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Abstract—An aromatic N-methyl amide containing N-(2-pyridyl) and 2,6-pyridinedicarboxamide moieties switches its conformation

from cis to trans depending upon the acceptor number of solvents.

© 2006 Elsevier Ltd. All rights reserved.

The conformation of a molecule or supramolecule can
greatly influence function,! and the amide bond is a very
attractive structural unit which can form two conforma-
tions, cis and trans.> Although most secondary aromatic
amides, such as benzanilide or acetanilide, favor trans
conformation, N-methyl derivatives such as 1 favor cis
conformation (Scheme 1).> This characteristic building
block can construct several unique compounds,* and
the switching of amide conformation can lead to
significant changes in the structure and function of large
molecules.>® If the conformational switching of these
structural units can be controlled with the outer
conditions, the molecules can work as external stimuli
responsive molecular devices.

The pyridine ring serves as a ligand for metals or a
hydrogen bond acceptor.” Therefore, we designed the
pyridine-containing N-methyl aromatic amides 2-8 as
congeners of N-methyl benzanilide that might be readily
conformationally switchable. Here we report that the
conformational preference is influenced by intramolecu-
lar dipole interaction, and we also describe the solvent-
dependent conformational switching of 8.

We first synthesmed N-methyl-N-(2-pyridyl)-2-pyridine-
carboxamide (2). '"H NMR spectroscopy of 2 in CD,Cl,
showed the characteristic structural features of aromatic
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Scheme 1. The conformational preference of N-methylbenzanilide.

N-methyl amides such as 1. While the spectrum of 2 at
room temperature shows a single set of signals, lowering
of the temperature resulted in peak broadening, leading
to the appearance of two sets of signals, due to the cis
and trans conformers. The aromatic proton signals of
the cis conformer were shifted upfield from those of
the trans conformer. The integration values at 183 K
indicated a 95:5 ratio of cis and trans conformers (Table
1, entry 1).

Next we synthesized amldes 3-8 and investigated their
conformational ratios. '"H NMR measurements were
carried out in CD,Cl, at 183 K, and the conformer
ratios are summarized in Table 1. The ratios of cis and
trans conformers for 3-6 were similar to that of 2 (en-
tries 2-5). Table 1 also shows the data for amides 7
and 8, which contain three pyridine rings and two amide
bonds. The spectra of these amides at 183 K indicate
that cis—cis is the major conformer and cis—trans is a
minor conformer, while the trans—trans conformer was
not detected. The ratio of cis-7 and trans-7, representing
cis—cis and cis—trans, respectively, was 88:12 (entry 6),
which can be regarded as ratio similar to those of 2-6
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Table 1. The conformational ratio of amides 2-8 in CD,Cl,
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Entry Amide R! R? R? Cis:trans®
1 2 H H H 95:5
2 3 H NO, H 98:2
3 4 Br H H 96:4
4 5 CO,Me H H 96:4
5 6 H H Br 94:6
6 7° H H cis-NMeCO-2-Py 88:12°
7 8° ¢is-CONMe-2-Py H H 61:39°

2 The ratios were calculated from integration values of "H NMR signals at 183 K.
® The ratios of cis—cis and cis—trans conformers are presented. Trans-trans conformer was not detected.

°The structures of 7 and 8 are as follows:
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by considering symmetrical structure of 7 with two

7
amide bonds. However, the ratio of 8 was clearly differ-
ent from those of the other amides, that is, the ratio of
the trans isomer was increased to 61:39 (entry 7).

H3C

This characteristic feature can be interpreted in terms of
the dipole effect around the central pyridine ring and
carbonyl groups (Scheme 2),® because the dipole interac-
tion makes the two carbonyl groups of the amides lie in
the anti direction (from A to B), and consequently the
terminal pyridine rings exhibit steric repulsion. This ste-
ric repulsion in B can be released by conformational
change to the cis—trans conformer (C), so that the pop-
ulation of trans conformer of 8 becomes larger than
those of 2-7.

In order to investigate the characteristics of 8 in more
detail, several other solvents were used for NMR mea-
surements; the results and physical properties of the sol-
vents are summarized in Table 2. The cis conformer was
preferred to the frans isomer both in methanol (entry 1)
and in dichloromethane (entry 2), whereas acetone
reduced the preference for the cis conformer (entry 4),
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Scheme 2. The conformational equilibrium of 8.
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and toluene and THF resulted in trans preference (en-
tries 5 and 6). The results of entries 2, 3, and 5 demon-
strate that the conformational switching between cis and
trans conformers can be induced in dichloromethane/
toluene by changing the solvent ratio.

Karelson and co-workers reported a correlation between
the cis—trans preference and the dielectric constant of the
solvent for some formamide derivatives.?® However in
our case, it does not appear that the results can be inter-
preted in terms of dielectric constant or dipole moment
of the solvent. On the other hand, acceptor number
(AN), as proposed by Gutmann,® appeared to be a good
predictor of cis-preference. Thus, amide 8 exhibited a
higher cis-ratio in a solvent with higher AN, and
trans-preference in a solvent with low AN. To our
knowledge, this is the first example of the conforma-
tional switching of amides in accordance with the accep-
tor number of solvents.

A solvent with higher AN can better coordinate or sol-
vate to the amide carbonyl group, and hence reduce the
dipole interaction with the central pyridine ring. This

|
SN /SC\N\
N
Yy
/

( anti-cis-cis ) C (cis-trans)



L Okamoto et al. | Tetrahedron Letters 47 (2006) 7143-7146 7145

Table 2. The conformational ratio of amide 8 in various solvents at 183 K
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Entry Solvent AN? DN*? & u Cis:trans®
1 Methanol 413 19 32.6 1.7 88:12
2 Dichloromethane 20.4 — 9.0 1.6 61:39
3 (Dichloromethane + toluene)® — — — — 54:46
4 Acetone 12.5 17.0 20.7 29 52:48
5 Toluene 7.9 0.1 2.3 0.3 25:75
6 THF 8.0 20.2 7.4 1.7 19:81

2 AN: acceptor number, DN: donor number,” ¢: relative dielectric constant, u: dipole moment [D]

10

®The ratios were calculated from integration values of 'H NMR signals at 183 K. The ratios of cis—cis conformer and cis—trans conformer are

presented. Trans-trans conformer was not detected.

¢ A mixture of dichloromethane and toluene (50:50) was used as a solvent.

4 Calculated from AN of benzene according to the reported method.'!
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Scheme 3. The solvent dependency of the conformational preference of 9.

coordination makes the carbonyl group syn to pyridine
nitrogen, and hence favors cis-conformation. Such a sol-
vent with high AN can also coordinate to the nitrogen
atom of terminal pyridine ring. Because ortho substitu-
tion of N-aryl group increases the ratio of trams con-
former in some N-methyl amides,'>3? similar effect can
be expected for amide 8, resulting from coordination
to terminal pyridine ring. However, considering the fact
that the cis—trans conformational switching is the char-
acteristic of amide 8,!% interaction around the central
pyridine ring is also essential.

The importance of dipole interaction between the cen-
tral pyridine ring and the carbonyl group was confirmed
by examining amide 9, having a positionally changed
central pyridine ring. "H NMR of 9 revealed that cis
conformation was preferred both in dichloromethane
(AN: 20.4) and in toluene (AN: 7.9), as shown in
Scheme 3, in contrast to entries 2 and 5 in Table 2.

In conclusion, we investigated the conformational pref-
erence of aromatic amides containing 2- and 2,6-substi-
tuted pyridine rings.'"* Among them, amide 8 showed a
unique switching of the cis—trans conformation accord-
ing to the solvent acceptor ability. This N-methyl pyr-
idyl amide structure is very useful as a structural unit,
because the conformational structure in a solvent can
be predicted by considering its acceptor number.

Supplementary data

'H NMR spectra of amides 2-9 in CD,Cl,, and 8 in
various solvents are available. Supplementary data
associated with this article can be found, in the online
version, at doi:10.1016/j.tetlet.2006.08.012.
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tively. In the case of this simple amide 2, solvent-induced
conformational switching cannot be observed.

. General procedure for the synthesis of amides is as follows:

A solution of pyridinecarboxylic acid (5.00 mmol) and
triethylamine (10.0 mmol) in tetrahydrofuran was stirred

at 0 °C, and ethyl chloroformate (5.00 mmol) was added,
followed by stirring for 1 h. To this mixture, 2-(methyl-
amino)pyridine (5.00 mmol) was added, and the resulting
mixture was stirred at ambient temperature for 3 h, then
filtrated. The solvent was removed by evaporation, and
the resulting mixture was flash-chromatographed to afford
the desired amide. Compound 2: Mp 77.5 °C; 'H NMR
(300 MHz, CDCl3) 6 8.30 (m, 2H), 7.71 (m, 2H), 7.54 (dt,
J=1.9, 7.8 Hz, 1H), 7.20 (m, 1H), 7.03 (m, 2H), 3.61 (s,
3H). Anal. Calcd for C,H ;N;O: C, 67.59; H, 5.20; N,
19.71. Found: C, 67.51; H, 5.22; N, 19.52. Compound 3:
Mp 141.0-142.5 °C; 'H NMR (300 MHz, CDCl3) 6 8.49
(m, 2H), 8.17 (dd, J=1.2, 49 Hz, 1H), 7.91 (dd, J=2.2,
5.1Hz, 1H), 7.64 (dt, J=1.9, 7.8 Hz, 1H), 7.13 (d,
J=28.1Hz, 1H), 7.06 (ddd, J=0.9, 4.9, 7.3 Hz, 1H),
3.63 (s, 3H). Anal. Calcd for C,H(N4O3: C, 55.81; H,
3.90; N, 21.70. Found: C, 55.69; H, 3.62; N, 21.91.
Compound 4: Mp 104.0-105.5°C; 'H NMR (300 MHz,
CDCl;) o 8.27 (d, J=5.0Hz, 1H), 7.73 (dd, J=0.9,
7.7Hz, 1H), 7.65 (dt, J=1.9, 7.8 Hz, 1H), 7.57 (t,
J=77Hz, 1H), 7.37 (d, J=79Hz, 1H), 7.14 (br d,
J=9.0Hz, 1H), 7.11 (ddd, J=0.9, 4.9, 7.4 Hz, 1H), 3.58
(s, 3H). Anal. Calcd for C;,H;oN3OBr: C, 49.34; H, 3.45;
N, 14.38. Found: C, 49.30; H, 3.43; N, 14.25. Compound
5: Mp 71.5-72.0 °C; 'H NMR (300 MHz, CDCl;) 6 8.25
(dd, J=1.3, 5.0 Hz, 1H), 8.02 (dd, J=1.5, 7.6 Hz, 1H),
7.95 (dd, J=1.4, 7.8 Hz, 1H), 7.87 (t, J=7.7 Hz, 1H),
7.60 (dt, J=1.7, 8.1 Hz, 1H), 7.16 (br d, J = 8.3 Hz, 1H),
7.05 (ddd, J=0.9, 5.0, 7.5 Hz, 1H), 3.83 (s, 3H), 3.60 (s,
3H). Anal. Calcd for C;4H3N305: C, 61.99; H, 4.83; N,
15.49. Found: C, 61.91; H, 4.92; N, 15.59. Compound 6:
Mp 145.0-146.0 °C; 'H NMR (300 MHz, CDCl;) 6 8.92
(ddd, J=10.9, 1.6, 4.7 Hz, 1H), 7.55 (dt, J=1.7, 7.8 Hz,
1H), 7.36 (d, J=6.8 Hz, 1H), 7.27 (t, J=7.9 Hz, 1H),
7.02 (m, 2H), 6.85 (1H, J = 7.9 Hz,1H), 3.09 (s, 3H). Anal.
Calcd for C;,H[(N3OBr: C, 49.34; H, 3.45; N, 14.38.
Found: C, 49.30; H, 3.45; N, 14.43. Compound 7: Mp
140.0-140.5 °C; 'H NMR (300 MHz, CDCl3) ¢ 8.31 (m,
2H), 7.73 (ddd, /=04, 1.8, 7.6 Hz, 2H), 7.60 (m, 2H),
7.39 (t, J=79Hz, 1H), 7.24 (ddd, J=1.3, 5.0, 7.7 Hz,
2H), 6.75 (d, J = 7.9 Hz, 2H), 3.23 (s, 6H). Anal. Calcd for
C19H7N50,: C, 65.69; H, 4.93; N, 20.16. Found: C, 66.07;
H, 4.94; N, 20.19. Compound 8: Mp 113 °C; '"H NMR
(300 MHz, CDCls) ¢ 8.25 (ddd, J=0.9, 2.0, 4.8 Hz, 2H),
7.75 (dd, J = 7.3, 8.2 Hz, 1H), 7.58 (m, 2H), 7.56 (m, 2H),
7.04 (ddd, J=1.0, 4.9, 7.4 Hz, 2H), 7.00 (m, 2H), 3.33 (s,
6H). Anal. Calcd for C;9H7;NsO,: C, 65.69; H, 4.93; N,
20.16. Found: C, 65.83; H, 4.86; N, 20.23. Compound 9:
Mp 140.0-141.0 °C; 'H NMR (300 MHz, CDCl3) 6 8.39
(ddd, J=0.7, 2.0, 4.9 Hz, 2H), 8.35 (d, J=2.2 Hz, 2H),
7.76 (t, J=2.0Hz, 1H), 7.56 (dt, J=1.8, 7.7 Hz, 2H),
7.12(ddd, J=0.9,4.9, 7.5 Hz, 2H), 6.85 (br d, J = 8.1 Hz,
2H), 3.54 (s, 6H). Anal. Calcd for C;9H7Ns0O,: C, 65.69;
H, 4.93; N, 20.16. Found: C, 65.70; H, 4.74; N, 20.10.
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