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GRAPHICAL ABSTRACT

New N-methyl-C-4-substituted phenyl nitrones have been synthesized and characterized by
elemental andyses, FTIR, NMR and X-ray diffraction. The relative stabilities of their two
possible isomers (E and Z) have been investigated using the B3LY P/6-311++G(d,p).

(E)-N-methyl-C-4-chlorophenyl nitrone (Z)-N-methyl-C-4-chlorophenyl nitrone
(E-2a) (Z-2a)
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ABSTRACT

(2)-N-methyl-C-4-substituted phenyl nitroné®*N(Me)=C(H)R g-2aR = 4-CIGH,, Z-

2b R = 4-NQC¢H4, Z-2c R = 4-CHOGCsH,) were synthesized and characterized by
elemental analyses, FTIEH, **C and DEPT-135 NMR spectroscopy and also by single
crystal X-ray diffraction (in the case @ 2a andZ-2b). The geometries of the nitrone
moleculesZ-2a, Z-2b and Z-2¢ and theirE-isomers; E)-N-methyl-C-4-chlorophenyl
nitrone E-2a, (E)-N-methyl-C-4-nitrophenyl nitrone E-2b and E)-N-methyl-C-4-
methoxyphenyl nitron&-2c were optimized using density functional theory D&t the
B3LYP/6-311++G(d,p) level of theory. The theoretigdbrational frequencies obtained
by DFT calculations are in good agreement withetigerimental values. The electronics
structures were described in terms of the distigdoudf the highest occupied molecular
orbital (HOMO) and the lowest unoccupied moleculamital (LUMO). Gauge
independent atomic orbital (GIAO) method was useddiculate the NMR spectra, the
correlation between the calculated and experimehgmical shifts is mostly in the range
of 0.94-0.97 for'H, whereas, the correlation fofC is 0.99. Thermodynamics study

showed that th&-isomer is favoured thaB-isomer with energy barrier of 7.1, 7.2 and



7.1 Kcal/mol forZ-2a, Z-2b andZ-2c, respectively. The abundance of the most stable

specie<Z-isomers is equal to 99.99% for all three compowatd®8 K in gas phase.

Keywords: (2)-N-methyl-C-4-substituted phenyl nitrones; Single crystal X:raIMR;
DFT; B3LYP.

1. Introduction

Acyclic and cyclic nitrones have been extensiveyiewed in organic chemistry [1,2],
they have been utilized for the preparation of moug natural products with interesting
biological activities [3]. These products are foundact as an important key step in the
incorporation of multiple stereo-centerm 1,3-dipolar cycloaddition reactions [4]. On
this regards, nitrone moiety is found to possessrmhcological applications [5] and
form an important part of the molecular structufer@any drugs. Some nitrones have
biological activities in several animal models [6,&Ageing, Alzheimer and Parkinsons
diseases as well as cancer development are veryrktwmhave improved levels of free
radicals and oxidative stress. Furthermore, nisohave also anticancer activities in
various experimental cancer models and have pategitherapeutics in various cancers
[8]. On the other hand, the combination of antiaxits with nitrones has shown a
synergistic effect to inhibit the acute acoustiéseoinduced hearing loss [9]. Nitrone
compounds are also of industrial importance indtweosion of metals / alloys in acidic
media (organic) as most carboxylic acids are @dias building blocks in a variety of
industrial processes such as drugs, fibers antigdgd$0-13].

In this work, ¢)-N-methyl-C-4-substituted phenyl nitroné® 'N(Me)=C(H)R ¢-2aR =
4-CICsHs, Z-2b R = 4-NQCg¢H4, Z-2c R = 4-CHOGCsH,) were synthesized and
characterized by elemental analyses, FTHR,*C and DEPT-135 NMR spectroscopy
and also by single crystal X-ray diffraction (irethase o¥Z-2a andZ-2b). Moreover, we
were interested to look for the correlations betwélge experimental results and the
computational calculations based on density funefictheory (DFT) of electronic,

spectroscopic properties.

2. Experimental Section



2.1. Material and instrumentation

Solvents and reagents were obtained from commesoiaices (Aldrich) and used as
received. C, H and N elemental analyses were caoug by the Microanalytical Service
of the King Abdulaziz University'H, **C and DEPT-135 NMR spectra (in CQCWere
measured on Bruker Avance Il HD 600 MHz (AscBhdVlagnet) spectrometer at
ambient temperaturéH, **C and DEPT-135 chemical shift§)(are expressed in ppm
relative to TMS. Infrared spectra (400-4000 9rwere recorded on an Alpha Bruker FT-
IR instrument in KBr pellets.

2.2. Synthesis of (Z)-N-methyl-C-4-substituted phitroneZ-2a, Z-2b andZ-2c

To a solution ofN-methylhydroxylamine hydrochloride (1.00 g, 11.97 afnin MeOH
(4 mL) was added sodium carbonate (0.63 g, 5.98 linfibe reaction mixture was
stirred at room temperature for 5 min. 4-Chlorolzeehydela (1.53 g, 10.88 mmol), 4-
nitrobenzaldehydéb (1.64 g, 10.88 mmol) or 4-metoxybenzaldehydg1.48 g, 10.88
mmol) was added and the reaction mixture was dtifoe 12 h. The precipitate formed
was then filtered off and the filtrate was evapedain vacuo The solid was then
dissolved in CHGl resulting in the precipitation of NaCl, and it widtered off and the
CHCI; was then removeih vacuo The final product was washed withy@tto afford the
pure ¢£)-N-methyl-C-4-chlorophenyl nitron&-2a, (Z2)-N-methyl-C-4-nitrophenyl nitrone
Z-2b or (Z)-N-methyl-C-4-methoxyphenyl nitron€-2c, respectively, inca. 90% vyield
(Scheme 1).
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Scheme 1Synthesis oN-methyl-C-4-substituted phenyl nitron&s2a, Z-2b andZ-2c.

"O"N(Me)=C(H)(4-CIC¢H4) (Z-2a)

Yield: 91%. IR (cn): 1655 (C=N)."H NMR (CDCk), 6: 3.77 (s, 3H, EsN), 7.28 (s,
1H, CH)=N), 7.28 (d, 2HJuy = 8.6 Hz, ®la), 8.09 (d, 2HJun = 8.6 Hz, Giy). *°C
NMR (CDCl), d: 54.4 CHsN), 128.6 CHaromaid, 128.9 (Gromaid, 129.5 CHaromatid,
134.0 C(H)=N), 135.6 (Gromaid- DEPT-135 NMR (CDG), : 54.4 CHsN), 128.6
(CHaromati9, 129.5 CHaromatig, 134.0 C(H)=N). Anal. Calc. for GHgNOCI: C, 56.65; H,
4.75; N, 8.26. Found: C, 56.77; #91; N, 8.15%.

“O'N(Me)=C(H)(4-NO,CgH,) (Z-2b)

Yield: 90%. IR (cn'): 1598 (C=N)."H NMR (CDCk), 6: 3.98 (s, 3H, ElzN), 7.54 (s,
1H, CH)=N), 8.28 (d, 2HJun = 8.8 Hz, ®la), 8.40 (d, 2HJun = 8.8 Hz, ®a). °C
NMR (CDCh), 6: 55.1 CHsN), 123.8 CHaromaid, 128.7 CHaromaid, 133.1 C(H)=N),
136.0 (Gromaid, 147.9 (Gromaid- DEPT-135 NMR (CDG), 6: 55.1 CHsN), 123.8
(CHaromatids 128.7 CHaromadd, 133.1 C(H)=N). Anal. Calc. for GHgN,Os: C, 53.33; H,
4.48:; N, 15.55. Found: C, 53.48; #17; N, 15.30%.



“O"N(Me)=C(H)(4-CH30C¢H.) (Z-2c)

Yield: 89%. IR (cn): 1603 (C=N).'*H NMR (CDCk), J: 3.75 (s, 3H, €30), 3.76 (s,
3H, CH3N), 6.86 (d, 2HJun = 8.9 Hz, Gla), 7.25 (s, 1H, G)=N), 8.14 (d, 2HJyn =

8.9 Hz, Ha). °C NMR (CDC}), 6: 53.8 CH30), 55.3 CH3N), 113.8 CHaromard, 123.4
(Caromatids 130.5 CHaromatid, 135.2 C(H)=N), 161.1 (Gromasd. DEPT-135 NMR (CDG)),

5 53.8 CH30), 55.3 CHsN), 113.8 CHaomaid: 130.5 CHaromaid, 135.2 C(H)=N).

Anal. Calc. for GH1:NO,: C, 65.44; H, 6.71; N, 8.48. Found: C, 65.56;688; N,
8.35%.

2.3. X-ray crystallography

For the X-ray structure determinations; X-ray-quyadiingle crystal of£)-N-methyl-C-4-
chlorophenyl nitron&-2a and ¢)-N-methyl-C-4-nitrophenyl nitroneZ-2b was obtained
by slow evaporation from chloroform. The crystalsZe?a andZ-2b were immersed in
cryo-oil, mounted in a MiTeGen loop and measureti2z&-170 K. The X-ray diffraction
data were collected on a Bruker KappaApex Il orAgslent Technologies Supernova
using Mo Kau radiation & = 0.70173 A). The Denso/Scalepack [14] or CrysAis[15]
program packages were used for cell refinementsdatd reductions. The structures
were solved by charge flipping method using the BRPLIP [16] program. A multi-
scan absorption correction based on equivalergatdins (SADABS, [17] CrysAlisPro)
was applied to all data. Structural refinementsenearried out using SHELXL2014 [18].
The hydrogen atoms were positioned geometrically eonstrained to ride on their
parent atoms, with C-H = 0.95-0.98 A ang, 1.2-1.5 U, (parent atom). The
crystallographic details are summarized in TableCCDC numbers 1482396 and
1482397 contain the supplementary crystallograghata for this paper. These data can
be obtained free of charge from The Cambridge @hygiraphic Data Centreia
www.ccdc.cam.ac.uk/data_request/cif.



Table 1. Crystal Data.

Z-2a Z-2b
Empirical formula CgHgCINO GHgN,O5
Fw 169.60 180.16
Temp (K) 170(2) 120(2)
A(R) 0.71073 0.71073
Cryst syst Monoclinic Orthorhombic
Space group P2/c Pbc2
a(A) 11.6636(5) 11.70106(16)
b (A) 9.7903(4) 10.94074(16)
c (A) 7.3574(3) 2.3169(2)
B (deg) 107.602(2) 9C
V(A% 800.81(6) 1576.78(4)
z 4 8
Oeac (Mg/m?®) 1.407 1.518
Mo Ka) (mm™)  0.413 0.119
No. reflns. 1195! 3866(
Unique reflns. 236: 5981
GOOF (F%) 1.14¢ 1.12(
Rint 0.0504 0.0287
R1° (/ = 20) 0.0582 0.0350
wR2° (1 = 20) 0.0951 0.1027

“R1I=Z||Fo| = |F| I/Z|Fol. ® WR2 = [Z[w(F,” = F)1/ ZIw(F )12



2.4. Computational methods

Molecular electronic structure calculations werefgrened using the density functional
theory (DFT). The DFT calculations were performeg Becke's three- parameter
exchange functional with Lee-Yang-Parr (LYP) catieh functional. Gaussian 09
software [19] were used to performed full geometpyimizations of the compounds at
the B3LYP level of theory using an 6-311++G (d,@sis set. The optimization was
confirmed with absence of negative frequency. Thagg-independent atomic orbital
(GIAO) method was used at the B3LYP/6-311++G (dgpkl of theory to calculate the
NMR chemical shifts with Polarizable Continuum Mbd@CM). The softwares;

Chemcraft [20] and Veda 4 [21] were used to anslgsiGaussian 09 output files.

3. Results and discussion

In this work, the molecular structure @){N-methyl-C-4-chlorophenyl nitron&-2a, (2)-
N-methyl-C-4-nitrophenyl nitron&-2b and £)-N-methyl-C-4-methoxyphenyl nitrong-
2c have been studied theoretically by DFT and expamiadly by XRD, FTIR and NMR
methods. Thé&-isomers; E)-N-methyl-C-4-chlorophenyl nitron&-2a, (E)-N-methyl-C-
4-nitrophenyl nitroneE-2b and E)-N-methyl-C-4-methoxyphenyl nitronée-2¢c have

been studied theoretically using DFT method.

3.1. Crystal structure

The molecular structure and numbering BN\-methyl-C-4-chlorophenyl nitron&-2a
and ¢)-N-methyl-C-4-nitrophenyl nitron&Z-2b are shown in Fig. 1 and Fig. 2, and the
crystal packing along thle axis is presented in Fig. 3 and Fig. 4, respelstivEable 1
showed crystal data and structure refinement forpmundsZ-2a andZ-2b. Table 2 lists

some selected bond lengths, bond angles and stlecston angles.

Crystal structure of (Z)—N-methyl-C-4-chlorophenitrone Z-2a



In the @)-N-methyl-C-4-chlorophenyl nitroneZ-2a, the benzene ring is planar. The
chloride atom, Cl1, deviates from this plane by10.01) A while the methyl C atom, C7,
is out of the plane by 0.031 (2) A. The chains QI@Y/C1 and C8/N1/C7/C1 have
torsional angles -2.0 (3)° and 176.81 (19)°, respely. The bond lengths indicate
double-bond character for the C7=N1 [1.306 A] band single-bond character for the
C8—N1 [1.474 A] and O1—N1 [1.294 A] bonds. An intralecular C(6)—H(6)---O1
hydrogen bond is observed (Fig. 1). This interactgenerates af(6) ring motif.

In the crystal, molecules are linked through intgleaular C8—HS38---O1 [symmetry
code: 1x,1/2+,3/2—Z] and C7—H7---O1x[1/2 - y,-1/2 + Z] hydrogen bonds into
supramolecular chains propagating along theaxis direction (Fig. 3). C—Hx:
interactions are present C(5)—H(5)Cg(1) [symmetry code: X,1/2-Y,1/2+Z)] and
C(8)—H(8B)--Cg(1) [symmetry code: ¥X1-Y,2-Z], with H.-Cg 2.73 A and 2.75 A,
respectively. Wher€g(1) is the centroid of the ring represented by &{C)6).

Crystal structure of (Z)-N-methyl-C-4-nitrophenitrone Z-2b

In the @)-N-methyl-C-4-nitrophenyl nitroneZ-2b, the benzene ring is planar. The
nitrogen atom, B deviates from this plane by 0.014(1) A [0.011&1)n molecule B],
while the methyl C atom, C8, is out of the planedb369(2) A [-0.026(2) A in molecule
B]. The chains O1/N1/C7/C6 and C8/N1/C7/C6 havsitmal angles 0.7(3)° [-1.0(2) in
molecule B] and -179.73(15)° [-179.75(14) in molecu], respectively. The bond
lengths indicate double-bond character for the CIZ£N311 A] bond and single-bond
character for the C8—N1 [1.475 A] and O1—N1 [1.28D bonds as same as for
molecule B.

An intramolecular C(5)—H(5)---O1 hydrogen bond liseyved in molecule A and B
(Fig. 2). This interaction generates $6) ring motif. In the crystal, molecules are lidke
through intermolecular C7—H7A...O1 [symmetry codex,1/2+y,z], C2—H2A...03
[symmetry code: -x,1/2+y,z] and C4—H4A...02 [symmettgpde: -X,-1/2+y,z] for
molecule A and C7B—H7BA...O1B [symmetry codg;-1/2+y,z], C2B—H2BA...O3B
[symmetry code: 1-x,-1/2+y,z] and C4B—H4BA...O2B [ayetry code:1-x,1/2+y,7]



for molecule B, hydrogen bonds into supramolecshaets propagating along thexis
direction (Fig. 4). C—H- & interaction is absent and the shortest centroidraen
separations being 4.004 A for aromatier stacking betweerCg(1)-Cg(2)[symmetry
code: X,Y,Z], WhereCg(1) is the centroid of the ring represented by C(1)&6)G(nd
Cg(2)is the centroid of the ring represented by C(1B)6E].
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Fig. 1. ORTEP drawing of 4)-N-methyl-C-4-chlorophenyl nitroneZ-2a showing the

atom numbering scheme and 30% probability displacemllipsoids of non-H atoms.



Fig. 2 ORTEP drawing of4)-N-methyl-C-4-nitrophenyl nitron&-2b showing the atom

numbering scheme and 30% probability displacemiépseids of non-H atoms.




Fig. 3. Packing diagram forZj-N-methyl-C-4-chlorophenyl nitron&-2a, viewed down

theb axis.

Fig. 4. Packing diagram forZj-N-methyl-C-4-nitrophenyl nitroneZ-2b, viewed down

theb axis.

3.2. Computational study

3.2.1. Geometry optimization

The structures oZ/E 4-substituted phenyl nitron&s2a, E-2a, Z-2b, E-2b, Z-2c andE-
2c were optimized using DFT at the B3LYP/6-311++G)dgvel of theory. Selected
bond lengths, bond and torsion angles of the emmeial and calculated data (gas-
phase), DFT (B3LYP/6-311++G(d,p)), are shown inTiable 2. It is showed that
obtained optimized parameters have a good comelatiith X-ray results. All bonds
lengths as similar as experimental data Zea and Z-2b. However, H-C bonds in
optimized structure are longer than that in crystelcture (longer by 0.13 A). [B-2a,
the most notable inconsistency occurs at C-N-C-Gidno angle (176.85° for X-ray,
179.99° for DFT) and O-N-C-C torsion angle (-0.@dr X-ray, -2.04° for DFT). IrZ-2b,
the most notable inconsistency occurs at C-N-C4Gida angle (-179.77° for X-ray,
0.00° for DFT) and O-N-C-C torsion angle (-1.016% X-ray, 0.01° for DFT). All of



these torsion angles are partially involved inligdrogen bond. It can be considered that
intermolecular interaction affects the crystal eyst[22]. Comparing the structural
parameters for the three pairs of isomers showatltttere are a difference in torsion
angles C-N-C-C and O-N-C-C f@-2a, E-2a, Z-2b, E-2b, Z-2c andE-2c about 6.0° and

4.0°, respectively. This difference attributedhe twisting ofE-isomers.

Table 2 Selected structural parametersZdE-isomers

Atomic Z-2a E-2a | Exper.| Z-2b | E-2b | Exper. | Z-2c E-2c
numbering

C(CgHy)-C | 1.45 1.46 1.45 1.45 1.45 1.45 1.45 1.46
(A)

C-H (A) 1.08 1.08 0.95 1.08 1.08 0.95 1.08 1.08

C-N (A) 1.32 1.32 131 1.32 1.32 1.31 1.32 1.31

N-OR) |1.28 | 1.28 1.29 | 1.27 | 1.27| 1.29| 1.28] 1.28

N-C (CHg) | 1.48 1.48 1.47 1.48 1.48 1.47 1.48 1.48
(A)

C-N-C-C [179.99/-6.49 | 176.85 0.00 | -6.74| -179.77 17999 -6.54
)

O-N-C-C |-0.01 | 17587 | -2.04| 0.01 175.931.016 0.00 175.61
)

3.2.2 Vibrational and potential energy distributilPED) analysis

The assignment of the fundamental vibrations ofdpimized ground state geometry of
Z-2a, Z-2b and Z-2c reported at the B3LYP/6-311++G(d,p) level usingu€aan 09

program. Vibration frequencies calculated at B3L&¢B11++G(d,p) level were scaled by
0.9679, which is a typical scaled factor for thécekted method [23]. The detailed



descriptions of the assignment have been shownalleT3, Table S1 and Table S2
(Supplementary Information). Veda 4 software [2swused to assign the calculated
frequencies. The predicted vibration frequenciesthe experimental data are very close
to each other. In conclusion, the scaled frequenafehe DFT calculation are in good

agreement with the corresponding FTIR vibration.

Table 3 Computational calculated vibrational wavenumb@armonic frequency (cm
1)), assignments and contribution fdf){N-methyl-C-4-chlorophenyl nitroneZ-2a at
DFT/B3LYP utilizing 6-311++G (d,p) basis sets.

Frequencies PED (%
Experimental DFT
3183 3134 v CH 97
3085 3105 u CH 96
3100 u CH 94
3096 v CH 97
3038 3064 u CH 95
3038 3052 UCH-17 | UCH-16 | UCH65
3041 UCH-50 | uCH50
2946 2961 uCH33 UCH33 | UCH33
1595 1580 u NC47
1556 1573 v CC25 vCC-11 | pCCC-
10
1485 1538 v CC-24 vuCC10 | vcCC23




1427 1467 BHCC15 | BHCC14 | BHCC-
13
1427 1455 BHCC14 | BHCH12 | BHCH- | BHCH | THCNC | THCNC-10
24 12 10
1420 BHCH-39 | BHCH39 | THCNC
13
1405 1413 UON22 | BHCC25 | BHCH
25
1387 BHCH-18 | BHCH- | BHCH-
11 17
1381 uCC10 | ucCC-15 | BHCC-
12
1310 1297 uCC10 | uCC20 | BHCC10 BHCC17
1257 1279 uCC-14 | VCC19 | BHCC11 |BHCC-| PBHCC16
10
1208 uCC-16 | vcc27 | pceec-
12
1162 1166 UON-10 | BHCC12 | BHCC24
1157 UON35 | uNC-11 | BHCC- B HCC-10
13
1101 uCC-11 | vCC10 | BHCC- | BHCC | BHCC- | BHCC-12
14 21 12
1090 1100 BHCH16 | BHCH- | THCNC-
16 52




1068 BHCH-10 | THCNC | tTHCNC-
20 20
1062 v CC16 vCC18 | ucCIC-12 THCNC 10
1013 992 B CCC-41 Bccc- | pcecio
22
950 967 THCCC54 | tHCCC t CCCC
27 10
941 v ON 19 u NC 36 B NCC-
11
933 THCCC25 | THCCC- | tCCCC
41 13
856 840 v CC-17 v CC-12 B CCC-
18
830 THCCC - THCCC
30 42
811 THCCC - THCCC THCCC
14 38 30
768 THCCC62 | tHCCC
12
706 708 T CCCC - tCCCC- | y CCCC-
18 28 17
693 uNC-13 | uCIC-19 | BCCC-
17
630 625 B CCC-12 BCCC- | pccec3s3

20




581 y OCCN -
59
557 UNC16 | uCIC-13 | BONC
37
492 THCCC11 | y OCCN | y clcc- y CCCC30
16 18
449 uCIC30 | BONC29| BCNC-
11
409 THCCC12 | tceee- | teece- T CCCC 16
37 24
363 BCCC-30 | BCNC18 | BcIcC
26
344 TCCCC22 | TCNCC- | y clcc-
17 29
293 vCcC15 | vcacia | peccia B CNC 25
263 BNCC23 | Bclcc4al
187 THCNC20 | tCNCC | y cice-
22 25
142 THCNC25 | THCNC | tONCC-
25 17
136 BNCC-28 | pccc3s | pcalcc
12
79 TNCCC59 | tCNCC

22




61 tNCCC- Tt CCCC - TCCCC | tCNCC y CCCC-20
13 14 25 13

v — stretchingy — out-of-plane deformation;— torsion;p — bending.
Aromatic C—H vibrations

Weak bands in the region 3100-3000tnn aromatic compounds are assigned to
aromatic C—H stretching vibrations [24]. For thempmundZ-2a, the C—H stretching
vibrations are found at 3080 (m) and 3036 (m) [DBT34-3064 cr], for the compound
Z-2b, the C—H stretching vibrations are found at 3089 [DFT: 3121-3080 cif, For
the compoundZ-2c, the C-H stretching vibrations are overlap withtewédbroad bands
[DFT: 3129-3091 ci], The theoretically computed C—H vibrations shogsod
agreement with recorded spectrum as well as thtitre data [24].

The presence in the IR spectra of a strong ba@dH near 3100 cthis a characteristic
feature of cyclic aldo-nitrones [25]. This peak epred at 3185 cth[DFT: 3105 cnit]
and 3112 cm [DFT: 3095 cni] for compoundsZ-2a andZ-2b, respectively. This peak
is overlapped with water broad bands [DFT: 3101'kim compoundZ-2c.

C—C vibrations

The ring stretching vibrations of benzene and tlenvatives are highly characteristic of
the aromatic ring itself. The bands between 140D B850 crii in benzene derivatives
are usually assigned to C—-C stretching modes [R6i.the compound-2a, the C-C
stretching vibrations are found at 1592 (s), 1555 4nd 1484 (s) [DFT: 1573 and 1538
cm], for the compound-2b, the C—C stretching vibrations are found at 15981577
(m), and 1510 (s) [DFT: 1583, 1579, 1553 and 15h7]cfor the compound-2c, the
C—C stretching vibrations are found at 1603 (sp9ILEs), 1509 (s) and 1414 (s) tm
[DFT: 1593, 1583,1544 and 1400 ¢mn the mean difference between theoretical
(B3LYP/6-311++G(d,p)) and experimental frequen@es acceptable. It shows the good

agreement between theoretical and experimentalstre@hing vibrations.



Methyl group (C—-H) vibrations

The C—-H methyl group stretching vibrations are galhe observed in the range 3000—
2800cm® [26]. In the compound-2a, the bands with medium peaks assigned for the
CH; stretching vibrations are found at 2944 (m)ciDFT: 3059 cni], for the
compoundz-2b, the C—H stretching vibrations are found at 3042 ¢ni* [DFT: 3063
cm?], for the compound-2c¢, the C—H stretching vibrations are found at 29)6cfi*
[DFT: 3055 cnif]. The theoretical calculations overestimate thpeeimental data by
about 3%. In addition to methyl group, the compodr2t has a methoxy group (OGH

the C—H of methoxy appeared at 2841'dFT: 3008 cn].

C-N and O-N vibrations

The C-N and O-N stretching vibrations are the nchmracteristic IR bands of a nitrone
molecule and occur at about 1520-1590 and 1200—&85¥) respectively [27]. The C—
N and O-N stretching for the compou#d2a are found at 1592 (s) and 1308 (s),
respectively [DFT: 1580 and 1413 €nrespectively], for the compouri#i2b, the C-N
and O-N stretching vibrations are found at 1598afs) 1341 cil (s), respectively
[DFT: 1553 and 1316 cif) respectively], for the compouri#t2c, the C—N and O-N
stretching vibrations are found at 1603 (s) and118di’ (s), respectively [DFT: 1593
and 1411 cil, respectively]. The mean difference between thimaie (B3LYP/6-
311++G(d,p)) and experimental frequencies are daabép It shows the good agreement
between theoretical and experimental C—N and O«édc$ting vibrations.

In conclusion, the theoretical calculation of vifiwas frequencies at B3LYP/6-311++G
(d,p) method approximately coincides with obserwelues of FTIR and these

assignments are in good agreement with the litexatata [24-27].

3.2.3. NMR Analysis



The'H and™C NMR spectra of theZj—N-methyl-C-4-substituted phenyl nitron&s2a,
Z-2b andZ-2c were recorded experimentally in deuterated chtorof(CDCE) as well as
they have been calculated using DFT/B3LYP/6-311k@] level of theory with GIAO
approach in chloroform. The chemical shifts fét and **C nuclei in solution and
theoretical values are collected and reported iniefd. Chemical shifts in th#d and**C
NMR spectra were assigned with the help of DFTudateons of shielding constants. The
obtained shielding constants were recalculated tikoretical chemical shifts. For this
purpose the TMS shielding constants were calculatetie same level of theory as for
acyclic nitrone<-2a, Z-2b andZ-2c. The theoretically calculated chemical shifts wiere
good agreement with the experimental ones, anddtrelation coefficients fotH were
0.9643 7-2a), 0.9424 7Z-2b) and 0.971Z-2¢). The correlation coefficients fdfC were
0.9903 Z-2a), 0.9966 Z-2b) and 0.9957 4-2¢) (Fig. S1). The effect of the electron
withdrawing chloro and nitro groups and the elettonating methoxy group on
chemical shifts can be seen in quaternary carbod &- the phenyl ring, with
experimental chemical shifts of 135.6, 147.9 and.16pm inZ-2a, Z-2b and Z-2c,
respectively. This trend also observed in thecaétiesults.

Table 4. Comparison of the calculated chemical shifts (GIA
B3LYP/6-311++G(d,p)) with experimental in CDCI
Z-2a Z-2b Z-2c
DFT- DFT- DFT-
Atom Exp T™MS Exp T™S Exp T™MS
H-4 7.28 7.61 7.54 7.81 7.25 7.49
H-6 8.09 9.81 8.4 9.84 8.14 9.87
H-8 7.28 7.69 8.4 8.66 6.86 7.03
H-11 7.28 7.59 8.28 8.54 6.86 7.20
H-13 7.28 7.38 8.28 7.48 6.86 7.36




H-15 3.77 3.77 3.98 8.86 3.75 871 |
H-16 3.77 3.77 3.98 8.86 3.75 87 |
H-17 3.77 3.67 3.98 8.80 3.75 859 |

a - I - | 3.76 883 |

H - | - | 3.76 883 |

a - I - | 3.76 415 |
C-2 129.5 | 1376 136 145.7 1234 | 1815 |
c-3 134 142.6 1331 | M427 135.2 | 1428 |
C-5 128.6 | 1849 128.7 | 1880 130.5 | [186.2 |
C-7 128.9 135.8 1238 | @827 113.8 | Q142 |
c-9 135.6 | @518 147.9 | 1554 161.1 | [@T702 |
C-10 128.9 | 1849 123.8 | [180.9 113.8 | 1286 |
c-12 128.6 | [187.4 128.7 | [186.0 130.5 | [18838 |
C-14 54.4 57.8 55.1 58.9 53.8 570 |
c-15 - | - i 55.3 577 |

3.2.4. Thermodynamic study

Z- and E-isomers of the three compounds were studied u$iegretical calculation to
evaluate the energetic difference between bothessm@nd the relative importance of the
intramolecular hydrogen bonds. Thermodynamics stsidgwed that the&Z-isomer is
favoured tharE-isomer with energy barrier of 7.1, 7.2 and 7.1 IKoal for Z-2a, Z-2b
andZ-2c, respectively, this value is consistence with kirgg of intramolecular H bond
N—O---H. The relative abundances of hi@ndE-isomers were calculated using Gibbs

free energy equatiol§G = -RTInK (whereAG denotes the difference between the Gibbs



free energies dE-isomer relative to th&-isomer and K is the corresponding equilibrium
constant). The abundance of the most stable spetissequal to 99.99% for all three
compounds at 298 K in gas phase. This indicatdshlea-isomer is the predominant in
the gas phase. These results are in good agreevitarihe experimentally measured X-
ray structure and NMR spectra which showed a pinglesZ-isomer as well as in

agreement with the literature [28].

3.2.5. Molecular Orbital analysis

Frontier molecular orbitals (FMOs) play crucial éoin the chemical stability of a
molecule and in the interactions between atomsy Hne considered to be effective in
determining the characteristics of the moleculehsas optical properties and biological
activities. Among these, the highest occupied mdécorbital (HOMO) and the lowest
unoccupied molecular orbital (LUMO) are the mospartant. The HOMO represents the
ability of a molecule to donate an electron, wiiile LUMO is an electron acceptor. Fig.
5, Fig. S2 and Fig. S3 (Supplementary Informatgimw the electron density in HOMO
and LUMO molecular orbitals. IriZf-N-methyl-C-4-chlorophenyl nitron&-2a and g)—

N-methyl-C-4-chlorophenyl nitrond=-2a, the HOMO and LUMO orbitals were mainly
delocalized over the molecule with high electromsiy on nitrogen atoms in HOMO
which reduced in LUMO suggestingmi-transition, HOMO showedt-bonding over

whole molecule, whereas LUMO showedantibonding on the molecule, suggesting

n*, therefore, the transitions from HOMO to LUMO arexture ofrx -r* and n4t*.

Z-2a E-2a




Fig. 5. Molecular orbital (HOMO down and LUMO up) shapdsZ-2a andE-2a using
B3LYP/6-311++G (d,p).

3.2.6. Molecular electrostatic potential

Molecular electrostatic potential (MEP) is used iforestigating the chemical reactivity
of a molecule, the surfaces H2a, E-2a, Z-2b, E-2b, Z-2c andE-2c were plotted over

an optimized electronic structures using B3LYP/8-84G(d,p) as shown in Fig. 6. The
MEP is especially important for the identificatiohthe reactive sites of nucleophilic or
electrophilic attack in hydrogen-bonding interansoand for the understanding of the
process of biological recognition. The most positiblue) regions are localized on
hydrogen atoms of azomethine group HIEAN), showing electrophilic reactivity;

whereas the most negative (red) regions are oldanoeind the oxygen atoms. The MEP



map is supported by the intermolecular interacticd8—H8---O1 [symmetry code:
1-x,1/24y,3/2-Z] and C7—H7---O1x[1/2 -y,-1/2 +Z] hydrogen bonds, which linked the

molecules into supramolecular chains propagatinggtheb axis direction (Fig. 3) for

compoundZ-2a. The crystal structure of compourti2b also supported the MEP;

molecules are linked through intermolecular C7—H7@1. [symmetry code:1-
X,1/2+y,z], C2—H2A...03 [symmetry code: -X,1/2+y,2ZjJdaC4—H4A...O2 [symmetry

code:-x,-1/2+y,z].
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Fig. 6. Molecular electrostatic potential map 2a, E-2a, Z-2b, E-2b, Z-2¢ andE-2c
calculated at B3LYP/ 6-311++G(d,p) level.

Conclusions

In this work, @)-N-methyl-C-4-cholorophenyl nitrone Z-2a, (Z)-N-methyl-C-4-
nitrophenyl nitroneZ-2b and g)-N-methyl-C-4-methoxyphenyl nitroneZ-2¢c were
synthesized by treatment of 4-chlorobenzaldehydenitrdbenzaldehyde or 4-
methoxybenzaldehyde, respectively, withmethylhydroxylamine and sodium carbonate.
The geometries of th&-2a, Z-2b and Z-2c and theirE-isomers; E)-N-methyl-C-4-
chlorophenyl nitroneE-2a, (E)-N-methyl-C-4-nitrophenyl nitroneE-2b and E)-N-
methyl-C-4-methoxyphenyl nitrond&-2c molecules were optimized using DFT at the
B3LYP/6-311++G(d,p) level of theory. The theoretigdbrational frequencies obtained
by DFT calculations are in good agreement withetigerimental values. The electronics
structures were described in terms of the distigipubf the HOMO and LUMO. GIAO
method was used to calculate the NMR spectra, dinelation between the calculated
and experimental chemical shifts is mostly in thege of 0.94-0.97 foH, whereas, the
correlation for*C is 0.99. Thermodynamic study showed thatZksomer is favoured
thanE-isomer with energy barrier of 7.1, 7.2 and 7.1 IKunal for Z-2a, Z-2b andZ-2c,
respectively. The abundance of the most stah&mers is equal to 99.99% for all three
compounds at 298 K in gas phase. MEP shows thantst positive (blue) regions are
localized on hydrogen atoms of azomethine grougHJ€N), showing electrophilic

reactivity; whereas the most negative (red) regians observed around the oxygen



atoms. Moreover, these results are supported Istatrgtructure packing of compounds
Z-2aandZ-2b.
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Highlights

* Crystal structures dZ)—N-methyl-C-4-substituted phenyl nitrones were descried.

* IR and NMR spectra dZ)—N-methyl-C-4-substituted phenyl nitrones were studied.

* DFT calculations were used to assign the NMR cbalnshifts.

* DFT calculations were used to analyze the modecorbitals and molecular electrostatic
potential.

» Correlation between experimental and computatispactroscopy was evaluated.

» Thermodynamic study of isomerism was reported.



