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The effect of the physical state on the equilibrium conformation
of 2-arylpyrroles
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The equilibium torsion angles of 2-arylpyrroles in the liquid and solid phases were
cstimated by UV spectroscopy. In solution, compounds containing no substituents in
positions 1, 3, and 2° possess an average torsion angle 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 flattening of the molecules in 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 27 are less sensitive to phase transitions, while trisubsti-
tuted derivarives even retain their equilibrium conformations upon phase transitions.
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Of conformationally mobile molecules with extended
n-systems, diphenyl and its derivatives have been struc-
turally studied in greatest detail. The equilibrium geom-
etry of these compounds depends markedly on the na-
ture of the substituents and on the physical state. For
example, the equilibrium torsion angle in diphenyl var-
ies from 44° in the gas phasel to 30° (or 20°)2:3 in the
liquid phase and to 0° in the crystal.4 The conformations
of a fairly large number (~20) of diphenyl derivatives
having no substituents in the ortho-positions of the
phenyl groups are susceptible to similar influences.’
This is due to the fact that rotation of phenyl groups
requires relatively little energy, which can be made up
by intermolecular interactions.8 The conformations of
other linked cyclic systems also depend on the physical
state. One of the few known examples of this depen-
dence is 3,3 "-dithienyl, whose equilibrium torsion angle
is 30° in the gas phase,” 22° in the nematic phase,? and
0° in the crystal.® Structural studies of the vast majority
of compounds of the diphenyl type have been carried
out for one of the physical states.18—12 In particular, we
determined the equilibrium torsion angles for a series of
2-phenylpyrroles (2-PP) in the gas phase by photoelec-
tron spectroscopy.’3—16 Almost all of these compounds
were found to be non-planar. In the present work, the
equilibrium conformations of 2-arylpyrroles in solution
and in a solid matrix were studied by UV spectroscopy.

TDeceased.

Experimental

Electronic absorption spectra were recorded on a Specord
M-40 spectrophotometer at 22—25 °C. The concentrations of
compounds in hexane and acetonitrile amounted to 1074
1073 mol L}, The spectra in the solid phase were recorded in
poly-(1-vinyl-2-methylimidazole) (PVMI) films and in KCl
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 Sy — S, transition is not
manifested in the spectra recorded in thin films; instead, the
forbidden S¢ — S; 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 1o study their dependence on the torsion angle, the
CNDO/S method was used.}” The calculations in this approxi-
mation were based on geometric parameters found by
MINDO/3 optimization for each particular angle.1® The opti-
mization was performed for all 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 found from the equilibrium stmcture
of the molecule. In the case of N-vinyl-2-phenylpyrrole, 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;1%.20 their melting points corresponded to
the reported values.1? Crystalline 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 (),
and in KBr disc (¢).

the products was checked by TLC on Silufol UV-254 plates
(hexane—ether, 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.1®

Results and Discussion

2-Arylpyrroles. In the region of A > 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 CNDO/S calculations, the contour of
these bands envelopes three components (Table 2).

The electron transition (Sy — S;) 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 Sg — S; transition
(!By, « !Aj, in the local symmetry of the benzene
moiety). In a real spectrum, this component is normally
covered by a band corresponding to the Sq — S, 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-27,5"-dimethyl-2-PP (2), 5-methyl-2-PP (3), 3-n-nonyl-
2-PP (4), 2-PP (5), 4’ -methyl-2-PP (6).

tion or is exhibited as a shoulder (4,5-dihydro-
benzo[glindole (DHBI), 2-PP, 3-methyl-2" 5 -dimethyl-
2-PP, and 1-ethoxyethyl-3-ethyl-2",5 -dimethyl-2-PP).
Only in the spectrum of 2-PP recorded in a KCl disc,
does the S; — S, 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,?! often 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 alkyl substituents in positions 1,
3, or 2 results in substantial (up to 2400 cm™!) hypso-
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Table 1. Characteristics of n—»1* transitions in the UV spectra (v/cm™') of 2-arvipyrroles

Compound Solvent Sop— 5y Sp = S;

2-PP Hexane 347009 43250 44600 45700
Acetonitrile 34900 43300 sh 44300 43800 sh
PVMI® 33600 44500 sh

4’-Methyl-2-PP Hexane 353004 43300 44550 45600
Acetonitrile 35000 43300 sh 44800 45600 sh
PVMI® 34100

4’ -Fluoro-2-PP Hexane 33850 43700 sh 45000 sh 46000 sh
Acetonitrile 35400 43600 sh 45100 sh
PVMI? 34650

4’-Chioro-2-PP Hexane 34000 42900 44300 43000
Acetonitrile 34100 43000 sh 44300 43600 sh
PVMI¢ 33200 44300 sh

4°-Bromo-2-PP Hexane 338007 42700 sh 44000 45200 sh
Acetomtrile 33800 42600 sh 44500 45200 sh
PVMI® 33000

4"-Pheny]-2-PP Acetonitrile 31900 43000—44000

S5-Methyl-2-PP Hexane 335004 42600 44000 sh 435200
Acetonitrile 33600 42600 sh 44300 sh 45200 sh
PYMI® 32800

DHBI Acetonitrife 33550¢ 42000 43000 sh
PVMI® 33100¢ 41600 sh

3-n-Hepryl- Acetonitrile 35200 43000—46000

2-PP PVMI® 34500

3-n-Nonyl- Hexane 35400¢ 42600 sh 43900 sh 45100 sh

2-pPP Acetonitrile 35300 42000—46000
PVMI® 34700

3-Isopropyl- Accronitrile 35350 43000—46000

2-PP PVMI® 34300

3-Methyl- Hexane 36800 41600 sh 43100 sh

27,5 -di- Acetonitrile 36800 40500—433500

methyi-2-PP PVMI?® 36200 40000—42000

3-Ethytl-2".5"- Hexane 36800 41600 sh 42900 sh

dimethy!-2-PP Acctonitrile 36800 40000—43500

N-Ethoxyethyl- Hexane 36800 40000—42000

3-ethyl-2",5"- Acetonitrile 37300 3950042000

dimethyl-2-PP PVMI® 36700 39000—42000

2 The fine structure of the band corresponding to the Sy — S, transition is manifested.

¢ Poly(vinyl-2-methylimidazole) matrix.

chromic  shifts (3-methyl-2°,5"-dimethyl-2-PP,
1-ethoxyethyl-3-ethyl-2" 3 -dimethyl-2-PP). The intro-
duction of an ethane bridge between the aryl and pyrroie
moieties (also in positions 2° and 3) causes an opposite
shift. DHBI absorbs at even longer wavelengths than
2-PP. Thus, the spectroscopic effect of saturated sub-
stituents having similar electronic effects is determined
by their positions in the molecules of 2-arylpyrroles.
This fact can easily be explained by variation of the
equilibrium torsion angle (p,) upon the introduction of
a substituent or a bridge in positions 1, 3, and 2°. In
fact, according to CNDO/S calculations (see Table 2),
variation of ¢; results in displacement of the longest-
wavelength transition (Lg) according to the equation
{09, =75

g = (246%1) + (44£2)cospy, r = 0.997, n = 6.

Due to the inaccuracy of the semiempirical CNDO/S
approximation, this equation cannot be directly used for

the calculation of the @ angle. In each particular case,
its general form shouid be used, and the parameters
should be found by calibration based on experimental
results:

Ag = A9 + acosgy, (D)

where Aq is the wavelength of the absorption maximum
for the conformation with ¢; = 90°, and « is the slope
(nm).

The short-wavelength absorption band of 2-aryl-
pyrroles is caused, according to calculations, by a transi-
tion localized at the pyrrole moicty of the molecule
(S¢ = S3). For most of 2-arylpyrroles, this band, unlike
the band corresponding to the Sy — S; transition, has a
resolved fine structure (see Fig. 2). The position and the
shape of this band barely change upon the introduction
of a methyl group in the aryl moiety. However, it is
perturbed following the introduction of this group in the
pyrrole moiety. When the size or the number of sub-
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Table 2. Characteristics of the electronic absorption spectra of 2-PP and N-vinyl-2-PP found by CNDO/S calculations

¢%/deg Sg = 5 Sy = Sy Sp = S5

A/nm f l-1%8 a/nm 107 12%0 21 r/nm F10 I3% 350w Jygb

2-pPP
0 291 0.78 0.99 281 0.8 0.77 0.51 236 0.4 0.64 0.45 0.47
13 289 0.76 0.99 280 0.8 0.76 0.51 2353 0.4 0.64 0.43 0.47
30 284 0.71 0.99 277 0.7 0.75 0.51 2345 0.33 0.64 0.33 0.48
45 276 061 0.99 72 0.6 0.71 0.52 2335 0.8 0.72 — 0.45
60 267 0.26°  0.75¢ 2675 19¢ 0.47¢ — 233 1.7 0.85 - 0.33
75 2585  0.21 0.97 262 0.6 0.41 0.60 235.5 3.7 0.94 — -
N-Vinyl-2-PP4

0 298 0.72 0.98 2815 09 0.77 0.47 2445 0.2 0.60 0.59¢  0.35
30 291 0.66 0.98 278 0.8 0.75 0.46 2425 0.13 0.66 0.54¢ 035
40 2845 063 0.98 277 0.9 0.73 047 241.5 0.1 0.84 0.35¢ —
50 275 0.56 0.97 271509 0.69 0.46 2415 0.1 0.89 - -
60 2725 047 097 268 1.2 0.63 0.38 2425 0.35 0.94 — —
70 2665  0.33 0.91 264 46 0.49 0428 2445 0.8 0.95 — -
85 257 0.13 0844 261 0.7 g 0.352 250.5 2.6 0.83 h h

4 The dihedral angle between the aryl 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 33°. A decrease in this angle by [3° results in a 2-nm shift of the longest-wavelength
band 1o longer wavelengths. ¢ The main configurations and coefficients of the expansion in terms of them. ¢ Mixing of 1-»1* and
1—2* configurations and borrowing of the intensities are observed. ¢ 49 excited configurations were used in the caleulations: in the
case of 2-PP, the spectrum can be reproduced using only 25 configurations. ¢ 4—51%*./ 1-»5*. & The 2-»3* configuration is added.
#The 1—1* and 13* configurations are mixed; the long-wavelength transition is degenerate into 1—3*.

stituents in the five-membered ring increases (2-PP,
5-methyl-2-PP, 3-cthyl-2°,5"-dimethyl-2-PP, 3-n-
nonyl-2-PP, and 1-ethoxyethyl-2-ethyl-2",5 -dimethyl-
2-PP), the band corresponding to the Sy — S; transition
broadens, and its structure is smoothed (see Fig. 2,
Table 1). This does not occur when substituents are
introduced into the six-membered ring (¢f. 3-ethyl-
2,5 -dimethyl-2-PP and 3-n-nonyi-2-PP, Fig. 2). Thus,
experimental data completely confirm the assignment
based on the calculations. Moreover, parameters of the
fine structure of this band in the spectrum of 4" -methyl-
2-PP are rather close to those of the long-wavelength
absorption band of pyrrole. observed in a melt of this
compound frozen to 77 K*2 (Table 3). In the case of
2-arylpyrroles, its energy almost coincides with that of
the long-wavelength absorption of similarly substituted
pyrroles. However, according to the muiticonfiguration
theory of second-order perturbations, long-wavelength
transitions in pyrroles are degenerate.23 Thus, Eq. (1)
can be transformed in the following form:

}.K = ;LP + acose, (2)
where Ap corresponds to the experimental value of Ay.
Table 3. Parameters of the fine structure of the band corre-

sponding to a transition localized on the pyrrole moieties of
molecules

Compound v¥/em™} vy/em™!
4°-Methyl-2-PP Q¢ <700 1200 2100 3500 sh
Pyrrole?? 00 520 . -1210 2340 3360 3530

7 Vexp = 43300 cm”l 8 v = 44480 em™L

N-Vinyl-2-arylpyrroles. The introduction of a vinyl
group in position 1 of alkyipyrroles leads to a shift of
their long-wavelength absorption band (which corre-
sponds to the Sy — Sy transition) to 245—235 nm.'?
According to semiempirical calculations, the energy of
the LUMO in N-vinylpyrroles changes, whereas that of
the HOMO is retained, because the orbital electron
density in position 1 is low. For the same reason,
replacement of the hydrogen atom at the nitrogen atom
in 2-arylpyrroles by a vinyl group should result in a red
shift of the band in question. Theoretically (see

Table 4. Characteristics of x—»n* transitions in the UV spectra
{v/em™!) of N-vinyl-2-arylpyrroles

Compound Solvent Sg—= 8, S5 8
N-Vinyl-2-PP Cyclohexane 37000 40300
Acetonitrile 37500 40500 sh
N-Vinyl-DHBI Hexane 327002 35600
Acetonitrile 328004 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 Acetonitrile 37700 39800
N-Vinyl-3- Cyclohexane 37700 39700
isopropyl-2-PP Acetonitrile 37900 39900
N-Vinyi-3- Hexane 38300 sh 39900
ethyt-2°,5"- Acetonitrile 38500 sh 40000

dimethyl-2-PP

a The fine structure of the longest-wavelength band is mani-
fested.
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Table 2), if the conformation of the molecule is re-
tained, the longest-wavelength band (S; — S)) shouid
also undergo some bathochromic shift upon this substi-
tution. In the real UV spectrum, the band corresponding
to the Sy — S; 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-DHBI. For the rest of the pairs studied (2-PP
and 1-vinyl-2-PP, 3-n-nonyi-2-PP and N-vinyl-3-n-
nonyl-2-PP, 3-ethyl-27.3 ~dimethyl-2-PP and N-vinyl-
3-ethvl-2,5"-dimethyl-2-PP), this band undergoes hyp-
sochromic shifts (see Tables | and 4). The replacement
of the hydrogen atom in position 1 by a vinyl group is
known!? 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
DHBI—AN-vinyl-DHBI 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 viny! group.
Therefore, the position of the longest-wavelength band
of N-vinyl derivatives of 2-arylpyrroles is determined by
three factors: (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 hvdrogen atom in position 1 by the
vinyl group; (3) the hypsochromic shift caused by an
increase in the ¢ angle. Whereas for N-vinyl-DHBI 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 iy. Apparently,
the introduction of the vinyl group sharply increases the
@, value; therefore, the steric strain created by
nonbranched alkyl radicals is insufficient for its further
increase. However, the introduction of an isopropy!
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-
27,57 -dimethyl-1-vinyl-2-PP, the longest wavelength
band starts to coalesce with the band corresponding to
the Sy — S; transition (see Fig. 3).
4,5-Dihydrobenzo{glindole. Among 3-substituted
2-arylpyrroles, 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 consideration,~and whose molecule, ac-
cording to experimental data3 is non-planar (¢ ~ 20°),

40 35 30
v-1073/em™!

Fig. 3. Long-wavelength region of the UV spectra of solutions
of N-vinyl-2-arylpyrroles in MeCN:

Me

/2/
/Z

-

@Q@

The vertical lines show the theoretical spectrum of N-vinyl-2-
PP calculated for 9; = 85 (a), 70 (6), 50 (¢}, and 0° (d).

the long-wavelength band is structurized. According to
published data,!> DHBI exists in a planar conformation
in the gas phase. This irnplies 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 magnitude of this displacement
(~3.5 nm) is typical of planar unsaturated molecules.3
About the same shifts were found for polysubstituted
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2-PP (3-methyl-2'.5"-dimethyl-2-PP and N-ethoxyv-
ethyl-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
S-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 ¢,
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 crn™!) compared to the shifts of fluores-
cence bands of planar molecules (1200 cm™1).24 The
Stokes shifts of fluorescence bands of 2-arvipyrroles are
presented below.

Compound Medium Stokes shift/cm™!
DHBI Dioxane 2900
2-PP Dioxane 3150
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 em™! 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-arylpyrroles, N-vinyl-DHBI possesses the longest-
wavelength absorption maximum. As in the case 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; — §; and Sy — S, 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 nm) is approximately equal to that found by calcula-
tions (8 nm, see Tables 1, 2, and 4). The shift of the
S¢ — S; transition (~40 nm) is somewhat larger than
that observed experimentally for alkylpyrroles upon re-
placement of the hydrogen atom in position 1 by a vinyl
group (33 nm, on the average).?5 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-planar conformation.!4

* Stokes shift was found as the-difference between the wave
number of the 0—0 transition and the center of gravity of the
fluorescence 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 ¢, angles in 2-arvipyrroles
in solution: (1) the slope « should be found using
experimental values Ak = Ay — Ap 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 systerns 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 A% values in the conformation analy-
sis of 2-arylpyrroles makes it possible to counterbalance
direct effects of substituents on individual electron tran-
sitions and thus to decrease the errors caused by differ-
et effects of electron correlation.

General characteristics of conformers of 2-aryl-
pyrroles. Analysis of the UV spectra indicates that the
molecules of 2-PP and 4'- and S-substituted 2-PP in

Table 5. Torsion angles (¢,) in 2-arvlpyrroles and diphenyls in
the gas phase®

Compound ¢/deg
DHBI 0
2-pPP 30
4’-Methyl-2-PP 32
4°-Fluoro-2-PP 33
4°-Ethyl-2-PP 36+13
4" -Methoxy-2-PP 2716
5-Methyl-2-PP 26
4’-Chloro-2-PP 346
4°-Bromo-2-PP 40t
Dipheny! (DP) 41
4-Fluoro-DP 43
4,4-Diftuoro-DP 43
2-Fluoro-DP 47
2.2"-Difluoro-DP 62
4-Chloro-DP 495
4,4 -Dichloro-DP 470
4-Bromo-DP 5408
4,4’ -Dibromo-DP 518
3-n-Heptyl-2-PP 36
3-n-Nonyl-2-PP 32
N-Ethyl-4’-ethyl-5-hydroxyethyl-2-PP 57
N-Ethoxyethy!-2-PP 47
N-Viny!l-DHBI 20
N-Vinyl-2-PP 45
N-Vinyl-3-ethyl-2°,5 "-dimethy]-2-PP 66
3-Methyl-2°,5 -dimethyt-2-PP 62
3-Ethyl-27,5 -dimethyi-2-PP 63

N-Ethoxyethyl-3-ethyl-2°,5 " -dimethyl-2-PP 64
N-Vinyl-3-methyl-2-PP
N-Vinyl-3-ethyl-2-PP 41
N-Vinyl-3-isopropyl-2-PP 477
N-Vinyl-3-n-nonyl-2-PP 39+10

a Found by a procedure described previously;!3 the error of
determination of the angles was +35. # See Ref. 16.
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Table 6. Torsion angles (p,) in 2-arylpyrroles and diphenyls in
solution

Compound ¢,/deg
DHBI 0
2-PP 3+6
4’-Methyl-2-PP 2316
4’ -Fluoro-2-PP 2319
4’-Chloro-2-PP 2545
4’-Bromo-2-PP 2615
5-Methyl-2-PP 22%9
N-Vinyl-2-PP 0
Diphenyl 2349
4 4’ -Dibromodiphenyl 28+9
3-n-Heptyl-2-PP 26%6
3-n-Nonyl-2-PP 26+4
3-lsopropyl-2-PP 29+7
N-Vinyl-2-PP 329
3-Methyl-2",5"-dimethyi-2-PP 5543
3-Ethyl-2°,3 '-dimethyl-2-PP 53%3
N-Ethoxyethyl-3-ethyl-2°,5 ' -dimethyl-2-PP  64%3
N-Vinvl-3-methvi-2-PP 43+9
N-Vinyl-3-methyl-2-PP 53%3
N-Vinyl-3-n-nonyl-2-PP S3+3
N-Vinyl-3-isopropyl-2-PP 58+3
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 ¢ angle in this
series upon phase transition is 5°. Similar variations have
also been observed for compounds with alky! substitu-
ents in positions 3 or 3, 27, and 5°. In the case of
N-ethoxyethyl-3-ethyl-2°,5"-dimethyl-2-PP and 3-ethyl-
27,5 -dimethyl-1-vinyl-2-PP, the steric strain caused by
substituents prove to be more significant than the effect
of the medium. Therefore, their molecules are not flat-
tened on passing to a solution. The torsion angles of
2-arvipvrroles 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-substituted 2-PP following the change
in the physical state does not result from inadequate
parametrization, we estimated the torsion angles in diphe-
nyl. The parameters of Eq. (2) were determined from
characteristics of the UV spectrum of ethylbenzene (3 =
208 nm), fluorene (A = 261.5, 260.5, and 263 nm), and
diphenyl (A = 252, 251, and 253.5 nm) in hexane,
acetonitrile, and a KCl matrix. The value of ¢; 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 unsubstituted 2-PP and 4°- and
5-substituted 2-PP; (3) the resulting ¢, value coincides
with that obtained previously by a simpler method also
based on UV spectra;3 (4) the results agree qualitatively

Ak y/nm
300 - 3
°s
50/
20 ol
40/
280 +
260 L
7
Q
240 1 ! {
240 260 280 300 Ag¢/nm

Fig. 4. Correlation of the position of the longest-wavelength
maximum in acetonitrile (Ag ;) and in the solid phase (rx ()
2-PP (I). 4’-methyl-2-PP (2). 35-methyl-2-PP (3),
4'-fluoro-2-PP (4), 4 '-chloro-2-PP (5), 4 '-bromo-2-PP (6),
diphenvi (7).

(the ¢ 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°).2

The fact that the equilibrium torsion angles for the
series of 2-arylpyrroles (2-PP, 4’ -methyl-2-PP, S-me-
thyl-2-PP, 4°-fluoro-2-PP, 4’-chloro-2-PP, and
4’-bromo-2-PP) in solution are close to that for diphe-
nyl permit an independent verification of this approach.
If the ¢; values of these compounds really do coincide,
there should be a linear correlation (with a slope tangent
other than unity) between the position of the longest-
wavelength maximum in a particular solvent (A ;) and
its position in the solid phase (g ) in which ¢, = 0°.
This dependence actually holds (Fig. 4).

Ag,y = (14£11) + (0.93£0.04) Ak, 7= 0.996, n = 7.

As was expected, its slope (0.93) is close to the value
co0s(24°) = 0.91 (§; ~ 24°, see Table 6). The wavelengths
for planar molecules obey a linear correlation with a
slope tangent equal to unity (cos(0°) = 1(.0). 3-Alkyl-
substituted 2-PP in which the ¢; angle in solution differs
appreciably from 24° do not 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 transition from a solution to a
solid matrix in which the molecules become planar.
Following the transition from the gas phase to the liquid
phase, the equilibrium torsion angles of these molecules
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decrease by ~5°, whereas upon the liquid—solid transi-
tion, they decrease by ~25° The effect of the physical
state on the conformation of 2-arylpyrroles containing
substituents in positions 2°, 3, and 5° i§ much less
pronounced. The conformations of compounds with three
substituents in positions 1, 3, and 2° do not change upon

phase transitions.

The authors are grateful to V. . Smirnov (Irkutsk
Institute of Orzanic Chemistry of the Siberian Branch of
the RAS) for assistance in the investigation of the emis-
sion spectra.
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