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'H NMR SPECTRA OF N-METHYL-4-TOLYL-1-(4-BROMONAPH-
THYL)-AMINE AND N-PHENYL-1-(4-BROMONAPHTHYL)-AMINE:
A COMBINED EXPERIMENTAL AND THEORETICAL STUDY

Theoretical investigations of the conformational properties and *H NMR chemical shifts for N-
methyl-4-tolyl-1-(4-bromonaphthyl)amine and N-phenyl-1-(4-bromonaphthyl)amine are reported. The
calculations were performed at the DFT level (PBE1PBE functional) using magnetically consistent 6-
31G™ and STO™-3G,, basis sets. Conformational properties of the amines were studied using
potential energy surface scanning. Chemical shifts were calculated using the GIAO and CSGT methods
and averaged in proportion to the population of the corresponding conformations. Solvent effects
(CDCI3) were accounted via PCM method. The obtained results allowed to assign the *H NMR signals
for the naphthalene moiety, which could not be done based on the experimental data alone.
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Introduction. N-Aryl-naphthylamines and their derivatives are prospective
compounds for investigation of reactivity in electrophilic substitution reactions since they
include several reaction centers. Number of authors have been studied reactions of
nitration, bromination and formylation of amines [1-2], but obtained results were rather
fragmented. Therefore we have performed comprehensive study of the reactivity of
amines (1-3). Obtained therein results concerning regioselectivity of phosphorylation,
formylation, bromination, nitration and azocoupling reactions are collected in reviews
[3-8]. In particular, it has been shown that in the case of N-phenyl-1-naphthylamine
(3),bromination, formylation and reactions proceed at position 4 of naphthalene fragment
(13-15), methyl group at Nitrogen atom (amine 2) changes the direction of electrophilic
substitution which results in formation of 4-phenyl derivatives (8-12). Such changes in
regiochemistry could be determined by conformational changes of source molecule. To
confirm this assumption, we introduce methyl group to position 4 of benzene fragment
which, as expected, leads to decreasing of N-mephyl-4-tolyl-1-naphthylamine (1) if
compare to amines (2, 3) [5].

For identification of obtained compounds and determination of reactions
regiochemistry one is one of the most commanding methods is nuclear magnetic
resonance (NMR) spectroscopy, but in some cases it is very difficult or even impossible
to make signal assignments, based on experimental NMR spectra alone. In these cases,
qguantum-chemical calculations can provide valuable assistance, since direct comparison
of experimental and accurately predicted theoretical spectra allows one almost

* Correspoding author: Tel.: +380505919276; fax: +380563749841; e-mail address: sokovyty@icnanotox.org

© Sergiy |. Okovytyy, Svitlana D. Kopteva, Eugene O. Voronkov, Tetiana Yu. Sergeieva, Karina S. Kapusta
LarisaV. Dmitrikova, Jerzy Leszczynski, 2013


mailto:sokovyty@icnanotox.org

ISSN 2306871 X. Bicuuk /[ninponerpoBcbkoro yHiBepcutery. Cepist «Ximist», 2013. Bum. Ne 20

unambiguously to accept or decline suggested structure. Such a “complex NMR study”
has been applied for investigation of stereocisomeric tetrahydroindene diepoxides [9].
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R =R; = CH;(1); X = CHO (4, 11, 14); X = Br (5, 9, 13);
R=CHg Ri=H(2); X =PBr,(8); X = NO, (6, 10)
R=R,;=H (3); X = n-N=N-CgH,NO, (7, 12, 15)

Here we present the results of quantum-chemical investigation of conformational
properties and "H NMR properties of amines (5 and 13).
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Computational Detalls. Optimization of geometry has been performed at DFT
level (functional PBE1PBE) using magnetically corrected 6-31G™ and STO™-3G,, basis
sets constructed by augmentation of standard 6-31G and STO-3G basis sets by the
additional functions which determined from the analytical expressions for the first-order
correction (response) functions to the unperturbed basis AO’s. The response functions
have been obtained by solution of the inhomogeneous Schrodinger equation for the model
problem “an one electron atom in an external uniform field” using of the closed analytical
representation of the Green’s function that enabled us not only to account the
contributions of both discrete and continuous spectra, but it allows us to improve the
wave function in those regions of the perturbed space which give the main contribution to
the calculated property [10; 11]. The efficiency of this approach has been confirmed
earlier for construction of basis sets for calculations of nuclear magnetic shielding [12—
15], spin-spin coupling constants [16], magnetic susceptibility [13; 17; 20], polarizability
[13; 18] and vibrational frequencies [19].

For calculations of nuclear magnetic shielding 6-31G*and STO"-3G,,,, basis sets
have been applied for “heavy” nuclei and original 6-31G and STO-3G basis sets for
nuclei of interest (protons). Such combination of basis sets is based on the property of
first-order correction functions which in the case of external magnetic field equals zero at
the point of origin (Ryy,,=0).

Chemical shifts were obtained by subtracting the calculated magnetic shielding for
the 'H nuclei of interest from the reference compound (for tetramethylsilane TMS),
shielding (see Table 1). CSGT (continuous set of gauge transformations) [20] and GIAO
(gauge independent atomic orbitals) [21-22] formulations at the CHF level as
implemented in the Gaussian 09 program [23] have been used therein.
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Table 1
Calculated *H magnetic shieldings (ppm) for the reference compound TMS
Basis set GIAO CSGT
6-31G"/6-31G 32.19 31.10
STO™-3G ./ STO-3G 31.52 30.43

The calculations have been performed taking into account the effect of solvent
(CDCls) via PCM method [24].

Results and Discussion. Since for conformationally flexible molecules NMR
spectra usually show averaged values of chemical shifts, first we investigated
conformational properties of amines. Analysis of potential energy surface shows that
amine (5) exists in 3 univocal conformations (A — C). Due to symmetry of benzene ring
for each of those conformers energetically degenerate structure could be obtained by
rotation around corresponding N-C bond on 180° which results in averaging of ortho- and
para- protons of benzene fragment.

As could be seen from Figure 1 and Table 2, in the most stable conformer (5A)
benzene ring is oriented close to the plane of N-Cy bond while naphthalene fragment
approaching plane perpendicular to N-Cye bond. Conformers (5B, 5C) where both
benzene and naphthalene fragments distorted from the plane of N-Cy, bond are in 2,53
and 4.46 klJ/mole less stable if compare to conformer (5A) correspondingly. Population of
each conformer, calculated according to Eq. 1, is shown in Table 2.

_ exp(-AG,/RT) 1)
' > exp(-AG, /RT)

= 5ed

5A

AL,

Fig. 1. Conformations of amines (5, 13)
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Table 2

Absolute and relative values of Gibbs free energy and population of conformations for amines (5, 13),
calculated at PBE1PBE/6-31G* level of theory

Conformer | ZC,’C/NC(H) [£C,C,NC(H) | AG,au.  |AG, ki/mol|Population (ny), %

5

A -1.95 101.47 -3322.473270 0.00 65.35

B 15.28 56.80 -3322.472307 2.53 23.72

C 57.54 24.76 -3322.471570 4.46 10.93
13

A -13.59 139.32 -3243.940369 0.00 82.86

B 31.00 32.92 -3243.938872 3.93 17.14

'H NMR spectrum of N-methyl-4-tolyl-1-(4-bromonaphthyl)-amine (5) is
characterized by two signals of methyl groups [singlets at 2,23 ppm (3H, CH;-Ar) and
3.39 ppm (3H, CH;3-N)] (Table 3). There are two doublets of para-disubstituted benzene
ring (at 6.53 and 6.93 ppm) in the region of aromatic protons, signals of naphthalene ring
protons appear as four doublets at 7.17, 7.76, 7.92 and 8.26 ppm, and two triplets at 7.44
and 7.57 ppm. While signals of methyl groups and benzene ring could be unambiguously
assigned to the corresponding nuclei, it is not a case for signals of naphthalene fragment.

Table 3

Observed and calculated values of chemical shifts of aromatic protons for amines (5, 13)in CDCl3

solution relative to TMS (ppm) and Parameters of the Linear Regression Equation 8e,,:=A*8,

Proton 6-31G7/6-31G STO™-3G e/ STO-3G Experim
Averaged? Corrected? Averaged! Corrected® | ent[7]
CSGT | GIAO [CSGT]| GIAO | CSGT | GIAO |[CSGT][GIAO
5
H2 6.68 | 749 [ 747 [ 725 [ 607 | 714 [ 718] 724 ] 717
H3 7.07 | 783 | 752 | 759 | 6.40 | 748 | 745 754 776
H5 7.83 | 856 | 820 | 830 | 753 | 825 | 839 | 823 | 8.26
H6 718 | 793 | 762 | 769 | 6.44 | 763 | 749 | 767 | 757
H7 7.07 | 781 | 752 | 757 | 634 | 751 | 740 | 757 | 7.44
H8 767 | 801 | 806 | 776 | 7.02 | 783 | 7.96 | 7.85 | 7.92
H2' H6' | 600 | 679 | 656 | 658 | 543 | 6.25 | 6.64 | 6.44 | 653
H3,H5' | 643 | 7.06 | 695 | 684 | 594 | 692 | 7.07] 7.04 | 6.93
R 0.979 | 0.976 0.964 | 0.975
A 0.90 [ 097 0.83 | 0.90
B 118 [ -0.03 211 [ 084
13
H2 6.86 | 774 | 738 [ 741 [ 620 | 721 [7.35] 730 ] 7.20
H3 6.96 | 784 | 748 | 751 | 632 | 739 | 744 | 748 | 765
H5 778 | 862 | 824 824 | 750 | 822 | 837|829 | 825
H6 717 | 800 | 767 | 766 | 6.44 | 763 | 754 | 771 | 761
H7 7.05 | 786 | 756 | 752 | 632 | 750 | 745 | 759 | 751
H8 748 | 833 [ 797 797 | 689 | 775 | 7.90 | 7.83 | 8.02
H2',H6'| 6.42 | 725 | 697 | 695 | 597 | 689 | 717 | 7.00 | 6.98
H3,H5| 673 | 759 | 726 | 727 | 613 | 721 | 730|731 | 7.25
H4' 634 | 718 | 689 | 688 | 562 | 678 | 6.90 | 6.88 | 6.94
R 0.977 | 0.976 0.954 | 0.968
A 0.94 [ 0.4 079 | 098
B 091 | 015 247 | 025

Avarged proportionally to population of conformations.
%Corrected using parameters of linear regression equation.

Ic"'B

Based on comparison of experimental *H NMR spectra for the series of N-phenyl-
1-naphtylamines (4-7) signals at 7.17 , 7.76, 7.92 and 8.26 ppm have been assigned to H,
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H®, H°and H* nuclei correspondingly [7]. Analysis of calculated values of chemical shifts
has shown incorrectness of such assignment since all theoretical approaches used predict
smaller value of chemical shift for H* nucleus if compare to H® and H® protons. Triplets at
7.44 and 7.57 ppm could be assigned to H' and H® nuclei, correspondingly. Such
assignment does not contradict with results obtained in ref. [25; 26]. In the case of N-
methyl-4-tolyl-1-(4-bromonaphthyl)-amine (5), as well as for 1-bromo-naphthalene [26],
signal of the proton at peri-position to bromine atom is shifted to weak field on 0.59 ppm
due to anisotropic influence of C-Br bond.

Assignment of signals in 'H NMR spectrum of N-phenyl-1-(4-bromonaphthyl)-
amine (13) coincides with assignment in N-methyl-4-tolyl-1-(4-bromonaphthyl)-amine
(5). There is a small deviation of chemical shifts for nuclei in naphthalene fragment
(+0.11 ppm for H* and -0.10 ppm for H®) while signals of ortho- and para- protons of
phenyl ring in (13) are shifted to weak field on 0.45 ppm and 0.32 ppm if compare to
signals in toluene fragment in amine (5).

Comparison of the performance of basis sets and approaches used for calculations
of chemical shifts values shows slight superiority of 6-31G*/6-31G scheme over STO™-
3G/ STO-3G and GIAO approach over CSGT.

Conclusions. The conformational properties and *H NMR spectra of N-phenyl-1-
(4-bromonaphthyl)-amine (5) and N-methyl-4-tolyl-1-(4-bromonaphthyl)-amine have
been studied (13). There are three local minima on the potential energy surface of amine
(5) which correspond to stable conformers 5A-5C. Two of them (5A, 5B) are
characterized by rather planar orientation of benzene ring relatively to N-C bond and
differ on orientation of naphthalene fragment while in conformer (5C) both aromatic rings
are twisted in relation to N-C bond. For amine (13) two tautomers have been located —
(13A) where benzene ring oriented close to N-H bond and naphthalene ring is twisted and
(13B) where both rings slightly derived from plane. Values of *H NMR chemical shifts
calculated by PBELPBE functional using magnetically corrected 6-31G* and STO™-
3Ggq basis sets are in good correspondence with experimental data. GIAO/PBE1PBE/6-
31G™ shows the best agreement among theoretical levels used herein. The results of our
calculations allowed to solve a problem of the signal assignments for both of amines under
study, especially for protons of naphthalene ring where using of previously established
empirical rules gives incorrect assignment.
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UAEHTUOUKAL WA N-METUJI-4-TOJINJI-1-(4-BPOMHA®TUJI)-
AMHUHA U N-OEHWUJI-1-(4-BPOMHA®TNJI)-AMUHA 110 IAHHBIM
CIIEKTPOB 'H SIMP: KOMILIEKCHOE SKCITEPUMEHTAJIbHOE U
TEOPETUYECKOE UCCJIEJOBAHUE

IIpeacraBjieHbl pe3yJbTAThl T€OPETHYECKOr0 HCCIAeIO0BAHMS KOH(GOPMALMOHHBIX CBOWCTB H
XHMHYeCKHX cABHroB sjgep B cuekrpax ‘H SIMP N-mermn-4-roumi-1-(4-6pomuadrui)-amuna u
N-denni-1-(4-6pomuadTmin)-amuna. Pacuersl mpoBeeHbl B NPUOIMKEHHH Teopuu (GyHKIHOHAIA
mwioTHocTH (pynkunonas PBE1PBE) ¢ ucno/sib30BanneM aJanTHPOBAHHBIX /ISl pacyeTa MarHMTHBIX
cBoiicTB HaGopoB GasucHbIx Gpynxumii 6-31G™ n STO*-3G ... Kondopmanuonnsie cBoiictea aMuHoB
paccYMTAHbI MyTeM CKAHHPOBAHHUSI MOBEPXHOCTH MOTEHIMAJIbHOI Hepruu. BeJMYMHBI XUMHYECKHX
capuroB paccuntanbl Merogamu GIAO um CSGT kak cpeaHue BeJHYHMHBI, NMPONOPLHOHAILHO
3aceJIeHHOCTH COOTBETCTBYIOIINX KOH(opMepoB. Biusinue pacTBOpUTEIsi, HCIO0JIb3YeMOro NPH 3aMUCH
SIMP cnektpoB (CDCl;), yumtbiBajioch MeroaoM PCM. IlojyueHHble pe3yabTaThbl I03BOJIHJIH
BBINOJTHUTH OTHECEHHEe CHIHAJIOB B CIEKTPaX K COOTBETCTBYWINMM sIpaM, B YaCTHOCTH, IS
HAQTAIMHOBOro ()parMeHTa, YTO He MPENCTABISIIIOCHh BO3MOMKHBIM CI€JIaTh HAa OCHOBAHHUH TOJIBbKO
IKCHEPUMEHTAIBHBIX CNIEKTPAIBHBIX TaHHBIX.

Knwouesvie cnosa: N-merun-4-tonun-1-(4-6pomuadrun)amus;  N-dernn-1-(4-6poMuadTiI)aMuH;
SIMP; Teopust QpyHKIIMOHAIA MIIOTHOCTH; 0a3UCHBIC (QYHKITHH.
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IJEHTU®IKALISI N-METWJI-4-TOJILI-1-(4-BPOMOHA®TUIT)-AMIHY
TA N-®EHLI-1-(4-BPOMOHA®TUJ)-AMIHY 3A IAHUMHU CIIEKTPIB
'H SIMP: KOMIIJIEKCHE EKCHEPUMEHTAJIBHE TA
TEOPETUYHE JOCJ/IKEHHSA

HaBeneni pe3yibTaTH TeOpPeTHYHOIO HOCTII:KeHHS KoHpopMmaliiiHuX BJacTHBOCTell Ta
XiMiuHHX 3cyBiB sgep B cnexrpax ‘H SIMP N-merna-4-roain-1-(4-6pomonadruin)-aminy Ta N-(enia-1-
(4-0opomonadTia)-aminy. PospaxyHku mnpoBedeHi B HaO MKeHHi Teopii (yHKIiOHAAY TIyCTHHH
(dbynkuionas PBE1PBE) 3 BukopucTaHHSIM aJanTOBAHUX JUIS PO3PAXYHKY MArHITHMX BJIACTHBOCTEM
HaGopis 6asucHux dynkuiii 6-31G* u STO™-3G,,.. Kondopmauiiini BracTusocti aMinis po3paxopani
IIJISXOM CKAHYBaHHS TOBEPXHi moTeHUiiHOI eHeprii. 3HaveHHsi XiMiuHMX 3cyBiB po3paxoBaHi
metogamu GIAO u CSGT sk cepenHi 3HaYeHHs, MPONOPUiiiHO 3acejieHOCTi BixnmoBinnux kondopmepis.
BB po3unmHHHKA sIKMii BUKOPUCTOBYBaBcs mia 4yac 3anucy cnexktpiB AIMP (CDCl;) BpaxoByBaBcst
meronoM PCM. Otpumani pe3yJbTaTH 103BOJUJIH BHKOHATH BilHeCeHHSI CHUTHAJIB B CHEKTpax 10
BiInmoBinHUX sixep, 30kpeMa, 1is1 HadTaTiHOBOTO (pparMeHTy, 110 GY/I0 HEMOKJIHBO 3POOMTH JIHIIIE HA
OCHOBi eKCTIEPUMEHTAILHUX CIEKTPAJbHUX JaHHX.

Kniouogi  cnosa:  N-merun-4-toin-1-(4-6pomonadtun)amin;  N-¢enin-1-(4-6pomonadrin)amin;
SIMP; teopis GpyHKuUiOHATY T'ycTHHH; 6a3UCHI QyHKIIIT.
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