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Name [LN [AF X' X |z Z Y
Salicylaldehyde 1 SA H H H H H
5-Bromo salicylaldehyde 2 5BSA Br H H H H
5-Chloro Salicylaldehyde 3 SCISA Ci H H H H
5-Cyano Salicylaldehyde 4 5CnSA CN H H H H
5-Nitro Salicylaldehyde 5 5NSA NO, H H H H
5-Hydroxi Salicylaldehyde & SHSA CH H H H H
5-Metoxi Salicylaldehyde 7 SMoSA CCH; |H H H H
5-Methel Salicylaldehvde 8 SMISA CH; H H H H
5-Etyle Salicylaidehyde 9 SEtSA C.H: H H H H
5-DiMethel Amin Salicylaldehyde 10 | SDMASA | N(CH):, | H H H H
5-Amino Salicylaldehyde 11 | SAmSA NH, H H H H
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oxoacetonitrile 14 | 2HOaN H CN H H H
(2-Hydroxyphenyle)nitromethanone 15 ZHNM H NO;, |H H H
Salicylic acid 16 | SaA H OH H H H
Methylsalicylate 17 | MS H OCH; | H H H
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6-Nitro Salicylaldehyde 24 | 6NSA H H NO, H H
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4-Cyano Salicylaldehyde 33 | 4CnSA H H H CN H
4-Nitro Salicylaldehyde 34 | 4NSA H H H NO- H
4-Hydroxi Salicylaldehyde 35 | 4HSA H H H CH H
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| LN I 8(0-H---0) | I'oH l Io.o |To.n |Tco Ic=C Icc Tc-0
1 14581 0984 | 2639 | 1.767 | 1.340 | 1.419 | 1.454 | 1.228
2 14541 0.984 | 2.640 | 1.770 § 1.339 | 1.417 | 1457 | 1.227
3 14542 0984 | 2.640 | 1.771 } 1.339 | 1.417 | 1.456 | 1.227
4 145,57 0985 | 2.631 | 1.759 | 1.333 { 1.420 | 1459 | 1.226
5 145.63 0.986 | 2.629 | 1.755 | 1.331 | 1.422 | 1.459 | 1.225
6 145.27 0983 | 2645 | 1.778 { 1344 | 1.413 | 1.454 | 1.228
7 145.38 0983 | 2641 | 1772 | 1.344 | 1.412 | 1.453 | 1.229
8 145.64 0984 | 2642 | 1.771 | 1.342 | 1.415 | 1.453 | 1.229
9 145.69 0984 | 2.642 | 1.771 | 1342 | 1.416 | 1.453 | 1.229
10 145.65 0984 | 2.642 | 1.770 | 1.34]1 | 1.417 | 1.454 | 1.228
11 145.22 0982 | 2651 | 1.785 | 1.347 | 1413 | 1.454 | 1.228
12 142.54 0.977 | 2.629 | 1.786 | 1.341 | 1425 | 1.460 | 1202
13 142.89 0.977 | 2.626 | 1.780 | 1.341 | 1.424 | 1.460 | 1.205
14 144.71 0.982 | 2.622 | 1.758 | 1.338 | 1.424 | 1.452 | 1.230
15 142.54 0.976 | 2.672 | 1.830 | 1.339 | 1.422 | 1.444 | 1.207
16 145.04 0.981 | 2.625 | 1.760 | 1.343 | 1.417 | 1.464 | 1.226
17 145.46 0982 | 2619 | 1.750 | 1.344 | 1.417 | 1.470 | 1.227
18 146.81 0.988 | 2.571 | 1.687 | 1.339 | 1.422 | 1.472 | 1.236
19 146.83 0.988 | 2.567 | 1.683 | 1.340 | 1.422 | 1.475{ 1235
20 147.38 0989 | 2.565 | 1.676 | 1.340 | 1.419 | 1.483 | 1.240
21 146.90 0988 | 2579 | 1.694 | 1.336 | 1.425 | 1.459 | 1.230
22 146.72 0.988 | 2.582 | 1.699 | 1.336 | 1424 | 1.458 | 1.230
23 145.87 0.987 | 2.604 | 1.728 | 1.335 | 1.417 | 1.460 | 1.227
24 146.32 0.989 | 2.565 | 1.682 | 1.333 | 1.421 | 1.469 | 1.228
25 147.29 0.988 | 2.597 | 1.709 | 1.337 | 1.423 | 1.452 | 1.233
26 147.42 0989 ( 2.589 | 1.700 | 1.337 | 1.420 | 1.451 | 1.234
27 146.80 0.987 | 2.589 | 1.706 | 1.339 | 1.423 | 1.453 | 1.232
28 146.91 0987 | 2584 | 1.700 | 1,339 | 1.424 | 1454 { 1.232
29 146.92 0.988 | 2.588 | 1.703 | 1.339 | 1.422 | 1.451 | 1.234
30 147.34 0.988 | 2.585 | 1.698 | 1.339 | 1429 | 1445 | 1.234
31 145.77 0985 | 2,637 | 1.764 | 1.338 | 1.419 | 1.453 | 1.228
32 145.91 0.985 | 2.634 | 1.759 | 1.338 | 1,419 | 1453 | 1.228
33 145.29 0984 | 2.639 | 1.770 | 1.337 | 1.418 | 1.459 | 1.226
34 145.07 0.984 | 2.638 | 1.771 | 1.336 | 1.418 | 1.460 | 1.225
35 146.75 0987 | 2.627 | 1.745 { 1.339 | 1.421 | 1.446 | 1.232
36 146.84 0987 | 2.626 | 1.743 | 1.339 | 1.419 | 1445 | 1.232
37 146.11 0.985 [ 2.638 | 1.763 | 1.341 | 1.417 | 1.450 | 1.230
38 146.06 0984 | 2.641 | 1766 | 1.341 | 1.418 | 1.451 | 1.230
39 147.35 0987 | 2.631 | 1.746 | 1.342 | 1.423 | 1440 | 1.235
40 147.25 0987 | 2.628 | 1.743 | 1.340 | 1.424 | 1.441 | 1.234
41 146.49 0986 | 2.626 | 1.747 | 1.333 | 1.420 | 1.456 | 1.227
42 146.38 0986 | 2,627 | 1.749 | 1.333 | 1.419 | 1.456 | 1.227
43 145.63 0986 | 2.626 | 1.752 { 1.330 | 1.418 | 1.458 | 1.226

SA




(V-Y) Jgaz dalsl

IN | &(O-H:--0) | I'on I Io.0 |To.H {Tco Ie-¢ Icec Tc-o

44 | 146.93 0.988 | 2.613 | 1.729 | 1.325 | 1.424 | 1458 | 1.226
45 144.45 0.985 | 2.631 | 1.766 | 1.350 | 1.408 | 1.454 | 1.229
46 | 146,16 0984 | 2.632 | 1.757 | 1.337 | 1.411 | 1.454 | 1.228
47 | 146.29 0985 | 2.631 | 1.754 | 1.343 | 1.417 | 1453 | 1.220
48 146.50 0985 | 2.628 | 1.750 | 1.344 | 1.416 | 1.453 | 1.229
49 147.77 0.987 | 2.609 | 1.720 | 1.343 | 1.414 | 1.453 | 1.230
50 | 145.49 0.985 | 2.630 | 1.758 | 1.349 | 1.409 | 1.453 | 1.229
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29 08 Wge 20305 & Logjo  chabo el g ke Tl )l (B soud Anuloe pi0lis (F-Y) Jouo
6-311++G** saly 4l b BALYP ghaus 4o f Sl 5 SAGLLS 5 4o

LN vo(em™) | vop(em™) | You(em™) | yop(em™) | 8 ippm
1 3421 2494 782 575 11.72
2 3426 2497 768 370 11.60
3 3427 2498 768 571 11.47
4 3398 2477 792 572 11.96
5 3382 2466 804 589 12.32
6 3446 2511 757 540 11.22
7 3435 2503 761 378 11.40
8 3426 2497 776 576 11,58
g 3427 2408 774 558 11.59
10 3424 2495 779 563 11.70
11 3461 2522 747 535 11.01
12 3560 2593 671 439 9.88
13 3547 2584 684 492 10.06
14 3458 2520 745 551 1146
15 3569 2600 688 497 10.14
16 3474 2532 745 550 10.82
17 3463 2524 745 551 11.11
18 3335 2432 828 619 12.68
19 3338 2434 830 610 12 88
20 3318 2419 827 600 12.49
21 3328 2427 823 602 12.86
22 3332 2430 820 605 12.63
23 3366 2454 794 386 12.37
24 3314 2417 842 608 13.03
25 3328 2427 824 596 12.60
26 3311 2415 832 601 12.77
27 3350 2443 821 605 12.65
28 3344 2439 823 593 12.56
29 3330 2429 829 399 12.47
30 3335 2432 823 594 12.51
31 3403 2480 781 566 11.72
32 3400 2479 781 568 11.89
33 3423 2495 774 566 11.85
34 3429 2499 768 549 11.66
35 3360 2450 801 385 11.96
36 3356 2448 804 588 12.06
37 3406 2483 784 568 11.67
38 3412 2487 783 571 11.61
39 3358 2868 805 681 11.80
40 3354 2446 807 587 11.88
41 3385 2468 795 584 12.22
42 3389 2471 786 580 12.16
43 3383 2466 791 586 12.35
44 3348 2442 309 598 1271
45 3397 2477 754 555 11.79
46 3409 2485 764 558 11.88
47 3399 2478 797 588 12.05
48 3397 2476 796 589 12.05
49 3350 2444 ‘ 821 606 12.49
50 3401 2480 777 572 11.84
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il glaial )l pzals b ANSA sxy NO; Bt L FF go,lod oS 5 wolS 5 5l aws
oS5 g 3ssded Ngey (s VYVIPPM 5 YYFA em™ uolie b e 4 Sumr 5 VoH
VA/AApPM 5 Y¥+cm pyolie b )i 4 SMOSA s ©OCH; Gidbrrad b $5 g0 Lot
Aigle by 50,0 Wig (p Sihend
5 NOz M5l b T (go,led oS 53 i oo (M5 jobo 4y (V1) Jpozr &) azgi L
ppm 4 YYV¥F cm’! s0lie b i 5 4 Bumr 9 VOH (sAub sle,iel,l L 6NSA o L Cosban
4 ol (39,00 CaomBge ;0 Br sl b \Yigelad S5 5 cu s shls VY /oY

At 59 )0 Siges (1 Sidenid ghyls YA ppm g YOF-om™ palie b oS

AIM 205 Juloxi g 49 325 5
o9y 3l ol (Glawlza ulis 5IO0-H 0 J5¥s0 (19,0 (59,868 Wigny Cunle Chasogi (sl
3l 9 Hace dacyy 2SIl JS 650 gamaails Vo o5 pgo 3ite p )b ganeils Jols AIM
ol b 03lizd BILYP/6-3L1HHGH* oy ;s HeO il coalai ;o Bpp o i3 u iges
5 Sia0ke® o (5550 Jgaz Cul 5o el 0ol &SIV (F-Y) Joaxr o T linie 9 SA ol s
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LN Enp Hpep Vp P
1 11.6 -0.0026 0.1268 0.0411
2 11.5 -0.0025 0.1262 0.0407
3 11.4 -0.0025 0.1261 0.0407
4 11.9 -0.0030 0.1279 0.0419
5 12.0 -0.0031 0.1281 0.0423

Y



(F-Y) ,_Jsu\s_- Sl

IN Epmp Hpcp Vp p
6 11.2 -0.0022 (.1252 0.0400
7 114 -0.0024 (0.1262 0.0406
8 11.4 -0.0025 0.1259 0.0407
9 114 -0.0025 0.1260 0.0407
10 11.5 -0.0025 0.1260 0.0408
11 10.9 -0.0019 0.1239 0.0393
12 10.7 -(.0010 0.1284 0.0383
13 11.0 -0.0013 0.1296 0.0390
14 12.0 -0.0026 0.1317 0.0417
15 9.4 -0.0001 0.1192 0.0350
16 11.8 -0.0024 0.1315 0.0413
17 12.3 -0.0028 0.1337 0.0424
18 15.3 -0.0064 0.1446 0.0499
19 15.5 -0.0065 0.1461 0.0503
20 15.7 -0.0067 0.1466 0.0508
21 14.9 -0.0060 0.1418 0.0490
22 14.6 -0.0057 0.1408 0.0484
23 13.2 -0.0043 0.1347 0.0451
24 15.5 -0.0066 0.1444 0.0504
25 14.1 -0.0052 0.1374 0.0473
26 14.6 -0.0058 0.1394 0.0484
27 14.3 -0.0053 0.1399 0.0476
28 14.6 -0.0056 0.1413 0.0483
29 14.4 -0.0055 0.1395 0.0480
30 14.6 -0.0057 0.1411 0.0484
31 11.7 -0.0028 0.1268 0.0414
32 11.9 -0.0029 0.1277 0.0418
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Abstract
In this research, molecular structure, vibrational frequencies, chemical shift of

proton and the analysis of the nature of the hydrogen bonding for the
salicylaldehyde (SA) derivations calculated by means of density functional theory
(DFT), and the quantum theory of atoms in molecules (QTAIM) for studying of the
strength of intramolecular H-bonding. Then the results compared with the
corresponding parameters in salicylaldehyde for investigation of effects of some
substituents on intramolecular hydrogenbonding. Also, the correlation between
some geometrical parameters and spectra data related to hydrogen bonding
investigated for these compounds.

The AIM calculations show for SA and their derivations, the laplacian of the
electron density (V2pscp) and total electron energy density (Hpcp) at bond critical
points (BCP) of H:--O distance have negative and positive values, respectively
(VzBCP<0 and Hpcp>0) , so these compounds have medium H-bonding. Geometrical
and spectra data show 6-nitrosalicylaldehyde, 6NSA, with the NO; group in meta
position with respect to the OH group and 2-Hydroxybenzoyl bromide, 2HBB, with
Br atom nearby C=O group have the strongest and weakest H-bonding than SA,
respectively.

The results show well linear correlations between the H-bond energy (Eyp) and
electron density at bond critical point with R?=0.995 and an approximately good

linear relationship between vOH, vOD and the proton chemical shift with

R?=0.925.

Keywords: Ssalicylaldehyde (SA), Intramolecular hydrogen bonding, Density
functional theory {DFT), Atoms in moleculas (AIM), Natural Bond Orbital (NBO).
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