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Hydrogen bonding interaction as one type of non-covalent force has proven itself to be highly
efficient for constructing structurally unique artificial secondary structures. Here, the structure of
Napyi-substituted anthranilamide in solution is demonstrated by various NMR technique, the intra-
molecular hydrogen bonds between amide attached to arylamine of the same ring is proposed, which is
supported by its crystal structure in the solid phase. The substituent on the nitrogen atom of arylamine
plays an important role in forming the presence of intramolecular hydrogen bonds. The chemical shift of
the Nary-H downfield changes obviously, due to the formation of intramolecular hydrogen bonds and the
deshielding effect of oxygen, and the neighboring C—H is activated and shows downfield protonic signal
too. The presence of intramolecular hydrogen bonds probably provides the explanation for the trans-
formation from Nayi-substituted anthranilamide to imine, which could be converted into 2-aryl quina-
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1. Introduction

Due to its directionality and strength, hydrogen bonding in-
teraction as one type of non-covalent force has proven itself to be
highly efficient for constructing structurally unique artificial
secondary structures.! Particularly, a number of hydrogen-bonding-
mediated aromatic amide foldamers of well-defined conformations
have been assembled,” some of which represent a new generation
of non-ring receptors for saccharides,® alkylammoniums,* or en-
capsulation of water.” To achieve high binding stability and selec-
tivity, the design of hydrogen-bonding-mediated molecular
building blocks requires preorganization and rigidity of the back-
bones and binding sites of monomers, which is usually realized by
making use of intramolecular hydrogen bonds.® Foldamers based
on oligoanthranilamides that are induced by intramolecular hy-
drogen bonds to adopt well-established secondary structures ex-
hibit special features.’”

The amide units are commonly used as hydrogen-bond donors
to form intramolecular hydrogen bonds with other O-groups or
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N-groups as hydrogen-bond acceptors® and they also work as
hydrogen-bond donors and acceptors simultaneously to form
intramolecular hydrogen bonds between adjacent amide—amide
groups, to construct linear sheets and helical conformations.’ In our
research, the amide serves as hydrogen bond acceptor, the oxygen
of which is attached to arylamine N—H of the same aromatic ring, in
order to form intramolecular hydrogen bonds. The N,y -substituted
oligoanthranilamides investigated here are very simple. However,
the presence of intramolecular hydrogen bonds of these structures
can be helpful to demonstrate the detailed structures and provide
a probable explanation for the mechanism starting from Nay-
substituted oligoanthranilamides, which can be converted into 2-
aryl quinazolinones finally.

NMR spectroscopy is a research technique that exploits the
magnetic properties of certain nuclei, and has been a powerful and
inevitable tool for structure determination.'® The intramolecular
magnetic field around an atom in a molecule changes the resonance
frequency, thus giving access to details of the electronic structure of
a molecule. Herein, we demonstrated the structures of Njpyi-sub-
stituted anthranilamides by various NMR techniques, and verified
the presence of intramolecular hydrogen bonds in solution, which
was supported by crystal structures in the solid phase. Comparing
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to the anthranilamides with the absence of intramolecular hydro-
gen bonds, the proton signals of amides, and arylamines showed
different assignments.

2. Results and discussion

The chemical shift of N—H in amide is always assigned at lower
magnetic fields, due to the deshielding effect of carbonyl group,
comparing to the alkylamine or arylamine. However, anthranila-
mides 1-9 (Scheme 1) in DMSO-dg solution show the ¢ values of
H-10s (—ArNH—) 8.00—10.05 ppm, which are assigned at the
minimum magnetic fields; and while the ¢ values of H-1s and H-2s
of the amide groups are found at 7.79—8.05 ppm and
7.12—7.46 ppm, respectively, due to the hindered rotation of C—N
bond. The partial picture of 'H NMR spectra of the anthranilamides
1-9 is shown in Fig. 1b. We propose that there is the presence of
intramolecular hydrogen bonds in anthranilamides 1-9, shown as
in Fig. 1a. Therefore, the chemical shifts of the H-10s downfield
changes obviously because of the deshielding effect of oxygen.
Coupling with the adjacent proton, the H-10 shows a multiplet
signal in the structures of 3—9.

o) 0 o}
=
\H 4 4
R R' Ph
3R =H
1R=Me  gRZNe 8R"=5-MeO
2R=Ph SR -pMeoph  OR =4-NO,
7R = p-Cl-Ph

Scheme 1. Structures of N,y-substituted anthranilamides 1-9 investigated.
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Fig. 1. (a) Structures with intramolecular hydrogen bonds. (b) Partial picture of 'H
NMR spectra of compounds 1-9 in DMSO-dg solution at 298 K, H-10: solid circle, H-1
and H-2: hollow circle.

Anthranilamides 19 dissolved in non-polar deuterated CHCl3
solution also give the similar results: the ¢ values of H-10s
(—ArNH—) are assigned at the minimum magnetic fields shown as
in Fig. S1, showing the chemical shifts 8.33—8.65 ppm; and the
protons of the amide groups give a broad and single peak near to
5.72 ppm. The '"H NMR spectra in DMSO-dg and CHCl5-d solution
both indicate that the presence of intramolecular hydrogen bonds
in anthranilamides 1-9, which is verified further by dilution

experiments of 3. The chemical shifts of all protons are consistent
for 3, varying from 20 mM to 0.5 mM (Fig. 2).
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Fig. 2. '"H NMR spectra of the dilution study of 3 in DMSO-dg from 20 mM to 0.5 mM at
293 K.

N-(o-methyl)-benzyl-anthranilamide 4 was picked out as
amodel to demonstrate the detailed structure in DMSO-dg solution.
As listed in Table 1, a broad singlet signal at 6=7.85 ppm corre-
sponds to H-1 of the amide group, and the 6 value of H-2 is covered
in the signal of H-16. A doublet signal at 6=8.67 ppm is identified
for H-10 and has an obvious correlation with H-11 by the J=6.5 Hz.
The signal assignments of active hydrogen atoms H-1, H-2, and H-
10 are further confirmed by "H—'>N HSQC spectrum (Fig. 3), where
the 0 of N-amide is 105.1 ppm and the ¢ of N-arylamine is 85.2 ppm.
The position of H-12 of methyl-is easy to be identified, showing
a doublet signal at 6=1.43 ppm and J=7.0 Hz coupling with H-11. A
multiplet signal at 6=4.62—4.56 ppm is designated to be H-11,
linking to C-12, and coupled with the H-10 and H-12 in the
neighborhood. A double doublets signal at 6=7.58 ppm and J=8.0,
1.5 Hz is identified as H-5, based on the results of COSY spectrum
(see Supplementary data) where the H-5 has a correlation with H-6
and H-7, and HMBC spectrum (see Supplementary data) where it
has a correlation with C-3 (—CO— group). By analogy to H-5, other
remaining protons are assigned.

Table 1
The numbering scheme of molecular structure of compound 4 and the full assign-
ment of the proton and carbon peaks

Atom 'H 3¢ HMBC
1 7.85 — —
2 7.20 — —
3 — 1722 —
L H 4 — 149.3 —

5 3 5 7.58 1295 3, C4, C6

6 40 6 7.09 132.7 4, c7
S o 7 6.47 1129 cs
NH 8 6.42 114.61 c7
A ¥ 9 — 145.9 —

13 10 8.66 — cs, C11

" % 11 462-456 519 C13,C14

, 15 12 143 254 11, C13

13 — 11456 12, C15

14,15  7.34-728  1290,127.1  C13,C16

16 7.19 1262 14, C15

Carbon C-3 presents chemical shift at 6=172.2 ppm, which is
assigned as —CO— of amide group. C-11 and C-12 are identified at
51.9 and 25.4 ppm, respectively, based on the correlations observed
with atoms H-11 and H-12 in the HSQC spectrum (see
Supplementary data). In the same way, carbons C-5 to C-8 and C-14
to C-18 are assigned. The quaternary carbon C-4 shows the chem-
ical shift at 0=149.3 ppm, based on the correlations observed with
C-5 and C-3 in the HMBC spectrum (see Supplementary data).
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