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The experimental and theoretical vibrational spectra of 2 and 3-methylpiperidine (abbreviated as 2-MP
and 3-MP) were studied. The FT-Infrared spectra of 2-MP and 3-MP molecules were recorded in the
liquid phase. The structural and spectroscopic analysis of the title molecules were made by using density
functional harmonic calculations. For the title molecules, only one form was found most stable structure
by using B3LYP level with the 6-311G (d,p) basis set. Selected experimental bands were assigned and
characterized based on the scaled theoretical wave numbers by their total energy distribution (TED).
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1. Introduction

Piperidine, hexahydropyridine, is a family of heterocyclic
organic compound derived from pyridine through hydrogenation.
It has one nitrogen atom in the cycle. It is a clear liquid with
pepper-like aroma. It boils at 106 °C, soluble in water, alcohol, and
ether. The major application of piperidine is for the production
of dipiperidinyl dithium tetra sulfide used as a rubber vulcaniza-
tion accelerator. In pharmaceutical synthesis industry, it is used
as a special solvent and a protecting group for peptide synthe-
sis. Piperidine derivative compounds are used as intermediate to
make crystal derivative of aromatic nitrogen compounds contain-
ing nuclear halogen atoms. Ring system compounds with nitrogen
which have basic property play important roles as cyclic component
inindustrial field such as raw materials for hardener of epoxy resins,
corrosion inhibitors, insecticides, accelerators for rubber, urethane
catalysts, antioxidants and as a catalyst for silicone esters. They are
used in manufacturing pharmaceuticals [1].

In our previous work [2], we reported the molecular struc-
ture and vibrational spectra of piperidine and 4-methylpiperidine
by density functional theory calculations. In this work, we
report DFT/B3LYP calculation results on 2 and 3-methylpiperidine
molecules. The aim of this study is to give optimal molecular geom-
etry, vibrational wave numbers and modes of free and deuterated
species of 2 and 3 methylpiperidine and its deuterated species.
The isotope effects of D atom were discussed for sensitive band
to deuterated substitution.
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2. Computational details

The molecular structures of 2 and 3-methylpiperidine (in vac-
uum) in the ground state were optimized by B3LYP with the 6-311G
(d,p), 6-311++G (d,p) and cc-pVQZ basis sets. Density functional for
all studies reported in this paper has the following form

EXC = (1 —dp )E)L(SDA + aoE)IZIF + aXAE)‘?sg + aCEéYP + (1 — GC)E(‘:’WN

where the energy terms are the Slater exchange, the Hartree-Fock
exchange, Becke’s exchange functional correction, and the gradient
corrected correlation functional of Lee, Yang and Parr and the local
correlation functional of Vosko et al. [3]. RB3LYP with several basis
sets levels of theory with the optimized geometries have been used
to calculate all parameters of the title molecules.

Three sets of vibrational frequencies for these species were cal-
culated with these methods and then scaled by corresponding
scaling factors [4]. All the calculations were performed by using
Gauss-view molecular visualization program and Gaussian 03 pro-
gram package on the personal computer [5,6].

3. Result and discussion

Piperidine has two possible chair conformations, which differ
in the axial (A) or equatorial (E) position of the N-H group. Other
conformations that differ from the chair (boat, envelope or twist
boat) were not considered because of their high energy [7-10]. The
methyl derivatives in positions C; and C3 of the ring can have four
chair conformations characterized by the relative orientations of
the N-H group (A or E) and of the C-Me group (a or e) [11]. All
conformations were optimized by B3LYP/6-311G (d,p) basis set. The
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Table 1
The selected molecular properties of conformation of the 2 and 3-methylpiperidine (with the B3LYP/6-311G (d,p)).
Energy (a.u.) Energy differences (kcal/mol) Enomo (eV) Erumo (eV) AE (eV) 1 (Debye)

3MP (Chair) Ee —291.300655553 0.00 —6.025 1.133 7.158 1.070
Ae —291.299849551 0.50 —5.842 0.915 6.757 1.078
Ea —291.298405852 1.41 —-6.021 0.970 6.991 0.915
Aa —291.297162924 2.19 —5.854 1.045 6.899 1.132

2MP (Chair) Ee —291.303288058 0.00 —6.050 1.087 7.137 0.834
Ae —291.302041815 0.78 —-5.884 1.119 7.003 1.024
Ea —291.298484584 3.01 -5.912 0.919 6.831 0.815
Aa —291.298005869 3.31 —5.862 0.909 6.771 1.059

selected molecular properties of all conformation of the 2 and 3-
methylpiperidine listed in Table 1. As seen in Table 1, the 2 and
3-methylpiperidine molecules show the double equatorial form as
the most stable.

3.1. Geometrical structures

The optimized geometric parameters (bond lengths and bond
angles) of the title molecules were given in Table 2 by using
B3LYP with 6-311G (d,p), 6-311++G (d,p) and cc-pVQZ basis sets.
The atomic numbering is given in Fig. 1. The molecular struc-
tures of 2 and 3-methylpiperidine have been not studied by any
diffraction technique. Therefore, the molecular structure of 2 and 3-
methylpiperidine were compared with those of X-ray and electron
diffraction data of piperidine [10,12].

Vayner and Ball [9] give only representative bond distance, bond
angles and dihedral angles, or where appropriate, ranges for the
parameter type (i.e. C-H bonds). In that study the C-N-C bond
angles are slightly larger than the C-C-C or N-C-C bond angles
while the C-N bond distances are predicted to be slightly shorter
than C-C bond distances. Our data is consistent with those obser-
vations which can be seen from Table 1.

3.2. Assignment of fundamentals

The molecules of 2 and 3-methylpiperidine consist of 20 atoms,
so it has 54 normal vibrational modes. The title molecules belong
to C; symmetry. The detailed vibrational assignments of funda-
mental modes free 2 and 3-methylpiperidine and its deuterated
species along with the calculated IR intensities and normal mode
description (characterized by TED) were reported in Table 3. The
total energy distribution (TED) was calculated by using the Scaled
Quantum Mechanic program (SQM) [13].

2-methylpiperidine

Chemicals were purchased from the Aldrich Chemical Company
Inc., and used as received. The FT-IR spectra of the title molecules
are shown in Fig. 2. The samples of 2 and 3-methylpiperidine
are in liquid forms at room temperature. The FT-IR of the title
molecules were recorded between 4000 cm~! and 400 cm~! region
on a Mattson 1000 FT-IR spectrometer which was calibrated using
polystyrene bands.

In 4000-2000 cm~! region, the vibrational spectra show char-
acteristic bands of normal modes related to the asymmetric and
symmetric stretching of the NH, CH bonds of methyl group, as well
as the CH stretching modes of ring.

3.2.1. NH vibration

The band recorded in the room temperature FT-IR spectrum
at 3276 cm~! (3MP) and 3274cm~! (2MP), are assigned to NH
stretching. These bands were calculated 3456 cm~!, 3408 cm~! and
3417 cm~! for 3-methylpiperidine and 3442 cm~1, 3396 cm~! and
3405 cm™! for 2-methylpiperidine (respectively 6-311++G (d,p), 6-
311G (d,p) and cc-pVQZ basis sets).

The NH stretching fundamental of piperidine was observed to
the vapour band at 3364cm~! [7]. Giilliioglu et al. [14,15] was
observed to the liquid band at 3340 cm~! for the NH stretching of
the piperidine. The position of the methyl group in the piperidine
ring influence the NH stretching wave number, which are decreased
in the order 3-methylpiperidine > 2-methylpiperidine in the both
experimental and theoretical calculations.

The NH stretching vibration was showed shifts toward a lower
wave number (~900cm!) in the deuterated derivative of 2 and
3-methylpiperidine. The isotopic rations (Uny Unp) were (around)
1.36 (for 2 and 3-methylpiperidine). In addition to, some vibrations
(U35, Uag, Ua1, Uag, U1g and Uy, etc.) were showed a small wave
number (~50 cm~1) (for 2-MP and 3-MP). These vibrations assigned
at NCH bend and CN Str. Other vibrations were slightly different
than its deuterated derivative. These shifts to lower values show

3-methylpiperidine

Fig. 1. Atomic numbering for studied molecules (in Ee conformations).
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Table 2
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Bond lengths and bond angles for 2 and 3-methylpiperidine (in Ee conformation).

Bond angles

2-methylpiperidine

3-methylpiperidine

cc-pvqz ~ 6-311G(d,p)  6-311++G (d,p) X-ray* EDJ) cc-pvqgz  6-311G(d,p)  6-311++G(d,p) X-ray* EDJP
C-G 1.531 1.535 1.535 1.523 1.530 G-G 1.531 1.535 1.535 1.523 1.530
Ci-Hg 1.105 1.108 1.108 0.980 1.098 Ci-Njp2 1.460 1.463 1.464 1.464 1.461
C1-Nyg 1.464 1.468 1.468 1.460 1469 Ci-Hjs 1.091 1.094 1.094 0.980 1.098
Ci-Cy7 1.522 1.526 1.526 - - Ci-Hia 1.104 1.108 1.107 0.980 1.098
-G 1.531 1.535 1.535 1.523 1.530 G-G 1.534 1.538 1.538 1.518 1.530
Cy-Hy 1.093 1.096 1.096 0.980 1.098 (-G 1.527 1.530 1.530 - -
Cy-Hg 1.092 1.095 1.095 0.980 1.098 C;-Hyo 1.094 1.097 1.097 0.980 1.098
C3-C4 1.530 1.534 1.534 1.518 1.530 G3-C4 1.531 1.535 1.535 1.520 1.530
C3-Hg 1.091 1.094 1.094 0.980 1.098 Cs-Hg 1.092 1.095 1.095 0.980 1.098
C3-His 1.094 1.097 1.097 0.980 1.098 C3-Hp 1.095 1.099 1.099 0.980 1.098
C4-Cs 1.526 1.530 1.530 1.520 1.530 (C4-Gs 1.526 1.530 1.530 1.518 1.530
C4-H1o 1.092 1.095 1.095 0.980 1.098 C4-Hy 1.092 1.095 1.095 0.980 1.098
C4-Hyy 1.091 1.094 1.094 0.980 1.098 C4-Hg 1.091 1.094 1.095 0.980 1.098
Cs-Hypp 1.090 1.093 1.093 0.980 1.098 Cs-Hg 1.090 1.093 1.093 0.980 1.098
Cs-His 1.103 1.107 1.106 0.980 1.098 Cs-Hyo 1.103 1.107 1.107 0.980 1.098
C5-Nig 1.460 1.464 1.464 1.461 1469 C5-Nj2 1.460 1.463 1.464 1.464 1.461
Hia—Nig 1.011 1.014 1.014 0.849 1.015 Ni2-His 1.010 1.013 1.013 0.849 1.015
Ci7-His 1.091 1.095 1.095 - - Cis-Hi7 1.090 1.093 1.094 - -
Ci7-Hig 1.090 1.093 1.093 - - Ci6—His 1.091 1.094 1.094 - -
Ci7-Hao 1.090 1.093 1.093 - - Cis-Hig 1.092 1.095 1.095 - -
Bond lengths
C2-Ci-Hg 107.3 107.3 107.3 109.3 - C2-C1-Ny2 110.4 110.2 110.4 109.8 110.5
Cy-C1-Nyg 108.6 108.5 108.6 109.3 - C-Ci-Hi3 110.0 109.8 110.0 109.2 -
Ho-Ci-Nis 112.2 1121 112.2 109.3 - C-Ci-Hus 108.3 108.4 108.4 109.3 -
C-C1-Cy7 110.6 110.8 110.5 110.7 109.6 N12-Ci-Hi3 108.5 108.5 108.4 109.3 -
Ho-C1-Cy7 108.2 108.3 108.2 - - Ni2-Ci-Hya 1121 112.4 1121 109.3 -
N16-C1-Cy7 109.7 109.5 109.7 - - Hi3-Ci-Hia 107.1 107.2 107.2 109.4 -
C-C-C3 111.6 111.5 111.5 110.2 109.6 Ci-C-G 109.5 109.5 109.5 110.7 109.6
C1-Cy-H7 108.2 108.2 108.2 109.2 - C1-C,-Cys 111.5 111.6 111.5 - -
Ci-C-Hs 109.4 109.4 109.4 109.2 - C1-Cy-Hyo 106.8 106.7 106.8 109.1 -
C3-Cy-H7 109.6 109.6 109.7 109.2 - C3-C-Cie 111.9 111.9 111.9 - -
C3-Cy-Hg 110.3 110.4 110.3 109.2 - C3-Cy-Hyo 107.9 107.9 108.0 109.2 -
H;-C,-Hg 107.3 107.3 107.3 109.4 110.0 Ci6—C2-Hyo 108.6 108.7 108.7 - -
C-G3-C4 110.9 110.9 110.9 110.3 111.1 C-C3-C4 111.8 111.8 111.8 110.3 111.1
C,-C3-Hg 110.3 110.3 110.3 109.3 - C,-C5-Hg 110.0 110.0 110.0 109.2 -
Cy-C3-Hjs 109.1 109.1 109.2 109.2 - Cy-C3-Hyy 108.7 108.6 108.7 109.2 -
C4-C3-Hg 110.5 110.5 110.5 109.2 - C4-C3-Hg 110.4 110.4 110.3 109.2 -
C4-C3-Hys 109.1 109.1 109.1 109.2 - C4-C5-Hn 109.2 109.2 109.2 109.2 -
He-C5-His 106.5 106.5 106.5 109.4 110.0 He-Cs-Hpy 106.4 106.4 106.4 109.4 -
C3-C4-Cs 110.5 110.4 110.5 110.7 109.6 C3-C4-Cs 110.8 110.7 110.7 110.2 109.6
C3-C4-Hjo 109.6 109.6 109.7 109.8 - C3-C4-H7 109.6 109.6 109.6 109.2 -
C3-C4-Hn 110.5 110.6 110.5 109.1 - C3-C4-Hsg 110.4 110.4 110.4 109.2 -
C5-C4-Hyo 108.7 108.5 108.7 109.3 - C5-C4-H7 108.6 108.5 108.7 109.3 -
C5-C4-Hn 109.8 109.9 109.7 109.3 - C5-C4-Hg 109.8 109.9 109.7 109.2 -
H10-C4-Hn1 107.4 107.4 107.4 109.4 110.0 H;-C4-Hg 107.3 107.4 107.3 109.4 110.0
C4-Cs-Hyp 110.4 1103 110.4 109.3 - C4—-Cs5-Hg 1104 110.3 1104 109.2 -
C4-Cs-Hy3 108.7 108.8 108.8 109.3 - C4-Cs-Hyp 108.8 108.8 108.8 109.2 -
C4-C5-Nyg 109.8 109.6 109.8 109.8 110.5 C4-C5-Ny2 109.5 109.3 109.5 109.9 110.5
Hi2-Cs-His 107.1 107.2 107.2 109.4 110.0 Ho-C5-Hjo 107.2 107.3 107.3 109.4 110.0
Hi2-Cs5-Nyg 108.4 108.4 108.4 109.3 - Hg-C5-Np2 108.6 108.5 108.5 109.3 -
H13-C5-Nyg 112.0 112.3 112.0 109.3 - H10—-Cs5-N12 112.1 112.3 112.0 109.3 -
C1-N1-Cs 113.4 113.1 113.3 111.0 110.7 C1-N12-Cs 112.5 112.2 112.5 111.0 110.7
C1-Nig-His 110.0 109.5 110.0 108.2 108.4 Ci1-N12-Hjs 110.4 109.9 110.4 108.2 108.4
C5-Nig—-His 110.3 109.8 110.3 108.5 108.4 C5-Ni2-His 110.5 110.0 110.5 108.5 108.4
Ci-Ci7-His 111.1 111.1 111.1 - - Cy-Cig—Hi7 111.0 111.0 111.0 - -
C1-Cy7-Hyg 110.8 1109 110.7 - - C,-Ci6-His 111.4 111.4 111.4 - -
C1-Cy7-Hao 110.4 110.2 110.4 - - C2-Ci6-Hig 111.1 111.2 111.2 - -
His-Ci7-Hig 107.6 107.6 107.6 - - Hq17-Ci6-His 107.6 107.6 107.6 - -
His-Ci7-Hao 108.0 108.0 108.0 - - H17-Ci6-Hig 107.5 107.5 107.5 - -
H19-Cy7-Hao 108.6 108.7 108.6 - - His-Ci6-Hig 107.7 107.7 107.7 - -

4 X-ray data taken from [12].

b Electron diffraction data taken from [10].

that these NH stretching, NCH bending and NC stretching modes
were sensitive to deuterated substitution.

3.2.2. CH stretching vibrations

The CH stretching modes of the ring and methyl group were
experimentally observed at 2730cm~!, 2796cm~!, 2854cm™!,
2919cm~! and 2933cm~! for 2-methylpiperidine, 2730cm™!,
2800cm~!, 2868cm~! and 2920cm~! for 3-methylpiperidine.

Eleven C-H stretching modes (U4;-Us3 ) were predicted in the range
from 2770 cm~! to 3000 cm~! for both molecules. The C-H stretch-
ing modes of the 3-methylpiperidine were experimentally slightly
larger than those of 2-methylpiperidine.

3.2.3. CC-CN vibrations
The CC and CN stretching vibrations were observed at

1317cm~1(CN  Str),

1051 cm~1(CC Str) for piperidine

[16].



Table 3
Comparison of the observed and calculated vibrational spectra of 2 and 3-methylpiperidine (for B3LYP calculations).

2-Methylpiperidine

3-Methylpiperidine

6-311++G (d,p) 6-311G (dp) cc-pvQZ Exp.IR  TEDP (%) 6-311++G (d,p) 6-311G(dp) cc-pvQZ Exp.IR  TEDP (%)
NH ND NH NH NH ND NH NH
Freq¢ IR? Freq¢  Freq? Freq® Freq° IR? Freq¢  Freq? Freq®
vy 156 0330 154 153 155 Tence(38) Teccn(26) 155 0261 155 152 154 Teccu(23) Tecee(14) (R-M) e (12)
Uy 218 0.270 218 216 215 Theec(26) Iycen(26) Mucen(11) 208 0.081 207 206 205 Iycee (69) Iycen (19) R-M
vs 244 1241 239 242 241 Teccn(15) Fenen12 Theen(15) (R-M) 241 0910 237 239 238 Tucee (10) Tenen (10)
vs 304 0617 302 301 302 Sccry (22)0nc; (16)(R) Mincc(12)(R-M) 299 0140 297 296 297 Scce (40) Tncce (30) R-M
Us 329 1119 329 326 326 i N D) 341 1370 331 338 338 Thcee(18) Fence(11) Feucn(13) Ticen(12)
Us 413 0808 410 409 41 Sncc(14) Uee(13) 412 2831 404 408 409 Scee (19) Iecen (12) Tencn (10)
vz 449 2769 432 444 446 427 vw Scec(18) 427 2.081 425 423 423 425 vw I ccen (39)
Usg 474 9.206 456 470 471 458 vw FHCCNUS) FHNCC(13) FCNCC(]l) 445 4123 439 440 442 456 vw accc (2]) FCCCH (14) FCHCH (11)
vs 548 8921 528 542 545 566m  Snec(10) Iicec(10) 547 2149 506 542 543 5645 Tenen (17) 8nee (12)
v 729 6401 635 731 723 740 vs Uen(19) Tiinci(18) Tianec(16) 735 5242 642 738 731 747 vs Tiancn(26) vee(22) Tanec(15) Sunc(10)
Un 773 1.050 766 766 767 Ucc(45) Uen(12) 770 3.862 766 762 764 Ucc(37) + Unc(8)
Ui, 820 2492 813 812 814 804 w Thcen(13) Uec(10) 844 3296 819 836 837 790vw  Ucc(41)+Uen(18)
V13 838 0.149 825 829 831 Ucc(58) 857 5.812 850 848 850 855 s Ucc(29)
Ua 875 0867 858 867 868 Vec(41)8can; (15)uen (16) 882 1739 872 874 876 872w Unc(24) Ucc(13)R Scin(16) R-M
Uis 893 5410 882 886 887 908m  I'cen(26) Scen(11) Ninen(10) 894 5481 888 887 888 912m 8ccn(17) R-M Iinen (12) R
vis 958 1582 932 948 950 Vccns (23)ucc(18)8ccn(10) 963 3841 945 953 956 Ve—ciy (16)Unc(10)ucc(9)R-M
vy 968 1562 953 960 961 Sccn, (25) Uee(29) Uen(10) 969 1915 963 959 961 960 w Uee(24) + veci, (18) + Sccn(19)R-M
Uig 996 1746 990 986 988 982w Sccny (16) Sccn(12) 986 1517 974 976 978 978m  Scen(12) Uec(10) R-M
V19 1040 4114 995 1029 1031 1006 w Ucc(45) 1037 0.756 992 1027 1028 998 w Ucc (55)
U 1071 8456 1056 1059 1062 1055m  veen, (18) Uen(18) Uce(10) 1088 3198 1041 1077 1080 1055W  Uccw, (37)ucc(26)
Uy 1107 1199 1071 1096 1098 1085m  Uen(22) Ucci (15) Sring(11) 1111 1467 1085 1099 1100 Uen(37) vec(26)
Up 1113 1579 1113 1101 1102 Uen(25) Uec(22) 123 0623 111 1111 1114 Uen(20) Uee(14) R Spcc(12) RM
U3 1144 2.231 1122 1132 1137 1120 s Sucn(12) 1146 3.118 1144 1134 1140 1121 s Scen(12)
U,y 1153 0786 1145 1141 1145 1157w Sccu(17) Sncu(10) 155 7014 1147 1142 1146 1160 s Snci(19) Unc(14) R Tecen(9) R-M
Uzs 1218 3.129 1198 1206 1209 1224 m Scen(17) Une(11) 1216 0.957 1194 1203 1206 1222 m Sccu(28)
Us 1259 2358 1240 1246 1249 Sccn(35) Sncu(12) Fecn(10) 1264 0720 1241 1249 1253 Sccn(42) Sncn(10)
U7 1265 2.412 1260 1252 1255 1263 m Scen(31) 1274 3.125 1270 1261 1264 1282 m Sucn(25) 8cen(17)
Us 1309 9310 1272 1295 1300 1311vw  Scen(30) Fenen(11) Thcen(10) 1287 8839 1275 1272 1277 Seael®1) reae(17) A1)
U9 1325 22.01 1312 1311 1315 Tucen(24) dccu(14) 1310 1913 1301 1297 1301 1309 vw  8ccu(35) Mucen(13)
v 1335 1422 1331 1322 1328 1327 s S8ccn(35) Ticcu(16) 1336 8063 1312 1323 1325 Tuccn(13) 8ccn(18) R Tiacen(14) R-M
U31 1347 0.904 1342 1334 1336 Sccn(30) IMuycen(17) 1344 0.076 1344 1330 1335 1336 w Sccn(40) Mucen(14)
U3 1353 0.376 1347 1339 1344 Sccn(13) IMyccn(12) 1357 0.606 1347 1344 1346 Iyccn(28) R-M Scen(21)
vs; 1378  3.008 1368 1363 1367 S8ccn(16)R Fencu(14) Micc(10) M 1378 3237 1366 1364 1368 1376m  Sucu(44) M 8ucc(39) R-M
U3g 1378 12.83 1377 1367 1368 1376 s Sncn(42) M 8ccn(38) R-M 1388 2.347 1378 1376 1379 Shcc(20) Tenen(11)
Uss 1439 6.996 1378 1424 1428 Sucu(13) R Senu(12) Sucu(11) M 1447 3.987 1386 1431 1437 Iyccn(22) 0unc(20) Sucu(11)
Uss 1449 0680 1444 1433 1437 Suci(14) R Suc(13) M Scnna(11) R 1450 2560 1449 1435 1439 Sunc(14) Tucen(12) Sucu(12)
Uszy 1452 8.164 1451 1436 1441 Tucen(32) ducn(26) 1456 3.379 1455 1440 1444 1443 vw  necn(35) ducu(24)
Usg 1460 6.344 1459 1444 1448 1445 s Ihcen(28) dnen(19) 1462 0.038 1460 1446 1451 1458 s Sucu(23) Muncu(14) Ieneu(10)
U 1466 2211 1460 1452 1454 Sccn(33) R-M cec(10) M 1465 5161 1465 1450 1453 Sucu(43) Ticec(19) Succ(12) Tucen(10)
v 1470 7463 1466 1455 1458 S8uc(28) 8cun(16) Cicen(10) M 1468 4304 1467 1453 1455 Sucu(43) Miucec(12) M Suce(12) R-M
vy 1472 1292 1472 1457 1461 Sucn(21) Theen(11) Tencra(10) 1475 5.028 1475 1460 1464 Sucn(26) Tcen(10)
Va2 2810 55.93 2810 2776 2782 2730 m UcH(98) 2821 41.06 2821 2784 2794 2730 m Ucn(99)
Va3 2833 100 2833 2798 2807 2796 m Ucn(98) 2829 100 2829 2793 2803 2800s vcn(99)
Uasa 2935 24.28 2935 2904 2909 2854 m Uch(85) 2923 14.16 2923 2892 2897 2868 w Ucn(90)
Uss 2946 18.02 2946 2914 2919 Uch, (88) 2942 12.26 2942 2910 2914 Uch, (84)
Va6 2953 48.69 2953 2921 2927 Ucn; (61)uck, (32)M 2948  40.09 2948 2916 2923 2920's Ucn, (90)M
Va7 2953 7.084 2953 2921 2928 2919 vw  ucn, (60)uch, (31)M 2953 14.53 2953 2921 2926 Uch, (90)M

291-291 (600Z) 2 V 340d DIy po1uIY20.4392ds / nigonjind L' ‘np3opiq X

ol
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Uch, (81) Ucn(14)

Ucn(91)
Ucn(98)

2949
2954
2961

2944
2948
2955

2976
2984
2990
2994
3006
3012

46.29

2976

Uch, (99)
Uch, (97)
Ucn(98)

2955
2960
2960
2968
2983

2950

2982
2988
2989
2996
3011

2982 52.27

2988
2989

Ussg

24.22

2984
2990
2994
3006
3012

2954

34.40
31.92
56.82

Va9

37.11

2956

Usg

Uch, (84)

2966
2979

2962

31.30
49.19

Uc, (99)

2933 vs

2964
2978

2996
3011

Usy

Uc, (94)M
UCH, (99)M
Unn(100)

2974
2980

Ucn, (100)M
UcH, (99)M
Uny 100

30.75

Usy

2985
3417

29.09
0.068

2999
3405

28.99 3028 2996
2518 3396

0.086

3028
3442

Us3

3276 w, br

3408

2528

3456

3274

Usy4

R: The ring of piperidine, M: Methyl group, v: Stretching, §: Bending, I": Torsion, vw: Very weak, w: Weak, m: Medium, s: Strong, vs: Very strong.

@ Relative absorption intensities normalized with highest peak absorption equal to 100.

b Total energy distribution calculated B3LYP/6-311++G (d,p).

¢ Scaling factor: 0.978.
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d Scaling factor: 0.967.
¢ Scaling factor: 0.969.

These vibrations were observed 1045cm~! (Ring Str) for
4-methylpiperidine [2]. As seen in Table 3, seven peaks
were observed in the 740-1085cm~! range, which were at
740cm~!, 804cm~1, 908 cm~1, 982 cm~1, 1006 cm~!, 1055 cm™!
and 1085cm~'for 2-methylpiperidine. The six peaks were
observed in the 747-1055cm™! range, which were at 747 cm™!,
790cm~!, 912cm~!, 978cm~!, 998cm~! and 1055cm~! for
3-methylpiperidine. These vibrations revealed to be mixed with
C-C, C-N stretching and some bending vibrations. The position
of the methyl group in the piperidine ring influence the CC and
CN stretching wave number, which are decreased in the order
2-methylpiperidine > 3-methylpiperidine in the both experimental
and theoretical calculations.

3.2.4. Methylene group vibrations

For the assignments of CH, group frequencies, basically six
fundamentals can be associated to each CH, group namely;
CH, sy-symmetric stretch; CH, asy-asymmetric stretch; CH,
sciss-scissoring; CH, rock-rocking, CH, wag-wagging and CH,
twist-twisting modes of CH, group would be expected. The funda-
mental CH, vibrations are able to scissoring, wagging, twisting and
rocking appear in the expected frequency regions 1500-800cm~!.
We determined the scissoring vibrations of the CHy (U41-Us35), the
wagging vibrations of the CH; (U34-U29), the twisting vibrations of
the CH, (U28-U33) and the rocking vibrations of the CH, (U18-v13)
every one molecules.

3.2.5. Methyl group vibrations
Vibrations of the methyl group in the 2 and 3-MP should be
described by 12 normal modes. The CH; fundamental modes are

(a)
3-Methylpiperidine
g ‘J\/\W/\__/\_/\«
Q
]
o)
4
(=]
[72]
O
<
2-Methylpiperidine
1600 1200 800 400
Wavenumber (cm ™)
(b)
3-Methylpiperidine
5}
53
g
.=
o
2
= 2-Methylpiperidine

3600 3200 2800
Wavenumber (cm ')
Fig. 2. (a) The infrared spectra of 2 and 3-methylpiperidine for under 1600 cm~'

wave numbers and (b) The infrared spectra of 2 and 3-methylpiperidine for over
2600 cm~! wave numbers.



Y. Erdogdu, M.T. Giilliioglu / Spectrochimica Acta Part A 74 (2009) 162-167 167

two asymmetric CHs stretching, one symmetric CHs stretching, two
asymmetric CH3 bending, one symmetric CH3 bending, two CHj3
rocking and one CHj torsional vibrations. The C-CH3 fundamental
modes are one C-CHj stretch and two C-CH3 bending vibrations.

For the CHj3 stretching vibrations, we expect to observe three
bands at about 3020-2920cm™! region. Three CH3 stretching
modes (Vs3, V52, V47) were predicted in this region. The Symmetric
CH3 stretching vibrations were observed at 2919 cm~! (2-MP) and
2920cm~! (3-MP) in the FT-IR spectrum for free 2-MP and 3-MP
molecules.

The asymmetric CH3 bending bands usually occur between at
1430cm~! and 1470cm~! region. The asymmetric CHs bending
modes (v49, V39) were predicted in the region. The asymmetric CHs
bending vibrations (v35) were observed at 1445 cm~! (for 2MP) and
1433 cm~! (for 3MP) in the FT-IR spectra. On the other hand, the
symmetric CHz bending vibration appears in the 1360-1400cm™!
region. The symmetric CHz bending vibrations (v34) were observed
1376 cm~! for title molecules in the FI-IR spectra [17].

The C-CH3 stretching vibration was observed at 1055 cm~! for
both molecules in the FT-IR spectra. This peak (v,9) were pre-
dicted at 1071 cm~! (6-311++G (d,p)), 1059cm~! (6-311G (d,p))
and 1062 cm~! (cc-PVQZ) for 2-methylpiperidine. In-plane C-CHj3
bending vibration were predicted (v4)at 304 cm~1(6-311++G(d,p)),
302cm~! (6-311G (d,p)) and 302cm~! (cc-PVQZ) for 2-MP. This
peak were theoretical predicted at 299cm~! (6-311++G (d,p)),
296 cm~! (6-311G(d,p))and 297 cm~! (cc-PVQZ) for 3-MP. In-plane
and out-of-plane vibrations of C-CH3; were not observed in the
FT-infrared spectra.

4. Conclusion

The IR spectra of the title molecules were computed by the
B3LYP methods in conjunction with the 6-311++G (d,p), 6-311G
(d,p) and cc-pVQZ basis sets. Results were in good agreement with
its observed FT-IR spectrum. The vibrational spectra provided by
B3LYP functional with 6-311G (d,p) and cc-pVQZ basis sets were
the closest to the experimental values. The RMS values were about
31.62 cm~! for the first basis set and 34.10 cm~! for the second one.
The scale factors were used in order to compare how the calcu-
lated wave numbers are consistent with those of the experimental
ones. By taking into account small variations of the scaling factors
for the derivatives of the title molecules, for future IR spectral pre-
dictions for unknown molecules of this class, one can recommend
same scaling factors for the methods mentioned above.

The isotope effects of D atom were discussed for sensitive band
to deuterated substitution. The NH, CN stretching and NCH bend-
ing modes were showed shifts toward a lower wave number in the
deuterated derivative of selected molecules. This means that NH,

CN stretching and NCH bending modes were sensitive to deuterated
coordination.

The experimental geometric parameters were in better agree-
ment with the optimized geometric parameters. Optimized bond
lengths of studied molecules were found to have a good correla-
tion for cc-pVQZ basis set than 6-311G (d,p) and 6-311G++ (d,p)
basis sets. The RMS values were 0.095 A (for cc-pVQZ basis set),
0.097 (for 6-311G (d,p) and 6-311G++ (d,p) basis sets). However, the
results showed that experimental and theoretical bond angles were
in good agreement for B3LYP/6-311G (d,p) level of theory.
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