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68P(S) 68P(R) Assignment

F. IRIntr. R.A F. IR. Int.r  R.A

3208.5 1.0 18.1 3207.9 1.1 22.8 2 vC-H(1)
3202.9 1.3 18.2 3203.0 1.9 21.6 20b vC-H(1)
3200.3 0.4 12.0 3200.3 0.6 14.9 20a vC-H(1)
3193.2 0.4 14.4 3193.0 0.6 18.6 7a vC-H(1)
3188.4 0.6 10.7 3188.5 0.9 13.3 7a vC-H(2)
3187.6 1.9 39 3188.0 2.2 5.3 13 vC-H(1)
3176.7 2.3 51 3176.7 2.7 6.5 13 vC-H(2)
3091.3 13.9 3.2 3093.3 15.7 4.3 vasCH2,vasCH3

3084.5 19.0 14.8 3084.8 21.1 19.6 vasCH3

3081.6 3.3 3.4 3081.8 51 5.2 vasCH3

3074.2 8.7 15.7 3072.8 9.9 19.0 vasCH2

3063.8 12.8 2.6 3063.0 14.9 2.3 vasCH2

3061.2 44 9.7 3059.5 45 14.1 vasCH2

3040.9 215 331 3041.3 26.1 37.0 vsCH3

3038.8 13.2 3.7 3039.2 15.0 49 vasCH3

3032.1 4.1 30.4 3030.5 44 322 vsCH2

3025.6 14.8 4.0 3024.3 16.0 4.7 vsCH2

3007.2 9.2 13.3 3009.9 8.7 14.6 vsCH2

2985.4 16.6 19.4 2985.9 18.9 22.8 vsCH2

2914.5 52.4 21.6 2914.8 53.0 19.5 vsCH3

2906 18.9 3.7 2906.1 19.2 4.2 vasCH3

2338.5 27.6 100.0 2338.6 20.6 100.0 vCN

1655.5 7.8 254 1655.6 8.4 29.2 8a vC-H(2),vC-H(1)
1647.7 235 4.1 1647.7 22.6 5.0 8a vC-H(1),vC-H(2)
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68P(S) 68P(R) Assignment

F. IRIntr. R.Ax F. IR. Intr  R.Ax

1632.6 5.6 0.9 1632.5 6.0 0.9 8b vC-H(1)
1612.2 0.5 1.8 1612.1 0.4 1.8 8b vC-H(2)
1538.4 1000 04 1538.4 100.0 0.3 19a vC-H(1)
1521.8 11.6 14 1523.5 111 25 dCH3,6CH2

1512.8 9.4 0.3 1512.9 10.4 0.4 19a vC-H(2)
1508.1 5.7 0.3 1509.0 34 0.5 dCH2,6CH3

1507.4 3.2 18 1507.9 3.9 2.7 dCH3,6CH2

1504.4 1.0 0.3 1505.0 25 0.4 8CH3,6CH2

1491.5 17.7 0.2 1492.3 15.6 0.8 dCH3,6CH2

1490.7 0.3 14 1490.8 1.7 2.1 dCH2,6CH3

1482.5 3.6 1.2 1482.5 45 1.4 dCH2,6CH3

1479.5 7.6 1.7 1480.1 8.4 3.1 dCH3

1466.3 1.4 0.6 1466.2 15 0.9 dCH3,6CH2

1455 55 2.0 1455.0 6.7 2.2 14 vC-H(2)
1444.1 0.0 0.5 1443.9 0.0 1.2 dCH3

1434.8 3.0 0.1 1434.8 4.3 0.1 14 vC-H(1)
1402.1 9.1 0.4 1397.7 9.1 0.4 dCH2

1377.1 5.8 0.3 1377.6 6.9 0.3 dCH2

1374.6 12.4 0.6 1372.8 9.3 1.2 dCH2

1366.2 8.7 1.4 1365.5 12.6 2.0 dCH2

1341.1 1.3 0.3 1342.6 1.4 0.8 dCH2,6CH3 3C-H(2)
1332.6 1.1 0.1 1332.7 1.0 0.2 dCH2,6CH3 3C-H(2),8C-H(1)
1325.3 0.0 0.0 13254 0.3 0.1 14 vC-H(1),vC-H(2)
1320.2 5.3 0.2 1320.3 5.4 0.3 3 3C-H(1)
1312.9 20.7 0.1 1312.7 19.1 0.1 dCH3,vsC-N-C

1300.1 5.6 0.7 1301.1 8.5 1.0 dCH2,6CH3 3C-H(2)
1297.1 2.2 0.3 1297.6 1.6 0.4 dCH2,6CH3 3C-H(2),8C-H(1)
1280.9 4.8 35 1280.2 3.8 4.3 dCH2

1258.1 66.1 1.0 1258.1 1084 1.8 9b 3C-H(1)
1251.4 58.4 10.4 1252.2 4.7 9.2 dCH2,

1232.1 3.3 0.8 1235.4 5.7 1.4 9a,6CH2,6CH3 8C-H(2),8C-H(1)
1214.6 51 0.6 1214.8 49 1.0 dCH2

1195.4 8.8 25 1194.1 9.7 2.6 v(C=C),6CH2

1180.6 447 1.0 1180.5 40.9 0.9 15 3C-H(1)
1174.9 8.7 0.1 11755 9.4 0.2 dCH3

11725 3.8 0.7 1170.3 1.9 0.5 9a 3C-H(2)
1165.7 6.0 0.4 1165.3 7.3 0.5 15 3C-H(2)
1141.4 13.3 2.0 1140.2 14.9 1.8 9b,6CH2,6CH3 3C-H(2)
1123.7 4.9 0.2 1123.6 6.5 0.3 9a 3C-H(1)
11175 10.4 0.2 1117.8 12.0 0.4 dCH3

1090.2 31.9 3.3 1091.2 26.9 34 vC-C(Ar3),6C-0O

1081 125 0.9 1081.5 17.3 1.3 8CH2,6C-O

1070.1 15.0 0.2 1070.3 18.6 0.3 dCH3

1066.7 15.0 0.6 1066.2 25.7 0.8 C-CH2-N(CH3)2

\itg




68P(S) 68P(R) Assignment

F. IRIntr. R.Ax F. IR. Intr  R.Ax

1056.9 45.3 0.2 1056.2 43.2 0.4 C-CH2-N(CH3)2

1052.6 60.1 0.5 1053 65.8 0.6 3C-0,6CH2

1037.2 9.1 0.2 1037.2 11.3 0.3 dCH2

1031.3 17.3 0.0 1031.3 14.8 0.0 18a,6CH2 3C-H(1)

1001 3.8 1.0 999.3 4.6 1.2 vC-C(Arl)

986.8 0.3 0.3 986.5 0.5 0.4 17a yC-H(1)

979.1 1.1 0.1 979.3 0.7 0.1 5 vC-H(2)

954.8 0.6 0.1 953.9 10.7 0.3 vC-C,y(0-C-C)

953.4 44.4 15 952.7 36.3 1.6 17a vC-H(1)

939.7 12.9 0.3 939.4 12.6 0.2 17b vC-H(2)

919.1 9.1 0.3 918.8 9.6 0.3 yC-H(2)

902.8 18.5 0.4 902.6 18.6 0.7 17b vC-H(2)

858.3 59.7 0.2 858.1 62.3 0.3 10a yC-H(1)

849.6 435 0.4 850.0 48.5 0.7 10b yC-H(1),yC-H(2)
844.4 229 0.8 843.8 16.6 0.9 10a,'C-CH2-N(CH3)2  yC-H(1),yC-H(2)
830.9 2.3 0.6 830.7 3.7 2.3 10a,vC-F yC-H(1)

829.3 14.6 33 829.2 14.7 1.7 10b vyC-H(1)

807.4 111 0.4 806.5 12.3 0.5 ;?C(I:E)Zz,SCHz yC-H(2)

782.8 12.0 1.2 783.2 10.4 15 10b,6CH2

751.4 44 1.7 752.5 4.2 2.0 RCH2 v(CCC)(2)

745.3 0.9 0.3 745.0 1.4 0.3 4 Y(CCC)(2),y(CCC)(1)
730.6 0.4 0.4 731.3 1.4 0.3 4,6CH2 y(CCC)(2),y(CCC)(1)
724.3 6.5 0.1 724.4 7.2 0.2 3(C-0-C)(2),8(C-C)(2)

649.7 1.3 0.6 649.6 1.2 0.9 6b 3(CCCY(1)

627.9 11.4 0.3 627.7 17.3 0.4 11,v(C-0) y(CCC)(2),y(CCC)(1)
613.6 452 0.2 613.5 38.7 0.2 v(CN

602.3 9.4 0.1 602.3 8.9 0.2 v(C-N),6a vy(CCC)(2),y(CCC)(1)
575.9 239 0.4 575.9 24.1 0.5 v(C-N),11 vyC-H(2),yC-H(1)
562.7 36.0 0.4 562.7 345 0.5 I'C-CH2-N(CH3)2,11 vyC-H(1),yC-H(2)
538.9 10.7 0.7 539.1 8.0 0.9 I'C-N,I'C-CH2-N(CH3)2

519 20.3 0.2 517.6 22.2 0.3 I'C-CH2-N(CH3)2

505.2 4.6 0.6 505.8 4.3 0.7 yCCC(2),y(CN)

462.2 9.4 0.2 462.2 11.2 0.3 16b yCCC(2),yCCC(1)
434.4 5.0 0.4 4345 6.0 0.5 16b yCCC(1),yCCC(2
426.0 0.6 0.0 426.0 0.3 0.0 16a yCCC(1)

423.0 0.8 0.1 420.4 1.9 0.1 16a yCCC(1)

418.2 6.6 0.3 418.0 5.8 0.3 16b yCCC(1),yCCC(2)
412.9 1.6 0.3 413.2 2.1 0.3 v(C-F),8(C-F) y(CCC)(1)

398.1 8.9 0.1 398.6 7.5 0.2 nCH3

377.4 10.8 0.2 376.6 12.1 0.1 pCN

344.1 8.4 0.1 344.7 9.7 0.2 yCH2

319.6 20.8 0.2 319.6 21.6 0.3 yCH2,yCF

295.8 10.4 0.1 296.2 119 0.2 pCH2,pring(1)
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68P(S) 68P(R) Assignment

F. IRIntr. R.Ax F. IR. Intr  R.Ax

273.6 6.8 0.1 277.1 5.9 0.1 pCH2,p CH3
245.6 1.6 0.1 259.9 1.8 0.1 dCH3

239.3 9.8 0.3 2434 9.1 0.2 3C-Cph

231.9 35 0.1 237.8 4.4 0.2 pCH3

202.2 12.6 0.1 201.6 135 0.1 pCH2,p ring(2)
184.1 4.2 0.2 182.4 5.2 0.1 pCH3,pCH2 ,y(C-CN)
172.5 7.2 0.2 172.6 7.5 0.2 v(C-N), pC2H4
160.8 39 0.1 161.3 1.8 0.1 yCF

137.7 245 0.2 136.4 275 0.1 pCH3,pCH2
132.9 36.0 0.2 133.2 355 0.4 pCH2,pCH3
114.8 229 0.1 114.3 19.5 0.1 pCCH3

82.3 4.0 0.4 83.5 44 0.5 I'ring(2)

713 245 0.4 71.2 23.6 0.7 I'ring(2)

60.6 11.7 0.1 59.9 9.6 0.2 pCH3

35.3 20.9 0.6 35.8 13.8 0.8 Iring(1)

31.9 29 0.0 311 7.9 0.2 pCH2

23.1 20.8 0.3 211 18.6 0.3 prings

18.51 1.0 18.1 16.8 5.0 0.9 pring(1)
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(Y-F) Jsoz ,o B3LYP/6-311G (d,p) s, 5l eoliciesl b HNMR 5 CNMR Loy &y
CNMR Gl )3 azye osbs g ol (lons el 25 ) TMS HNMR g yo s3be el 00 03 ]
b o (o )CHa

B3LYP/6-311++G (d,p) gebaaw 55 68P(S) S 55 CNMRy HNMR.Y-F Jgui>

oc/ppm on/ppm
68P(S) 68P(R) 68P(S) 68P(R)

Cl 147.442 147.577 H25 7.578 7.575
C2 128.120 128.280 H26 7.171 7.167
C3 132.125 132.094 H27 7.774 7.778
C4 138.352 138.285 H28 7.142 7.142
C5 120.872 120.871 H29 2.187 2.178
C6 171.923 171.949 H30 2.235 2.293
C7 43.033 43.126 H31 2.206 2.217
C8 121.777 121.783 H32 2.104 2.100
C13 101.227 101.265 H33 1.553 1.626
C14 44.245 45.130 H34 1.350 1.395
C15 156.771 156.485 H35 1.069 1.093
C16 150.147 150.206 H36 4.995 4.982
C17 17.830 18.150 H37 5.092 5.085
C18 74.339 74.189 H38 2.572 2.533
C19 63.504 63.363 H39 3.502 3.555
C20 131.355 131.404 H40 7.533 7.542
c21 133.059 133.191 H41 8.070 8.071
C22 119.110 119.078 H42 6.961 6.957
c23 120.056 120.023 H43 2.046 2.024
C24 43.319 43.480 H44 2.132 2.062

H25 2.149 2.141
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B3LYP/6-311G (d,p) gkaw 40 68P(S) wusS 5 JIS5 01y H-BDE ¥-f Jgu>
Hs (hartree) HyC (hartree) Hs? (hartree) AH(hartree) AH(kcal/mol)

68P(S)-1  -1059.1790 -0.4990 -1058.5578  0.1222 76.68
68P(S)-2  -1059.1790 -0.4990 -1058.5577  0.1223 76.74
68P(S)-3  -1059.1790 -0.4990 -1058.5585  0.1215 76.24
68P(S)-4  -1059.1790 -0.4990 -1058.5473  0.1327 83.27
68P(S)-5  -1059.1790 -0.4990 -1058.5475  0.1325 83.14
68P(S)-6  -1059.1790 -0.4990 -1058.5699  0.1101 69.09
68P(S)-7  -1059.1790 -0.4990 -1058.5174  0.1626 102.03
68P(S)-8  -1059.1790 -0.4990 -1058.5208  0.1592 99.90
68P(S)-9  -1059.1790 -0.4990 -1058.5169  0.1631 102.35
68P(S)-10 -1059.1790 -0.4990 -1058.5164  0.1636 102.66
68P(S)-11 -1059.1790 -0.4990 -1058.5198  0.1602 100.53
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Enomo -5.76 -5.76 -568 -6.70 -6.38 -6.34 -6.22 | -5.59
ELumo -1.97 -1.97 -0.95 -192 -1.02 -1.06 -1.14|-0.69
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® 12.22 12.22 854 1268 948 955 9.65 |7.78
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Rho =p DelSgRho
68P(S)
BCP C7 N11-H 0.26938 -0.70880
BCP C17 C19-H 0.23667 -0.51531
BCP C13 C14-H 0.24004 -0.53620
BCP C14 C17-H 0.23538 -0.51393
BCP N11 C19-H 0.26510 -0.68829
BCP C8 N12-L 0.47759 0.47759
BCP N11 C24-H 0.26926 -0.70862
RCP 010 C13 C15 C16 C18 0.04317 0.28666
RCP C2 C4 C22 C20 C16 C15-L 0.02196 0.15935
RCP 010 C13 C14 C17 C19 H39 0.00858 0.03918
RCP C1 C3 C23 C6 C5 C21 0.02187 0.15858
68P(R)
BCP C8 C9-H 0.24004 -0.53622
BCP C11C12-H 0.23668 -0.51534
BCP C9 C11-H 0.23539 -0.51395
BCP N7 C12-H 0.26510 -0.68828
BCP C5 N7-H 0.27001 -0.71113
BCP N7 C15-H 0.26938 -0.70882
BCP C44 N45-L 0.47759 -0.29605
RCP C33 C34 C36 C39 C37 C35-L 0.02196 0.15935
RCP C1 C2 C14 C4 C3C13 0.02187 0.15858
RCP C8 C9 C11 C12 H25 032 0.00858 0.03919
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Rho =p DelSgRho

RCP C8 032 C10 C34 C33 0.04317 0.28666
8PR

BCP C13 C23 0.24864 -0.58240

BCP C19 015 0.28059 -0.36977

BCP 015 C13 0.24399 -0.35913

RCP C9 C10 C24 C23 C11 N14 0.01892 0.11498

RCP C4 C7 C21 C22 C8 C19-H 0.02113 0.15501

RCP C12 016 C21 C22 O17-H 0.04873 0.32908

RCP C2 C5 C20 C6 C3 C18-L 0.02178 0.15815
FVX

BCP 02 C3 0.25667 -0.47096

BCP C1 02 0.25764 -0.45171

BCP C3C4 0.24961 -0.59089

BCP C4 C5 0.23986 -0.53614

BCP C5 C6 0.23262 -0.49969

BCP C7 N8-L 0.37304 -0.76850

BCP N8 09-L 0.32355 -0.41839

BCP 09 C10-L 0.24119 -0.38091

BCP C10 C11-L 0.25520 -0.62319

BCP C11IN12-L 0.26345 -0.68369

BCP C19 F21 0.27039 -0.29239

BCP C19 F20 0.27004 -0.30269

BCP C16 C19 0.26781 -0.69829

BCP C19 F22 0.26755 -0.33364

BCP H33 H40 0.01143 0.04730

RCP C13 C14 C15 C16 C17 C18-

H 0.02177 0.15908

RCP C6 C7 C13 C14 H40 H33 0.01141 0.05136
SRE

RCP C2 C3 C8 C7 C6 C5-H 0.02167 0.15662

RCP C10 C11 C12 C13 C14 C15-L 0.02179 0.15813

RCP C9 C10 C15 C16 C19 C20 0.01830 0.11509

RCP C14 C15 C16 N17 C18 H31 0.00755 0.03022
RFEX

C2 -F1-H 0.26606 -0.33999

F3-C2-H 0.26936 -0.29688

F4- C2-H 0.26911 -0.30061

BCP C5 C2 0.26884 -0.70179

BCP 011 C8-L 0.28498 -0.36164

BCP C12 O11-L 0.23753 -0.37631

BCP C13 C12 0.24492 -0.56445

BCP C13C14 0.24423 -0.56093
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BCP N15 C16 0.26535 -0.69438

BCP N15 C14 0.26745 -0.70141

BCP C17 C12 0.25204 -0.59831

RCP C5 C6 C7 C8 C9 C10-H 0.02152 0.15738

RCP C17 C18 C19 C20 C21 C22-L 0.02193 0.15990
SFX

BCP C2 F1-H 0.26676 -0.33538

BCP F3 C2-H 0.26821 -0.31159

BCP F4 C2-H 0.26957 -0.29193

BCP C2 C5 0.26906 -0.70316

BCP C8 O11-L 0.28293 -0.39050

BCP O11 C12-L 0.23778 -0.38563

BCP C12 C13 0.24321 -0.55589

BCP C13 C14 0.24240 -0.55171

BCP N15 C16 0.26424 -0.68674

BCP C14 N15 0.26663 -0.69664

BCP C17 C12 0.25307 -0.60311

RCP C5 C6 C7 C8 C9 C10-H 0.02156 0.15756

RCP C17 C18 CI}9 C20 C21 C22- 0.02189 0.15963
5-HT

BCP C5 09-H 0.27595 -0.37946

BCP C11 C15 0.25192 -0.59757

BCP C16 C15 0.24040 -0.53992

BCP C16 N17 0.25999 -0.67271

RCP C1 C2C3C4 C5C6-L 0.02084 0.15205

RCP C2 C3 C11 C12 N13-H 0.04930 0.33941
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Abstract

In this thesis, the molecular structure, vibrationtional spectrum and nuclear magnetic
resonance of two enantiomers of citalopram were investigated at B3LYP/6-311G** level
of theory. Then, the sensitivity of this molecule toward the autoxidation mechanism was
predicated by the bond dissociation energy for hydrogen abstraction (H-BDE). According
to the calculated H-BDE values, it was concluded that the hydrogens of N(CHz)2 group and
of its alkane chain are might be sensitive towards the autoxidation mechanism. To predict
the relative stability and reactivity for the title molecule, calculations of energies of frontier
molecular orbitals (FMOSs) in addition to the global chemical reactivity have been done.
Also, local reactivity properties have been addressed through molecular electrostatic
potential (MPE) and average local ionization energy (ALIE) surfaces. And then was
compared to the wvalues and surfaces of corresponding properties in  The
B3LYP/6-311++G** level of theory for SSRIs drugs. The results of this comparison
showed less hardness and more chemical reactivity for Citalopram than the those of
understudied drugs. Therefore, it might have more interactions with SERT proteins rather
than other SSRIs, resulting in a higher concentration of Serotonin in the synapticcleft.
The nonlinear optical property (NLO) of these SSRIs drugs were investigated and the
results indicated that all of them have good NLO properties and fluvoxamine molecule

(FVX) has considerable NLO properties rather than others.

Keywords: DFT, Citalopram, Serotonin Transporter, AIM, ELF, MEP, ALIE

AY



Shahrood University of Technology

Faculty of Chemistry
MSc Thesis in Physical Chemistry

Investigation of structure and
vibrational spectroscopy of citalopram
compound using theoretical
calculations

By: Mina Sabetghadam

Supervisor:

Dr. Zainab Moosavi-Tekyeh

January 2020



