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195. The Light Absorption of Pyrroles. Part II.* Infrared 
Spectra. 

By ULLI EISNER and R. L. ERSKINE. 
The 

relation between structure and N-H and G O  frequencies is discussed. 
A band in the 14'70-1600 cm.-l region, present in all the pyrroles examined, 
is assigned to bond-stretching vibrations of the ring. 

THE infrared and Raman spectra of substituted pyrroles show some anomalies, particularly 
a lowering of the G O  stretching frequency in carbonyl-substituted pyrroles. Although 
data for a number of pyrroles have been recorded1-9 comparatively little has been done 
to interpret the results and establish correlations. Since a number of pyrroles were 
available to us, their infrared spectra have been determined. The present work, however, 
is not a systematic study since there are not sufficient data for mono- and di-substituted 
derivatives. 

The carbonyl-stretching frequency of ap-unsaturated p-amino-ketones (I) occurs at 
lower frequencies than that of ordinary ap-unsaturated ketones as the nitrogen atom 

(I) R1R2N*CH=CHCOR3 R1 RaN+=CHCH=C R3-O- (11) 

stabilises the dipolar form 10 (11). Carbonyl-substituted pyrroles can also ?xist in dipolar 
forms (111, IV) which shift the carbonyl band to lower frequencies, 2- and 3-carbonyl 

The infrared spectra of a number of pyrroles have been measured. 

substituents being similarly affected. The hydrogen atom on the nitrogen is not essential 
for this perturbation and this has been confirmed in our work, since the l-methyl- 
pyrrole (17 7 )  has the same carbonyl-stretching frequency as the l-unsubstituted analogue 
(16). Intramolecular hydrogen bonding is excluded in the 2-substituted compounds 
(see below). 

Furan and thiophen derivatives containing carbonyl substituents show similar 
shifts 3, 11, l2 which are less pronounced than those observed for the corresponding pyrroles. 

* Part I, J., 1958, 922. 
t This and similar Arabic numbers in parentheses refer to  the numbers in the Table. 

Ansidei, At t i  Accad. naz. Lincei, Rend. Classe Sci. 3 s .  mat. nat., 1940, 11, 669. 
Bonino and Chiorboli, ibid., 1951, 10, 104. 
Chiorboli, ibid., 1952, 12, 02, 558. 
Bonino and Mirone, ibid., 1954, 17, 167, 254. 
Mirone, Drusiani, and Lorenzelli, Ann. Chim.  ( I ta ly ) ,  1956, 46, 1217. 
Nicolaus and Oriente, Gazzetta, 1954, 84, 230. 
Nicolaus and Mangoni, ibid., 1955, 85, 1378. 
Scrocco and Nicolaus, A t t i  Accad. 1zaz. Lincei, Rend. Classe Sci. 3 s .  mat. nut., 1956, 20, 795. 
Idem,  ibid., 1956, 21, 103. 

lo Cromwell, Miller, Johnson, Frank, and Wallace, J .  Amer.  Chem. SOC., 1949, 71, 3337. 
l1 Mirone, A t t i  Accad. naz. Lincei, Rend. Classe Sci. 3s. mat. Bat., 1954, 16, 483. 
l2 Chiorboli and Mirone, ibid., p. 243. 
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The infrared measurements for chloroform solution and for the solid state are sum- 
marised in the Table. This shows separately the N-H bands, bands in the C=O stretching 
region and at 1600-1475 cm.-l, and other marked bands in the ‘ I  finger-print ” region. 
The apparent maximal extinction coefficients are given in parentheses for measurements 
on solutions representing intensities more accurately than the symbols s(strong), m(medium) , 
and w(weak). The estimated error is about &5%, and all measurements were made from 
the lOOyo T line except for the “ free ” NH band where some attempt was made to cancel 
out the absorption due to the “ bonded ” NH band when this was present. 

The solid-state spectra (paraffin mulls) showed a marked inconsistency between very 
similar compounds which must be due to the intermolecular bonding effects in the crystals. 
This was especially noticeable in the pairs (13) and (14), and (5) and (6),  where the difference 
in structure was due only to the alkyl substituents. Consequently identification of these 
compounds from their solid-state spectra is not to be recommended and only solution 
spectra give consistent results. 

The discussion of the spectra therefore concerns solution results unless otherwise 
indicated. Bands in the 3000-2775 and 1480-1330 cm.-l ranges are not quoted because 
they were masked by solvent bands in solution and by the C-H bands in paraffin. Similarly 
bands below 800 cm.-l for chloroform solution are not recorded owing to the absorption 
of the solvent. 

The N-H Stretching Region.-In chloroform solution the N-H absorption appears as 
a sharp band in the range 3435-3400 cm.-l. The N-H stretching frequency of pyrrole 
itself in carbon tetrachloride is a little higher at 3488 cm.-l; there appears to be a small 
solvent effect as this frequency is lowered by 13 cm.-l in chloroform solution. Since the 
N-H stretching frequency is not appreciably altered by the presence of 2-carbonyl 
substituents, intramolecular hydrogen bonding is ruled out and this absorption is therefore 
due to the “ free ” N-H group. 

In  the solid state the N-H stretching frequency occurs in a much wider range at lower 
frequencies, viz., 3315-3085 cm.-l. There is no apparent relation between the position 
of this bonded N-H absorption and the chemical nature of the substituents, although large 
2-substituents [cf. compounds (7), (13), (14), (22)] seem to hinder intermolecular hydrogen 
bonding of the N-H group, giving weak hydrogen bonds with higher frequencies, 
whereas stronger hydrogen bonds are formed when the 2-substituents are small 

Scrocco and Nicolaus have shown that there is a linear relationship between the pK, 
value of the pyrrole and the difference, Av, in the frequency of the free and bonded N-H 
vibrations, both determined in solution. While we have not determined any pK, values, 
our Av values correspond in magnitude to those given by Scrocco and Nicolaus. In those 
spectra where the bonded N-H band was visible, the largest AV value was given by com- 
pound (37) with 210 cm.-l and the smallest by (3) with 115 cm.-l. 

Our determinations were made with a rock-salt prism and the estimated error in 
frequency is about &-lo cm.-1 so that the extent of the range of the N-H frequency, 
particdarly in solution, is probably due to experimental error rather than to real differences 
in the positions of the N-H stretching frequencies. As a check on the accuracy of our 
results the N-H frequency of pyrrole was redetermined; it was found to be in excellent 
agreement with the results recorded by Fuson.13 A discrepancy was noted between our 
results and those of Scrocco and Nicolaus 9 for pyrroles (16) and (31) even after corrections 
for solvent effect were made. Similarly our N-H frequencies were found to be lower than 
the values recorded by Mirone et aL5 for pyrroles (ZS), (29), and (31). Since the above 
workers used a lithium fluoride prism it is likely that the differences observed are due 
to this. 

The Carbonyl Stretching Region.-A comparison of the solution and the solid-state 
spectra in the carbonyl-stretching region near 1670 cm.-l shows a marked dissimilarity in 

l3 Fuson, Josien, Powell, and Utterback, J .  Chem. Phys., 1952, 20, 145. 

[cf. (15), (12)l. 
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the absorption. O=C hydrogen bonding 
and consequently solid-state spectra do not give consistent results even among similar 
compounds as the carbonyl-stretching frequency depends on the packing and hydrogen 
bonding in the crystals, Mirone, Drusiani, and Lorenzelli have found similar 
inconsistencies in a series of substituted pyrrole aldehydes. The solution spectra give 
much more consistent results which will now be discussed. 

The pyrrolic monoesters (4), (5), (6), and (10) have essentially the same carbonyl- 
stretching frequency irrespective of whether the ester group is in the 2- or 3-position. 
This indicates that the dipolar forms (111) and (IV) can be fonnedwith equal ease, and hence 
that it is not possible to determine the position of a pyrrolic carbonyl substituent from 
the G O  stretching frequency. Similarly the G O  frequency of the 2-acetyl derivative 
(11) lies very close to that of the 3-acetylpyrrole (12). The ketones absorb at a frequency 
about 40 cm.-l lower than that of the esters, the shift being of the same order as that 
observed in normal ketones and esters. 

Pyrroles carrying two ester groups, (13-l7), give rise to one asymmetrical carbonyl- 
stretching band. This is probably due to the fact that the two ester groups absorb at 
frequencies very close to each other so that the bands are not resolved. As both the 
symmetrical 2 : 5-diesters (13), (14), and the 3 : 4-diester (15) have asymmetric carbonyl 
bands, there must be weak mechanical interaction between the two vibrations rather than 
preferential perturbation of one of the ester groups which might be postulated, for example, 
with diethyl 2 : 4dimethylpyrrole-3 : 5-dicarboxylate (16). Mechanical interaction would 
be strongest when the two ester groups are in adjacent positions in the ring and this is 
confirmed by our data, although the triester (30) appears to be abnormal in this respect. 

The spectrum of one l-substituted pyrrole (17) was recorded to confirm (cf. refs. 1, 4, 7) 
that the hydrogen attached to the nitrogen atom is not essential for the perturbation, and 
to rule out the possibility of hydrogen bonding between the N-H group and adjacent 
2-carboxyl substituent. The carbonyl-stretching frequency of diethyl 1 : 2 : 4-trimethyl- 
pyrrole-3 : 5-dicarboxylate (17) is identical with that of diethyl 2 : 4-dimethylpyrrole- 
3 : 5-dicarboxylate (16). 

Pyrroles (23-29), containing both ester and carbonyl groups, have a much more complex 
absorption, giving rise to two, and sometimes three or more, bands. Mirone et aL6 have 
differentiated four types of carbonyl frequencies in a series of pyrrolic ester-aldehydes in 
the solid state which are called ‘‘ associated ” and “ unassociated ” ester and aldehyde 
bands, but there is not sufficient evidence in our work for such a definitive assignment. 

The dipyrrylmethanes (8) and (9) show the expected shift of the carbonyl band in 
solution, but in the solid state strong intermolecular hydrogen-bonding splits the bands 
into two sharp maxima at 1688, 1644 cm.-l and 1699, 1647 cm.-l respectively. 

The pyrrolic nitriles (36-40) absorb normally and there appears to be no effect of the 
pyrrole ring on the stretching frequency of the CEN group. This frequency at about 
2230 cm.-l is comparable with the CEN stretching frequency of benzonitrile14 also at 
2230 cm.-l. 

The effect of alkyl substituents on the C=O frequency has not been fully elucidated, 
chiefly owing to the lack of data. Mirone et aL5 found that, in the solid state, the C=O 
frequency is lowered by increasing alkyl-substitution. We have confirmed this effect 
in the case of the trisubstituted monoester (4) which absorbs at 1678 cm.-l and the tetra- 
substituted monoesters (5) and (6) which absorb at 1669 cm.-l in chloroform. However, 
there is a slight increase in the CEN band when going from the trisubstituted nitrile (36) 
(2229 cm?) to the tetrasubstituted derivatives (37) and (38) which absorb at 2237 and 
2234 cm.-l respectively. 

The 1600-1470 cm.-l Region.-All the compounds which have been examined have 
absorption in the 1600-1470 cm.-l region which generally consists of two bands of variable 
intensity and position. In most cases, one band was near 1565 cm.-l and the other near 

This is probably due to intermolecular N-H 

la Kitson and Griffith, Analyt. Chem., 1952, 24, 334. 
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1500 cm.-l. Pyrrole itself has absorption at  1575, 1661, and 1531 cm.-l which has been 
ascribed to the asymmetrical and symmetrical vibrations of the double bonds in the 
pyrrole ring.15 These vibrations would be expected to depend considerably on the 
substitution of functional groups which would affect the symmetry of the molecule, and 
hence the position and intensity of these bands. Although there appears to be no empirical 
relation between the positions of the bands and the substitution on the pyrrole ring, it 
seems that the band near 1565 cm.-l is most intense when the functional substitution is 
at positions 2 : 4 or 3 : 4, and weakest in the 2 : 5-disubstituted pyrroles. This might be 
expected from a consideration of the symmetry of these vibrations. 

Cromwell et aL1° also found strong absorption in this region in ap-unsaturated 13-amino- 
ketones which was ascribed to a modified C=C or C-N stretching vibration similar to the 
amide I1 band. However, the absorption bands of the carbonyl-substituted pyrroles are 
of only weak or medium intensity and so the assignment to a ring vibration, similar to 
that in pyrrole itself, is preferred. 

Eq!wimentut.-The spectra were recorded on a Grubb-Parsons D.B.I. double-beam infrared 
spectrometer with sodium chloride optics. Solid-state spectra were determined as paraffin 
mulls and solution spectra in chloroform using solutions of concentration about 0.5% w/v in 
a 0.5 mm. cell. 

The preparation of the pyrroles was described in Part I. In addition, the pyrrole (4) was 
prepared as in ref. 16 and the pyrroles (6) and (27) as in ref. 17. 

We are indebted to Professor C. Rimington, F.R.S., for a gift of pyrroles (19), (ZO), (21); to 
Dr. R. P. Linstead, C.B.E., F.R.S., for pyrroles (25) and (36-40); and to Dr. J. A. Elvidge for 
the compounds (ll), (22), (23). The work was carried out with the financial support (to U. E.) 
from the Rockefeller Foundation to whom thanks are offered. 
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