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Abstract

In the present work, molecular structures andamtlecular hydrogen bonding (IHB) of
3-methyl-4-amino-3-penten-2-one, 3-MeAPO, 3-methyhethylamino-3-penten-2-one, 3-Me-
MeAPO, and the 3-methyl-4-phenylamino-3-penten-8;@iMe-PhAPO have been investigated
by means of density functional theory (DFT) caltiolas, at the B3LYP/6-311++G** |evel, and
experimental investigations including NMR, IR, RamaUV spectroscopy, and X-ray
crystallographic methods. The mentioned result®wempared to those of 4-amino-3-penten-2-
one, APO. DFT calculations suggest a relativelprsir intramolecular hydrogen bond in 3-
MeAPO and its N-Me and N-Ph substituted derivatiwath N---O distances of 2.597, 2.584,
and 2.581A, and calculated hydrogen bond energies of abo@t 13.6, and 14.9 kcal/mol in 3-
MeAPO, 3-Me-MeAPO, and 3-Me-PhAPO, respectively.id/ithe calculated N---O distances
and hydrogen bond energies, of APO, 2.868nd 7.67 kcal/mol respectively, suggest a medium
IHB strength. According to the NBO results, theristeffect is the dominant factor for changes

of the IHBs. The calculated geometrical paramet&MeAPO are in excellent agreement with
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the X-ray results. UV-Vis spectra of 3-MeAPO, 3-MMBAPO, and 3-Me-MeAPO were recorded
in ethanol supporting the results mentioned abdexording to the calculated results and
deuterium isotope effects dfiC chemical shifts, 3-MeAPO exists as a keto-am@mmparison

of the observed and theoretical IR and Raman speatl the spectral behavior upon deuteration
were used for assignment of the vibrational speatra-MeAPO. The assigned normal modes
were compared to those of APO. The theoreticalltesmere in good agreement with the
experimental data. The vibrational frequencies atsdirmed that the IHB strength in 3-MeAPO
is stronger than that in APO.

Keywords. 3-methyl-4-amino-3-penten-2-one; Substitution dffemtramolecular hydrogen

bond; Molecular spectroscopy; Isotope effectd@hchemical shifts.

1. Introduction
a,B-Unsaturated3-ketoenamines, also known fsketoenamines, are important

organic chemicals for synthesis of an assortmeitetérocyclic and medical compounds [1-4].
a,B-Unsaturate®-ketoenamines have in many cases been shown tbaxise aminoketone
form [5-14], wherea®s-hydroxy Schiff bases can be tautomeric [15, 1i8]the present case the
steric repulsion may reduce the N...O distance aad te tautomerism. The compounds can in
principle exist as three different tautomers inikguum, i.e., iminoketone, aminoketone, and
iminoenols, see Fig. 1. The aminoketone forms aumally more stable than the iminoenol forms
which are the major form d¥-enaminones [8-10, 12]. Hydrogen bonding is onehef most
important of all inter- and intramolecular inteiiaas. The hydrogen bond plays an essential role
in phenomena such as crystal engineering, statdizaof the secondary structure of
biomolecules like proteins, and DNA [17-20]. Tloerhation of an IHB leads to an increase of
the resonance conjugation of theelectrons in the chelated ring. Any factor whidfeets this
resonance, can change the IHB strength. Synth&Rjsand NMR spectra of soma,(-
unsaturate@-ketoenamines have been already reported [5, 225P1

The study of IHB strength in 3-MeAPO, with a metlgybup in theu-position could be
interesting. In addition, in 3-Me-MeAPO and 3-MeARO, with a methyl as bulky group or a

phenyl group as electron donating group on th@gén atom could influence the IHB strength.



Therefore, comparison of IHB strength with APO niiagrease our insights into the effects of
these substitutions on the IHB strength.

The structure, vibrational assignment, and IHB rgjte of the title molecules,
theoretically and experimentally, were not repogtesliously. In addition, the aim of the present
study is to investigate tautomerism, conformatid@sMeAPO is special with its three
interlocking methyl rotamers), molecular structuspectroscopic analysis, and the IHB strength
of title molecules, by different theoretical andpermental approaches. The theoretical (such as
the optimized configuration, the geometric paramsgtesimulating vibrational spectra, UV
spectra, andH and **C NMR chemical shifts, NBO, and atoms in molecu{@$M) [26]
analysis) and experimental results (including IRpfan, NMR, and UV-Vis spectra) for the title
molecules have been compared with the corresportditagfor 4-amino-3-penten-2-one (APO),
as the simplest member of theenaminones compounds [27, 11]. In addition, we gamed the
mentioned theoretical and experimental results-déNand N-Ph substitutions with 3-Me-APO.
These comparisons give a clear understanding ofubstitution effects of “Cgland phenyl

groups” in then- and on the nitrogen positions on the IHB strength

2. Experimental

2.1.Materials

3-Methyl-2, 4-pentanedione (3-Meacac) was puretiagrom Alfa Aesar. Other
compounds and solvents were of analytical graddsiaed as received.

4-Amino-3-penten-2-one (3-MeAPRO)

This compound was prepared according to a proeesimilar to that described for APO
[28]. In a 25 ml round bottom flask, 3-Meacac (2280 mmol) was charged and cooled in the
ice bath with stirring and 25% of ammonia soluti@»5 ml) was added dropwise, immediate
white precipitation developed. After complete addit the mixture was left stirred at room
temperature for 30 minutes and left stand in apogd flask for 48 h. The solid was treated
with diethyl ether (75 ml) and washed with distillevater (2x75 ml) and brine (75 ml). The
organic portion was separated and dried with armduglisodium sulfate. Evaporation of ether
under reduced pressure yields a white solid. Radtigmtion from n-heptane/ethyl acetate gave
colorless needles (1.85 g, 82%), m.p. 111.5-112,0it: 109-110 °C [29].

4-(Methylamino)-3-penten-2-or{8-Me-MeAPQ:
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This compound was synthesized by modification dteaature method [30, 31]. To a
solution of a-methyl acetylacetone (1.23 g, 11.0 mmol) in alsokthyl alcohol (10 ml) was
added a 2M solution of methylamine in THF (10 nfl,f@mol) and the clear solution was stirred
at room temperature in a stoppered flask for 15Te volatile solvents were evaporated under
reduced pressure and the light amber oil residue pugified by flash column chromatography
on silica gel using n-heptane/ethyl acetate (2olphtain the desired pure product as a pale
amber oil which solidified on cooling 1.12 g (82%&ld).

4-(Phenylamino)-3-methyl-3-penten-2-one (3-Me-PhAPO

To a solution ofu-methyl acetylacetone (2.28 g, 20.0 mmol) in methg@5 ml) was
added aniline (1.86 g, 20.0 mmol) at room tempeeatiollowed by concentrated formic acid (3
drops). The mixture was stirred at room temperafarel5 minutes, then refluxed under a
nitrogen atmosphere for 15 hrs. Methanol was exapdrunder reduced pressure and the yellow
oil residue was chromatographed on silica gel,gisinheptane/ethyl acetate (10:1) and (1:2) to

obtain the pure compound as an amber oil, whidlifeld on cooling 3.40 g (90% yield).

The deuterated analogues for the IR studies, ieciye3-MeAPO, D-3-Me-PhAPO, and
D-3-Me-MeAPO, were prepared by the following proaed [32]. 0.5 g of the under-study
molecules was dissolved in GGB ml) and a drop of triethylamine was added airced for an
hour. Then, RO (1 mL) was added and the mixture stirred for 24'tme CC} solutions were
separated and dried over anhydroug3@. Solid D,-3-MeAPO was obtained by removing the
solvent in a vacuum desiccator. The IR and Rameatspconfirmed that the hydrogen atoms of
amino group were more than 90% replaced by deumegitoms.

The partially deuterated compounds for the isotfiect on chemical shift studies were
obtained by dissolving the compounds in4OB:CH;OH and evaporating off the solvent under

reduced pressure.

2.2. Instrumentation

The NMR spectra were recorded on an Avance BrdkRérMHz spectrometer.
All chemical shifts are reported relative to TMSjng 2 mol% solutions in CDght 22°C. For
3-APO 'H NMR (CDCk): & 10.32 (br, NK), 5.30 (br, NH.), 2.08 (s, H(CH-C=0)), 1.93(s,
H(CHs-C-N)), 1.78(s, H(CH-Co) and for*CNMR: & 197.35 (C2), 158.94 (C4), 99.01 (C3),
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28.56 (C1), 21.86 (C5), 14.40 (C8). For APE:NMR (CDCk): & 9.71 (br NH,), 5.71 (NHy),
5.03 (CH), 2.03 (Ch and 1.91 (CH). *C NMR: & 196.69 (C2); 160.98 (C4); 95.75 (C3);
29.29 (C1); 22.25 (C5).

For 3-Me-MeAPO:*HNMR (CDCh): & 1.78 (s, 3H, ChtCa), 1.91 (s, 3H, CHIC-N),
2.06 (s, 3H, CHC=0), 2.87 (d, 3H, CEIN, J=5.0), and 11.80 (b, 1H, NH bonded). The
mentioned results are close to those reportedtsebulMikysek et al. [31]*CNMR: 3 194.09
(C2), 162.89 (C4), 97.72 (C3), 29.59 (C1), 28.06Q); 14.68 (C8), and 14.58 (C5).

For 3-Me-PhAPOH NMR (CDCk): 1.91 (s, 3H, CkCa), 2.01 (s, 3H, CEC-N), 2.21
(s, 3H, CH-C=0), 7.04 (d, 2H), 7.14 (t, 1H), 7.31 (t, 2K8)13.46 (br NH bonded}*C NMR: &
196.43 (C2), 158.23 (C4), 139.35 (C10), 128.90 (@113, and C15), 124.99 (C12 and C14),
100.87 (C3), 28.54 (C1), 16.95 (C5), and 14.76 (@@)ich is good agreement with those
reported by Xiang Chen et al. [23].

The *C NMR spectra for isotope effect measurements oD Adhd 3-MeAPO were
recorded at 273K and data are given in Schemel.

The ultraviolet absorption spectra were examinetherange of 200-400 nm at 298 K,
using a Perkin Elmer LAMBDA 25 spectrophotometeneTUV-Vis spectrum of 3-MeAPO, 3-
Me-MeAPO, and 3-Me-PhAPO were measured in ethaolatien.

The IR spectra in the region 4000-500"cwere recorded on a Bomem MB-154 Fourier
transform spectrophotometer using KBr pellets ail,Golution. The spectra were collected
with a resolution of 2 cihby signal averaging of 20 scans.

The Far-IR spectra in the region 600-200"cwere obtained using a Thermo Nicolet
NEXUS 870 FT-IR spectrometer equipped with a DT@8#kthylene detector and a solid
substrate beam splitter with use of polyethylersksli The spectrum was collected using Csl
pellets with a resolution of 2 ¢hby signal averaging the results of 32 scans.

The FT-Raman spectra in the region 3200-200 evere recorded employing a 180°
backscattering geometry and a Bomem MB-154 Fourarsform Raman spectrometer. The
instrument was equipped with a ZnSe beam splitbek @ TE cooled In GaAs detector. The
excitation wavelength at 1064 nm was obtained feod/YAG laser. Rayleigh filtration was
afforded by a set of two holographic technologiefs. The spectra were accumulated for 8000

scans with a resolution of 2 émThe laser power at the sample was 500 mW.



2.3. Single crystal X-ray measurements

Single crystals of gH1:NO were obtained by recrystallization from heptatig/l acetate
as solvent. A suitable crystal was selected, aedctlistal structure analysis was performed on
a 'Bruker APEX-II CCD' diffractometer. The crystahs kept at 120 K during data collection.
Using Olex2 [33], the structure was solved with tiex2.solve [34] structure solution program
using Charge Flipping and refined with the Shel’8b][refinement package using Least Squares
minimization.

The crystallographic data and the details of theay)X-analysis are represented in Table
S1. According to the X-ray results, the obtained oell dimensions are (7.916(4) x 9.438(4) x
8.951(4) A). The other crystal data areHGNO, M, = 113.16, monoclinicp. = 90°, p =
104.308(17)°,y = 90°, V = 648.0(5)A T = 120 K, Z = 4, 7239 reflections measured,
Independent reflections=1483[R0.0264, Rigma0.0195], final R indexes [I>=2 (I)] Ri=
0.0391, wR = 0.1046, final R indexes [all data] R 0.0463, wRR = 0.1097.

The selected calculated and observed bond lenigtimsl angles, and dihedral angles for
this compound are given in Table 1, and the X-nagt @alculated structures for 3-MeAPO are
shown in Fig. 2a-b. For comparison, the optimizedcsure of 3-Me-MeAPO and 3-Me-PhAPO
are shown in this figure, Fig. 2c-d and tabulated’able 1. The fractional atomic coordinates
and anisotropic Displacement Parameters for heawgns are given in Tables S2 and S3,

respectively. The fractional atomic coordinatesipdrogen atoms are listed in Table S4.
3. Method of analysis

Computations study have been carried out with thasSian 09 [36], AIM 2000 [37], and
NBO 5.0 [38] software packages. The calculated titctronic energies, relative stabilities of
all conformers of aminoketone, and iminoenol tawgmsn and the calculated harmonic
frequencies of aminoketone form of 3-MeAPO, wereedained at the B3LYP level [39, 40]
using the 6-311++G** basis set. In adittion, thelesalar geometry and vibrational frequencies
of 3-Me-MeAPO and 3-Me-PhAPO were calculated atséume level of theory. The assignments
of observed wavenumbers were aided by the animaption of the Gauss View 4.1.2 graphical
interface [41], which gives a visual presentatibthe shape of the vibrational modes.

The assignments of the experimental frequenciesbased on the observed band

frequencies and intensities changes in the infraretl Raman spectra of the deuterated species



and confirmed by establishing one to one correfati@tween observed and theoretically
calculated frequencies.

Second order interaction energies’)(f42] and steric exchange energies [43] were
performed at the B3LYP/6-311++G**level, using NB Software.

The nuclear shieldings for the three forms of 3-M&© and aminoketone form of other
molecules and tetramethylsilane (TMS) have beenioéd using the gauge-including atomic
orbital (GIAO) method [44, 45] at the B3LYP/6-3113*" level. Data are given in section 4. 4.
1 and in the supplementary material, as Tables. 956 predictedH and'°C chemical shifts
are obtained in two ways. The first from equat®n oy - 6, whered is the chemical shifig is
the nuclear shielding, ans} is the nuclear shielding of TMS, and the secondusing of the
equations between the experimentaland*C chemical shiftsdexy) and nuclear shieldinggaid)
of 3-Me-APO. According to this method the predictdwemical shifts of 3-Me-MeAPO and 3-
Me-PhAPO are close to the experimental chemicétisstasults, see Table S6.

The excitation transitions for the most stable oomier, the aminoketone form, of 3-
MeAPO, 3-Me-MeAPO, 3-Me-PhAPO, and APO were calmdaat the time-dependent, TD-
DFT, B3LYP/6-311++G** level of theory in ethanollstion by the SCRF-PCM method [46].

AIM 2000 software was applied to obtain the elettdensity p) and Laplacian{?p) of
electron density at the hydrogen bond critical BCP), according to Bader’'s AIM theory

[26] at the above level of theory.

4. Results and discussion

4.1. Molecular geometry

As mentioned in the introductioa, B-unsaturate@-ketoenamines can form a tautomeric
equilibrium between iminoketone, aminoketone, amdinoenol forms (see Fig. 1). We
considered all conformers of all possible tautonfier8-MeAPO. According to our calculations,
the relative energies for the iminoenol and imirtoke forms are 6.86 and 10.38 kcal/mol higher

than that of the most stable tautomer, the amimwoieetorm.

From the theoretical point of view, by considerthg rotation of methyl groups around
the C-C bonds, include C4-C5, C3-C8, and C2-C1 bp8dais-enol forms can be drawn for the
aminoketone form of 3-MeAPO. The structures of ¢ghesnformers and their relative stabilities



calculated at the B3LYP/6-311++G** level are shownsupplementary material, as Fig. S1.
Among these forms, only one of them (AK1) is stabhhile all other forms under full
optimization turn to the AK1. The methyl groupstive C1 and C5 positions of 3-Me-APO (see
Figure 2) and 3-Me-PhAPO molecules are eclipselation to each other, while in APO and
3-Me-MeAPO molecules they are staggered.

The fully optimized geometrical parameters of 3AR®, 3-Me-APO, 3-Me-PhAPO,
and 4-amino-3-penten-2-one, APO, at the B3LYP/6+313** are collected in Table 1 together
with the corresponding experimental data of 3-Me&2ARhe calculated geometrical parameters
of 3-MeAPO are in excellent agreement with the ¥-rasults, nearly within the experimental
error. According to this table, the calculated N.diGtance in 3-Me-PhAPO, 3-Me-MeAPO, 3-
MeAPO, and APO are 2.581, 2.584, 2.597, and 2@66@spectively. These values confirm that
the trend of the IHB strength is:

3-Me-PhAPO > 3-Me-MeAPO > 3-MeAPO > APO ) (1

This trend is confirmed by the changes in the rsamal structure parameters such as, the
shortening and lengthening of O---H distance, atibdnd, respectively, and increasing of the
NHO bond angle. The reported N...O distances for N-Bl-systems lie in the 2.48-2.?'?s6range
[13, 14]. According to Table 1 and comparison dVi8APO with APO, substitution of the
methyl group in thex-position reduces the N...O and O...H distances anckases the OHN
bond angle and N-H bond length. These results cbealdttributed to the repulsion between
methyl groups in the andf positions, which pushes the methyl groups inftipesitions toward
oxygen and nitrogen atoms, while the C-N and C=@ddengths in the chelated ring are almost
the same as those in APO. Comparison of N- - - Ohandther component of the chelated ring in
3-MeAPO with those in 3-Me-MeAPO and 3-Me-PhAPO wbdhat in addition to the steric
effect of thea-methyl group, the methyl and phenyl groups on niteogen atom are also
involved in steric interactions, see the NBO analg®ction, which agrees with the previously
reported by Hill and Roodt [47]. The steric effeetuses the N---O distance to diminish. The
N---O distance of 3-Me-PhAPO is shorter than h&Me-MeAPO, so the IHB in the former is
stronger than the latter, which agrees with theerotheoretical results and our experimental
results, see Intramolecular hydrogen bond Energy Experimental studies sections. The
dihedral angle between the phenyl and the chelategs in 3-Me-PhAPO is 142.3° so
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increasing of IHB strength through the resonancthefphenyl group with the chelated rings is

not effective.

As it is shown in Table 1, lengthening of C=C andC ®onds in 3-MeAPO molecule in
comparison with APO, could be attributed to theisteffect ofa-CHz; on C-C-C fragment of
chelated ring and increasing ofelectron delocalization in this fragment. Thisuless in
excellent agreement with the reported results &doden-substituted acetylacetonates of boron
difluoride anda-alkyl derivates of copper (Il) acetylacetonate,[48]. This Table also shows
that the C2-C1 and C4-C5 bond lengths in all mdéscare longer than the corresponding bond
lengths in APO.

4.2. Tautomerism

The fact that no hydrogens nor carbons have chémstitids corresponding to C-3 of the
iminoketone form rules this out. Furthermore, teod agreement between the calculated
nuclear shieldings and the observed chemical dioiftdhe aminoketone form confirms this form
to be the major one. The fact that the fit could lm®improved by mixing in calculated data for
the aminoenol form shows that no tautomerism iglay. In addition, this is confirmed by the
finding of a large positive two-bond isotope effettC-4 and the negative deuterium isotope
effects at C-2 [5, 7]. This shows that the compoardt primarily at the aminoketone form as

the presence of the iminoenol form would lead ®dpposite trend.
4.3. Intramolecular hydrogen bond Energy

It has been debated whether steric compressioteadrto a stronger hydrogen bond [50,
51]. Hydrogen bond energies have in several inttacubarly hydrogen bonded systems been
determined by the hydrogen bond and out methodnailly was suggested for salicylaldehyde
by Cuma, Scheiner, and Kar [52]. However, this métfequires that no steric interactions occur
in the out position. This method can of courseb®used for primary amines as investigated in
the present case. A more promising approach fongrg amines is to calculate energies in the
cis hydrogen bonded system and subtract the eméittpe relevant trans compound as suggested
by Jablonski et. al. [53]. However, this methodoidy well suited for aldehyde derivatives.
Jablonski et al. managed to estimate a hydroged lkeoergy for 3-aminopropenal of 6.35 or
5.28 kcal/mol using at the MP2 level with 6-31G*da6-311++G** basis sets, respectively.
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According to our calculations, performed at the BBI6-311++G** level, the electron density
at the bond critical point gave a value of 0.028ing the Espinosa equati¢®4] a hydrogen
bond energy of 6.35 kcal/mol is estimated, nealatdonski’s values [53]. The latter method was
developed based on intermolecular hydrogen bonashérmore, this method was also used by
Afonin et. al. in the intramolecular hydrogen bosgstems [55]. In addition, the AIM
calculations were also performed on the other stlidiolecules and APO, see Table 1. The E
values, in the gas phase, are 14.91, 13.63, 1&85,7.67 kcal/mol, in 3-Me-PhAPO, 3-Me-
MeAPO, 3-MeAPO, and APO, respectively using thishud. Rozas et al. [56] reported that the
sign of the Laplacian of the electron density a¢ thond critical point °pBCP) could
characterize the strength of hydrogen bond strergthording to Table 1, in 3-Me-PhAPO, 3-
Me-MeAPO, and 3-MeAPO, the?pBCP’s are more negative than those in APO. Theseth
AIM results also confirm the trend (1) for IHB stigth.

The deuterium isotope effects diC chemical shifts have been used to estimate
hydrogen bond strength [57] and has in enaminoives glear indications of steric compression
[7]. The two-bond isotope effect on the C-4 chengichift for 3-APO is clearly larger than for
APO (see Scheme 1) showing as also indicated bikhehemical shifts (10.32 vs. 9.71 ppm)
a stronger hydrogen bond in the former. Thereftwe, IHB strength of 3-MeAPO increases
compared to that of APO and 3-aminopropenal. Tkisini excellent agreement with the
theoretical N...O distance. The mentioned value MeAPO, APO, and 3-aminopropenal, at
the B3LYP/6-311++G**, is 2.597, 2.669, and 2.718réspectively. The increasing of the IHB
strength in 3-MeAPO and APO in comparison to tha®4aminopropenal, seems to indicate that
the steric compression leads to a higher hydrogex energy.

4.4. NBO analysis
4.4.1. Electron delocalization

The NBO calculations can be used to estimate tkeeggrof interactions between donor
and acceptor orbitals, for characterization of IHBsaddition, the pairwise exchange energies
between filled NBO’s i and j, calculated by the NE®D, show the steric effect of different
substitutions. Table S7, see supplementary mageriskts some of the important calculated
electron delocalization @ between donor and acceptor orbitals of APO, 3-M@A 3-Me-
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MeAPO, and 3-Me-PhAPO molecules. According to asuits for E, there is no significant
difference between the results for the studied mdéss, which means that the IHB strength is
not affected by the conjugation of substituentshvahelated ring. This result agrees with the

calculated dihedral angle between the phenyl rmtjthe chelated ring, 142.3°.

The Ip(2) O6-c* (N-H) parameter, as one of the most important émgpnjugative
interactions which is proportional to the IHB stgém gives values well correlated to the N...O
distance and this is in agreement with the trendqilIHB strength of the mentioned molecules.
The mentioned values for APO, 3-MeAPO, 3-Me-MeAR@Qd 3-Me-PhAPO are 8.19, 11.25,
16.09, and 19.00 kcal/mol. These values also aortfie trend (1) for the IHB strength.

4.4.2. Steric effect

Since, the only difference between the studied oudds is the methyl group (in the
position), CH, and phenyl groups on the nitrogen, we only carsttie steric effect of these
groups with the rest of the molecule. Table S8 shtie steric effects of the mentioned groups
in thea position and on the nitrogen atom. Tdxenethyl group in these molecules increase the
steric hinderance between methyl and the rest décate and confirms stronger IHB i
methyl molecules in comparison with APO. In additithere is no significant difference for the
mentioned steric hinderance in 3-MeAPO, 3-Me-PhARGJ 3-Me-MeAPO molecules. The
summation of pairwise exchange energies, whichaderby N-Ph ring, is more than that in the
N-methyl group, so the IHBs in 3-Me-PhAPO is strenthan that in 3-Me-MeAPO. This result
also confirms the trend (1Jhe summation of the mentioned rows for 3-Me-PhA&@ 3-Me-
MeAPO are 33.1 and 29.5 kcal/mol, respectiv&lye value of repulsive interactions agrees with
the shorting of N...O distance and the trend (1).sEhealues are 10.70, 14.83, 18.82, and 20.55
kcal/mol for APO, 3-MeAPO, 3-Me-MeAPO, and 3-Me-HPA, respectively.

4.5. Experimental studies

4.5.1. NMR spectroscopy

The calculated®C and™H chemical shifts § and isotropic nuclear shildingi{,) for
stable forms of the three tautomers of 3-Me-APOaise shown in Table S5. In addition, the
measured and calculatéBINMR and *C-NMR chemical shifts of 3-MeAPO, 3-Me-PhAPO,
and 3-Me-MeAPO, are also compared in Table S6."HMVR and™*CNMR spectra of 3-Me-
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PhAPO, 3-Me-MeAPO, and 3-MeAPO are shown in Figa-§2espectively. Deuterium isotope
effects on**C chemical shifts are measured for 3-MeAPO and ABEheme 1). These are
measured at 273 K as averaging was taken placelaéat temperature. The isotope effects due
to the hydrogen bonded deuterium are much larger those from the non-hydrogen bonded
one [58]. As isotope effects are largest over twods, large effects are expected at C-4, in this
case 0.29 ppm for 3-MeAPO and 0.21 ppm for APOis &@so confirms the assignment of C-4
and by default C-3. For C-5 the isotope effeavsr three bonds and typically 0.05 ppm [7]. In

the present case slightly larger.

The relationship between the experimerital and **C chemical shifts dexp) and the
GIAO (Gauge-Including Atomic Orbitals) nuclear dHiag (0cai) are widely used to relate those
two parameters. This relationship is usually linead described by the following equatiodey,
= a Oca) + b. The equations for 3-Me-APO are -1.0278X+99.0-1.0265X+182.18), and their
R? are 0.9925 (0.9999), respectively. The equaticth \aiue for'*>*CNMR are in parenthesis.
According to the mentioned equations, the estim&#éVIR and**CNMR chemical shifts of 3-
Me-MeAPO and 3-Me-PhAPO are near to the experinh@atae, see Table S6.

For *C chemical shifts of aminoketone form in 3-MeAPRe standard deviation, SD, is
0.71 ppm. As regression coefficients’(fhdicate, the agreement between the experimentl
calculated data for this form is satisfactory farton-13 (8=0.9999) and for proton chemical
shifts (R=0.9925 and SD=0.38 ppm). Consequently, an agreerbetween B3LYP/6-
311++G calculated results and experimental NMR data is afestnated. This could not be
improved by mixing in data for the iminoenol forffhe SD and Rvalues forHNMR of 3-Me-
MeAPO are 0.50(0.40) and 0.9998(0.9901), respdytiviche values for 3-Me-PhAPO are in
parenthesis. The mentioned values f3€-NMR are 1.01(3.30) and 0.9999(0.9972). The
calculated and experimentdaDH (in CCly) of all molecules confirm the trend (1) in IHB
strength.

Some discrepancies between the obtailéNMR results for 3-MeAPO with those
reported by Ostercamp [29] are attributed to thendbal shifts values of methyl groups and
hydrogen atoms of amine group (H9 and H10). Wegassi the higher chemical shift to the
methyl group in the carbonyl side, while this wasilauted by Ostercamp [29] to the methyl
group in the amine side. The other discrepanciésdan our results and Ostercamp work [29],

is related to the values of chemical shift of the@ &hd H10, which the first one has not been
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reported, while the chemical shift of H10 is ab2ut ppm less than the obtained result (See Fig.
S2a).

4.5.2. UV-Vis spectra and electronic properties

The experimental UV-vis spectra of 3-MeAPO, 3-MeAPO, and 3-Me-PhAPO, in
ethanol, as the solvent, are shown in Fig. S3sapplementary materials. This figure shows one
strong, broad band at 319, 327, and 342 nm for 3@ 3-Me-MeAPO, and 3-Me-PhAPO,
respectively. The mentioned result for 3-MeAPOaamto the previously reported result, which
had been reported as 316 nm by Ostercamp [59]c®hresponding experimentally UV band in
APO had been reported at 299 and 300 nm in etlambimethanol, respectively, by Ostercamp
and Weinstein, respectively [59, 10]. The firstshiin-allowed singlet—singlet excitations for the
mentioned molecules were calculated by TD-DFT metabB3LYP/6-311++G** level for the
same solvent, by using the PCM method. Accordinguo theoretical results, the strongest
theoretical band in 3-MeAPO, 3-Me-MeAPO, 3-Me-PhAR@d APO are observed at 276, 280,
318 and 263 nm, respectively, which are attributethe HOMO— LUMO with 99% major
contributions of calculated transitions for APO &@¥eAPO and about 80% for 3-Me-MeAPO
and 3-Me-PhAPO. The theoretical and observed rétl feh these bands in 3-MeAPO, 3-Me-
MeAPO, and 3-Me-PhAPO, compared to the correspgndiand in APO, is in excellent
agreement with the average lengthening of the tdekleing components. The increase of the
strength of IHB of 3-MeAPO, 3-Me-MeAPO, and 3-MeARO in comparison with the APO is
in accord with the trend seen in (1), (see sectjon
The HOMO and LUMO represent the ability to donatd abtain an electron. Also, the energy
gap between the HOMO and LUMO characterizes thenada stability, reactivity and hardness
of the molecule [60]. According to Fig. 3a-b, th©MO-LUMO energy gaps of the studied
molecules in 3-MeAPO, 3-Me-MeAPO, 3-Me-PhAPO, and\are 3.71, 3.51, 3.17, and 3.98
eV, respectively. These energy gaps show that AR@ore stable than the others.

4.5.3. Vibrational analysis

The IR and Raman spectra of 3-MeAPO and its detegiaotopomer, P3-MeAPO, in
the CC}, solution and solid phase, are compared in Figsh,3dspectively. The effect of methyl
substitution and dilution on the NH stretching efl@APO, is shown in Fig. 4. In this figure the
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IR spectra of 3-MeAPO, £3-MeAPO, and APO are compared in ¢&blution. For comparison
also, the IR spectrum of 3-MeAPO in solid phasghigwn in this figure. For confirmation of the
assignment, when this is appropriate, the IR speftthe title molecule are also compared with
those of APO. The recorded Far IR spectra of 3-MeAdhd B-3-MeAPO in solid phase are
shown in Fig. S6. The IR spectra of 3-MeAPQ;3IMeAPO, and APO in the Cg£solution, in

the 1700-900 crhregion, are compared in Fig. S7. The IR spectr&-MeAPO in the solid
state and CGlsolution in the mentioned range are compared ¢ 5B. In addition, the IR
spectra of 3-Me-MeAPO and 3-Me-PhAPO and their el@tiéd isotopomer, D-3-Me-MeAPO
and D-3-Me-PhAPO, in the Cglsolution are shown in the Figs. S9-S10, suppleangnt
materials. The computed frequencies of harmonigatitnal band and their approximate
assignments, along with the experimental resultsnfshred and Raman frequencies for the
stable aminoketone form of 3-MeAPO and its corresiing deuterated forms are presented in
Tables 2 and 3, respectively. According to thebdeta there are some differences between the
calculated and experimental wavenumbers. Theseep@ocies are caused by several factors,
such as anharmonicity, Fermi resonance, and soeféstts, which were not considered in our

theoretical calculations.

4.5.3.1. Band assignment

The NH and CH stretching of amine, methyl, and gietie groups region

In this region, the NH/ND and C-H stretching vilimas are expected to be observed. In
the amino compounds, the asymmetry and symmetxklastretching vibrations are expected to
be observed in the 3520-3420 and 3420-3325 @mions, respectively [61, 62]. However, the
existence of both intermolecular and intramolechldrogen bond systems perturbs this pattern
[63]. For example, in CGlsolution, thevaNH band of APO and methyl 3-amino-2-butenoate
(MAB) [11, 27] appear at 3375 and 3509 tmespectively. ThesNH band of the mentioned
molecules appear at 3184 and 3335'cmespectively. While the theoretical and the other
experimental results confirm that the strength led intramolecular hydrogen bond (IHB) in
APO is stronger than that in MAB [11, 27].
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In the solid phase IR spectrum of 3-MeAPO, tivorgy bands were observed at 3280 and
3120 cn¥, which upon deuteration shifts to 2476 and 2320cfin the solid phase),
respectively. The corresponding Raman bands of B in the solid state appear at 3250 and
3095 cmt. According to our calculations, these bands aségasd to the NH asymmetrical and
symmetrical stretching, respectively. However, alusons the frequency of the former shifts
considerably towards higher wavenumbers, appea36 cn, and its intensity decreases,
while the position and intensity of the latter Imast constant, appears at about 3135 csee
Fig. 4 and Table 2. The positions of the correspuntands in the solid phase of APO have
been reported at about 3353 (3354) and 3179 (3dm9) the Raman values are in parenthesis
[11], indicating that both intermolecular and im@ecular hydrogen bonds in 3-MeAPO are
stronger than those in APO, which is in excellegteament with the results of the DFT
calculations and experimentaHNMR and UV spectra, see sections 4.4.1 and 4.4.2. The
corresponding IR bands in the GGblution of D-3-MeAPO appear at 2595, 2562, 2520, and
2373 cnt. The first two bands are attributes to asymmaiii; stretching in free and hydrogen
bonded molecules. The last two bands are attribtdethe overtones and symmetric ND
stretching modes, respectively. The correspondi@dnds in the solid phase 0$-B-MeAPO
are appeared at 2473, 2401, 2363, and 2328 @ime asymmetry and symmetry ND stretching
bands of NI in the Raman spectrum of,3-MeAPO in the solid phase appear at 2476 and
2320 cn, respectively.

The infrared spectrum of 3-MeAPO, in the ¢&blution, shows a weak band at about
3200 cnit, which upon dilution slightly shifts toward highrequencies. We believe that this
band is an overtone of IR band at 1624 cmvhich is in Fermi resonance with the 3135"cm
band.

The CH bond stretching of the @groups are expected to be appeared in the 2900-300
cm® region [62, 64]. The IR spectrum of 3-MeAPO in s$wid phase indicates 4 bands with
relatively medium-intensity at 2985, 2965, 2923 &870 crit, which are assigned to the CH
stretching modes of the GHroups. The corresponding Raman bands in 3-MeAB$@roed at
3005, 2960, 2915, and 2880 ¢tm

By considering the reported IR spectrum of 3-Me-PRAby Xiang Chen et al. [23], it
seems that the NH stretching wavenumber, 3280, @mot in agreement with our prediction.

As explained in section 4.1, with increase of tli#Bs$, the N...O distance and NH str.
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wavenumber decrease. Furthermore, the NH stretchavgnumbers should obey the trend (1).
Moisture was removed by adding anhydrous3@ to the CCJ solution of the compounds. The
IR spectrum of dried C@lsolution of 3-Me-PhAPO shows no band at about 3288, see Fig.
S10 in supplementary material. As Figs. S9-10 shthe, NH str. band cannot easily be
identified. According to the N... O distance, we estpi® observe the NH str. band frequencies
at about 3000 cth which is overlapped with the CH str. bands. Tdneste the NH str.
wavenumber, we used the deuterated compounds (MHaeged with deuterium). Since, the
ND str. of 3-Me-MeAPO and 3-Me-PhAPO are 2270 af@®cm’, respectively, see Figs S9-
10, so, the NH str. of the 3-Me-PhAPO is lower thzat in 3-Me-MeAPO.

1700-1000 cfhregion

In this region, as the most significant regionviddrational spectra, beside the ¢€gnd
NH, deformation and rocking modes, the C{CB-CN, C=0, C=C, and C-N stretching modes
of the chelated ring are expected to be observed.

The IR spectrum of 3-MeAPO in the GQolution shows three strong bands at 1624,
1578, and 1491cth The corresponding IR bands in the solid phaseeappt 1636 (as a
shoulder), 1603, and 1498 ¢nfsee Fig. S8). In the Raman spectrum of 3-MeAPQalid
phase, the corresponding bands appear at 1571 48 dni". According to the theoretical
results the band a624 cm* is assigned tw OCCC coupled t®,CHs(B). The corresponding
band in the IR spectrum of APO in the G&blution occurs at 1630 émWe assign the other
two IR strong bands at 1578 and 1491 'amthe other normal modes, see Table 2. For AR®, t
corresponding bands appear at 1599 and 1538, cespectively, see Fig. S7. The lower
frequencies of these bands for 3-MeAPO, in the Rl &aman, in comparison with the
corresponding values for APO confirm stronger hgeérobond in 3-MeAPO compared with that
in APO. The 1578 cthband in the IR spectrum of 3-MeAPO, in the £&Blution, is assigned
to the NH bending coupled withvdOCCC, v{CCCN, which upon deuteration, this band
disappears, and new bands appear at about 1289)(@88 1206 (1193) cm The values of the
Raman bands of D2-3-MeAPO are given in parenthesis.

By considering the theoretical calculations and ganmg with the spectrum of APO
[11], the medium to weak intensity IR bands at 24880 cni region, in the CGlsolution of 3-
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MeAPO, which are not affected by deuteration (Sige §5), are assigned &CH; which are
coupled to some other motions. The correspondingdRabands for Cbending occur at 1463
and 1373 ci in solid phase and at 1467 and 1377*dmthe CC}j solution. The mentioned IR
bands of APO, in the C&bolution, appear at 1358-1425 tmegion (See Fig. S8).

The strong IR band in the CQlolution of APO at 1282 chis assigned to theCCCN,
which is coupled t@NH,, pCHs(B). The mentioned IR band in 3-MeAPO, appears af 125"
The corresponding Raman bands in APO and 3-MeAP@eap at 1287 and 1278 ¢m
respectively. A comparison between these bandsysitbat this vibrational mode is shifted
toward lower frequencies upon substitution of thds; @roup in thea-position of APO and
increases the IHB strength. This frequency shifiniexcellent agreement with our calculated
results and confirm our assignment. The calculatedesponding band in 3-MeAPO and APO
are 1296 and 1317 ¢hrespectively.

The weak and medium IR bands in the £&llution of 3-MeAPO at 1100-990 ¢hand
970 cm® are assign t@NH, and pCHs vibrations coupled with theC-CH; stretching mode,
respectively. Upon deuteration, the intensity ofséh bands increases (See Fig. S4), which
according the theoretical results, these bandsaasgned to theCHs, dND,, and vC-CHs
vibrational modes. The corresponding Raman bangsapat 1095, 1046, and 972 triSee
Fig. S5). According to the theoretical results, Wigational mode opND; in the IR spectra of
D,-3-MeAPO is observed at 843 ¢as a medium-weak intensity band.

Below 1000 ci region

In this region, we expect to observe the Cs;Gttetching, N-H out of plane bending
mode, and C-CHlin plane and out of plane bending modes and imepland out of plane
chelated ring deformations.

Theoretical calculation attributes the IR banda6 cm' in the solid phase, to thec-
CHjs, which coupled withpCHs(a) and in-plane chelated ring deformatian, The mentioned
normal mode in the IR spectrum of-B-MeAPO appears at 877 &mThe above Raman bands
are at 875 and 878 ¢lin the solid state a relatively IR broad bandjolthupon deuteration
disappears, is observed at 798’¢cmwe assigned this band to the torsion of,NFhe mentioned
IR band in MAB has been observed at 692'¢av].

17



According to our calculations, in the solid-stake $pectrum of 3-MeAPO, the weak
intensity band at 798 chis assigned to the out-of-plane NH bending whiiappears upon
deuteration. The corresponding vibration in APO &#AB is strongly coupled with the out-of-
plane CH bending. In the solid-state IR spectrum of AP@, ¢bupled vibrations appear at 818
and 755 crl, its averaged is 786 ¢mwhile in solid MAB it is reported to be occurrat 772
cm® [11, 27]. These values confirm that the intramolac hydrogen bond in 3-MeAPO is
stronger than that in APO and MAB.

The out of plane bending of chelated rihgappears in the solid phase IR spectrum of 3-
MeAPO at 645 ci, as strong intensity band. The corresponding PO appeared at 630
cm™ [11]. This result is also in agreement with theostrer of hydrogen bond in 3-MeAPO
compared to that in APO.

The infrared spectrum of 3-MeAPO in the ¢&blution shows a shoulder band at 430
cm, which in the solid phase this band splits to tnedium bands and observed at 450 and 432
cm™. According to the theoretical calculating, thiswbdds assigned to the in-plane deformation
of the chelated ringA). The corresponding bands in the Raman spectaM#APO in the solid
and solution phase are observed at 451 and 44% @spectively. The corresponding band in
the IR and Raman spectra of MAB reported at loweqdency, 399 and 408 Emrespectively
[27]. This shift also shows that the IHB strengtt8iMeAPO is more than that in MAB.

By considering the theoretical calculation and parmng with the vibrational spectra of
APO and MAB, the IR band at 380 &nin the CC}j solution of 3-MeAPO is assigned to the
N...O stretching, coupled withC-CHs. The corresponding band in APO and MAB appeared at
360 and 344 cih respectively, [27], which also supports the sgemIHB in 3-MeAPO than
that in APO and MAB. These frequency shifts arexaellent agreement with the UV, NMR,
DFT, and the other IR bands related to IHB strengitte Raman band of this normal mode in
the solid phase of APO and 3-MeAPO appears at 36D 404 cril, respectively. Upon
deuteration, the mentioned IR and Raman bandspgreased slightly lower than the observed
values for 3-MeAPO, which are consistent with theotretical results.

According to the theoretical results, the IR bad289 crit in the solid phase of 3-
MeAPO is assigned to the out-of-plane of chelated deformation coupled withC-CHs (B),
for which the corresponding Raman band appear8aca'. The IR and Raman bands of this

normal mode in B3-MeAPO are observed at 289 and 284'craspectively.
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5. Conclusion

According to our theoretical and experimental rssidmong 3 possible tautomers of 3-
MeAPO, the aminoketone tautomer is the most stédsl®. In addition, from the theoretical
point of view, by considering the conformationstlod CH; groups in 3-MeAPO, with respect to
the plane of the molecule, 8 aminoketone conformarsbe drawn for that. Among them, only
one conformer of aminoketone tautomer is stab@B3LYP/6-311++G** |level calculations.
The structures of the other conformers turn undioptimization to the stable form, AK1.

The crystal structure of 3-MeAPO was determinedsimgle crystal X-ray diffraction.
There is an excellent agreement between the Xaswitrand the calculated molecular structure.
In addition, the molecular structure, vibrationdly, and NMR spectra, of 3-MeAPO and its
deuterated analogue,,13-MeAPO, were predicted using DFT calculationsthege mentioned
level. A complete vibrational assignment of the 84RO compound is presented. The infrared
spectra also show that in the solid state, 3-MeA®@ot only engaged in an intramolecular
hydrogen bond, but also forms an intermoleculardgen bond. In addition, the intermolecular
hydrogen bond will disappear in dilute GGolutions All theoretical and experimental results
include vibrational, NMR, and UV spectra show ttla¢ following trend in IHB strength is
obtained:
3-Me-PhAPO > 3-Me-MeAPO > 3-MeAPO > APO
This result could be attributed to the steric dffet CH; group in thea-position with the
hydrogen atoms of methyl groups in tReoosition, which pushes the methyl groups toward
oxygen and nitrogen atoms. In addition, the NBQultesshow, the steric effect of methyl and
phenyl substitutions on the nitrogen atom also esitis decrease the N...O distance and increase
the IHB strength.
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Fig 1. Tautomery irf3-ketoenamines.
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Fig 22 a) ORTEP structure of 3-MeAPO. b, ¢, d) the optedi structures at B3LYP/6-
311++G** |evel, of 3-MeAPO, 3-Me-PhAPO, and 3-Me-MeO, respectively.

Fig 3: The calculated HOMO-LUMO energy gaps: a) for thRIGAPO and APO. b) for the 3-
Me-MeAPO and 3-Me-PhAPO.

Fig. 4: The recorded infrared spectra of APO (...), 3-MeARS—), and D-3-MeAPO (—
...—...) in CCly, 3-MeAPO (- — —-) in solid phase (in the 3500-2¢M-1 range).

Supplementary material

Fig. S1: The atom numbering and conformations for aminoketonm of 3-MeAPO, only AK1
is stable by calculations at B3LYP/6-311++G** |evel

Fig. S2: The recorded NMR spectra of 3-MeAPO, 3-Me-PhAPQ@ a&Me-MeAPO in CDGH
a, ¢, e)'HNMR and b, d, f*CNMR.

Fig. S3: The recorded experimental UV-Vis spectra of 3-MeABMe-MeAPO, and 3-Me-

PhAPO in ethanol as solvent.

Fig. $4: The recorded infrared spectra of 3-MeAPO (

) arsd deuterated analogue

(o, ) in CCl, (in the 1700-900 cihrange).

Fig. S5: The recorded Raman spectra of 3-MeAPO ( ) ap@MeAPO (......... ) in
solid phase (in the 3300-200 ¢mrange).

Fig. S6: The recorded Far IR spectra of 3-MeAPO ( ) aneBEMeAPO (......... ) in solid

phase (in the 620—-250 chnange).

Fig. S7: The recorded infrared spectra of 3-MeAPO (
(- ——-) in CCJ (in the 1700-900 cthrange).

), ARQ......), and B-3-MeAPO

Fig. S8: The recorded infrared spectra of the 3-MeAPO &dblid phase and C{3olution (in
the 1800—800 crhrange).

Fig. S9: The recorded infrared spectra of 3-Me-MeAPO (——afd D-3-Me-MeAPO
(o ) in CCl, (in the 3200-800 cihrange).
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Fig. S10: The recorded infrared spectra of 3-Me-PhAPO (——~Rd &@-3-Me-PhAPO
(. ) in CCl; (in the 3200-900 cihrange).

(D) (D)
o H\N/H(D) H. _H(D)
-0.05]| _J-0.29,0.10 -0.06,00 J| |~ 0.21,0.11,0.08
-0.04 HsC CHs HaC CH3 0.08,0.07,0.07
%Hg, 0.08,0.08 -0.04,0,-0-02**/H(D)
0.08,0.06,0.3

0.09,0.05*

Scheme 1. Deuterium isotope effects'd@ chemical shifts of 3-MeAPO and APO. For 3-
MeAPO the order is deuterium at the hydrogen borpmtesition, deuterium at the non-hydrogen
bonded position. For APO the last number is farteiation at C-3.

* The central line is broad, so isotope effectshcdribe measured accurately.

** Assignment tentative.
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Tablel

Someselected theoretical parameters of 3-MeAPO, 3-M&R@e, 3-Me-PhAPO, and APO
calculated at B3LYP/6-311++G** level of theory (lwblengths and bond angles are in A and °,
respectively) and the mentioned experimental patemmef 3-MeAPO.

3-MeAPO 3-Me-MeAPO 3-Me-PhAPO APO

Theoretical X-ray Theoretical Theoretical Theoretical [27]
Bond length
C2-C3 1.453 1.4248(15) 1.448 1.451 1.443 1.442
C4-C3 1.387 1.3915(15) 1.396 1.393 1.377 1.378
C4-N 1.350 1.3371(16) 1.349 1.359 1.348 1.347
C2-0 1.244 1.2625(14) 1.249 1.248 1.242 1.242
C2-C1 1.521 1.5123(15) 1.524 1.521 1.518
C4-C5 1.511 1.5046(15) 1.508 1.509 1.505 1.505
N-H9 1.020 0.9231 1.025 1.032 1.019 1.019
N-H10 1.005 08865 ... Ll 1.006 1.006
O...H9 1.802 1.8738 1.732 1.702 1.890 1.885
N...O6 2.597 2.6187(16) 2.584 2.581 2.669 2.666
Bond angles
C2C3c4 120.0 120.27(10) 120.0 120.7 123.1 123.0
C3C4C5 122.6 121.80(10) 121.9 120.6 121.6 121.6
Cc3c2C1 118.4 118.13(10) 119.8 1194 1170 ...
0oc2Cc3 123.7 124.26(9) 123.3 123.3 123.1 123.1
C4ANH9 117.1 115.44 113.2 111.8 1173 ...
C4NH10 120.7 120.00 . Ll 1214 ...
C5C4N 115.0 115.16(9) 116.2 118.5 116.3 116.3
ci1c20 118.0 117.61(9) 116.9 117.3 1195 ...
OHO9N 131.9 135.76 137.6 140.3 130.8 130.9
DA (° b
C5C4NH9 180.0 178.0 -179.1 172.3 -179.9 179.8
C3C4NH9 0.0 2.2 1.2 -4.4 0.1 -0.2
C3C4NH10 180.0 735 Ll 179.8 -179.6
0Cc2Cc3c4 0.0 3.9(17) 2.8 -1.2 -0.5 0.2
NC4C3C2 0.0 -2.9(16) -3.0 2.5 0.3 0.0
AIM results
Pace 0.039 0.046 0.049 0.031
MPace -0.0345 -0.0376 -0.0383 -0.0277
Ens 10.85 13.63 14.91 7.67

% Data from [27].

b DA isdihedral angle.
CCharge densityp{ in e.at?, Laplacian of charge density%) in (e.at) at the bond criticapoint (BCP) of the

O...H bond.Eys is the IHB energy in kcal/mol, according to Esgacet al. suggestion [54].



Table. 2

Fundamental band assignment of 3-MeAPO (frequeniesi?). *

Theoretical Experimental Assignment
Freq. Ir Agr IR (solid) IR(CCl) R(solid) R(CCl)
3500(25) vNH10(free)
3693 77 117 3280(78) 3367(11) 3250(14)3240(10) V,NH;
3200(4) 2*1624
3397 101 79 3120(71) 3135(8)  3095(16)3080(12) v.NH,
3137 11 77 2985(46) 2997(9)  3005(3)2995(2) v,C1H:(B)
3120 20 60 2965(sh) 2962(11) 2960(2R)948(22) v,CHz(a), v.C5Hs(B)
3105 25 50 2923(40) 2925(13) 2915(33)911(40) V,CH;(a), V.C5Hs(3)
3100 7 60 2923 2925 2915 2911 v,C5H;(3)
3081 15 65 2870(32) 2875(11) 2880(9M875(100)  v,C1Hs(B)
3043 27 83 2870 2875 2880 2875 V,CHz(a)
3038 12 217 2870 2875 2880 2875 v.C5H;(3)
3028 16 216 2870 2875 2880 2875 v.C1H;(B)
3010 47 149 2870 2875 2880 2875 V<CHs(a)
1669 234 5 1636(sh) 1624(99) v,OCCC,5.CHs(B)
1622 326 20 1603(93) 1578(86) 1571(24)1560(16) dNH,, v.OCCC,v,CCCN
1529 201 29 1498(85) 1491(94) 1487(78)1478(41) v:{OCCC,v,CCCN,3NH,, 6,CH;(c)
1509 52 14 1498 1491 1487 1478 ONH3, 8,CHs(a,f), v.OCCC
1504 4 8 1498 1491 1487 1478 0,CHs(a,B)
1488 45 25 1462(66) 1460(sh)  1463(sH)456(sh) 0,CHs(a,B), v.CCaC
1480 24 O 1441(sh) 1438(sh) 0:CHs(B)
1474 1 16 1441 1438 0:CHs(a,f3)
1464 44 6 1426(sh) 1421(28) 0,C1H;(B)
1428 7 14 1399(34) 1393(17) 0.CHs(a)
1417 3 0 1399 1393 0.CHs(a), 8.C5H5(B3), NH,, v.CN, vCO
1399 9 9 1371(47) 1368(27) 1373(67)371(35) 0.CHs(B,a), SNH,, v.NCCC
1384 35 3 1350(41) 1354(30) 1346(sh) 0.C1Hs(B), NH,, vNC
1296 170 4 1270(48) 1259(71) 1278(12)1272(12) v¢CCCN, pNH,, pCH;5(B,0), vC-CHs(o)
1243 19 9 1220(56) 1227(20) 1224(42)218(24) VC-CH;(a), pNH,, pCH3(B)
1145(6) combination?
1109 6 5 1091(17) 1104(5)  1095(28)086(12) pNH,, pCHs(a), vC-CHs(p)
1062 1 0 1046(8) 1044(4)  1046(10)033(7) pCHs(a,B)
1049 O 0 1046 1044 pCHs(a,B)
1039 6 3 1046 1040(5) 1040(sh) pNH,, pCHz(B), vC-CHs(a)
1026 2 0 1012(sh) 1009(10) pCHs(a,B)
1011 20 1 1001(31) 996(12) pCHs(a,B), pNH,, vC-CHs
982 76 5 970(64) 970(48)  972(11)966(6) pCHs(a,B)
881 6 1 875(19) 872(7) 875(5) 869(4) VC-CHg, pCHs(a), A
788 33 O 798(6) yYNH;
694 7 19 690(sh) 687(45) 695(81)691(54) dC-CHg(a,pB), vC-CHy(r)
641 3 0 645(100) * 626(22) * I, YNH9
603 7 4 597(97) 600(29) 601(10) 595(5) dCC,C,VN...0,8C0O,5NH9
547 8 1 543(80) 541(27)  545(14)539(10) r



501
436

394
344
284
270
263
160
132

129
79

23

IR
N',:‘,H.bpamr—\l—\wml—\

Oor or ©or o~wuo

512(73)
432(92), 450(89)430(sh)
405(93) 380(100)

289(80)

513(7)
451(28) 445(19)
404(65) 398(31)

292(38) 290(29)

6CHs;-CN, 6CH3-CO
A

VN...O, 3C-CH;(B)
dC-CHs(a,p), A

I', yC-CHs(o)
VN...O, 6C-CHs(p)
YNH;

TCH3(a,B)

TCH3(B)

tCHs(a,B), T
vC-CHs(a,3), YNH10
tCHs(a,B)

4 Freq., vibrational wavenumber (calculated at tB&8P/6-311++G** level); |k, IR intensities in kM/mol; A.,
Raman scattering activities in A**4/AMU; experimahtelative intensities are given in parenthesisstoulder;
n.m., not measured; stretchingp, in-plane bendingy, out-of-plane bendingy, rocking;A, in-plane chelated ring
deformationy, out-of-plane chelated ring deformatiantorsion; *, below 700 citobtained with different

instrument.



Table: 3

Fundamental band assignment giBMeAPO (frequencies in ch. 2

Theoretical Experimental .
- - - Assignment
Freq. Ik Ag IR (solid) IR(CCl,) R(solid)
3138 12 76 2985(20) 2981(2) v.C1Hs(B)
3119 19 63 2963(19) 2952(2) V:CHs(a), v.C5Hx(B)
3106 27 49 2923(27) 2917(5) VC5H5(3),v.CHs()
3100 7 60 2923 2917 v.C5Hs(B)
3082 15 65 2875(16) 2880(80)  v,C1H;(B)
3043 27 84 2875 2880 VCH;(a)
3039 12 221 2875 2880 v.C5H;(B)
3029 16 213 2875 2880 v.C1H;(B)
3010 46 149 2875 2880 v.CH;()
2855(14) 2*1437
2800(14) 2*1418
2595(14) VNDy(free)
2725 64 48 2473(48) 2562(11) 2476(8) v.ND,
2520(sh) overton
2401(31) overton
2363(36) overton
2468 63 43 2320(53) 2373(18) 2320(13)  Vv.ND,
1666 244 5 1603(100) 1622(100) v,OCGC
1541 379 57 1496(75) 1497(87) 1500(sh) v.OCC.C, dND,, 6,CHa(a,f3)
1518 4 4 1476(sh) 1476(sh) 1473(sh) 0:CHs(a), 5,.C5Hs(B), VCN
1504 5 8 1457(sh) 1460(47) 1473 0.CHs(a,3)
1485 80 25 1439(87) 1438(40) 1434(67) 0:CHs(a), 5,.C5H;(B), v.CC,C, dND,
1480 21 0 1439 1438(sh) 0.CHs(B)
1473 2 16 1439 1438 1434 0:CHs(a,fB)
1464 62 7 1439 1421(46) 1434 0.C5H:(B)
1444 44 4 1412(sh) 1410(sh) 1434 v.NCC,C, &,CHs(a,)
1428 9 15 1396(sh) 1393(25) 1395(sh) 0:CHs(a,3)
1410 3 3 1367(56) 1371(31) 1395 0:CHs(), d:.C5H;(B), V.NCC,
1385 40 4 1350(51) 1355(52) 1350(26) 0:C1H;(B)
1300 179 6 1295(56) 1280(61) 1289(19) OND,, v.CCCN,vC-CHs(a), 3CHz(a)
1219 16 3 1196(36) 1206(27) 1193(9) dND,, 6CC,C,vC-CH;
1118 10 0 1108(sh) 1104(13) OND,, pCHs(a,f3)
1093 17 7 1075(7) 1070(14) 1068(19) pCHgs(a,3), OND,, vC-CH;,
1061 1 0 1038(4) 1044(6) pCHs(a,f3)
1046 0 0 pCHz(a,f3)
1026 3 0 1010(15) 1009(13) pCHa(a,f3)
1000 17 1 998(sh) 996(13) pCHgs(a,3), OND,
984 76 5 972(70) 970(38) 975(17) pCHs(a,B), vC-CH;, vC,-Cg
889 5 2 877(14) 880(5) 878(15) OND,, vC-CH;, pCHs(a.,3)
850 2 0 843(24) 846(6) 835(17) pND,, VC-CH;
682 7 20 658(sh)* 672(9) 680(100) d0CMe
669 7 0 648(65) 655(8) r



595 8 4 591(70) 595(10) 592(26) VN...O, A
557 3 1 552(17) n.m. 546(sh) r
527 16 0 527(sh) YND,, yC-CHs
477 2 2 480(100),490(sh) n.m. 480(sh) A, dC-CH;, 3DNCGC;
447(50) ?
423 4 5 423(76) n.m. 423(sh) A, 6C-CH;s(a)
382 3 5 402(57) n.m. 399(83) VN...O, 0C-CH;
339 1 0 n.m. 0C-CHs(a,3), A
283 0 1 289(76) n.m. 284(59) vC-CHs(a), yCC,C
263 4 0 n.m. VN...O, 6C-CH;
195 61 0 n.m. YND,, yC-CHs
170 2 0 n.m. TCH;
128 7 0 n.m. TCHa(a,p), T
120 2 0 n.m. TCH;
74 11 0 n.m. yC-CH3(@,p), YND10
36 3 0 n.m. TCHs

 See footnote of Table 2.

® CH stretching modes of methyl groups at below 3@@8in CCl, solution, were overlapped with the mentioned
modes otriethylamine

* below 700 crifobtained with different instrument.
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Highlight

» Theanalysis shows that the keto-amine form is the most stable tautomer.

e All results confirm that the IHB is stronger for 3-MeAPO than for APO.

* N-phenyl substitution leads to a considerably stronger IHB than methyl substitution.
e Complete analysis of vibrational spectraand DFT investigations performed.

» Steric effect isamajor factor in increase of IHB strength.



