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Abstract  
In this research, the molecular structure and intramolecular hydrogen bonding (IHB) of 5-amino-

2,2,6,6-tetramethyl-4-hepten-3-one (AMTMH) were studied using spectroscopic techniques (IR, 

Raman, UV, and NMR) and computational analysis (density functional theory (DFT) and the 

second-order Møller–Plesset (MP2) methods). The results of this study compared with those of 

4-amino-3-penten-2-one (APO) and 3-methyl-4-amino-3-penten-2-one (3-MeAPO). The

averaged calculated geometrical parameters of AMTMH (obtained by considering the

populations of all conformers) agree with the averaged geometrical parameters obtained by X-

ray crystallography of two conformations found in the crystal. Comparison of different

parameters related to the IHB strength, such as NH stretching, experimental proton chemical

shift, and deuterium isotope effects on 13C chemical shifts of AMTMH with those of APO and 3-

MeAPO, suggests the following trend for the IHB strength: 3-MeAPO > AMTMH > APO. All

normal modes of AMTMH were successfully assigned and compared to the corresponding band

frequencies of APO. The appearance of more than one band for several vibrational normal

modes is related to the coexistence of different conformers in the sample. The molecular

transport results show that the conductivity of the enol form (on-state) to keto form (off-state)

changes, which suggests that this system has the potential to function as a molecular switch.

In addition, the experimental fluorescence and the calculated TD-DFT results confirmed both

aminoketone and iminoenol forms are in the excited state.

Keywords: 5-amino-2,2,6,6-tetramethyl-4-hepten-3-one; Intramolecular hydrogen bond;

Vibrational spectroscopy; NMR; DFT-NEGF.
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1. Introduction 

β-Ketoenamines can exist in three different tautomers: aminoketone, AK, iminoketone, 

IK, and iminoenol, IE, forms (Fig. 1). The XH bond (X=N or O) of the aminoketone and 

iminoenol tautomers are involved in the chelated ring of the intramolecular hydrogen bond, IHB, 

system [1-3]. 

As stated in the literature, aminoketones in the ground state are the predominant form of 

β-enaminones [2-5]. The IHB in this system is of the resonance-assisted type [6]. Due to wide 

diversity and potential use in the industrial, pharmaceutical, and biological contexts, the study on 

β-ketoenamines is rapidly increasing [7-12]. In addition, because of the non-linear optical 

properties of β-aminoketones, these compounds are used in many molecular electronic devices 

[13, 14]. 

The difference between 5-amino-2,2,6,6-tetramethyl-4-hepten-3-one (AMTMH) and 4-

amino-3-penten-2-one (APO) (the simplest member of the β-enaminones) is the replacement of 

the methyl groups (-CH3) by two bulky t-butyl groups (-C(CH3)3) in the β-positions of APO [2]. 

Comparing the spectroscopic, electronic, and structural properties of AMTMH with those for 3-

MeAPO makes it possible to understand the difference between the steric effects of the t-butyl 

groups and the interwoven two methyl groups of 3-MeAPO. The density-functional 

theory (DFT) is a computational quantum mechanical modelling method used in physics and 

chemistry to investigate to calculate the electronic structure of atoms, atomic charges, molecular 

geometry, thermodynamic functions, dipole moments, vibrational frequencies, and many more 

[15-17].  

mailto:tayyari@um.ac.ir%20(SF%20Tayyari)
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  The present work aims to study the effects of the t-butyl group substituted in the β-

position on the structure, conformations, IHB strength, spectroscopic behaviours, and 

conductivity of AMTMH. To obtain a clear understanding of these effects, the molecular 

structure and IHB strength of APO [2,18] and 3-MeAPO) [19] are compared with AMTMH. The 

calculated molecular structure and conformations of AMTMH compared with its X-ray 

diffraction results [20, 21]. The calculated current-voltage characteristics of enol and keto forms 

of the title molecule are also studied. Also, the structure of the excited state for the title 

compound is investigated by the calculations (TD-DFT) and fluorescence spectroscopy results.  

2. Experimental 

2,2,6,6-Tetramethyl-3,5-heptanedione and analytical grade reagents and solvents 

purchased from Sigma-Aldrich Chemical Co. Fluka silica gel, TLC-cards 60778 with 

fluorescence indicator 254 nm, were used for TLC chromatography. Merck silica gel 60 (0.040-

0.063 mm) was used for flash chromatography purification of the products. 1H NMR and 13C 

NMR spectra were recorded at 500 MHz and 126 MHz on a Bruker Ultrashield Plus 500 

spectrometer using CDCl3 as solvent and TMS as internal standard. HRMS-ESI spectra were 

carried out on a Bruker MicrOTOF-QII-system with ESI-source with nebulizer 1.2 bar, dry gas 

8.0 l/min, dry temperature 200 °C, capillary 4500 V endplate offset -500 V. 

AMTMH was prepared by a modification of a literature method [22]. A 25 ml single-

neck flask, equipped with a condenser and stirring magnet, was charged with 2,2,6,6-

Tetramethyl-3,5-heptanedione (1.0 g, 5.4 mmol) and formamidinium acetate (1.0 g, 9.6 mmol) in 

dry mesitylene (10 ml). The resulted suspension was heated to reflux at 200 °C for 15 h under a 

nitrogen atmosphere. The mesitylene was removed at room temperature by nitrogen bubbling 

into the reaction mixture to obtain a solid residue. The solid residue was dissolved in 
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dichloromethane (15 ml) and chromatographed on silica gel. At first, dichloromethane was used 

as the eluent to remove the traces of mesitylene and unreacted 2,2,6,6-tetramethyl-3,5-

heptanedione, then dichloromethane /ethyl acetate (95:5) was used to obtain the pure product as 

a colourless polycrystalline substance 0.61 g (61%) [22]. 1H NMR (CDCl3, 500 MHz) δ 10.40 

(bs, 1H NHin), 5.36 (s, 1H =CH), 5.12 (s, 1H NHout), 1.20 (s, 9H; (CH3)3-C-C-N), 1.15 (s, 9H; 

(CH3)3-C-C=O). 13C NMR (CDCl3, 126 MHz) δ 205.77 (C2); 173.79 (C4); 86.89 (C3); 42.24 

(C1); 36.22 (C5); 28.97 (C22, C26, C30); 28.06 (C10, C14, C18) (For the atom numbering see 

Fig. 2). HRMS-ESI (m/e): [M+H]+ calculated for C11H22NO 184.1701, found 184.1695 (Fig. S1, 

supplementary materials). 

The deuterated analogue, D3-AMTMH, (including hydrogens in H34 (Hα) and NH2) was 

prepared according to the literature [19]. 

The mid-IR spectra were recorded on a Bomem MB-154 Fourier transform 

spectrophotometer, using KBr pellets and CCl4 solution with a spectral resolution of 2 cm-1 by 

averaging the results of 20 scans.  

The Far-IR spectra, in the region 600-250 cm-1, were recorded on a Thermo Nicolet 

NEXUS 870 FT-IR spectrometer, equipped with a DTGS/polyethylene detector and a solid-

substrate beam splitter, using polyethylene disks. The spectra were collected with a resolution of 

2 cm-1 by signal averaging 32 scans.  

The FT-Raman spectrum of AMTMH was recorded on a Teksan Takram P50C0R10 

Raman spectrophotometer using a 532 nm laser.  

The ultraviolet absorption spectrum was measured from 200 to 400 nm in an ethanol 

solution using Perkin-Elmer LAMBDA 25 spectrophotometer equipped with a 10 mm quartz cell 

at 298 K.  
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The fluorescence spectrum was scanned on FluoroLog 3–22 (HORIBA) spectrofluorometer with 

a resolution of 2 nm in the 250–400 nm region with tuning 225 nm as excitation wavelength. 

3. Computational details 

The hybrid functional B3LYP [23, 24], using the 6-311++G(d,p) basis set, was adopted 

to calculate the properties of the titled molecule. Quantum chemical calculations were performed 

using the Gaussian 09W program package [25]. Each vibrational mode was assigned utilizing 

visual inspection using the GaussView 5.0 software [26]. Atoms in Molecules (AIM) analysis 

was achieved according to the Bader theory[27] using the AIM2000 program [28]. The second-

order interaction energies, E(2), [29] were calculated using the NBO 5.0 program [30]. The 

geometry optimization and conformational analysis for AMTMH have also been done at the 

MP2 level [31, 32], using the 6-311++G(d,p) basis set. 

The vertical and relaxation excitation transitions for AMTMH were calculated by the 

time-dependent density functional theory, TD-DFT, [33], using the polarizable continuum 

model, PCM, in ethanol as solvent [34]. The excitation energies, wavelengths, oscillator strength 

(f), the contributions to the frontier molecular orbitals (HOMO and LUMO), and density of the 

states (DOS) were calculated using the GaussSum 2.2 Software [35]. 

The 1H and 13C chemical shifts were calculated using the GIAO (Gauge-Including Atomic 

Orbital) method [36, 37].  

The current through the device was calculated using the Landauer–Büttiker formula in 

the TranSIESTA package [38]. In the lateral dimension a 6×6 supercell was used, large enough 

to remove interactions between periodic images. Following the experimental results [39], the two 

hydrogen atoms which have to be connected to the metal surface were replaced with sulphur 

atoms, and The remaining part of the molecule was placed between two parallel Y(111) planes 
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with a face-centered cubic (Fig. S2, supplementary materials) [40, 41]. The Au–S, Pt–S, and Ag–

S distances for the hollow sites are set to 2.42, 2.41, and 2.46 Å, respectively [42-44]. The 

Perdew–Burke–Ernzerhof (PBE) exchange-correlation functional is adopted for the generalized 

gradient approximation (GGA) [45]. We use a ξ plus single polarization (SZP) and double-ξ plus 

single polarization (DZP) basis sets for the electrons of the electrode and organic atoms in the 

transport calculations, respectively. We used a k-grid sampling of 6×6×100 with a mesh cutoff 

energy of 150 Ry. The transport calculations have been carried out in the bias voltage range 

valued from 0.0 to 2.0 V at 300 K. 

4. Results and Discussion 

4.1. Molecular structure 

Theoretically, AMTMH can exist in three distinct forms: aminoketone, iminoenol, and 

iminoketone (Fig. 1). According to our calculations (performed at the B3LYP/6-311++G(d,p) 

level), the energy of the aminoketone (AK) tautomers is 6.25 kcal/mol lower than that of 

iminoenol (IE) and 12.65 kcal/mol less than that of iminoketone (IK) species (Fig. S3, 

supplementary materials). The calculated relative energies suggest that this molecule exists as an 

aminoketone, consistent with the experimental results. It seems that other β-aminoketones also 

show similar behaviour [2, 3, 19]. 

Rotation of t-butyl groups in AMTMH creates four stable aminoketone conformers, AK1, 

AK2, AK3, and AK4 (Fig. 2a). The X-ray analysis shows only two conformers in the unit cell 

[21], AK1 and AK2. AK1 is the only conformer obtained by the calculations using the MP2/6-

311++G(d,p) level. Fig. 3 shows the topological map of an optimized dimer structure, based on 

its CIF crystallography, obtained by the AIM calculations. Fig. 3 also indicates two weak long-

range contact intermolecular unconventional hydrogen bonds, the C-H…O and C-H…H-C 
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interactions with the strength of 1.50 and 0.50 kcal/mol, respectively, but not detected in the 

corresponding single-crystal structure [21], which may be due to their weakness. 

Table 1 lists the selected geometrical parameters, calculated at the B3LYP/6-

311++G(d,p) level, along with the corresponding X-ray data for AMTMH, 3-MeAPO, and APO 

[19, 21]. Table 1 also includes the geometrical parameters calculated at the MP2/6-311++G(d,p) 

level for AMTMH. Two correlations in Fig. S4 (supplementary materials) compare the 

computational levels and the corresponding X-ray data. The regression coefficients (R2) show 

that the data calculated at the B3LYP level better correlate with the experimental bond lengths 

and angles than those obtained by the MP2 level of theory. The calculations hereafter, thus, were 

performed only at the B3LYP level. As Table 1 shows, the averaged C2=O6 and C4-N7 bond 

lengths of the N-H…O forms of AMTMH are about 1.245 and 1.350 Å, respectively. The 

averaged bond angles of O6–C2–C3 and C3–C4–N7 are about 122.6º and 120.8º, respectively, 

consistent with the sp2 hybrid character of C2 and C4 atoms [46-48]. According to this table, the 

averaged geometrical parameters, obtained by superposition of different conformers, are in 

excellent agreement with the results of the experimental data.  

As earlier reported for similar compounds, the C(CH3)3 group has more steric effect than 

a CH3 group [49, 50]. Comparing the structural parameters of AMTMH with APO indicates that 

the bond lengths in the chelated ring (C3=C4, C3-C2, O6-C2, and C4-N7 bonds) are almost the 

same, while the N7…O6, O6…H9, and N7-H9 distances significantly different. Comparing the 

structures of these two molecules shows that replacing the methyl groups with the t-butyl groups 

reduces the O6-C2-C3 and C3-C4-N7 bond angles and increases the C2-C3-C4, C3-C4-C5, and 

N7-H9-O6 bond angles.  
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The calculated N…O and O…H distances in AMTMH (the averag of AK1-4), 3- 

MeAPO, and APO are 2.637, 2.597, 2.669 Ǻ, and 1.831, 1.802, 1.890 Ǻ, respectively. These 

results suggest the following trend in the strength of their IHBs: 

3-MeAPO > AMTMH > APO                   (1) 

A comparison between the IHB of AMTMH and 4-phenylamino-pent-3-en-2-one, APO-NPh, [3] 

indicates that the IHB of AMTMH is weaker than that of APO-NPh, based on N…O bond 

distances, NH stretching frequencies, UV, and NH chemical shift [3]. 

Fig. 4 shows the relative energy profile of proton transfer from the N atom to the O atom. 

As this figure shows, in the gas phase, the energy of aminoketone, AK3, is 6.05 kcal/mole lower 

than that of the iminoenol and the barrier height for this proton transfer is 6.94 kcal/mole.  

Table 2 shows some parameters related to the hydrogen bond strength (including the 

optimized geometrical parameters, X-ray values, spectroscopic properties, AIM, and NBO 

results) for AMTMH, APO, and 3-MeAPO [19]. The higher total electron density, ρBCP, and its 

Laplacian, ∇2ρBCP, as an absolute value, at the bond critical point (BCP) of O6…H9 

corresponds to a stronger IHB. Table 2 shows that 3-MeAPO has the maximum ρBCP and the 

minimum ∇2ρBCP.  

The EHB values, estimated by the Espinosa et al. [51] method, are 7.67, 9.87, and 10.85 

kcal/mol for APO, AMTMH (averaged over four conformers), and 3-MeAPO, respectively, are 

also listed in Table 2. 

According to all parameters given in Table 2, except for the NMR proton chemical shifts, 

the IHB strength in AMTMH is slightly weaker than that in 3-MeAPO. A tiny difference in the 

values of proton chemical shift of AMTMH (10.40 ppm) and 3-MeAPO (10.32 ppm) can be due 

to the conditions of measurements, such as different temperatures or concentrations of solutions. 
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In the LP(2)O to σ*N7-H9 orbital interaction, the LP(2) and σ* are molecular orbitals, and the 

contribution of atomic orbitals (s and p orbitals) are 1% s and 99% p for LP(2)O and 31% s and 

69% p for σ*N7-H9. The contribution of s orbital shows that the overlapping of the orbitals is 

also head-to-head (like Sigma orbitals) in addition to side-to-side (like p orbitals). Therefore, the 

hydrogen bond of the NHO system in this molecule is non-linear. 

4.2. NMR spectroscopy 

Fig. 5a-b shows the NMR spectra of AMTMH, while the chemical shifts and nuclear shielding, 

along with the previously reported results [21], are listed in Table S1 (supplementary materials). 

An excellent agreement exists between the experimental results and predicted data (Table S1).  

The correlations between the experimental 1H and 13C chemical shifts (σexp.) and the GIAO 

nuclear shielding (σcalc.) calculated by DFT at the B3LYP/6-311++G(d,p) level are usually 

linear and described by the following equation: σexp= a (σcalc.)+ b. For the 13C chemical shifts 

of AMTMH in Table S1 (supplementary materials), the calculated regression coefficients (R2) 

are 0.9991, 0.9992, 0.9910, and 0.9990 for the rotamers AK1-4. These results show that none of 

the four tautomers could be excluded based on the NMR data, which agrees with the theoretical 

calculations.   

Deuterium isotope effects on 13C chemical shifts 

Partial deuteration of the NH proton leads to the following deuterium isotope effects on 13C 

chemical shifts: C-4 0.06, 0.33, and 0.39 ppm. The first is due to deuteration at the non-hydrogen 

bonded NH, the second is due to the hydrogen-bonded NH and the third is when both NH are 

deuterated. 0.33 ppm can be compared to 0.29 ppm in 3-MeAPO and 0.21 in APO [19]. These 

results suggest a slightly stronger hydrogen bond in AMTHMD as compared to 3-MeAPO. Other 

isotope effects are: C=O carbon, 0.03 ppm, C-3 0.06, 0.06 and 0.12 ppm; C-5, 0.03 and ~0.03 

ppm; C-1, unresolved shoulder. 
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The fact that the separate isotope effects can be observed shows that the NH2 group has no 

internal rotation. Furthermore, despite the presence of water, the isotope effects can be observed. 

This indicates either strong hydrogen bonding (NH hydrogen bonded to C=O) and/or shielding 

from solvent. 

4.3. Electronic properties, UV and Fluorescence spectra 

The broadband at about 300 nm in the UV spectra of the β-ketoenamine compounds is 

related to the π→π* transition of the chelated ring [3, 19, 52, 53]. A stronger hydrogen bond 

leads to a longer wavelength for this transition. The UV spectrum of AMTMH shows one 

broadband at 301 nm, Fig. S5 (supplementary materials). The corresponding band in the UV 

spectra of APO [54] and 3-MeAPO [19] occurs at 299 and 319 nm in the ethanol solution, 

respectively. 

Figs. S6a and S6b (supplementary materials) show the density of the states (DOS) of 

AMTMH and APO. DOS graphs of AMTMH and APO confirm similar band gaps and display 

the population distribution over orbitals. In the DOS plots, the HOMO weight is positioned on 

the chelated ring while the LUMO weight is localized on the C=O, C-N, and t-But bonds.  

The wavelength (λ), oscillator strength (f), and the significant contributions of transitions of 

AMTMH computed at the TD- B3LYP/6-311++G(d,p) level, are listed in Table S2 

(supplementary materials). Since there is no difference between the absorbed theoretical 

wavelengths of AK1-AK4, so only the TD-DFT results of the AK2 form are listed. The 

calculated transition band for AK2 is predicted at 267 nm (in the ethanol solution) and the 

oscillator strength, f, is 0.4305, with a high contribution of H→L (97%). The corresponding 

wavelength in the gas phase is about 260 nm which correlated with its electronic band gap in the 
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gas phase. The calculated bands for APO and 3-MeAPO are reported at 263 and 276 nm [3, 19], 

respectively. These values show that the IHB strength of APO is the lowest.   

The geometrical optimization of AK1-4 and IE1-4 forms in the excited state shows that all of 

them convert to the AK2 and IE3 forms, respectively. Theoretically in the ethanol as solvent, the 

AK2 form shows emission at 292 nm with the oscillator strength of 0.4896 that is assigned to 

LUMO→ HOMO-1 transition. While the IE3 form displays singlet emission at 328 nm with the 

oscillator strength of 0.3034 that is assigned to the same transition (see Table S2 in 

supplementary materials). The experiment fluorescence spectrum of AMTMH in the ethanol 

solvent in the 250–400 nm region is presented in Fig. S5b, in supplementary materials. By 

applying the excitation wavelength of 225 nm in the fluorescence spectrum, two emission bands 

with very weak and very strong intensities are obtained at 280 and 345 nm that according to 

calculated results, confirmed the presence of both AK2 and IE3 in the excited state, respectively. 

The detecting aminoketone and iminoenol forms in the excited state also were reported for the 

NHO system by V. Latha et al. [55].  

There is little difference between AK2’s structure in the ground and excited states. The most 

important differences are the values of HN7H and C5C4N7H8 angles that in the ground state are 

121.7° and 0.0° while in the excited changed112.3° and -41.1°, respectively. In IE3, the 

C5C4N7H8 angle in the excited state is 99.2°, in other words, the proton on the nitrogen atom is 

perpendicular to the chelated ring, see Fig. S5c-d in the supplementary materials. 

4.4. Molecular electrostatic potential (MEP) surface 

The MEP graphs for the AMTMH (AK1 form) and APO are given in Fig. S7 

(supplementary materials). The red, green, and blue colours of MEP indicate the negative, 

neutral, and positive regions, respectively, that characterize the electrophilic and nucleophilic 



12 
 

sites. The negative and positive places occurred around the O and H atoms. Also, the t-But 

groups are neutral sites. The maximum and minimum calculated negative electrostatic potential 

values for these electrophilic and nucleophilic sites in AMTMH and APO are about −22.41, 

−1.02, and −22.11, −1.02 a.u with point charges of −0.657, 0.436, and −0.654, 0.361 e, 

respectively.  

The MEP surface demonstrates the weak positive area and the strong negative charge 

area over the H9 and O6 atoms in the intramolecular hydrogen bond (O…H–N) [56]. The MEP 

charges for O and H in AMTMH and APO are -0.6566, 0.4358 e, and -0.6537, 0.4313 e, 

respectively, which confirms that the IHB strength of APO is lower than that of AMTMH. 

4.5 Vibrational analysis 

Comparing the calculated vibrational spectra of all stable conformers of the titled compound 

with the corresponding experimental data may be used to confirm the structure, IHB strength, 

and the existence of different forms. Fig. 6 compares the IR spectra of APO and AMTMH in the 

CCl4 solution and AMTMH in the solid phase in the 3550–2800 cm-1 region. Fig. 7 shows the IR 

spectra of AMTMH in the solid and CCl4 solution. Figs. 8 and 9 show the Far-IR spectra of 

AMTMH and the Raman spectrum of AMTMH, respectively. The recorded infrared spectra of 

APO and AMTMH in CCl4 are indicated in Fig. S8 (supplementary materials). 

 Table 3 lists the selected scaled calculated and observed vibrational frequencies and band 

assignments of AMTMH. Most vibrational bands of AK1, AK2, AK3, and AK4 conformers of 

AMTMH are near to each other. Also, the complete fundamental 3N-6 normal modes without 

scaling along to their IR intensities and Raman scattering activities of all conformers are listed in 

Table S3 (supplementary materials). Generally, the unscaled calculated wavenumbers are 

somewhat higher than the observed values, however, a good agreement between observed and 
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scaled calculated wavenumbers exists. Several factors may be responsible for the discrepancies 

between the theoretical and experimental results, such as anharmonicity, media, and Fermi 

resonance. Hence, the proper scaling factors, 0.9609 for above 2000 cm-1 and 0.9859 for below 

2000 cm-1 regions, are used for theoretical wavenumbers [57]. The calculated values are 

harmonic wavenumbers, while the measured values are anharmonic frequencies. The AMTMH 

molecule has a t-But group at its β-position. Therefore, comparing the vibrational spectra of the 

titled molecule with those of 2,2,6,6-tetramethyl-3,5-heptanedione, TMHD, and its copper 

complex, Cu(TMHD)2, [49,50] could be helpful.  

4.5.1. The NH and CH stretching vibrations  

In the amins, the symmetric and asymmetric NH2 stretching vibrations are observed in 

ranges 3420-3325 cm-1 and 3520-3420 cm-1 [58-60], respectively, which will be affected by 

hydrogen bonding formation [18]. For example, asymmetric and symmetric NH2 stretching 

vibrations (νsNH and νaNH) of APO and 3-MeAPO (in the CCl4 solution) are reported at 3184, 

3135, and 3375, 3367 cm-1, respectively [2,18,19,61]. 

The IR spectrum of AMTMH in the solid phase shows two bands at 3405 and 3346 cm-1, which 

are assigned to the asymmetric and symmetric NH2 stretching vibrational modes, respectively. 

The corresponding bands in the solid phase of APO occur at about 3353 and 3179 cm-1 [2]. In 

the solid phase, a Fermi resonance likely occurs between νsNH2 and the overtone of the 1634 

cm-1 band. These two bands, after perturbation, were observed at 3175 and 3346 cm-1. In the 

solution, the intensity of the asymmetric NH2 stretching band decreases and shifts significantly 

towards higher wavenumbers, 3421 cm-1 (see Fig. 7 and Table 3). 

The two vibrational bands at 3145 and 3110 cm-1 in the IR spectrum of AMTMH are assigned to 

the CHα stretching vibration.  
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4.5.2 1700-1000 cm-1 region 

The IR spectrum of AMTMH in the CCl4 solution shows two strong bands at 1590 and 

1520 cm-1 accompanied by two shoulders at 1610 and 1500 cm-1 (see Fig. 7). The corresponding 

Raman bands were observed at 1597, 1524, and 1503 cm-1. The first three IR bands at 1610, 

1590, and 1520 cm−1 are assigned to the symmetric and asymmetric stretching of CCCN and 

OCCC coupled to the bending modes of NH2, CHα, and CH3 groups.  

The symmetric and asymmetric CH3 deformations appear as weak-to-medium-intensity IR bands 

in the 1500-1360 cm-1 region. The CH3 deformations are also somewhat coupled with the 

skeletal vibrations (Table 3). The strong intensity IR band at 1292 cm-1 was assigned to the 

symmetric C-C=C-N stretching, coupled to the νC-t-But and ρNH2 vibrational modes.  

4.5.3 Below 1000 cm-1 region 

According to our calculations, the IR bands in the 940-860 cm-1 region are related to the 

CH3 rocking vibrational modes. The corresponding Raman bands occur at 931 and 920 cm-1.  

The 775, 728, and 634 cm-1 IR bands are assigned to the NH2 out-of-plane bending mode 

coupled with the CHα out-of-plane bending and ring deformation. The corresponding vibrational 

bands in APO and 3-MeAPO appear at 755 [2] and 645 [26] cm-1, respectively. The presence of 

more than one band confirms the coexistence of more than one conformer for AMTMH. 

The IR band at 403 cm-1 in AMTMH is assigned to the N…O stretching coupled with δCH3-C-

CH3. This band in 3-MeAPO and APO was observed at about 404 and 360 cm-1, respectively 

[2, 25, 26]. The wavenumber of νN…O vibration of AMTMH, 3-MeAPO, and APO also agrees 

with the trend (1) for the IHB strength. 
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The four vibrational bands observed at 360, 326, 310, and 284 cm-1, according to the DFT 

calculations, are caused by torsional vibrations of the C(CH3)3 and CH3 groups coupled with the 

N…O stretching mode.   

4.6 Electronic transport 

In a proof of concept paper, it has been reported that enamines can be utilized as a switching 

device in electronic transport [62]. However, judging from Fig. 4, the IE form is high in energy 

in the ground state. Fortunately, this state can be reached in an ESIPT process [55]. The previous 

works have shown that the hollow site is most likely, based on energy [63, 64], while the results 

for APO showed the top site to be better than the bridge and hollow sites [62]. Due to the 

similarity of AMTMH with APO, the top site was chosen for the titled compound. 

The transmission spectra at zero-bias on Au (111) electrode with the top site verified the 

significant difference between the enol and the keto forms (Fig. 10). According to the Landauer–

Büttiker formula, only electrons for which the energy is near the Fermi energy play a role in the 

current. Fig. 10 shows that the transmission coefficient of the keto form (AK) is lower than the 

enol form (IE). 

The I-V characteristics for both enol and keto forms of AMTMH, AK and IE forms, with three 

different electrodes (Pt, Au, and Ag), are shown in Fig. 11a-c.  As this figure shows, the current 

for the IE is higher than that for the AK using Pt and Au electrodes, while in the case of using the 

Ag electrode, both tautomers show the same behaviour. Upon replacing IE with AK, the 

conductivity changes from on to off state. Fig. 11d also indicates that the highest conductivity 

occurs in the IE with the Pt electrode at about 0.8 V. In the Pt electrode, by increasing the 

voltage, the current ratio initially increases and then decreases, whereas, in the Au electrode, the 

current ratio solely decreases. 
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5. Conclusion 

5-amino-2,2,6,6-tetramethyl-4-hepten-3-one (AMTMH) was synthesized and characterized 

theoretically and experimentally. The results demonstrated that the keto-enamine tautomer is 

more stable than the imino-enol and keto-imine tautomers. The keto-enamine tautomer exists as 

four conformers, AK1-4 at B3LYP/6-311++G(d,p). While according to calculated results at 

MP2/6-311++G(d,p), the AK4 is unstable. All theoretical results (AIM and NBO) and 

experimental results suggest that the hydrogen bond strength in 3-MeAPO is stronger than that in 

AMTMH. The following trend for hydrogen bond strength is concluded: 3-MeAPO >AMTMH > 

APO. The stronger hydrogen bond in 3-MeAPO and AMTMH is caused by pushing the O and 

NH2 groups towards each other by the terminal methyl groups (see Figs. 2a and 2b). 

Furthermore, by considering the intensity and wavenumbers of the vibrational band frequencies 

theoretically and experimentally, the presence of more than one conformer in the sample was 

concluded which is in agreement with the reported X-ray results. The transport results showed 

that the IK form's current is higher than that of the AK form. Comparing TD-DFT calculations 

with the experimental fluorescence results show that both aminoketone and iminoenol forms are 

possible in the excited state. 
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Caption of the Figures: 

Fig. 1. Tautomerization equilibrium in APO. 

Fig. 2. a) The atom numbering (the numbering is non-IUPAC in order to facilitate a comparison 

between AMTMH, 3-MeAPO, APO) and stable aminoketone conformers of AMTMH, the 

values are the relative energies and the calculated percentages at B3LYP and MP2 levels with 6-

311++G(d,p) basis set in parenthesis, the US is unstable, and b) stable aminoketone conformers 

of 3-MeAPO from Ref. [19]. 

Fig. 3. Topological map for the dimer of AMTMH. 
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Fig. 4. Relative energy profile of intramolecular proton transfer in gas phase (convert IE1 to 

AK3). 

Fig. 5. The NMR spectrum of AMTMH in CDCl3 a) 1HNMR and b) 13CNMR. 

Fig. 6. The recorded infrared spectra of APO and AMTMH (in CCl4 solution), and AMTMH in 

solid phase (in the 3550–2800 cm-1 range).  

Fig. 7. The IR spectra of AMTMH in the solid phase (_____) and in CCl4 solution (‧‧‧). 

Fig. 8. The recorded Far-IR spectrum of the AMTMH in solid phase (in the 670–220 cm-1 

range). 

Fig. 9. The recorded Raman spectrum of AMTMH, in solid phase (in the 1700–150 cm-1 and 

3450-3090 cm-1 ranges). 

Fig. 10. The transmission spectra of the molecular switch at zero bias with Au electrode. 

Fig. 11. The calculated I–V characteristics of AMTMH with top site: (a) Pt, (b) Au, (c) Ag, and 

(d) current switching ratio as a function of applied bias with different electrodes. 

Supporting information 

Fig. S1. HRMS-ESI spectrum of AMTMH. 

Fig. S2. Schematic molecular junctions used in our calculations. 

Fig. S3. The possible stable forms in IE and IK tautomers of AMTMH. US; unstable, the relative 

energies in kcal mol-1  were calculated at B3LYP/6-311++G(d,p) level. 

Fig. S4. The correlations of theoretical structure versus its experimental X-ray for the averaged 

of AK1-AK4 upon calculated populations. 

Fig. S5. a) UV absorption spectra of AMTMH and 3-MeAPO in ethanol solvent at a 

concentration of 2×10−3M with a 10 mm quartz cell, b) Fluorescence spectrum of AMTMH in 

ethanol, c) The excited structure of AK2 form, d) The excited structure of IE3 form. 

Fig. S6a-b. a) DOS plot of AMTMH b) DOS plot of APO. 

Fig. S7. Molecular electrostatic potential (MEP) of AMTMH and APO. 

Fig. S8. The recorded infrared spectra of APO (………) and AMTMH (———) in CCl4 (in the 

1700–900 cm-1 range). 

Table S1. The experimental 13C and 1H chemical shifts (δ) and theoretical isotropic nuclear 

shielding (σiso) values for the stable aminoketone forms (AK1-4) of AMTMH. 
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Table S2. Theoretical and experimental absorption wavelength, λmax(nm), and oscillator 

strengths (f) of AMTMH using TD-DFT at B3LYP/6-311++G(d,p). 

Table S3. Total fundamental band assignment of AMTMH (frequencies in cm-1). 


	4.1. Molecular structure
	4.2. NMR spectroscopy
	4.3. Electronic properties, UV and Fluorescence spectra
	4.4. Molecular electrostatic potential (MEP) surface
	4.5 Vibrational analysis
	4.6 Electronic transport

