ASSOCIATION AND RELATIVE ACIDITIES OF 2-SUBSTITUTED
5-TRIFLUOROCACETYLPYRROLES

N. I. Golovanova, B. A. Trofimov, UDC 547.74:543.422.4
A. I. Mikhaleva, and S. E. Korostova

The acidities of 2-substituted 5-trifluoroacetylpyrroles were studied by IR spec~
troscopy from the shift of the frequency of the NH stretching vibration (AvNH) in
the presence of dimethylformamide (DMF) relative to the band of vibrations of free
NH. The existence of a correlation relationship between Avyy and Zo; constitutes
evidence that the acidities of pyrroles are determined primarily by the inductive
effect of the substituents in the 2 and 5 positions of the pyrrole ring. The low
probability of the formation of an intramolecular NH.,.0=C hydrogen bond in the in~
vestigated molecules was demonstrated.

The ability to form associates with various bases is an important property of pyrroles
that to a great extent determines their physicochemical and biological behavior [1, 2]. 2-
Substituted 5-trifluoroacetylpyrroles, which have recently become accessible [3, 4], are of
promise as potentially biologically active compounds and as starting substances for the synthe-
sis of other functionally substituted pyrroles.

In the present research we undertook a study of the association and acidic properties
of the indicated group of pyrroles by IR spectroscopy. The IR spectra of 2-substituted 5-
trifluoroacetylpyrroles (Table 1) in the form of KBr pellets and concentrated solutiocns in
CCl, are characterized by absorption bands of associated C=0 (1645 cm~') and NH (3320 cm™')
groups. The bands of the associates disappear as the concentration of the pyrroles in CCl,
decrease (Fig. 1), and only bands of the monomers (1670 and 3450 cm™*) are observed. The in~
troduction of substituents into the 2 position of the pyrrole ring does not have an appreci-
able effect on the frequency and integral intensity (AC=O> of the G=0 band for the unasso-~
ciated compounds (Table 1).

The spin—spin coupling of the 4-~H (in the 4 position) and '°F nuclei through space ob-

served for such 5-trifluoroacetylpyrroles [5] constitutes evidence for a preferred conforma-
tion with a cis orientation of the nitrogen and oxygen atoms. An intromolecular NHeee(O=C
hydrogen bond is possible in this sort of conformation [6, 7]:

EJKC/CFS
H, A
.0

We studied the possibility of the realization of this sort of hydrogen bond from the
effect of donor solvents (acetonitrile, pyridine, and triethylamine) on the frequencies of
the stretching vibrations of the C=0 and NH groups. The intermolecular hydrogen bonds of
pyrroles are cleaved in strong bases, and stronger NHeeeB bonds with solvent molecules (B)
are formed. The decrease in the VNH frequency as the basicity of the medium increases con-
stitutes evidence for this (Table 2). In the case of cleavage of the intramolecular hydrogen
bond the frequency of the stretching vibrations of the C=0 group should be shifted to the
high-frequency region [8]; however, Vo remains constant on passing from acetonitrile to
pyridine and triethylamine (Table 2). =?hese data may constitute evidence for the absence of
intramolecular NHee¢0=C hydrogen bonds in the investigated molecules. The fact that the fre-
quencies and integral intensities of the C=0 bands have the same values as in the case of
N-substituted pyrroles X-XII also serves as a confirmation of this.
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TABLE 1., Frequencies of the (=0 and NH Groups and Relative
Acidities (AVNH) of Pyrroles

; -1
A vC=0,Cm AvNH, cm~!

g g R - - Free AvNH,
Q $50- -] i -
O ciate |free | C=O |free lgiszge DMF | S '

I} I}-I{ CHjy 1646 | 1669 | 55 | 3460( 3330 | 3210 250
T CeHs 1648 | 1672 | 58 |3450] 3320 | 3175| 275
H p-CoHsCH, 1645 [ 1668 | 5,7 {3453 3320 | 3183 | 270
IV| H p-ClCeH, 1647 1670 | 5,6 |3437| 3310 | 3147 290
VI H p-BrCeH, 1646 | 1670 | 5,7 | 3440f 3310 | 3150 | 290
VI| H E-CH30CSH4 1644 | 1669 | 5,8 |3455| 3325 3185| 270
VII | H ~Naphthyl 1647 [ 1669 | 5,7 [3440( 3310 | 3160 | 280
VIIIL | H 2~Furyl 164311671 | 58 |3440) 3305 3155 | 285
IX| H 2-Thienyl 1644 | 1670 { 5,7 |[3430( 3290 3130 300
X[ CHy CeHs — |1674| 56
X1 CHQCHZS}(CgHs)s CsHy - | 1672 ] 5,7
XIT | CHyCH,Si(CoHs)s 2-Thienyl — | 1673 | 5,6

TABLE 2., Effect of the Solvent on
the VNH and vC=0 Values of Pyrrole

ITT
Solvent wNH, cm™! | ve=0, cm-!
Acetonitrile 3270 1670
Pyridine 3160 1668
Triethylamine 3140 1671
75
=
o
]
= 50F
1y
3
et j
<
25}
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Fig. 1. Absorption bands of the C=0 and NH groups in 2-phenyl-
5-trifluoroacetylpyrrole: 1) in KBr; 2) in CCl,, ¢ = 1072 mole/
liter; 3) in CCl,, ¢ = 5¢107* mole/liter.

We have previously studied the hydrogen bonding of 2,3~ and 2,5~substituted pyrroles
with DMF and have shown that the AVNH value (the shift of the frequency of the NH stretching
vibration relative to VNHIT®®) when DMF is added to a solution in CCl, is a linear function
of the sum of the inductive constants of the substituents (Zo7) [9]. Combined correlation
treatment of the AVNH values from [9] and from Table 1, except for the data for 2-tert~butyl-
5-trifluoroacetylpyrrole and 2,5~diphenylpyrrole (steric effects), leads to considerable im~
provement in the correlation:

‘AvNH = (144 +3) +(2324-8) 207, n=25, r=0.996, So=6

The existence of this sort of correlation (Fig. 2) confirms the conclusions that the
acidities of pyrroles (AvNH) are determined primarily by the inductive effect of the substit-
uents, The strength of the hydrogen bond increases as the acceptor properties of the sub-
stituents in the pyrrole ring become more pronounced. The frequency of the stretching vibra-
tion of the free NH group decreases as the —I effect of the substituents becomes more intense
and is linearly related to the ZGI values by the equation

vNHfree = (3491 +4.9) — (80.7%10.9) Zo1, n=16, r=0.973, S;=6.4
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TABLE 3. Dependence of WNH "¢ and AVNH (cm™%) on the Struc-

ture of the Pyrrole

] i
1 R” "N’ CUCF
R " H i ? _AUNHfree AAYNH
uNHfree AVNH yNHiTee AVNH
CH;3 3492 132 3460 250 32 118
CgHs 3486 156 3450 275 36 119
2-Furyl ] 3475 165 3440 285 35 120
2-Thienyl 3465 180 3430 300 35 120

A comparison of the data in Table 3 shows that the difference (AvNHfree) in the frequen-
cies of the vibrations of free NH groups and the difference (AAVNH) in the acidities between
pyrroles and trifluoroacetylpyrroles with identical substituents R have approximately constant
values (~35 and 120 cm™', respectively). This indicates additivity of the effect of the tri-
fluorocacetyl group on the spectroscopic acidity and vNHET®e yhen there are different substit-
uents in the 2 position of the pyrrole ring.

It is apparent from a comparison of the frequencies of the stretching vibrations of the
NH groups in 2-methyl-5-acetylpyrrole (3445cm~*') (inCCl,, c= 10"“mole/liter) [7] and 2-methyl-
5-trifluoroacetylpyrrole (3460 cm™') that the acetyl group decreases VNHYY®® to a greater ex-
tent (by ~25 cm™') than one should have expected from its —I effect (o, = +0.26). The low
vNHETee value in the case of acetylpyrrole is possibly due to the formation of an intramolecu-
lar hydrogen bond with the carbonyl oxygen atom, which should have a high basicity in this
case. In an attempt to estimate the basicity of the carbonyl group in III from the shift of
the band of the OH stretching vibration of the phenol we were unable to observe a band of an
associated hydroxy group, and this confirms the low basicity of the oxygen atom in the inves-
tigated compounds.

FXPERIMENTAL

2-Substituted 5-trifluoroacetylpyrroles were synthesized by the method in [3]., The IR
spectra were recorded with a Specord 75 IR spectrometer. The concentration of the pyrroles
in CCl, ranged from 5¢10~* to 10~' mole/liter, and the concentration in triple solutions in
CCl, ranged from 0.05 to 0.5 mole/liter; cpyp = 0.1-1.0 mole/liter.
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REACTION OF THE FISCHER BASE WITH NITRO- AND BROMO-SUBSTITUTED
o-HYDROXYCINNAMALDEHYDES

Yu. M. Chunaev, N. M. Przhiyalgovskaya, UDC 547.441:547.754
M. A. Gal'bershtam, L. N. Kurkovskaya,
and M, V. Karpova

The Fischer base reacts with a-ethyl-5-nitro-, 5-bromo~, and 3,5-dibromo-2-hydroxy-
cinnamaldehydes to give bisindoline spirochromans, with 3~bromo-5-nitro-2-hydroxy-

cinnamaldehyde to give a mixture of a spirochroman and a monoindoline merocyanine,

and with 3,5-dinitro-2-hydroxycinnamaldehyde to give only a merocyanine. The mono-
indoline merocyanines obtained do not display a tendency to undergo intramolecular

cyclization to give spiro-2H-oxocines.

It is well known that the first attempt [1] to obtain new photochromic compounds, viz.,
indoline spiro-2H-oxocines (IV), by the reaction of the Fischer base (I) with o-hydroxycin-
namaldehydes (IIa, b) was unsuccessful. It was recently shown [2] that the indicated reac-.
tion proceeds through a step involving the formation of merocyanine structure III; however,
instead of the desired spirocyclization to give an eight-membered ring (IV), the next step
involves the addition of a second molecule of the methylene base, as a consequence of which
the final products are bisindoline spirochromans V, which do not have photochromic properties.
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a X=Y=R=H; b X=NO,, Y=R H;c X=NO,, Y=H, R=CH3; d X=NQO;, Y=H, R=CyHjs;
e X=Y=Br, R=H:f X=Br, Y=R=H; g X=NO,, Y=Br, R=H;h X=Y=NO,, R=H

In the present research we continued our study of the reaction of the Fischer base with
various substituted o-hydroxycinnamaldehydes in order to search for conditions under which
the formation of spiro~2H-oxocines becomes possible. It is known that the formation of "di-
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