may consequently also change. 

The energy b a r r i e r  between the planar  and nonplanar conformations may be due to repuls ion of the v- 
e lec t ron  clouds of the vinyl and py r ro l e  sys tems  during rotat ion about the Csp2 - N  bond to cer ta in  (critical) 

+ 
angles, a f te r  which the planar  conformat ion is fixed by the developing > N~CH--~H 2 v bond. 

The p re sence  of two ~C=C bands (,+1590 and .+1640 cm -I) and the doublet c h a r a c t e r  of the wCH ~ band 
(,-, 860 and ~ 875 cm -1) actually indicates the conformational  heterogenei ty  of 1-v inylpyr ro les .  A close analogy 
with vinyl e thers ,  the conformations of which a re  mos t  distinctly distinguishable in the same spec t ra l  regions 
[12, 13], is observed.  It is apparent  f rom Fig. 3 that in l+-vinylpyrroles with b ranched  ch a in s  in the 2 position 
rea l iza t ion  of the p lanar  syn conformat ion should be par t i cu la r ly  hindered (this p r imar i ly  per ta ins  to the 2- 
t e r t -bu ty l -  and 2-phenyl-subs t i tu ted  compounds). An analysis  of the spec t ra  shows that as in the case  of vinyl 
e thers ,  the intensity of the doublets is red is t r ibu ted  in favor  of the high-frequency components as the condi- 
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TABLE 2. Integral  Intensity (A) 
of the High- Frequency Component 
of VC= C of Some 1-Vinylpyrro les  

Compound 

N-Vinyl~.[ole 

XXII 
XXIII 
XXIV 
XXV 

XXVI 
XXVII 
XXIX 

XXXIII 
XXXVII 

XXXVIII 
XXXIX 

A �9 10 TM. 
mole" I. liter �9 

cm, 2 

0,85 
1,19 
1,20 
1,18 
1,16 
1,22 
1,20 
1,21 
1,35 
0,30 
1,18 
1,29 
1.27 

vc=c, cm -I 

1646 
1648 
1642 
1642 
1643 
1640 
1642 
1642 
1640 
1642 
1639 
1640 
1642 

tions for  real izat ion of coplanari ty become worse  (as the volume of group R 2 in the 2 posit ion increases) .  When 
R 2 = tert-C4H 9 (XXVI) and C6H 5 (XXVIII, XXIX), this redis t r ibut ion is expressed  par t icu lar ly  distinctly: the 
maximum at 1590 cm -1 in the spec t ra  of these compounds (Fig. 4) degenerates  to two appreciable shoulders on 
the band at ~1640 cm -1, and the coCH 2 absorpt ion is split  into peaks at 870 (s) and 885 (s) cm -!  (XXVI) and 885 
(m sh), 870 (s), and 880 (m sh) cm -1 (XXVIII). (The appearance of an additional c~CH ~ band in the spec t rum of 
XXVI~ is evidently assoc ia ted  with hindrance of rotat ion about the C2-phenyl  bond.i} z Thus the high-frequency 
components of VC= C and co C H2 may be tentatively assigned to the unconjugated gauche conformation.  The increase  
in the VC= C frequency as the conjugation in compounds of one se r ies  becomes weaker  is a regula r  tendency 
that ref lects  the shortening of the C=C bond because of an increase  in the s cha rac t e r  of the carbon atoms.  

If the noted doublet cha rac t e r  of the bands is associa ted  with the presence  of two planar  conformations,  
it should not be observed in the spec t rum of unsubstituted N-vinylpyrro le  (R 2 = R 3 = H), since there can be only 
one p lanar  form for  this compound. In fact,  its spec t rum is very  s imi la r  to the spec t rum of 2 - m e t h y l - l - v i n y l -  
py r ro l e  (Fig. 4) and also contains a distinctly expressed  vC= C doublet (].564 and 1.646 cm-l) ,  whereas  the WCH 2 
band at 863 cm -1 is markedly  broadened. 

Table 2 shows that the frequency and integral intensity of the high-frequency component of vc= C depend 
little on the s t ruc ture  and position of the alkyl groups in the pyr ro le  ring. The decreased  intensity of the 
double bond in the spec t rum of unsubstituted N-vinylpyrro le  can be interpreted as the resul t  of a change in the 
inductive effect of the ring in favor  of weakening its donor charac te r .  It is interest ing that even the introduc- 
tion of a phenyl substi tuent in the 2 posit ion of the pyr ro le  ring (XXIX) increases  the intensity of VC= C only 
slightly. All of this conf i rms the conclusion that in the p r e f e r r ed  conformation of 1-v inylpyrro les  the double 
bond is to some extent conjugationally "disconnected" f rom the ring 7r system.  The manifestat ions of con- 
jugated interact ion of the double bond with the ring that a re  observed in the UV spec t ra  of 1-vinylpyrroles  [14] 
a re  evidently re la ted to the higher energy levels that are  not affected by vibrational  excitation. In addition, 
these manifestat ions may be associa ted  with the presence  of less populated planar  conformations.  The fact  
that the intensity of the C=C band of the p r e f e r r e d  conformat ion (~1640 cm -1) pract ica l ly  does not increase  
even in the case  of a lmos t  complete disappearance of the planar  conformations at 1590 cm -1, as one observes  
in the spec t ra  of XXVI, XXVIII, and XXIX, also constitutes evidence for  a considerably lower percentage of the 
lat ter .  On the basis  of this it can also be assumed that the mola r  extinction coefficients of the VC= C bands of 
the p lanar  (conjugated) conformations are  considerably higher. 

It can be seen f rom the sharp decrease  in the intensity of the VC= C band (1642 cm -1) of 1-v inyl -2 ,3-d i -  
phenylpyrro le  (XXXIII) that the second phenyl substituent in the 3 position of the ring very  substantially changes 
the e lectronic  a r r a n g e m e n t  in the N-vinylpyrrole  f ramework  (the f rac t ion of the unconjugated conformation de- 
c r e a se s  considerably);  this is in complete agreement  with the UV spect ra l  data [14]. 

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

P y r r o l e s  I-VIII  and 1-v inylpyrro les  XVI-XXXIX were  synthesized by react ion of the appropria te  ketox- 
imes with acetylene [1-3, 15], unsubstituted 1-v inylpyrro le  0R 2 = R 3 = H) was synthesized by vinylation of 

* The above-noted multiplicity of some of the pyr ro le  bands (for example, at ~ 710 and ~ 1300 cm -1) is e v i -  
dently also due to rotat ional  i somer i sm of the groupings.  
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pyrrole with acetylene, and 1-ethyl- and 1-(2'-alkylthioethyl)pyrroles IX-XV and XL-LII were obtained by se- 
lective hydrogenation [16] and thiylation [17] of 1-vinylpyrroles. 

The purity of all of the samples, except 1-vinyl-2,3-diphenylpyrrole XXXIII, was monitored by gas-  
liquid chromatography (GLC) and was no less than 99%. Pyrrole XXXIII was purified by recrystaUization 
from ethanol; the purified product had mp 112 ~ and one spot was observed when it was subjected to thin-layer 
chromatography (TLC)on AI~O 3 [elution with heptane-ether  (1:2)]. 

The IR spectra of liquid films and CC14 solutions of the compounds were recorded with a UR-20 spec- 
trometer.  The integral intensities of the absorption bands were measured by the method in [18]. 
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