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Stereodynamics of 1,3,5-tris(trifluoromethylsulfonyl)-
1,3,5-triazinane: experimental and theoretical analysis
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Abstract—Dynamic NMR of 1,3,5-tris(trifluoromethylsulfonyl)-1,3,5-triazinane reveals two dynamic processes: ring inversion lead-
ing to equilibrium between two degenerate rotamers of Cs symmetry (DG5 = 13.5 kcal/mol), and rotation about the S–N bond lead-
ing to equilibrium between the Cs (more stable) and C3v (2.12 kcal/mol less stable) rotamers (DG5 = 13.0 kcal/mol).
� 2005 Elsevier Ltd. All rights reserved.
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Figure 1. Temperature dependence (�C) of the 1H NMR spectra of
1,3,5-tris(trifluoromethylsulfonyl)-1,3,5-triazinane in CD3CN (left),
Heterocyclohexanes, as well as cyclohexane itself, pref-
erentially adopt the chair conformation1 unless specific
intramolecular interactions stabilize the more strained
twist or boat conformers.2 Substituents in the ring nor-
mally prefer equatorial over axial positions1 though
exceptions exist provided that 1,3-syn interactions with
axial substituents are attractive (as in thiane S-oxides3)
or absent (as in 1,3,5-trialkyl-1,3,5-triazinanes with
two alkyls equatorial and third one axial4,5).

When studying the cascade transformations of tri-
fluoromethanesulfonamide under the action of form-
aldehyde, we found 1,3,5-tris(trifluoromethylsulfonyl)-
1,3,5-triazinane 1 among the products,6 which showed
interesting stereodynamic behavior in the 1H, 13C, and
19F NMR spectra. The 1H NMR spectrum of 1,3,5-
tris(trifluoromethylsulfonyl)-1,3,5-triazinane 1 in aceto-
nitrile at room and at higher temperatures showed a
broadened singlet resonance at 5.35 ppm due to the
methylene protons. On cooling, it decoalesced at 15 �C
into two signals of equal intensity, and at �15 �C these
signals decoalesced further (Fig. 1a). Similar behavior
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CH3OH (figure), and (CD3)2CO (right).
was observed in methanol and acetone (Fig. 1b and c,
respectively).

Therefore, compound 1 demonstrates two dynamic pro-
cesses. The first one is ring inversion, while the second
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one, by analogy with 1,3,5-trialkyl-1,3,5-triazinanes,4,5

could be inversion at the nitrogen atom provided that
the latter is pyramidal. However, as shown by NMR
and X-ray studies7 the nitrogen atom in arenesulfon-
amides and more so in perfluoroalkanesulfonamides is
planar rather than pyramidal. To clarify this problem,
we applied density functional analysis8 and optimized
the geometry of 1,3,5-tris(trifluoromethylsulfonyl)-
1,3,5-triazinane 1 and, as a model compound, 1,3,5-tri-
methyl-1,3,5-triazinane 2, whose stereodynamics were
recently thoroughly studied.4 The B3LYP/6-311G(d,p)
calculations revealed two conformational minima on
the potential energy surface of 1. The lower lying mini-
mum has Cs symmetry with one CF3 group (belonging
to substituent at N1) directed �inward� (Fig. 2, 1a). The
second minimum is 2.12 kcal/mol higher and has C3v

symmetry with all three triflyl groups identical and
directed �outward� from the ring (Fig. 2, 1b). Although
formally an energy difference of P2 kcal/mol must
virtually rule out 1b from equilibrium at low tempera-
tures, in solution the energy gap should be substantially
lower due to the different polarity of conformers 1a and
1b: the dipole moment for the more stable conformer 1a
(6.13 D) is perceptibly lower than that for 1b (7.98 D).

The model compound 2 has all the nitrogen atoms sp3-
hybridized forming normal pyramids with the sum of
the bond angles around nitrogen equal to 335�, unlike
the nitrogen atoms in compound 1, which are virtually
planar. The sum of the bond angles around nitrogen is
357.6� (N1) and 359.2� (N3, N5) for 1a, and 359.8� for 1b.

Therefore, no inversion at nitrogen can occur in com-
pound 1 and one has to look for another possible
Figure 2. The �inward� (1a, Cs symmetry) and �outward� (1b, C3v symmetry)
dynamic process, which could be frozen in the NMR
time scale. Since the triflyl group is not a symmetric
rotor the only possibility remaining for the second dy-
namic process is internal rotation about the N–S bond.

The 1H NMR spectrum of compound 1 in acetonitrile at
�45 �C shows three doublets at d 5.68 ppm (1H, J
14.1 Hz), 5.61 ppm (2H, broadened, J 13.0 Hz), and
5.10 ppm (3H, J 14.1 Hz) (Fig. 1a). The downfield dou-
blet at 5.68 ppm belongs to H4-eq, the doublet at 5.61 to
H2(6)-eq (its broadening can be explained on the
assumption that in CD3CN the rotation is not slow
enough on the NMR time scale as well as by the long-
range W-type coupling between H2 and H6), whereas
all the axial methylene protons give one upfield doublet
at 5.10 ppm. This assignment is in accordance with the
19F NMR spectra of 1 in acetonitrile at �40 �C, which
consists of one sharp singlet at �78.84 ppm belonging
to the C3v symmetrical rotamer and two broadened sing-
lets at �78.44 and �75.84 ppm. The close values of the
19F NMR chemical shifts for the first two singlets imply
that they can be assigned to the triflyl groups oriented
away from the ring in 1a and 1b whereas the signal at
�75.84 ppm belongs to the triflyl group in 1a directed
�inward� (Fig. 2). The relative intensity of the signals at
�78.44 and �78.84 ppm (2:1) confirms this assignment.

Further decoalescence of the upfield signal of the axial
protons is observed in methanol, where the room tem-
perature singlet splits upon cooling into two multiplets
of equal intensity (Fig. 1b). Under the conditions of
restricted rotation the 1H NMR spectrum of the
mixture of rotamers 1a+1b must show four lines due
to H4-ax and H4-eq in 1a, four lines due to H2(6)-ax
and H2(6)-eq in 1a, and four lines of H-ax and H-eq
in 1b. Indeed, the low-temperature spectrum in acetone
(Fig. 1c) shows all 12 peaks (though some of them as
partially resolved shoulders). In this spectrum, the two
�large� doublets at 5.61 and 5.78 ppm and one of the
�small� pairs of doublets at 5.70 and 5.86 ppm belong
to unsymmetrical rotamer 1a. The remaining two �small�
doublets at 5.92 and 5.66 ppm are ascribed to symmetri-
cal rotamer 1b.
rotamers of 1,3,5-tris(trifluoromethylsulfonyl)-1,3,5-triazinane.
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A common feature of the low-temperature spectra in all
the solvents is relatively small chemical shift difference
between the axial and equatorial protons in both 1a
and 1b (0.5–0.6 ppm) and the very close values of the
geminal coupling constants (13–14 Hz). The model com-
pound 2 exhibits at 126 K (i.e., under the conditions of
slow nitrogen inversion), two pairs of doublets, which
are quite different regarding both chemical shift differ-
ence and spin–spin coupling (4H, Dd 0.57 ppm, 2J
�11.2 Hz and 2H, Dd 1.51 ppm, 2J �7.9 Hz).4 Such dif-
ferent behavior of compounds 1 and 2 definitely rules
out any possibility of nitrogen inversion in 1.

The 13C NMR spectrum of compound 1 in acetonitrile
contains one singlet due to methylene protons at
61.98 ppm and one CF3 quartet at 120.34 ppm (J
320.4 Hz). On cooling both signals decoalesce and at
�45 �C give two singlets at 61.51 (major) and 61.07
(minor), and two quartets at 119.26 ppm (J 319.4 Hz,
major) and 119.52 ppm (J 321.5 Hz, minor). The 13C
NMR spectrum of 1 in acetone at �60 �C shows three
magnetically non-equivalent methylene groups at
61.16, 61.55, and 61.68 ppm, as well as three quartets
of the CF3 groups at 119.29, 119.36, and 119.55 ppm.

The estimation of the energy of activation for both
dynamic processes at the coalescence temperatures was
carried out for the acetonitrile solution. The ring inver-
sion has DG5 = 13.5 kcal/mol at 290 K as determined
from the 1H NMR spectra. The restricted rotation of
the triflyl group, as estimated from the temperature
dependence of the 13C NMR spectra, is characterized
by DG5 = 13.0 kcal/mol at 263 K. In a series of 1,3,5-
trialkyl-1,3,5-triazinanes the trimethyl derivative has
the largest barrier for cycle inversion, which amounts
to 12.8 kcal/mol and this parameter decreases further
to 11.4, 11.0, and 10.0 kcal/mol for the triethyl-, triiso-
propyl-, and tri-tert-butyl analogs, respectively.4 Chair-
to-chair inversion of 1a or 1b places two or three
CF3SO2 groups in the �inward� position, which is steri-
cally impossible and compels them to turn away to the
�outward� position. Thus, it may be necessary for addi-
tional movement of atoms, which increases DG5 values
for ring inversion in 1 in spite of the presence of planar
segments, which is more usually known to decrease DG5

for ring inversion. The strong dependence of the signal
shape on the temperature near the first (higher) coales-
cence point is indicative of a high positive activation
entropy for cycle inversion.

Comparison of the measured barrier to triflyl group
rotation for 1b (13.0 kcal/mol) with the scarce literature
data shows that it has an intermediate value between
those for chlorosulfonamides ClSO2NR2 (11.0–
11.4 kcal/mol)9 and nonafluorobutane-1-sulfonamides
CF3(CF2)3SO2NR2 (14.9–16.7 kcal/mol).7 This result
can be rationalized in terms of the electron-withdrawing
effect of trifluoromethyl group, which is more electro-
negative than that of chlorine but less electronegative
than that of nonafluorobutyl group.7
1H (400 MHz), 13C (100 MHz), and 19F (376 MHz)
NMR spectra were recorded on a Bruker DPX 400 spec-
trometer; 1H and 13C NMR chemical shifts are reported
in parts per million downfield to TMS, and 19F NMR in
parts per million downfield to CFCl3. The temperature
was varied by the use of a BVT 3000 variable tempera-
ture unit, temperature stability ±0.2 �C.

Compound 1: 6 g (0.04 mol) of CF3SO2NH2 was dis-
solved in 100 mL of concd H2SO4 at 40 �C and 0.9 g
(0.03 mol) of (CH2O)n was added in small portions.
The resulting thickened mixture was heated to 60–
70 �C and stirred for 1 h. After cooling the mixture
was poured into ice water, the precipitate filtered,
washed with water and NaHCO3, dried, and treated
with hexane/ether (3:1). The insoluble material was
dried and crystallized from isopropanol/hexane (1:1)
to give 1.3 g (2.7 mmol, 27%) of 1. Mp 217–218 �C. Ele-
mental analysis: calcd for C6H6F9N3O6S3 (%): C 14.91,
H 1.25, F 35.38, N 8.69, S 19.90; found: C 14.97, H 1.40,
F 36.17, N 8.79, S 19.50.
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