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Synthesis and IR spectra of
5-phenyl-2-(1-phenyl-2-trichloroacetylethenyl)pyrrole
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S-Phenvl-2-(1-phenyt-2-trichloroacetvicthenyi)pyrrole was synthesized by the reaction
of 2-phenylpyrrole with -phenyl-2-trichloroacetylacetylene on silicon oxide. The structure
of an tntramolecuiar proton-transfor H-complex was assigned to the title compound based
on analysis ot i1s IR spectra in sofutions tn the temperature range of 163298 K
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Under partcular conditions, the reactions of

2-phenvipyrrole with 2-acyl-1-phenylacetylences afforded
2-(2-acyl-1-phenviethenyl)-S-phenvipyrroles (fa—ce)!:
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1a--¢c. 2ab
1a—c: R! = R2 = Ph {a);
Rt = Ph, R? = 2-thieny! {b), 2-furyl (c)
2a.b: R' = H; R2 = Ph (a}, 2-thienyl (b)

According 1o the results of TH NMR spectroscopy,
these compounds exist exclusively as Z isomers in which
the mutual arrangement of the carbonyl fragment and
the olefin C=C bond corresponds to the s-cis conlorma-
tion. Bascd on the large chemical shifts of the N—-H
protons (8 14.7—14.8). it has been suggested! that
the compounds have an intramolecular N—H...0=C
bond. However, the IR spectra of both solid saumples
and solutions {CCly) of these compounds have no

N--H stretching absorption bands in the region of
3130—3400 em™'. At the same time. the IR spectra of

solutions of the Z isomers of 2-(2-benzoylethenyl)pyrroles
{2a.b)y. wiich are structurally simifor (0 compounds
la—c. have o broad vy band at 3130—3180 cm™!.
which can be assigned to an intramolecular hydrogen
bond. Tn addition. the signals for the NH protons
in the 'H NMR spcctra of compounds 2ab arc
shifted downficld to a substantially lesser cxtent
(6 12.00~12.33).2

In the present work., we svnthesized 5-phenvl-2-
(1-phenyl-2-trichloroacetvicthenypyrrole (3) by the re-
action of 2-phenvlpyrrole with 1-phenyl-2-trichloro-
acctvlacethylene. The reaction was carried out on silicon

oxide. Unlike the reaction reported previously.! the
reaction under consideration readily proceeded at room
temperature.
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Ph N
i H
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With the aim of clucidating whether molecule 3 is
analogous in structurc to phenylpyrroles la—ce studied
previousty! and revealing the region of NH stretching
vibrattons for this type of molecules, we analyzed the IR
spectra of compound 3. 1t is known3 that the IR spectra
of compounds with H bonds recorded at ncarly room
temperatures do not necessarily show vWNH and vOH
bands duc to their large width.? In addition, the corre-
sponding bands can be substuntially shifted to the low-
frequency region depending on the strength of this bond.
In this connection, the vNH absorption bands in the IR
spectra of compound 3 were searched for in the region of
2200—4000 em™! both in the case of its solid samples
and solutions, the temperature being varied in the range
of 165—298 K.

The IR spectrum of a solid sumplc' of compound 3 (a
thin film precipitated from a solution in CH-CI,) has a
maedium intensity stretching absorption band of the C=0
group with the maximum at 1650 cm’™ !, ie., the vibra-
tion frequency of this group is substantially tower thun
those in the case of chlorine-containing aromatic ketones

Published in fovesiiva Akademii Nauk. Seriya Khimicheskaya, No. 1ipp. 1943—1947 November, 2000,
1066-3283700/4911-1914 525,00 5 2000 Kluwer Academic/Plenum Publishers



Syntesis of 5-phenyl-2R-pyrrole

Russ.Chem. Bull., Int. Ed.. Vol 49, No. 11, November, 2000 1913

{(1700—1720 cm™ ). The obscrved shift (av -60 ¢cm™)
is an order of magnitude larger than the shifis obscerved
upon formation of normal H-complexes of aldchydes or
ketones with phenol (av =3—10 em™ .4 The vC=C
vibration of the olefin group of the moleccule is mani-
fested as an intense absorption band with an unresolved
structure at 1300 cm™'. The intensity ratio of these two

bands and the vC=0 frequency are characteristic of

molccular systems contaming the s-¢is-0=C—C=C trag-
ment and an intramolecular hydrogen bond.3

It should be cmphasized that the spectral characteris-
ucs of phenylpyrrole 3 are typical of this type of com-
pounds. Thus. the spectrum of solid phenylpyrrole fa
has the vC=0 absorption band at 16135 cm ™!, which is
30 cm™! Jower than that in the spectrum of iis analog
without an H bond, viz,, of 2-(2-benzovl-1-phenylethe-
nyl)- [-ethyl-3-phenvipyrrole (4) (vC=0., 1645 cm™).
Howcver., the spectrum of compound 4 is charuacterized
by the inverse ratio between the intensities of the ab-
sorption bands of the carbonyvl (strong band) and oletin
(medium band) groups. which is indicative of the s-frans
conformation of the molecule. /.e., this compound can-
not be used as a model. tn the spectrum of benzvlidenc -
acctophenone PhCH=CHC(O)Ph with the s-cis arrange-
ment of the above-mentioned groups, the vC=0 fre-
gueney reaches 1668 ¢cm™1% The vC=0 value in the
spectrum of compound la is 33 em™! fower than that in
the spectrum of the above-mennioned isostructural
analog.

The conclusions about the Z-isomeric form of com-
pound 3, the s-cris orientation of its carbony! and olefin
framments, and the presence of an intramolecular H
bond were also confirmed by analvsis of the 'H NMR
spectra (sce the Experimental scction). The chemical
shifts tor the compound under study are virtually identi-
cal to those observed previousiy! for phenvipyrroies
la—c. In the IR spectra of compound 3, the stretching
absorption band of the associated NH group in the
region of 3150—3400 cm™! is also absent.

Detailed analysis of the IR spectrum of solid product
3 demonstrated that it s characterized by a substantial

broadening of the weak absorption band in the region of

vCH stretching vibrations ot the phenyl rings with the
center at 3063 et (Fig. 1. a). This fact suggests that
the band overlaps with a broad absorption band causced
by the vNH vibration. Such laree low-frequency shifts
are generally observed in proton-transfer H-complexes.’
The integral intensitics of these bands increase as the
temperature decrcases.” In this conncciion, we exam-
ined the IR spectrum of a sotution of compound 3 in
CS, containing 2 vol.% of (CD-2)»>CO in the range from
room temperature to the miclting point of the binary
solvent system. The presence of a small amount of more
polar acctone-dg was uscd to prevent precipitation from
the solution at low temperature. The spectrum of the
solution under study has a low intensity band with a
half-width of 230 cm™ ! and the maximum at <3100 cm ™!
even at room temperature (Fig. 1. #). The precise posi-
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Fig. L. IR spectra of S-phenyl-2-(1-phenvl-2-trichloroacetyl-
cthenyhpyrrole (3 as a sohid samiple a fiim precipitsted trom a
solution in CHLCl) (0) and a selution i CS, containing
2vol % of (CD3):CO at 298 K () and 163 K (o)

tion of the maximum s difficult o determine due to
supcerposition of the vCH stretching vibration bands of
the aromatic substituents (vCH = 3030, 3060. and
3075 em™h. The intensity of the broad band increases as
the sample s coofed and 1t1s most pronounced at 163 K
¢(Fig. 1. o) In this case. the half-width of the band is
330 ecmy™!and the maximum (ac 3100 cm™ N s clearly
visible. The temperature changes are completely revers-
ible. The position of the observed absorption band, the
temperature dependence of 1ts antensity. and the shape
typical of charged molecules indicate that an intramo-
lecular proton-transfer H-complex is present in sohut-
tons at low temperatures. Apparently, the large halt-
width of the bund observed in the region characteristic of
NH™ and OH " stretching vibration frequencics is associ-
ated with a high amplitude of proton motion. The
particular shape of this band calls tor further theoretical
investigation. Under the same conditions, the absorption
band with the maximum at 3000 cm™' is also clearly
obscrved in the spectrum of compound 1a. The frequen-
cies and intensities of the absorption bands of the carbo-
nyl groups in the spectra of the corresponding solutions
of compounds 3 and la remain virtually unchanged as
the temperature decreascs.

Experimental

The IR spectra of solid compound 3 and its solution in CS-
comtaining 2% of (CD;)-CO were measured on a Specord 73 1R
spectrophotometeran the temperature range of 165—=298 K. The
"H NMR spectra were recorded on a Bruker DPX 230 instru-
ment (25013 MH7) in CDCly with HMDS as the internal
standard. 2-Phenyipyrrole was prepared according to the
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Trofimov reaction® and puriticd by sublimation in vacuo.
m.p. 129 °C.

5-Phenyl-2-(1-phenyl-2-trichloroacetylethenyl)pyrrole (3).
2-Pheayvipyrote (0.286 g, 2 mmob) and |-phenyl-2-(trichloro-
acctvhacetvlene (0,493 g, 2 munol) were triturated with silicon
dionide (1007160, 4 g) tor I nun. The reaction mixture was
kept with periodic stiring at 2023 °C tor 1.3 h and then
extracted with hexane. After removal of the hesane, the resin-
ous residue was washed with cthanol. The bright-red precipitate
of compound 3 that formied was isolated in a vield of 0.288 ¢
(36.9%). m.p. 153—134°C. ' NMR, & 6.50 and 6.77 (both dd,
I H cach, Hi3) and Hidy of the pyrrole sing. “Jypn. g =
453 Ho o Y gean = 2.4 Hz)r 633 501 HLCH=) 7.30 om,
I Hp-H 3-Phy: 7473533 (m. 7 H. 1-Phand 2 m-H 3-Ph):
780 (m. 2 HL20-H 5-Ph)y: 13.74 (hes, | HON=-HD). Found (%):
C.62.03; ML 3370 N 34d: G 27780 Gy H,CHNOL Caleu-
Fated (56): C.o61 48 ML 360 N, 359 CH 2702
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