
Russian Chemical Bulletin, Vol. 46, No. g, August, 1997 1407 

The effect of the physical state on the equilibrium conformation 
of 2-arylpyrroles 
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The equilibrium torsion angles of 2-arylpyrroles in the liquid and solid phases were 
estimated by UV spectroscopy. In solution, compounds comaining no substituents in 
positions I, 3, and 2" possess an average torsion anne of 24 ~ those containing one 
substituent have an angle of 29 ~ and in the case of two and three substituents, the angles are 
53 ~ and 65 ~ respectively. Phase transitions lead to tlattenmg of the molecules ha almost all 
cases. The average torsion angles in the compounds with no substituents in positions 1, 3, 
and 2" decrease by -5 ~ on passing from the gas to the liquid state and by -25 ~ on going from 
the liquid to the solid state. The geometric parameters of 2-arylpyrroles with one or two 
substituents in positions 1, 3, and 2" axe less sensitive to phase transitions, while trisubsti- 
tuted derivatives even retain their equilibrium conformations upon phase transitions. 

Key words: equilibrium conformation of molecules, UV spectroscopy, semiempirical MO 
calculations, 2-arylpyrro[es. 

Of  conformat iona i ly  mobile  molecules  wi th  extended 
r~-systems, d iphenyl  and its derivatives have been  struc- 
turaUy studied in greatest d e t a i l  The equi l ibr ium geom-  
etry of  these c o m p o u n d s  depends  markedly on the na-  
ture of  the substi tuents and on the physical  state. Fo r  
example,  the equi l ibr ium torsion angle in diphenyl  var-  
ies from 44 ~ in the gas phase I to 30 ~ (or 20~ 2'3 in the 
hquid  phase and to 0 ~ in the cr~3tal. 4 The conformat ions  
o f  a fairly large number  ( -20)  o f  diphenyl  derivatives 
having no substituents in the ortho-positions of  the 
phenyl  groups are susceptible to similar  influences.  5 
This is due to the fact that  rota t ion o f  phenyl  groups 
requires relat ively little energy, which  can  be made up 
by in te rmolecu la r  interact ions.  6 The  conformat ions  o f  
o ther  l inked cycl ic  systems also depend  on  the physical  
state. One o f  the few known examples  of  this depen-  
dence is 3,3 "-dithienyl ,  whose equi l formm torsion angle 
is 30 ~ in the gas phase,  7 22 ~ in the nemat ic  phase,  s and 
0 ~ in the crystal. 9 Structural  studies o f  the vast majori ty 
o f  compounds  o f  the diphenyl  type have been  carr ied 
ou t  for one o f  the physical states, l ~  In  particular,  we 
de termined  the equi l ibr ium torsion angles for a series o f  
2-phenylpyrroles  (2-PP)  in the gas phase by pho toe lec -  
t ron spectroscopy.  13-16 Almos t  all of  these compounds  
were found to be non-planar .  In  the present  work, the 
equih'brium conformat ions  o f  2-arylpyrroles in solut ion 
and in a sol id matr ix  were studied by U V  spectroscopy.  

+Deceased. 

Experimental 

Electronic absorption spectra were recorded on a Specord 
M-40 spectrophotometer at 22--25 ~C. The concentrations of 
compounds in hexane and acetonitrlle amounted to 10 - 4 -  
10 -3 tool L -l .  The spectra in the solid phase were recorded in 
poly-(1-vinyi-2-methylimidazole) (PVMD films and in KCI 
discs. The first procedure makes it possible to obtain more 
precise information on the positions of long-wavelength bands 
(Fig. 1); addition of PVMI has no effect on the UV spectra of 
the compounds in solution. However, this procedure is inappli- 
cable to diphenyls, since the allowed S o -~ S~ transition is not 
manifested in the spectra recorded in thin fdms; instead, the 
forbidden S o ~ S 1 transition is recorded_ 3 

Emission spectra were obtained at an angle of 45 ~ A 
crystalline sample of 2-phenylpyrrole was prepared by spraying 
it onto a transparent support in vacuo. 

To calculate the energies of transitions in the UV spectra 
and to study their dependence on the torsion angle, the 
CNDO/S method was used-  17 The calculations in this approxi- 
mation were based on geometr ic  parameters found by 
MINDO/3 optimiTation for each particular angle. IF The opti- 
mization was performed for aU geometric parameters except 
for the bond lengths and angles in the benzene ring. Torsion 
angles were specified with a step of  15 ~ Geometric parameters 
of the benzene ring were fotmd from the equilibrium structure 
of the molecule. In the case of N-vinyl-2-phenytpyrmle, pa- 
rameters of the vinyl group and the angle determining its 
spatial arrangement were also optimized. 

The pyrroles for the investigation were synthesized by 
known procedures; 19,2~ their melting points corresponded to 
the reported values. 19 Crystal line compounds were purified by 
sublimation, and liquids were distilled in vacuo. The purity of 
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Fig. 1. Long-wavelength absorption band of 2-PP in a solution 
in MeCN (a), in poly-(1-vinyl-2-methylimidazole) film (b), 
and in KBr disc (c). 

the products was checked by TLC on Silufol UV-254 plates 
(he• 3 : 1). Spectral characteristics of some of the 
studied pyrrole derivatives in hexane and acetonitrile are fairly 
close to those found previously for solutions in cyclohexane 
and ethanol. 19 

Results and Discussion 

2-Arylpyrroles. In the region o f k  > 210 nm, the UV 
spectra of 2-arylpyrroles containing no unsaturated sub- 
stituents consist of two absorption bands in the 220--240 
and 260--290 nm ranges (Figs. 1 and 2, Table 1). 
According to C N D O / S  calculations, the contour of 
these bands envelopes three components (Table 2). 

The electron transition (S O --+ $1) determining the 
intensity and position of the longest-wavelength band is 
a singe-configuration transition (see Table 2) that causes 
redistribution of charge between the rings. The other 
component  of this band is due to the S O --* S 2 transition 
(IB2u ~-- iAls in the loc~  symmet ry  of the benzene 
moiety). In a real spectrum, this component is normally 
covered by a band corresponding to the S O --~ S 1 transi- 
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Fig. 2. Short-wavelength absorption band of 2-arylpyrroles in 
hexane: 3-ethyl-2",5'-dimethyl-2-PP (1), N-ethoxyethyl-3- 
ethyl-2",5 "-dimethyl-2-PP (2), 5-methyl-2-PP (3), 3-n-nonyl- 
2-PP (4), 2-PP (5), 4"-methyl-2-PP (6). 

t ion  or is exhibited as a shou lde r  (4 ,5 -d ihydro-  
benzo[g]indole (DHBI), 2-PP, 3-rnethyl-2",5 "-dimethyl- 
2-PP, and 1-ethoxyethyl-3-ethyl-2",5 ' -d imethyl-2-PP) .  
Only in the spectrum of 2-PP recorded in a KC1 disc, 
does the S O ~ S 2 transition account  for the most intense 
peak (see Fig. 1). The position of the longest-wave- 
length band of 2-arylpyrroles is appreciably affected by 
substituents (see Table 1). Even alkyl groups, which 
usually have almost no effect on the positions of absorp- 
tion maxima in the UV spectra of  fused aromatic com- 
pounds, zl oRen cause substantial shifts of this band with 
respect to that in the UV spectrum of 2-PP. The direc- 
tion of these shifts depends on the positions of substitu- 
ents. In fact, replacement of hydrogen in positions 4" or 
5 by a methyl group either has no effect on the spectrum 
in solution (4"-methyl-2-PP) or leads to a bathochromic 
shift of  the band in question (5-methyl-2-PP) .  Con- 
versely, the presence of a l ~ l  substituents in positions I, 
3, or 2" results in substantial (up to 2400 cm - l )  hypso- 
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Table 1. Characteristics of n--+,-t* transitions in the UV spectra (v/cm -I) of 2-arylpyrroles 

Compound Solvent So --~ SI S O --4 S 3 

2- PP Hexane 34700 a 43250 44600 45700 
Acetonitnle 34900 43300 sh 44800 45800 sh 
PVMI b 33600 44500 sh 

4"-Methyl-2-PP Hexane 35300 a 43300 44550 45600 
Aeetonitrile 35000 43300 sh 44800 45600 sh 
PX,~llb 34100 

4"-Fluoro-2-PP He• 35850 43700 sh 45000 sh 46000 sh 
Acetonitnle 35400 43600 sh 45100 sh 
PVMI b 34650 

4 '-Ch.loro-2- PP Hexane 34000 a 42900 44300 45000 
Acetonitrile 34100 43000 sh 44800 45600 sh 
PV?vlI b 33200 44500 sh 

:V-Bromo-2-PP Hexane 33800 ~ 42700 sh 44000 45200 sh 
Acetonitrile 33800 42600 sh 44500 45200 sh 
PV'MI b 33000 

4"-Phenyl-2-PP Acetonitrile 31900 43000--44000 
5-blethyl-2-PP Hexane 33500 a 42600 44000 sh 45200 

Acetonitrile 33600 42600 sh 44300 sh 45200 sh 
PVMF b 32800 

DHBI Acetonitrile 33550 ~ 42000 43000 sh 
PVMI L' 33100 ~ 41600 sh 

3-n-Heptyl- Acetonitrile 35200 43000--46000 
2- PP PVMfb 34500 
3-n-Nonyl- Hexane 35400 a 42600 sh 43900 sh 45100 sh 
2- PP Acetonitrile 35500 42000---46000 

PVMI b M700 
3-lsopropyl- Acetonitrile 35350 43000--46000 
2-PP P'v%,ll b 34300 
3-Methyl- Hexane 36800 41600 sh 43100 sh 
2 ",5"-di- Acetonitrile 36800 40500--43500 
methyI-2-PP PVMI b 36200 40000--42000 
3-Ethyl-2".5"- Hexane 36800 41600 sh 42900 sh 
dimethyl-2-PP Acetonitrile 36800 40000--43500 
N- Ethoxyethyl- Hexane 36800 40000~42000 
3-ethyl- 2 ",5"- Acetonitrile 37300 39500--42000 
dimethyl-2-PP PVMI b 36700 39000---42000 

a The fine structure of the band corresponding to the S 0 ~ S m transition is manifested. 
i, Poly(vinyl-2-methylimidazole) matrix. 

c h r o m i c  shi f t s  ( 3 - m e t h y l - 2  ",5 "- d i m e t h y l -  2- PP,  
l - e thoxye thy l -3 -e thy l -2  ' ,5 " -d imethy l -2 -PP) .  The intro- 
duct ion o f  an e thane  bridge be tween the aryl and pyrrole 
moiet ies  (also in posit ions 2" and 3) causes an opposite 
shift. D H B I  absorbs at even longer  wavelengths than 
2-PP.  Thus ,  the spect roscopic  effect o f  saturated sub- 
stituents having s imilar  e lec t ron ic  effects is determined 
by their  posi t ions in the molecu les  of  2-arylpyrroles. 
This fact can easily be expla ined by variation of  the 
equi l ibr ium torsion angle ((Pl) upon the introduct ion of  
a subst i tuent  or  a bridge in posit ions I, 3, and 2". In 
fact, accord ing  to C N D O / S  calculat ions (see Table 2), 
variat ion o f  .ol results in d i sp lacement  of  the longest- 
wavelength  t ransi t ion (~-n) according  to the equat ion 
(0 _< ~t -< 75o): 

x K = (246_+1) + (44+2)cosq> I, r = 0.997, n = 6. 

Due  to the  inaccuracy  of  the semiempir ica l  C N D O / S  
approximat ion ,  this equa t ion  cannot  be directly used for 

the calculat ion of  the q0 z angle.  In each par t icular  case, 
its general form should b e  used, and the  parameters  
should be found by ca l ibra t ion  based on exper imenta l  
results: 

ZK = ZO + acosm~, ( I )  

where ~-0 is the wavelength o f  the absorption m a x i m u m  
for the conformat ion  with (Pl = 90~ and ct is the slope 
(nm). 

The short -wavelength absorpt ion band of  2-aryl-  
pyrroles is caused, accord ing  to calculat ions,  by a transi-  
t ion localized at the pyr ro le  moie ty  of  the molecule  
(So ~ $3). For  most o f  2-ary lpyrro les ,  this band, unlike 
the band corresponding to t h e  So ~ Sl transit ion,  has a 
resolved fine structure (see Fig. 2). The  posi t ion and the 
shape o f  this band barely c h a n g e  upon the in t roduct ion 
of  a methyl  group in the aryl moiety.  However ,  it is 
perturbed following the i n t roduc t ion  o f  this group in the 
pyrrole moiety.  When the size or  the n u m b e r  o f  sub- 
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TaMe 2. Characteristics of the electronic absorption spectra of 2-PP and N-vinyl-2-PP found by CNDO/S calculations 

wC/deg S o ~ S I S O -~ S~ S O 4 S? 

s f 1--*I *b k/nm f .  10 2 l-->2 *b 2-->1 *~ k/rim f-  10 1~3 *b 3--~1 *b 1--~4 *b 

2-PP 
0 291 0.78 0.99 281 0.8 0.77 0.51 236 0.4 0.64 0.45 0.47 
15 289 0.76 0.99 280 0.8 0.76 0.51 235.5 0.4 0.64 0.43 0.47 
30 284 0.71 0.99 277 0.7 0.75 0.51 234.5 0.35 0.64 0.35 0.48 
45 276 0.61 0.99 272 0.6 0.71 0.52 233.5 0.8 0.72 - -  0.45 
60 267 0.26 c 0.75 c 267.5 19 c 0.47 c --  233 1.7 0.85 -- 0.33 
75 258.5 0.21 0.97 262 0.6 0.41 0.60 235.5 3.7 0.94 --  - -  

N-Vinyl-2- PP d 
0 298 0.72 0.98 281.5 0.9 0.77 0.47 244.5 0.2 0.60 0.59 e 0.35/" 
30 291 0.66 0.98 278 0.8 0.75 0.46 242.5 0.15 0.66 0.54 e 0.35/ 
40 284.5 0.63 0.98 277 0.9 0.73 0.47 241.5 0.1 0.84 0.35 e --  
50 279 0.56 0.97 271.5 0.9 0.69 0.46 241.5 0.1 0.89 --  - -  
60 272.5 0.47 0.97 268 1.2 0.63 0.38 242.5 0.35 0.94 -- - -  
70 266.5 0.33 0.9l 264 4.6 0.49 0.42g 244.5 0.8 0.95 --  - -  
85 257 0.13 0.84 h 261 0.7 g 0.35g 250.5 2.6 0.85 h 

a The dihedral angte between the aryt and pyrrole moieties. The angle of the deviation of the vinyl group from the plane of the 
pyrrole ring of N-vinyl-2-PP was taken to be 35 ~ A decrease in this angle by 15 ~ results in a 2-nm shift of the longest-wavelength 
band to longer wavelengths, b The main configurations and coefficients of the expansion in terms of them. c Mixing of t ~ l *  and 
142" configurations and borrowing of the intensities are observed, d 49 excited configurations were used in the calculations; in the 
case of 2-PP, the speemlm can be reproduced using only 25 configurations, e 441" .  f 1 4 5 ' .  g The 2 ~ 3 "  configuration is added. 
J:The 1--*1" and 1---3" configurations are mixed; tlle long-wavelength transition is degenerate into 1~3".  

s t i tuen ts  in the f i v e - m e m b e r e d  r ing increases  ( 2 - P P ,  
5 - m e t h y l - 2 - P P ,  3 - e t h y l - 2 " , 5 ' - d i m e t h y l - 2 - P P ,  3 -n -  
n o n y l - 2 - P P ,  and 1 - e t h o x y e t h y l - 3 - e t h y l - 2 ' , 5  " -d imethy l -  
2 - P P ) ,  t he  band  c o r r e s p o n d i n g  to the  S O ~ S 3 t rans i t ion  
b roadens ,  and  its s t ruc tu re  is s m o o t h e d  (see Fig. 2, 
Tab le  1). This  does  not  o c c u r  w h e n  subs t i tuents  are 
i n t r o d u c e d  into the  s i x - m e m b e r e d  ring (cf. 3 -e thy l -  
2 ' , 5 " - d i m e t h y l - 2 - P P  and  3 - n - n o n y l - 2 - P P ,  Fig. 2). Thus ,  
e x p e r i m e n t a l  data  c o m p l e t e l y  con f i rm  the  a s s ignmen t  
based on  the  ca lcu la t ions ,  beloreover, pa rame te r s  of  the  
fine s t ruc tu re  of  this  b a n d  in the  s p e c t r u m  o f 4 " - m e t h y l -  
2 - P P  are r a the r  c lose  to those  of  the  long-wave leng th  
abso rp t ion  band  o f  pyrrole ,  obse rved  in a me l t  of  this  
c o m p o u n d  f rozen to 77 K 22 (Tab le  3). In  the  case of  
2-arylpyrroles ,  its energy, a lmos t  co inc ides  with t ha t  of  
the  l ong -wave l eng th  abso rp t ion  o f  s imilar ly  subs t i tu ted  
pyrroles.  However ,  a cco rd ing  to  the  mu l t i con f igu ra t ion  
theory  o f  s e c o n d - o r d e r  pe r tu rba t ions ,  long-wave leng th  
t r ans i t i ons  in pyrroles  are degenera te .  23 Thus ,  Eq. ( I )  
can  be t r a n s f o r m e d  in the  fo l lowing form: 

>,K = kr, + ctcos~l, (2) 

where  ;tp co r r e sponds  to  the  e x p e r i m e n t a l  va lue  o f  L 0. 

Table 3. Parameters of the fine structure of the band corre- 
sponding to a transition |ocalized on the pyrrole moieties of 
molecules 

Compound v*/cm- I v l /em-  i 

4"-Methyl-2-PP 0 a ~700 1200 2100 3500 sh 
Pyrrole 22 0 b 520. ~t210 2340 3360 3530 

a Vexp = 43300 cm -I.  b Vexp = 44480 cm -1. 

N-Viny l -2 -a ry lpyr ro les .  The  i n t r o d u c t i o n  o f  a vinyl  
g roup  in pos i t ion  1 of  a lkylpyrroles  leads  to  a sh i f t  of  
the i r  l ong -wave leng th  absorp t ion  b a n d  ( w h i c h  co r re -  
sponds  to the  S O -~ S 3 t r an s i t i on )  to  2 4 5 - - 2 5 5  n m .  19 
Accord ing  to s emiempi r i ca l  ca l cu la t ions ,  the  ene rgy  of  
the  L U M O  in N-v iny lpyr ro tes  c h a n g e s ,  whe rea s  t h a t  of  
the  H O M O  is re ta ined ,  because  t he  orb i ta l  e l e c t r o n  
densi ty  in pos i t ion  1 is low. F o r  t h e  same  reason ,  
r e p l a c e m e n t  o f  the  hydrogen  a t o m  at t he  n i t r ogen  a t o m  
in 2-arytpyrroles  by a vinyl g roup  s h o u l d  resul t  in  a red 
sh i f t  o f  t h e  b a n d  in q u e s t i o n .  T h e o r e t i c a l l y  (see  

T a b l e  4 .  Characteristics of x4n*  transitions in the UV spectra 
(v/cm - i )  of N-vinyl-2-arylpyrroles 

Compound Solvent S O ~ S 1 S O --, S 3 

N-Vinyl-2-PP Cyclohexane 37000 40300 
Acetonitrite 37500 40500 sh 

N-VinyI-DHBI Hexane 32700 a 35600 
Acetonitrile 32800 a 35600 

N-Vinyl-3- Cyclohexane 37000 39400 
methyl-2-PP Acetonitrile 36800 39700 
N-Vinyl-3- Cyclohexane 37200 39400 
ethyl-2-PP Acetonitrile 37600 39700 sh 
N-Vinyl-3-n- Hexane 37400 39600 
nonyl-2-PP Acetonitri|e 37700 39800 
N-Vinyl-3- Cyclohexane 37700 39700 
isopropyl-2-PP Acetonitrile 37900 39900 
N-Vinyl-3- Hexane 38300 sh 39900 
ethyl-2',5"- Acetonitrile 38500 sh 40000 
dimethyl-2-PP 

a The fine structure of the longest-waveleiagth band is mani- 
fested. 
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Table 2), if the conformation of the molecule is re- 
tained, the longest-wavelength band (S O -* S 1) should 
also undeNo some bathochromic shift upon this substi- 
tution. In the real UV spectrum, the band corresponding 
to the S O ~ S 3 transition in N-vinyl-2-arylpyrroles 
actually shifts to 250--260 nm (Table 4, Fig. 3). The 
bathochromic shift of  the longest-wavelength band is 
observed only for bridged compounds ,  DHBI and 
N-vinyl-DHB[.  For  the rest of  the pairs studied (2-PP 
and 1-vinyl-2-PP, 3 -n-nonyl -2 -PP  and N-vinyl-3-n- 
nonyl-2-PP,  3-ethyl-2",5 "-dimethyl-2-  PP and N-vinyl- 
3-ethyl-2",5 ' -d imethy l -2-PP) ,  this band unde~oes  hyp- 
sochromic shifts (see Tables I and 4). The replacement 
of the hydrogen atom in position I by a vinyl group is 
known 19 to cause a dramatic decrease in the dipole 
moments of heterocyclic molecules in the ground state. 
Provided that the dipole moment  of  the excited state is 
retained, this would result in a bathochromic shift of the 
observed bands. Formally,  this does occur for the 
D H B I - - N - v i n y l - D H B I  pair but not in other cases. All 
the above facts can be explained only by assuming that 
the equilibrium torsion angle between the aryl and pyr- 
role moieties increases substantially upon replacement 
of the hydrogen atom in position 1 by a vinyl group. 
Therefore, the position of the longest-wavelength band 
of N-vinyl derivatives of  2-arylpyrroles is determined by 
three Ihctors: (1) the bathochromic solvatochrome shift 
resulting from the decrease in the dipole moment in the 
ground state; (2) the bathochromic shift caused by the 
replacement of the hydrogen atom in position 1 by the 
vinyl group; (3) the hypsochromic shift caused by an 
increase in the q~l angle. Whereas for N-vinyl -DHBl  the 
two former factors predominate,  for the rest of  com- 
pounds the latter factor proves to be the crucial one, 
and, in addition, unbranched alkyl radicals in position 3 
no longer have a significant effect on k K. Apparently, 
the introduction of the vinyl group sharply increases the 
,,% value;  the re fo re ,  the s te r ic  strain created by 
nonbranched alkyl radicals is insufficient for its further 
increase. However, the introduction of an isopropyl 
group does cause a noticeable shift of the longest- 
wavelength band (see Table 4). The introduction of two 
methyl substituents in the phenyl fragment has a more 
pronounced effect (see Table 4). In the case of 3-ethyl- 
2" ,5" -d imethy l - l -v iny l -2 -PP ,  the longest wavelength 
band starts to coalesce with the band corresponding to 
the S O ~ S 3 transit ion (see Fig. 3). 

4 ,5-Dihydrobenzo[g] indole .  Among 3-substi tuted 
2-arytpyrroles, DHBI  possesses the longest-wavelength 
absorption maximum. This band of  DHBI,  unlike those 
of other compounds,  has a resolved structure, which is 
manifested not only in hexane but also in acetonitrile or 
in a polymeric matrix. Similar properties are character- 
istic of fluorene, whose molecule is known to be planar. 
In the case of 9,10-dihydrophenanthrene,  a bridged 
compound,  which is formally more similar to the com- 
pounds under considerat ion,-and whose molecule, ac- 
cording to experimental  data, 3 is non-planar  (q~t ~ 20~ 
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Fig. 3. Long-wavelength region of the UV spectra of solutions 
of N-vinyl-2-ary. lpyrrotes in MeCN: 
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The vertical lines show the theoretical spectrum of N-vinyl-2- 
PP calculated for qh = 85 (a), 70 (b), 50 (c), and 0 ~ (CO. 

the long-wavelength band is structurized. According to 
published data, is DHBI e~zists in a planar  conformation 
in the gas phase. This implies  that in solution, the 
DHBI molecule is also planar.  

The effect of the solution--polymeric matrix phase 
transition. Absorption bands of DHBI  in a polymeric 
matrix are displaced to longer  wavelengths with respect 
to those in solution. The magni tude of  this displacement 
(-3.5 n m )  is typical of  p lanar  unsaturated molecu les )  
About the same shifts were found for polysubstituted 
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2-PP (3-methyl -2 ' ,5" -d imethyl -2-PP and N-ethoxy- 
e thyl-3-ethyl-2 ' ,5"-dimethyl-2-PP)  which is apparently 
explained by their fairly "rigid" structures. In the UV 
spectra of 2-PP and its 4"- or 5-substituted derivatives, 
the shifts of absorption bands following the transition 
into a solid matrix are 2--3 times larger than the normal 
bathochromic shifts (see Table 1). This indicates that 
the molecules of 2 -PP  itself and of its 4"- and 
5-substituted derivatives are non-planar  in solution and 
that their geometries can change upon phase transition. 
However, it is impossible to predict the change in (p~ 
based on the bathochromic shifts. In relation to 2-PP, 
which possesses a large bathochromic shift, this problem 
can be solved at a semiquantitative level using emission 
spectra. We chose DHBI  as the model object. As had 
been expected, the shift of the fluorescence maximum of 
2-PP observed on going from solution (338 nm, diox- 
ane) to a crystalline sample (365 nm) was found to be 
too large (2200 cm -~) compared to the shifts of fluores- 
cence bands of planar molecules (1200 cm-l) ,  z4 The 
Stokes shifts of fluorescence bands of 2-arylpyrroles are 
presented below. 

Compound Medium Stokes shift/cm -t 
DHBI Dioxane 2900 
2- P P Dioxane 3 I. 50 
2-PP PVMI 2800 

The Stokes shift of the fluorescence bands of 2-PP is 
much larger than that of DHBI in the same solvent.* 
Thus, the conclusion about the nonplanar structure of 
2-PP in the liquid phase and its flattening in the solid 
phase is confirmed by the data of emission spectra. At 
the same time, the Stokes shift for 2-PP in a polymeric 
film coincides within +100 cm -I with the shift found for 
DHBI in dioxane. Thus, the molecule of 2-PP in a 
polymer film is planar. 

N-Vinyl-4,5-dihydrobenzo[g]indole. Among N-vinyl- 
2-ary]pyrroles, N-v inyl -DHBI  possesses the longest- 
wavelength absorption maximum. As in the ease of 
DHBI, in the spectrum of N-vinyl-DHBI this band has 
a resolved structure, which is manifested both in hexane 
and in acetonitrile. On going from DHBI to N-vinyl- 
DHBI, the S O --+ S l and S O ~ S 3 transitions undergo 
bathochromic shifts, which are typical of compounds 
whose geometry does not change upon replacement of 
the hydrogen atom in position 1 by a vinyl group. The 
magnitude of the shift of the longest-wavelength band 
(10 rim) is approximately equal to that found by calcula- 
tions (8 rim, see Tables I, 2, and 4). The shift of the 
So --* $3 transition (~40 nm) is somewhat larger than 
that observed experimentally for alkylpyrroles upon re- 
placement of the hydrogen atom in position I by a vinyl 
group (33 nm, on the average), z5 These data altogether 
make it possible to conclude that the molecule of 
N-vinyl-DHBI in solution is planar. In the gas phase, 
N-vinyl-DHBI exist in a non-p lanar  conformation. 14 

* Stokes shift was found as the--difference between the wave 
number of the 0--0 transition and the center of gravity of the 
fluo~scence band. 

Procedure for the calculation of equilibrium torsion 
angles from UV spectra. The information obtained makes 
it possible to formulate the following conditions for 
using Eq. (2) to estimate the ~1 angles in 2-arylpyrroles 
in solution: (1) the slope ct should be found using 
experimental values ~k = it< - ~.p for planar forms; (2) 
in the series of 3-alkyl-substituted 2-PP, it is better to 
take analytical values from the UV spectrum of DHBI in 
a specified solvent; (3) in the case of 4"- or 5-substituted 
2-PP and unsubstituted 2-PP, Eq. (2) should be param- 
etrized using the spectra obtained in a polymeric matrix 
and taking into account the bathochromic phase shift 
found for systems known to be planar; (4) for N-vinyl 
derivatives, the necessary values can be easily derived 
from the UV spectra of N-vinyl -DHBI in an appropriate 
solvent. The use of AZ values in the conformation analy- 
sis of 2-arytpyrroles makes it possible to counterbalance 
direct effects of substituents on individual electron tran- 
sitions and thus to decrease the errors caused by differ- 
ent effects of electron correlation. 

General characteristics of conformers of 2-aryi-  
pyrroles. Analysis of the UV spectra indicates that the 
molecules of 2-PP and 4"- and 5-substituted 2-PP in 

Table 5. Torsion angles (~t) in 2-arylpyrroles and diphenyls in 
the gas phase a 

Compound q01/deg 

DHBI 0 
2-PP 30 
4 "-Methyl-2-PP 32 
4"-Fluoro-2-PP 33 
4"-Ethyl-2-PP 36+13 
4 "-Methoxy-2- PP 27+ 16 
5-Methyl-2-PP 26 
4 '-Chloro-2-PP 34 b 
4"-Bromo-2-PP 40 b 
Diphenyl (DP) 41 
4-Fluoro-DP 43 
4,4 "-Difluoro-DP 43 
2-Fluoro-DP 47 
2,2 "-Difluoro-DP 62 
4-Chloro-DP 49 b 
4,4 "-Dichloro-DP 47 b 
4-Bromo-DP 54 b 
4,4"- Dibromo-DP 51 b 
3-n-Heptyl-2-PP 36 
3-n-Nonyl-2-PP 32 
N-Ethyl-4 '-ethyl-5-hydroxyethyl-2- PP 57 
N-Ethoxyethyl-2-PP 47 
N-VinyI-DHBI 20 
N-Vinyl-2-PP 45 
N-Vinyl-3-ethyt-2 ',5 "-dimethyl-2- PP 66 
3- Methyl-2",5"-dimethyl-2-PP 62 
3- Ethyl-2 ",5 "-dimethyl-2-PP 63 
N- Ethoxyethyl-3-ethyl-2 ",5 "-dimethyl-2-PP 64 
N-Vinyl- 3-methyl-2- PP 444-8 
N-Vinyl-3-ethyl-2-PP 41 
N-Vinyl-3-isopropyl-2-PP 474-7 
N-Vinyl-3-n-nonyl-2-PP 39:t:10 

a Found by a procedure described previously; ts the error of 
determination of the angles was +5. b See Ref. 16. 
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Table 6. Torsion angles (~Pl) in 2-arylpyrroles and diphenyls in 
solution 

Compound ~o l/deg 

DHBI 0 

2-PP 23+6 
4'-Methyl-2-PP 23+6 
4"-Fluoro-2-PP 23+9 
4"-Chloro-2-PP 25+5 
4"-Bromo-2-PP 26+5 
5-Methyl-2-PP 22-+9 
N-Vinyl-2-PP 0 
Diphenyl 23-+9 
4,4"-Dibromodiphenyl 28+9 
3-n-Heptyl-2-PP 26-+6 
3-n-Nonyl-2-PP 29.-2_4 
3-1sopropyl-2-PP 29+7 
N-Vinyl-2-PP 32+9 
3-Methyl-2",5 "-dimethyl-2-PP 55-+3 
3- Ethyl- 2 ",5 '-dimethyl-2-PP 53+3 
N- Ethoxyethyl-3-ethyl- 2 ",5 "-dimethyl-2- PP 64• 
N-Vinyt-3-methyl-2-PP 43__+9 
N-Vinyl- 3-methyl-2- PP 53-+3 
N-Vinyl- 3-n-nonyt-2-PP 53• 
N-Vinyl- 3-isop ropyl- 2-PP 58• 
N-Vinyl- 3-ethyl-2 ",5 "-dimethyl-2- PP 65-+3 

solutions are more planar  than in the gas phase (Tables 5 
and 6). The average decrease in the q01 angle in this 
series upon phase transition is 5 ~ . Similar variations have 
also been observed for compounds with aJkyl substitu- 
ents in posit ions 3 or 3, 2", and 5". In the case of  
N-ethoxyethyl-3-ethyl-2",5"-dimethyl-2-PP and 3-ethyl- 
2",5 " -d imethyl -1-v inyl -2-PP,  the steric strain caused by 
substituents prove to be more significant than the effect 
of the medium. Theretbre,  their  molecules are not flat- 
tened on passing to a solution. The torsion angles of 
2-a~lpyrroles  in solution, as in the gas phase, depend 
on the number  of  substituents in positions 1, 3, and 2" 
(see Tables 5 and 6). For  unsubstituted compounds, the 
average angle in solution is 24 ~ , for compounds with one 
substituent, it is 29 ~ for compounds with two substitu- 
ents, this angle is 53 ~ and in the case of three substitu- 
ents, it is 65 ~ To ascertain that the conclusion about 
flattening of  alkyl-substi tuted 2-PP following the change 
in the physical state does not result from inadequate 
pammetrization, we estimated the torsion angles in diphe- 
nyl. The parameters  of Eq. (2) were determined from 
characteristics o f  the UV spectrum of ethylbenzene (k = 
208 rim), fluorene (k = 261.5, 260.5, and 263 run), and 
diphenyl (k = 252, 251, and 253.5 rim) in hexane, 
acetonitrile, and a KC1 matrix. The value o f ~  I found for 
diphenyl (see Table 6) permits the following conclusions 
to be made: (1) on passing from the gas phase to a 
solution, diphenyl  flattens to a greater extent than alkyl- 
substituted 2-PP;  (2) its equilibrium torsion angle is 
close to that  for unsubst i tuted 2-PP and 4"-  and 
5-substituted 2-PP;  (3) the_resulting c01 value coincides 
with that obtained previously by a simpler method also 
based on UV spectra; 3 (4) the results agree qualitatively 

kK,i/nm 
30O 

280 

26O 

240 
240 

6 3 
o 

0 

4 o /  

7 
c.3 

I ) I 

260 280 300 kK.z/nm 

Fig. 4. Correlation of the position of the longest-wavelength 
maximum in acetonitrile (~-K,~) and in the solid phase (LK.s): 
2-PP (1). 4"-methyl-2-PP (2), 5-methyl-2-PP (3), 
4'-fluoro-2-PP (4), 4'-chloro-2-PP (5), 4"-bromo-2-PP (6), 
diphenyl (7). 

(the (01 angle in the liquid phase is smaller than in the 
gas phase) with those obtained by other methods, viz., 
electrooptical method and IR and Raman spectroscopy 
(30--35~ z 

The fact that the equil ibr ium torsion angles for the 
series of 2-arylpyrroles (2-PP,  4" -methyt -2-PP,  5-me- 
t h y l - 2 - P P ,  4 " - f l u o r o - 2 - P P ,  4 " - c h l o r o - 2 - P P ,  and 
4"-bromo-2-PP)  in solut ion are close to that for diphe- 
nyl permit an independent verification of  this approach. 
If the ~I values of these compounds  really do coincide, 
there should be a linear correlat ion (with a slope tangent 
other than unity) between the position of  the longest- 
wavelength maximum in a part icular solvent (~-K,I) and 
its position in the solid phase  (~-K,s) in which q~t = 0~ 
This dependence actually holds  (Fig. 4). 

~.r,,J = (14+11) + (0.93+0.04) ~Kr r = 0.996, n = 7. 

As was expected, its slope (0.93) is close to the value 
cos(24 ~ = 0.91 (~1 = 24~ see Table 6). The wavelengths 
for planar molecules obey a linear correlation with a 
slope tangent equal to uni ty  (cos(0 ~ = 1.0). 3-Alkyl- 
substituted 2-PP in which the  (Pl angle in solution differs 
appreciably from 24 ~ do no t  conform to these relations. 

Thus, in the case of 2-arylpyrroles containing no 
substituents in positions 1, 3, and 2 ' ,  transition from the 
gas phase to a solution has a smaller effect on the 
conformation than the transit ion from a solution to a 
solid matr ix in which the  molecules  become planar. 
Following the transition f rom the gas phase to the liquid 
phase, the equilibrium torsion angles of  these molecules 
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decrease b y - 5  ~ whereas upon the liquid--solid transi- 
tion, they decrease b y - 2 5  ~ . The effect of the physical 
state on the conformation of 2-ar'lpyrroles containing 
substituents in positions 2 ' ,  3, and 5'  is much less 
pronounced. The conformations of compounds with three 
substituents in positions l, 3, and 2" do not change upon 
phase transitions. 

The authors are grateful to V. I. Smirnov (lrkutsk 
Institute of Organic Chemistry. of the Siberian Branch of 
the tLA, S) for assistance in the investigation of the emis- 
sion spectra. 
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