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Intramolecular hydrogen bond directed
distribution of conformational populations in the
derivatives of N’'-benzylidenebenzohydrazidet

Neeru Arya, (2 Sandeep Kumar Mishra®® and N. Suryaprakash (= *

Extensive investigation by 1D and various 2D NMR techniques revealed the presence of only E isomers
with respect to the C—N bond and the existence of cis/trans conformations in the synthesized
N’-benzylidenebenzohydrazide and its derivatives. The stable conformations of these molecules are attributed
to the rotation of the molecular fragment around the C(O)-N bond. Interestingly, the conformational rigidity
and the populations of the conformers are governed by the strengths of the intramolecular hydrogen
bonds (HBs) between the ortho substituent on the benzoyl ring and the proton of the amide group, thereby
permitting the architectural design of the preferred conformation of the molecules. The temperature perturba-
tion studies and dilution studies using solvents of different polarities aided in the interpretation of inter- and
intra-molecular HB interactions. The engagement of organic fluorine in the intramolecular HB is indubitably
ascertained by the detection of the interaction strengths of a significant magnitude between organic fluorine
and the NH proton, where the only mode of magnetization transfer between the interacting nuclei is HB
(*'J). This is further endorsed by a physical parameter dependent perceivable variation in the strength of
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Introduction

The orbital symmetry, dynamics, electrostatic and stereoelectronic
effects play a pivotal role in governing the conformation, reactivity
and behavior of organic compounds. Consequently, a deeper
understanding of the stereoelectronic and electrostatic effects aids
in the logical design of reactions and functional molecular systems.
Amongst various inter- and intra-molecular interactions, the
weak HBs have drawn special attention and gained importance
in chemistry, biology'” and self-assembly of molecules.*” The
maximum number of reported intramolecular HBs are mainly
N---H-N and O- - -H-N motifs.®>° Organic fluorine is very important
in biomaterials, agrochemicals, molecular imaging,'>'" crystal
engineering'” and also in the design of functional materials."®
Conceptually it is well known that organic fluorine hardly ever gets
involved in the intramolecular HB."*™® Nevertheless, since more
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Jrn. The weak molecular interactions are further ascertained by DFT based computations.

than a decade, numerous experimental and theoretical reports have
confirmed the participation of organic fluorine in intramolecular
HB."" 2 1t is also well known that nearly 30% of the commercially
available drugs contain at least one fluorine atom in their mole-
cular fragment due to its binding nature with enzyme active
sites”?* through HB interactions of the types, X-H---F-C (X = O
and N). In addition, the strategic application to predictably control
the molecular topology continues to remain elusive in the fields of
pharmaceutical and biological chemistry.* Thus many groups have
extensively investigated the HBs in molecules containing organic
fluorine.

The different derivatives of benzylidenebenzohydrazides
have exhibited their utilities as antimalarial,>® cytotoxic,”®
antibacterial,® antihypertensive,”” antioxidant,®® antimicrobial,
antiviral,* antitumor®" agents and in diverse areas of pharmacology.
Thus, in the present study, we embarked on the synthesis and
characterization of N'-benylidenbenzohydrazide and its derivatives.
The synthesized compounds containing the azomethine group
(-N=C<), with the desired substitution on the ortho position of
the benzoyl ring, classified as N'-benzylidenebenzohydrazides that
fall under the category of Schiff bases,”® are investigated by the
exploitation of 1D and 2D NMR techniques, supported by ESI MS,
melting point and elemental analysis.

The chemical structures of the investigated molecules are
reported in Scheme 1. All the experimental details are provided
in the ESL.{
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Scheme 1 The chemical structure of the derivatives of N’-benzylidene-
2-X-benzohydrazide; X is the substituent on the benzoyl ring.

Results and discussion

The complete 'H NMR spectra of compounds 1, 2 and 4-6 are
given in the ESIT (Fig. S1-S5). The spectrum of molecule 3 is
shown in Fig. 1. On a close visual inspection of the spectra, one
can notice the presence of two distinct peaks of the NH imide
and CH vinyl protons. The chosen regions of the spectra of the
NH protons of all the molecules are reported in Fig. 1i. It is
evident from the figure that, for molecules 2, 3 and 6 (their
chemical structures given in Scheme 1), two distinct NH peaks
of different intensity ratios were observed. On the other hand, a
single peak is detected for the corresponding protons in
molecules 1, 4 and 5.

To demystify the reason for such an observation, initially
thorough NMR investigations were carried out on molecule 3,
which revealed two NH imide and CH vinyl proton peaks of
nearly equal intensities. The corresponding 1D 'H spectrum is
reported in Fig. 1ii.

The first step is to find out whether the two NH peaks are
from a single NH proton or from two different NH protons.
Thus, an NMR spiking experiment with an equi-molar ratio
(1:1) of compounds 3 and 5 was carried out. The corres-
ponding spectrum is reported in the ESIt (Fig. S6). While
calculating the molar ratio, it is assumed that molecule 3 has
the expected chemical structure shown in Scheme 1. The
integral area under the single NH peak of molecule 5 observed
is exactly equal to the sum of the areas of both the NH peaks of
molecule 3. This strongly discards the presence of two NH
protons. Consequent to a high signal overlap in the vinyl region,
it was not possible to obtain accurate integral areas for these
protons. However, the visual inspection of the intensities of the
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Fig. 2 400 MHz 1D nOe spectra of molecule 3, in the solvent CDCls, at
298 K, where the proton was selectively excited; (i) at 9.3 ppm; and (ii) at
8.3 ppm. The NH imide and CH vinyl proton peaks are represented by
alphabets a and b, respectively.

individual peaks reveals that they are nearly half compared to
that of the vinyl proton of molecule 5. These observations
ascertain the structural framework of all the molecules reported
in Scheme 1.

One cannot exclude the possibility that the observations
from this spiking experiment could be identical if molecule 3
has a different structure with almost twice the molecular weight.
To discern this, two-dimensional DOSY**?** experiments were
carried out on two different samples, one with an equi-molar
ratio (1:1) of compounds 3 and 5 (Fig. S7a, ESIt) and another
with an equi-molar ratio of compounds 2, 3 and 5 (1:1:1)
(Fig. S7b, ESIT). The diffusion coefficients calculated from the
DOSY spectra follow exactly the same order of the molecular
weights as proposed in Scheme 1, discarding any possibility of
the presence of different species for compound 3.

In the subsequent step, we advanced towards explicating the
reason for the two NH peaks of molecules 2, 3 and 6. For such a
purpose 1D NOESY experiments were carried out on molecule 3.
The selective irradiation of an imide (NH) peak at 9.3 ppm
resulted in the simultaneous excitation of both the NH peaks

ii)

a

o)
CLr
Cl . Hb

T I T

I
105 10.0 9.5 ppm

T T T T T
100 95 9.0 85 8.0 ppm

Fig. 1 400 MHz *H-NMR spectra of; (i) the selected NH regions of molecules 1—6 (from bottom trace to top trace); (i) molecule 3 in the solvent CDCls at
298 K. The concentration of the solution for each molecule is 10 mM, except for molecule 3, which is nearly 15 mM. The NH imide and CH vinyl protons
and their corresponding peaks in the *H spectrum are represented by alphabets a and b, respectively.
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Fig. 3 Structures of the trans, Ec_n (I) and cis, Ec_n () conformers for
N’-benzylidenebenzohydrazide derivatives.

and also exhibited a weak correlation with both the CH protons.
The corresponding spectrum is reported in Fig. 2i. The observa-
tion of this phenomenon, especially when the two peaks are
separated by a large chemical shift difference of nearly 0.8 ppm,
is conceivable only when H/H exchange is occurring within the
NMR time scale. This result suggests the presence of a single
labile, exchangeable NH proton in the molecule. The 1D NOESY
experiment with the selective excitation of a non-exchangeable
vinyl proton (CH) resonating at 8.3 ppm (Fig. 2ii) also resulted in
the simultaneous excitation of both CH peaks with a weak
correlation to the NH peaks. Similar observations were also
made for molecule 6, whose spectrum is reported in the ESI{
(Fig. S8). These observations immediately discard any possibility
of NH proton exchange.

The other possible interpretation for the above observations
could be the intermediate conformational exchange (kexchange =
Aw) between the molecules. To verify such a possibility, if any, a
2D EXSY (exchange spectroscopy) experiment was carried out
on molecule 3 (Fig. S9, ESIT). The cross peaks observed in the
EXSY spectrum between the two NH (imide) and two CH (vinyl)
peaks confirmed the presence of conformational exchange on
the NMR time scale.

For hydrazones, the possibility of the existence of E/Z
geometrical isomers with respect to the C—=N bond and cis/trans
conformers at the C(O)-N bond has been discussed previously.**~®
Due to restricted rotation about the C-N amide bond, the aromatic
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N-acylhydrazones exist as E isomers in solution.>® In the present
study also, the strong cross peaks observed between the NH imide
proton and CH vinyl proton in the 2D NOESY spectrum confirmed
that the investigated compounds exist only as E isomers about the
C—N bond (Fig. S10 and S11, ESIt) and discarded the possibility of
Z isomers. Consequent to steric hindrance, the possibility of a
conformational change around the N-N is also excluded. Hence the
only plausible reason for the observation of two sets of peaks for
the NH imide and CH vinyl protons is attributed to the existence of
conformers about the C(O)-N amide bond as trans, Ec  (I) and cis,
Ec (W) (Fig. 3).

Assignment of the trans, Ec_y (I) and cis, Ec_y (II) conformers
can be interpreted as follows:

e Molecule 1 exhibits only a single peak consequent to the
absence of intramolecular HB due to the absence of a sub-
stituent at the ortho proton of the benzoyl ring. As can be seen
from the 2D NOESY spectrum of compound 1 (Fig. S10, ESIT),
the cross peaks between the aromatic proton H. and NH imide
proton Hy, confirms that molecule 1 exists as conformer I.

e Molecule 5 also exhibits only a single peak at a very high
field due to the presence of a very strong HB. The cross peaks
between the methoxy substituent and the NH imide proton H,
in the 2D NOESY spectrum of molecule 5 (Fig. S11, ESI})
confirms that molecule 5 also exists as conformer I

e Molecules 2, 3 and 6 show two peaks for the NH imide and
CH vinyl protons with different intensity ratios pertaining to
the presence of both conformers I and II. The intensity ratios
depend strongly on the strength of the HB.

e In the case of molecule 2, the F atom being a strong HB
acceptor restricts the majority of the populations as conformer
I. This can be clearly seen as the difference in the intensity
ratios of both the conformers as shown in Fig. 1a. On the other
hand, in molecules 3 and 6, Cl and CF; being weak HB
acceptors, result in the existence of both conformers I and II
with noticeable intensity ratios (Fig. 1a).

e Molecule 4 contains the OH group, which can accept HB
giving a single peak but nearly at the same chemical shift as
that of molecule 1. This is attributed to another possibility of
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Fig. 4 Structures of all the possible conformers of molecules 1-6. Molecules that exist in a particular conformer are mentioned below the

conformational structures given.
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Fig. 5 The variation in the chemical shifts of the NH protons with
decreasing solute concentration upon incremental addition of CDClz to
the solutions of compounds 1-6 (Fig. 1). Initially 10 mM concentration in
450 pL of CDCls solvent was taken at 298 K and the solvent CDClz was
gradually added to it. The graphs for molecules 1-6 are represented by the
symbols given in the inset. | and Il correspond to the NH proton chemical
shifts of conformers | and Il of the Cl and CF3 substituted molecules.

more favorable O-H---O=—C type HB and no HB between
oxygen and the NH proton in this molecule. Hence molecule
4 exists as conformer I (Fig. 4).

It is clearly evident from the above discussion that the
conformational populations depend on the substituent (X) at
the ortho position of the benzoyl ring, which can participate in
HB with the NH proton. Another interesting observation is that
the molecules with strong HB acceptor (e.g. molecules with
substituent X with OCHj;) exist in only one conformation.
Furthermore, the intensities of the two NH peaks correlate
with the strengths of the HB between the substituent atom and
the NH proton. These observations imply that the strengths of
the HBs between the NH proton and the substituent on the
benzoyl ring are controlling the conformational populations, in
all the investigated compounds. The structures of possible
conformers for all the molecules are reported in Fig. 4. The
significant advantage is that it is possible to manipulate the
strength of the intramolecular HB and restrict the molecule to a
particular conformation or to obtain the desired ratio of two
conformations. This can have numerous ramifications towards
the selectivity, especially for enantioinduction in asymmetric
synthesis,”” and designing molecular switches.*®

Effect of a solvent

Discrimination between inter- and intra-molecular interactions
(HB)

To corroborate whether the HB is inter- or intra-molecular
interaction and also to determine the effect of monomeric
water on it, dilution studies with solvent CDCl; were performed
on compounds 1-6.%°"*! The plot of the chemical shift change
with gradual addition of CDCl; solvent is reported in Fig. 5. The
downfield shift for the NH proton is expected if the inter-
molecular HB is present. The chemical shift displacement of
the water peak, if any, indicates the interaction between the
water and hydrogen bonding sites in the compounds. The 'H
chemical shift of the water protons remained nearly same upon
dilution, substantiating the negligible effect of monomeric
water on the interactions present in the system.*
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Fig. 6 Formation of intermolecular HB among the conformers II.

There is no significant variation in the chemical shifts of the
NH proton except for conformer II of molecules 3 and 6, which
is evident from Fig. 5, thereby discarding any possibility of
aggregation or the intermolecular HB for the rest of the
molecules. Since Cl is a very weak HB acceptor and the HB
formed by CF; is transient due to the free rotation of this group,
molecules 3 and 6 exist in two conformers, out of which
conformer I follows the same trend as the rest of the molecules.
On the other hand, conformer II of both these molecules is
showing variation in the chemical shift upon dilution with
CDCl;. The NH proton in conformer II is free and exposed to
participate in the C=O: - -HN type intermolecular HB between
themselves in CDCl; solvent (Fig. 6). This results in the shielding of
the NH proton chemical shift with dilution (Fig. 5, inset symbols CI
II and CF; II). Upon a close visualization of the plots shown in
Fig. 5, a little upfield chemical shift change in the NH proton of
unsubstituted molecule 1 is also observed upon dilution (Fig. 5,
inset symbol H). Since molecule 1 exists as conformer I, the NH
proton is exposed, and consequent to the absence of any intra-
molecular HB, it may be attributed to intermolecular HB. The
temperature dependent study discussed in the later part of the
manuscript agrees with this interpretation.

Relative strengths of the HBs: a qualitative comparison

Dimethyl sulphoxide (DMSO) solvent, due to its high polarity,
serves as a good HB acceptor and can breach various types of
inter- and intra-molecular HBs by establishing strong
interactions.”*** Hence it was used for the qualitative compar-
ison of the relative strengths of the interactions. For such a
purpose, titration with the solvent DMSO-ds was carried out on
compounds 1-6. Fig. 7 shows the plots of the chemical shift
variation with the addition of DMSO solvent.

The excessive downfield displacement for NH resonances is
observed in all the investigated compounds, except molecule 5,
where the substituent is the methoxy group, which is a very
strong HB acceptor and impedes the rupture of the intra-
molecular HB by DMSO. The extent of the downfield displace-
ment with respect to the volume of DMSO is directly related to
the strength of the intramolecular HB. It is smaller for stronger
interactions and comparatively larger for the weaker ones. The
chemical shift values of the NH imide, CH vinyl proton and
percentages of conformers I and II for molecules 1, 2, 3, 5 and 6

This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2019
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Fig. 7 The chemical shift variation of the NH protons with gradual addition
of DMSO-de, for compounds 1-6. Initially 10 mM concentration in 450 plL of
CDCls solvent was taken at 298 K and the solvent DMSO-dg was gradually
added to it. Molecules 1-6 (Scheme 1) are marked by the symbols given in
the inset. I and Il in the inset correspond to the NH proton chemical shifts of
conformers | and Il of the Cl and CFz containing molecules.

in CDCI; and DMSO solvents are compiled in Table 1. 'H-NMR
spectra of molecules 1, 2, 3, 5 and 6 in DMSO solvent are
reported in the ESIt (Fig. S12-516).

From the "H-NMR chemical shift data reported in Table 1,
the role of the intramolecular HB in controlling the conformational
populations is apparent. As soon as the intramolecular HB breaks
in the high polar DMSO solvent, the population of conformer II
increases for molecule 2, whereas molecule 5, which existed as a
single conformer I in CDCl; solvent (because of the strong intra-
molecular HB), reveals both conformers I and II upon rupture of
the intramolecular HB in DMSO solvent (Table 1).

Temperature perturbation study

The strengths of most of the non-covalent interactions like HB
increases on decreasing the temperature. Consequently, the
shift of the proton resonance frequency towards the low field
indicates the presence of HB.*>*> The temperature dependent
changes in the chemical shifts for compounds 1-6 are compiled
in Fig. 8. For molecule 1 and the conformer II of molecules 3
and 6, larger deshielding is observed, indicating the substantial
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Fig. 8 NH proton chemical shift changes with temperature variation for
compounds 1-6. The concentration was 10 mM in the CDCls solvent. The
molecules are represented by the symbols given in the inset. l and Il in the
inset correspond to the NH proton chemical shifts of conformers | and Il
of the Cl and CF3 containing molecules.

strengthening of the HB, which is possible only when the NH
proton is involved in the intermolecular HB as there is no
structural barrier for the molecules to come closer upon
strengthening of the HB. Another interesting observation on
lowering the temperature is the increase in the intensity of one
of the two NH proton peaks at the expense of the intensity of
the other NH proton peak of molecule 3 (Fig. S17, ESIT) due to
the strengthening of the intramolecular HB, which also unequi-
vocally establishes that the strength of the HB controls the
conformational populations in these molecules.

The changes in the NH proton chemical shifts observed
from the titration studies are summarised in Table 2.

Energy of intramolecular HBs (X - -H-N)

For all the investigated compounds, the energies of the HB
(Eyg) were calculated using an empirical relation Eyg = Ad +
(0.4 + 0.2) (keal mol™"),"**® where AJ represents the chemical
shift difference between the hydrogen bonded proton and the
free proton. In the present work, the Ad values are calculated by
subtracting dny of molecule 1 from dyy; of molecules 2, 3, 5 and
6. Since there is no intramolecular HB in conformer II, the Eyg
values are calculated for conformer I and are compiled in Table 3.
For conformer I, these values vary from 0 to 1.6 keal mol ™, showing

Table 1 *H-NMR chemical shifts of the NH imide and CH vinyl protons for the trans, Ec_y (I)/cis, Ec_y (Il) conformers of molecules 1, 2, 3, 5 and 6 in

CDCls and DMSO solvents

NH (0 in ppm) CH (0 in ppm) Conformer % in

Molecule X CDCly DMSO CDCly DMSO Conformer CDCl; DMSO
1 9.22 11.84 8.35 8.47 I 100 100
2 F 9.67 11.83 8.26 8.33 I 90 71
9.16 11.95 — 8.07 I 10 29
3 Cl 9.25 11.90 8.30 8.28 I 48 64
10.07 11.96 7.95 8.06 I 52 36
5 OMe 10.83 11.46 8.28 8.35 I 100 84
— 11.63 — 8.00 I — 16
6 CF; 8.83 11.96 8.23 8.28 I 33 58
9.84 12.01 7.82 8.04 11 67 42

This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2019 New J. Chem.
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Table 2 The temperature and solvent dependent NH proton chemical shift variations for compounds 1, 2, 3, 5 and 6

Change in chemical shift (ppm)

On adding 600 pl CDCl,

On adding 250 ul DMSO Temperature varied from 298 to 220 K

Molecule Substituent X I I 1 I I I
1 H —0.0794 — 4.6317 — 1.4332 —
2 F —0.0095 — 2.0705 — 0.2398 —
3 Cl —0.0293 —0.2974 2.7381 2.3568 0.5096 2.3659
5 OMe 0.0214 — 0.5525 — 0.3100 —
6 CF; —0.0324 —0.3206 3.1429 2.4299 0.7556 2.4245

Table 3 4w and Eyp values for conformer | of compounds 2, 3, 5 and 6

Ony in the Difference in Energy of
solvent Onu With respect  HB (Eyg)
CDCl; (ppm) to molecule 1 (keal mol™")
Molecule Substituent X I I I
1 H 9.22 — —
2 F 9.67 0.45 0.8
3 Cl 9.25 0.03 0.4
5 OMe 10.83 1.16 1.6
6 CF; 8.83 —0.39 0.0

the presence of weak C-X:--H-N type HB interactions in molecules
2, 3, 5 and no C-X:--H-N type HB interaction for molecule 6.

Detection of HB mediated coupling

The symbolic representation of the hydrogen bond mediated
coupling is ™/xy, where X and Y are coupled nuclei and the

a)

J

T T T T
9.8 9.6 94 ppm

S W

T T T T T

9.5 9.0 8.5 8.0 7.5

T
ppm

superscript nh represents the number of bonds separating the
interacting nuclei through hydrogen bonds and covalent bonds.
The NH proton of molecule 2 showed a doublet due to its
coupling with the fluorine atom (Fig. 9a). The interaction
between these two atoms is confirmed by 'H{*°F} (fluorine
decoupled) spectra in the CDCl; solvent,** and the corres-
ponding spectrum is reported in Fig. 9b. The coupling of nearly
14 Hz between 'H and *°F was detected, which are separated by
several (5) bonds. Such a large value is unexpected for >z and
can be attributed to the direct interaction between '°F and 'H
(*"Jp1), where the transfer of spin polarization between them is
mediated through HB, giving an explicit evidence for the
presence of HB between them.®™" This is also confirmed by
the collapse of the doublet into a singlet in DMSO-d¢ solvent,
where the HB is broken. The corresponding spectrum is shown
in Fig. 9c. Another interesting observation from the 'H NMR
spectrum of molecule 2 is that the ratio of the two conformation

b)

T T T T
98 96 94 ppm

s _J
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Fig. 9 400 MHz (a) H spectrum of compound 2 in CDCls solvent, (b) *H{**F} spectrum in CDCls solvent (c) *H spectrum of compound 2 in DMSO-dg

solvent. Two peaks pertaining to NH are expanded in the inset given.
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Fig. 10 Temperature dependent changes in the "Jyy for molecule 2. The
experiment was performed using CDCls solvent at 10 mM concentration
and the temperature was varied from 300 K to 220 K.

populations is nearly 90: 10 in the solvent CDCls, which drastically
decreases to 79:21 (Table 1) in the solvent DMSO-ds as the
intramolecular HB ruptures. This unequivocally establishes that
the organic fluorine mediated intramolecular HB is controlling the
90% of the population for conformer I in the solvent CDCl; (Fig. 9a).
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Variation of lh]FH with temperature

The covalent bond mediated couplings are invariant for a particular
conformation, and if the conformation is flexible, one would get
the average value of the coupling constant pertaining to the
possible geometries. Fig. 10 shows the change in ", as a function
of temperature for compound 2. The steady increase in the
coupling constant from 14.4 Hz to 15 Hz on lowering the tempera-
ture from 298 K to 220 K supports the presence of HB mediated
coupling. This is attributed to the decrease in the distance between
the NH proton and the F atom upon strengthening of the HB.

Computational details

The weak molecular interactions in the investigated molecules
established by NMR experiments were further ascertained by Density
Functional Theory (DFT)*>*® based Non-Covalent Interaction (NCI)>*
and Quantum Theory of Atoms in Molecules (QTAIM)* studies. All
the computational modelling were performed using Gaussian09
program,®® choosing a DFT method at the B3LYP/6-311g(d,p) level
of theory and chloroform as a default solvent. The optimized
minimum energy structures were confirmed by harmonic vibrational
frequency values. With the help of the optimized structure coordi-
nates, the wave function files for the QTAIM and NCI studies were

b) 1

\
T

II cis, Ec.x

!/
T

Fig. 11 The DFT optimized spatial structure; (a) for conformer I (trans, Ec_n) of molecules 1, 2, 3, 5 and 6; (b) for conformer Il (cis, Ec_n) of molecules 2, 3

and 6; (c) for conformer Il of molecule 4.
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Table 4 Gibbs free energy for conformers | and Il and calculated bond geometries for conformer | of molecules 2, 3, 5 and 6

Gibbs free energy of molecules in conformers (k] mol ")

Distance d...n (A) Angle XHN (°)

Molecule HB type (X- - -HN) I I I I
1 (H---HN) —1905104.9415973 — — —
2 (F‘ . ~HN) —2165724.3073241 —2165716.7224903 1.925 132.6
3 (Cl---HN) —3111825.21609953 —3111826.69948089 2.693 107.2
5 (MeO- - -HN) —2205874.4711383 — 1.863 134.1
6 (CF3' . 'HN) —2790244.90184566 —2790244.5760736 2.218 126.8

generated. Detailed discussion on the theoretical computations is
provided in the ESI{ The optimized spatial structures considering
the possible electron resonance of all the conformers of molecules
1-6 are reported in Fig. 11. The extracted Gibbs free energies of
both the optimised conformations of the studied molecules along
with the bond geometries, specifically the distances and angles for
conformer I (no intramolecular HB in conformer II) of molecules 2,
3, 5 and 6 are compiled in Table 4.

Conclusions

The NMR investigations on the series of synthesized molecules
containing the azomethine group (-N—C <) with different substitu-
tions on the benzoyl ring of N’-benzylidenebenzohydrazide revealed
several interesting results; (a) the correlated cross peaks in the 2D
NOESY spectrum confirm that the molecules exist as only E isomers
with respect to the C—N bond, (b) most of them exist in trans/cis
conformations around the N-C(O) bond; (c) single intramolecular
HB between different substituents on the benzoyl ring including
organic fluorine, and the proton of the amide group (C-X: - -H-N) is
controlling the conformational rigidity by establishing the intra-
molecular HB; and (d) the conformer populations are strongly
dependent on the strength of the HB. We envisage that the strength
of the intramolecular HB can be manipulated for the architectural
design of the molecule to a single conformation instead of possible
multiple conformations or conformers of the desired ratio. The
participation of organic fluorine in the HB has been demonstrated
by detection of ;- and its disappearance upon decoupling with °F
and also in a high polarity solvent.
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