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In solutions of 6(7)-formyl-, 6(7)-acetyl- and 6(7)-p-toluenesulfonyl-2-trifluoromethylperimidines in non-polar solvents, both of
the NH tautomers were detected using 1H NMR spectroscopy even on heating up to 130 °C.

It is well known that annular tautomerism in NH azoles is a very
fast process in the NMR time scale, which can be normally frozen
only at rather low temperatures.1,2 Here, we report amidine-like
NH heterocycles, in which annular prototropy is hindered so that
distinct tautomers are observed not only under ordinary condi-
tions but also on heating above 100 °C.  We found that in the 1H
NMR spectra of 6(7)-formyl-, 6(7)-acetyl- and 6(7)-p-toluene-
sulfonyl-2-trifluoromethylperimidines†  in non-polar solvents
(CDCl3, CDCl2CDCl2 and C6D6) at room temperature all signals
are duplicated showing the presence of both possible annular
tautomers 1a– 3a and 1b– 3b [Figure 1(a)].‡  The individual tau-

tomers can be easily identified by examining the multiplicity of
signals for the 9-H proton adjacent to the pyrrole nitrogen atom.
In all perimidines, this proton resonates at a considerably higher
frequency in comparison with other aromatic protons.6 Thus, this
signal for 6-R species 1a– 3a is a doublet of doublets, whereas
it looks as a doublet for 7-R species 1b– 3b. Concentrations of
each species and the tautomeric equilibrium constants KT =
[a species]/[b species] were calculated from the relative inten-
sities of corresponding peaks. It follows from Table 1 that the
7-R form somewhat dominates over the 6-R form for all com-
pounds in non-polar media. We found by X-ray diffraction anal-
ysis of aldehyde 1 that the 7-R form is the only form in a solid
state (Figure 2).§ The possible reason may consist in a much
higher dipole moment of the 7-R form (m = 3.47 D) than that of

† Compounds 1, 4 and 6 were prepared in accordance with procedures
described in refs. 3, 4 and 5, respectively. New compounds 2 and 3 gave
satisfactory elemental analyses. The synthesis of compounds 7 and 8
will be described elsewhere. The 1H NMR spectra were recorded on a
Bruker-250 spectrometer. Because of fast prototropy in [2H6]DMSO, the
atoms in compounds 1– 3 were numbered arbitrarily.

For 1: 1H NMR ([2H6]DMSO) d: 6.75 (br. d, 1H, 9-H), 7.03 (br. dd,
1H, 4-H), 7.55 (dd, 1H, 5-H, 3J5,4 7.9 Hz, 3J5,6 8.2 Hz), 7.85 (d, 1H, 8-H,
3J8,9 8.0 Hz), 8.64 (br. d, 1H, 6-H, 3J6,5 8.5 Hz), 9.89 (s, 1H, CHO),
12.40 (br. s, 1H, NH).

For 1a: 1H NMR (CDCl3) d: 6.66 (dd, 1H, 9-H, 3J9,8 7.1 Hz, 4J9,7
0.7 Hz), 7.04 (d, 1H, 4-H, 3J4,5 7.8 Hz), 7.46 (dd, 1H, 8-H, 3J8,9 7.1 Hz,
3J8,7 8.9 Hz), 7.79 (d, 1H, 5-H, 3J5,4 7.8 Hz), 8.23 (br. s, 1H, NH), 8.77
(dd, 1H, 7-H, 3J7,8 8.9 Hz, 4J7,9 0.7 Hz), 10.04 (s, 1H, 6-CHO).

For 1b: 1H NMR (CDCl3) d: 6.49 (d, 1H, 9-H, 3J9,8 7.9 Hz), 7.25 (dd,
1H, 4-H, 3J4,5 7.6 Hz, 4J4,6 0.7 Hz), 7.62 (dd, 1H, 5-H, 3J5,4 7.6 Hz, 3J5,6
8.7 Hz), 7.68 (d, 1H, 8-H, 3J8,9 7.9 Hz), 8.23 (br. s, 1H, NH), 8.82 (dd,
1H, 6-H, 3J6,5 8.7 Hz, 4J6,4 0.7 Hz), 9.97 (s, 1H, 7-CHO).

For 2: A mixture of compound 4 (2 mmol), AcOH (3 mmol) and poly-
phosphoric acid (6 g, 84% P2O5) was stirred at 65 ° C for 4 h and then
poured into water (100 ml). The subsequent basification with NH4OH to
pH 3– 4, extraction with ethyl acetate (3× 20 ml) and column chromato-
graphy on silica gel gave 2 (in the second fraction) as orange crystals
with mp 218– 219 ° C (decane), 76% yield. 1H NMR ([2H6]DMSO) d:
2.57 (s, 3H, Me), 6.69 (br. d, 1H, 9-H, 3J9,8 8.0 Hz), 6.96 (br. dd, 1H,
4-H), 7.48 (dd, 1H, 5-H, 3J5,4 7.6 Hz, 3J5,6 8.7 Hz), 8.07 (d, 1H, 8-H, 3J8,9
8.1 Hz), 8.57 (br. dd, 1H, 6-H), 12.20 (br. s, 1H, NH). IR, (Vaseline oil,
n/cm–1 ): 3180–3 090 (NH), 1633 (C=O), 1613, 1580 (ring).

For 2a: 1H NMR (CDCl3) d: 2.63 (s, 3H, Me), 6.55 (dd, 1H, 9-H, 3J9,8
7.6 Hz, 4J9,7 0.7 Hz), 6.92 (d, 1H, 4-H, 3J4,5 8.0 Hz), 7.35 (dd, 1H, 8-H,
3J8,7 8.9 Hz, 3J8,9 7.6 Hz), 7.92 (d, 1H, 5-H, 3J5,4 8.0 Hz), 8.10 (br. s, 1H,
NH), 8.55 (dd, 1H, 7-H, 3J7,8 8.9 Hz, 4J7,9 0.7 Hz).

For 2b: 1H NMR (CDCl3) d: 2.60 (s, 3H, Me), 6.35 (d, 1H, 9-H, 3J9,8
8.0 Hz), 7.16 (dd, 1H, 4-H, 3J4,5 7.5 Hz, 4J4,6 0.8 Hz), 7.52 (dd, 1H, 5-H,
3J5,4 7.5 Hz, 3J5,6 8.8 Hz), 7.83 (d, 1H, 8-H, 3J8,9 8.0 Hz), 8.10 (br. s, 1H,
NH), 8.72 (dd, 1H, 6-H, 3J6,5 8.8 Hz, 4J6,4 0.8 Hz).

For 3: A mixture of compound 4 (2 mmol), 4-MeC6H4SO3H·H2O
(3 mmol) and polyphosphoric acid (5 g, 84% P2O5) was stirred at 140–
145 ° C for 1 h and then poured into water (50 ml). The subsequent
basification with NH4OH to pH 4– 5 gave a solid, which was filtered off,
washed with water and dried. After column chromatography on silica
gel, firstly, with benzene to separate 4(9)-p-toluenesulfonyl-2-trifluoro-
methylperimidine (14%, yellowish crystals, mp 253–254 °C ) and then
with benzene–e thyl acetate (10:1) gave 3 as yellow-green crystals with

‡ Preliminary 19F and 13C NMR examinations of compounds 1– 3 led to
the same conclusions.

mp 259– 260 ° C (benzene), 44% yield. 1H NMR ([2H6]DMSO) d: 2.33
(s, 3H, Me), 6.80 (br. d, 1H, 9-H), 6.97 (br. dd, 1H, 4-H), 7.37 (d, 2H,
4-MeC6H4SO2, 3'-H and 5'-H, J0 8.1 Hz), 7.46 (br. dd, 1H, 5-H), 7.77
(m, 3H, 6-H, 4-MeC6H4SO2, 2'-H and 6'-H, J0 8.1 Hz), 8.14 (d, 1H, 8-H,
3J8,9 8.9 Hz), 12.30 (br. s, 1H, NH).

For 3a: 1H NMR (CDCl3) d: 2.35 (s, 3H, Me), 6.53 (dd, 1H, 9-H,
3J9,8 7.3 Hz, 4J9,7 0.7 Hz), 6.99 (d, 1H, 4-H, 3J4,5 7.8 Hz), 7.22 (d, 2H,
4-MeC6H4SO2, 3'-H and 5'-H, J0 8.4 Hz), 7.25 (m, 1H, 8-H), 7.78 (d,
2H, 4-MeC6H4SO2, 2'-H and 6'-H, J0 8.4 Hz), 7.85 (dd, 1H, 7-H, 3J8,9
8.7 Hz), 8.26 (d, 1H, 5-H, 3J5,4 7.8 Hz), 8.43 (br. s, 1H, NH).

For 3b: 1H NMR (CDCl3) d: 2.35 (s, 3H, Me), 6.45 (d, 1H, 9-H,
3J9,8 8.1 Hz), 7.07 (dd, 1H, 4-H, 3J4,5 7.5 Hz, 4J4,6 0.7 Hz), 7.21 (d, 2H,
4-MeC6H4SO2, 3'-H and 5'-H, J0 8.4 Hz), 7.40 (dd, 1H, 5-H, 3J5,4 7.5 Hz,
3J5,6 8.7 Hz), 7.77 (d, 2H, 4-MeC6H4SO2, 2'-H and 6'-H, J0 8.4 Hz), 7.90
(dd, 1H, 6-H, 3J6,5 8.7 Hz, 4J6,4 0.7 Hz), 8.13 (d, 1H, 8-H, 3J8,9 8.1 Hz),
8.60 (br. s, 1H, NH).
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its 6-R counterpart (m = 1.05 D).¶ This can result in more effec-
tive stabilisation of the 7-R form in a crystalline state and, to
a certain extent, in solution because of stronger dipole–dipo le
interactions.

We failed to reach a coalescence temperature for signals of
both of the tautomeric forms in the non-polar solvents used. Upon
heating a solution of aldehyde 1 or ketone 2 in C6D6 up to 70 °C
or in CDCl2CDCl2 up to 130 °C,  only slight broadening of the
indicator peaks was observed. Judging from these observations,
we can suggest that the value of DG¹ for the tautomerisation
of compounds 1 and 2 in non-polar media may be higher than
20 kcal mol–1 . To the best of our knowledge, this is an unprece-
dentedly high value for annular tautomerism in azole systems
(cf. refs. 1 and 2).

At the same time, the coalescence does occur when a drop of
D2O is added to a solution of 1– 3 in CDCl2CDCl2.††  Moreover,
fast tautomerisation with averaging signals of both of the forms
takes place at room temperature in solutions of 1– 3 in polar
solvents, e.g., CD3CN and [2H6]DMSO [Figure 1(b)]. In this
instance, the percentage of tautomers in an equilibrium mixture
was calculated for compounds 1 and 2 using the equation8

where pt is the difference between the chemical shifts of 4-H
and 9-H atoms for compound 1 or 2, p7 and p8 are the analo-
gous differences for fixed forms 7 and 8 (Table 2), ca and cb are
the molar fractions of tautomers 1a,2a and 1b,2b, respectively.
As can be seen in Table 1, the ratio between both of the forms
for aldehyde 1 and ketone 2 in non-polar and polar solvents dif-
fers little; the only exception is compound 2 in CD3CN, for
which the 6-COR form becomes somewhat predominant. 

A pronounced influence of perfluoroalkyl groups on prototropy
in NH-containing heterocycles was reported.9 In 2-perfluoropro-
pylimidazole, a stabilisation of annular prototropy was observed
as thought because of intramolecular hydrogen bonding between
NH protons and terminal fluorine atoms in the n-C3F7 substi-
tuent.10 Obviously, a similar explanation is not valid in our case
because (i) no stabilisation of prototropy was noticed for 2-CF3-
and 2-C2F5-imidazoles10 and (ii) X-ray diffraction data did not
indicate the existence of similar intramolecular hydrogen bonding
for 1. We believe that the main reason for the very slow tau-
tomerism of compounds 1– 3 in non-polar media consists in their
very low basicity‡‡  and insufficient NH acidity to ensure fast
proton interchange between different molecules of the hetero-

§ Crystals of 1 suitable for X-ray analysis were obtained by slow evapo-
ration of a solution of 1 in acetylacetone. A red single crystal (0.50×
× 0.25× 0.20 mm) containing 0.5 molecules of acetylacetone per molecule
of 1 was chosen (C13H7F3N2O·0.5C5H8O2, M = 314.26). The crystals
are orthorhombic, a = 6.9420(14) Å , b = 16340(3) Å , c = 24.776(5) Å ,
V = 2810.4(10) Å 3, dcalc = 1.485 g cm–3 , Z = 8, space group Pmc21,
m(MoKa) = 1.26 cm–1 , F(000) = 1288. Intensities of 3645 reflections
were measured on an Enraf-Nonius CAD4 diffractometer at 293 K
(graphite-monochromated MoKa radiation, q\5/3q scan technique, q £
£ 26.96° ) and 3306 independent reflections (Rint = 0.0518) were used in
further calculations and refinement. The structure was solved by a direct
method and refined by a full-matrix least-squares technique against F2 in
an anisotropic approximation for non-hydrogen atoms. All hydrogen atoms
were placed in the geometrically calculated positions and included in the
refinement using the riding model approximation with Uiso(H) = 1.5Ueq(Ci)
and Uiso(H) = 1.2Ueq(Cj), where Ci and Cj are the carbon atoms to which
the corresponding hydrogen atoms are attached in methyl groups and
benzene rings, respectively. The refinement was converged to wR2 =
= 0.1515 and GOOF = 0.936 for all independent reflections [R1 = 0.0438
is calculated against F for the 1183 independent reflections with
I > 2s(I)]. The number of the refined parameters was 547. All calcula-
tions were performed using SHELXTL PLUS 5.0 on an IBM computer.
Atomic coordinates, bond lengths, bond angles and thermal parameters
have been deposited at the Cambridge Crystallographic Data Centre
(CCDC). For details, see ‘Notice to Authors’,  Mendeleev Commun.,
Issue 1, 2000. Any request to the CCDC for data should quote the full
literature citation and the reference number 1135/67.
¶ The dipole moments were calculated by the PM3 method for confor-
mations in which a carbonyl oxygen atom is directed towards the peri-
proton. The occurrence of such conformations was confirmed by X-ray
diffraction data (for 1) and 1H NMR spectra showing strong deshielding
of peri-protons for both of the tautomers.

Table 1 Ratio between tautomers at 25 ° C. 

Compound Solvent

Content (%) Equilibrium 
constant

6-COR 
(1a– 3a)

7-COR 
(1b– 3b)

1 CDCl3 37 63 0.59
CDCl2CDCl2 34 66 0.52
C6D6 38 62 0.62
[2H6]DMSO 33a

aFast equilibrium.

67a 0.50a

CD3CN 38a 62a 0.61a

2 CDCl3 40 60 0.67
CDCl2CDCl2 38 62 0.61
C6D6 47 53 0.89
[2H6]DMSO 49a 51a 0.96a

CD3CN 68a 32a 2.12a

3 CDCl3 33 67 0.49
CDCl2CDCl2 36 64 0.56

KT =
[form a]
[form b]

pt = cap7 + cbp8, (1)

†† Unlike 1 and 2, prototropy in 3 is extremely sensitive to moisture
traces. Thus, in three different commercial batches of CDCl3, only the
average spectrum of 3 was observed, whereas in each of these cases
compounds 1 and 2 demonstrated separate signals of both tautomers.
Tautomers 3a and 3b could be observed only in a carefully dried sample
of CDCl3. Indirectly, these data indicate that the tautomerisation of 1– 3
most likely proceeds through a mesomeric N anion rather than the
perimidinium cation. Indeed, the NH acidity of 3 should be greater than
that of 1 and 2 because the 4-MeC6H4SO2 group (sp = 0.67) is a stronger
electron acceptor than CHO (sp = 0.22) and COMe (sp = 0.50).7
‡‡ In accordance with published data,11 the value of pKa for 1-methyl-2-
trifluoromethylperimidine in MeCN is equal to 6.64. Extrapolation to an
aqueous solution results in pKa within the limits from –1 .0 to – 0.5.
Obviously, the basicity of compounds 1– 3 should be even lower.

9.0 8.0 7.0 6.0
d/ppm

Figure 1 1H NMR spectra (250 MHz, 30 ° C) of compound 2 in (a) CDCl3
and (b) [2H6]DMSO.
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Figure 2 Molecular structure of compound 1 (one of four independent
molecules is shown; the acetylacetone molecule is omitted for clarity; the
atom numbering does not correspond to the IUPAC nomenclature). Selected
bond lengths and distances (Å):  N(1')– C(1') 1.39(2), N(2')– C(1') 1.29(2),
N(1')–C (3') 1.34(2), N(2')–C( 11') 1.40(2), C(6')– C(13') 1.45(2), O(1')–
C(13') 1.27(2), O(1')···H(8'A) 2.38(0.02), O(1')···C(8') 3.00(0.02); selected
bond angles (° ): C(3')– N(1')–C( 1') 115(1), C(1')– N(2')–C (11') 116(1),
N(2')–C (1')– N(1') 127(1), N(2')–C (1')–C( 2') 119(1), N(1')– C(1')–C (2')
113(1), N(1')– C(3')–C (12') 123(1), N(1')– C(3')– C(4') 117(1), C(5')–C (6')–
C(13') 112(1), C(6')– C(7')– C(8') 121(1), O(1')–C( 13')–C( 6') 124(2).
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cyclic compounds (conjugated cations or anions are known to be
ordinary prototropy intermediates in NH heterocycles).1 This
view is substantiated by the fact that 2-trifluoromethyl- and
2-methylperimidines 4 and 5, respectively, as well as 6(7)-acetyl-
perimidine 6, exhibit only average spectra even in non-polar
solvents (see also ref. 12).§§ It follows from the above discus-
sion that the specificity of compounds 1– 3 consists in a co-
operative electron acceptor effect of the 2-CF3 group and a sub-
stituent at the 6(7)-position, which creates an optimal balance
of the basicity and NH acidity making prototropy in non-polar
media extremely hindered.

References

1 J. Elguero, C. Marzin, A. R. Katritzky and P. Linda, The Tautomerism
of Heterocycles, Adv. Heterocycl. Chem., Supplement 1, Academic
Press, New York, 1976.

2 V. I. Minkin, A. D. Garnovskii, J. Elguero, A. R. Katritzky and O. V.
Denisko, Adv. Heterocycl. Chem., 2000, 76, 157.

3 A. F. Pozharskii, E. A. Filatova, N. V. Vistorobskii and I. V. Borovlev,
Khim. Geterotsikl. Soedin., 1999, 365 [Chem. Heterocycl. Compd.
(Engl. Transl.), 1999, 35, 319].

4 A. F. Pozharskii, G. G. Yurchuk and L. L. Gervits, Khim. Geterotsikl.
Soedin., 1979, 413 [Chem. Heterocycl. Compd. (Engl. Transl.), 1979,
15, 342].

5 A. F. Pozharskii, I. V. Borovlev and I. S. Kashparov, Khim. Geterotsikl.
Soedin., 1975, 543 [Chem. Heterocycl. Compd. (Engl. Transl.), 1975,
11, 480].

6 A. F. Pozharskii and V. V. Dal’nikovskaya, Usp. Khim., 1981, 50, 1559
(Russ. Chem. Rev., 1981, 50, 816).

7 A. J. Gordon and R. A. Ford, The Chemist’s Companion, Wiley-
Interscience, New York, 1972.

8 D. S. Wofford, D. M. Forkey and J. G. Russell, J. Org. Chem., 1982,
47, 5132.

9 J. Elguero, A. Fruchier, N. Jagerovic and A. Werner, Org. Prep. Proced.
Int., 1995, 27, 33.

10 H. Kimoto, S. Fojii and L. A. Cohen, J. Org. Chem., 1982, 47, 2867.
11 A. F. Pozharskii and G. G. Yurchuk, Khim. Geterotsikl. Soedin., 1979,

418 [Chem. Heterocycl. Compd. (Engl. Transl.), 1979, 15, 346]. 
12 P. D. Woodgate, J. M. Herbert and W. A. Denny, Magn. Reson. Chem.,

1988, 26, 191.

§§ It is noteworthy that in compound 4, unlike 5, the average 4-H and 9-H
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both substituents in compounds 1– 3.

Table 2 Chemical shifts of 4-H and 9-H protons in polar solvents. 

Compound Solvent d(9-H)a/
ppm

aThe atom numbering in compounds 1 and 2 is arbitrary.

d(4-H)a/
ppm

p = d(4-H) – d(9-H)/
ppm

1 [2H6]DMSO 6.75 7.03 0.28
CD3CN 6.75 7.05 0.30

2 [2H6]DMSO 6.69 6.96 0.27
CD3CN 6.65 6.95 0.30

7a [2H6]DMSO 7.00 7.04 0.04
CD3CN 6.85 7.00 0.15

7b [2H6]DMSO 6.88 6.95 0.07
CD3CN 6.76 6.93 0.17

8a [2H6]DMSO 6.83 7.23 0.40
CD3CN 6.65 7.20 0.55

8b [2H6]DMSO 6.68 7.14 0.46
CD3CN 6.55 7.13 0.58
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