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O ABSTRACT 0O

The 1,3-dipolar cycloaddition of the aryl azide and some its of derivatives with cinnamic
acid was studied theoretically using different methods of Density Functional Theory
(DFT): B3LYP, B3PW91, MPW1PBE, MPW1PW91 and M062X with the basic set 6-
31g(d). Most of the used levels of theories provide closed results qualitatively, and the
results of the level of theory M062X / 6-31g (d) show that these reactions in the gas state
carried out spontaneously to form several stable energy products; the products P1 and P2
are most stable, but all the reactions are very slow and one of the products P1 is more
spontaneous than P2 , but the formation reaction of P2 is faster.

On the other hand, when these reactions were studied with different solvents, it is found
that solvents to have no actual effects on the rates of these reactions.

The results of the level of theory M062X/6-31g(d) indicate that the Gibbs free energy of
the reactions for the substitutes of Aryl azide increases in negative values in order of 2,6-
Cl, 4-NO2, 4-OCH3, 3-OCH3, 3-Cl, 2 -Cl, H- for P1, and of 2,6-Cl, 4-OCH3, 3-OCH3, 2-
Cl, 4-NO2, -H, 3-Cl; i.e. the substitutes do not have a significant effect on the spontaneity
of reactions compared to the substitute —H. It was observed that TS-P2 transition state
energy for all substitutes was lower than TS-P1 transition state energy.

Key Words: 1,3-Dipolar Cycloaddition, Density-functional theory (DFT), Basic Set, Aryl
azide and some its of derivatives.
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Step (1) Step (2)
Product P1 P3 P2 P4
E(hartree) -933.3906367  -933.3862627  -933.3893689 -933.3852007
AE (k] mol™) 0 11.484 0 10.944
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Substitute B3LYP B3PW91 MPWI1PW91 MPWI1PBE M062X
H

TS-P1 151.16 150.57 140.78 139.38 123.49

TS-P2 142.81 143.46 134.48 133.24 121.74
P1-adduct -4.30 -21.13 -43.32 -46.57 -74.49
P2-adduct 1.41 -15.60 -38.17 -41.40 -70.23

2-Cl

TS-P1 151.72 146.55 140.95 139.84 125.58

TS-P2 135.84 130.90 125.32 124.28 110.43
P1-adduct -4.57 -26.89 -44.64 -47.70 -712.94
P2-adduct 1.81 -19.73 -38.54 -41.67 -67.09

3-Cl

TS-P1 153.73 149.17 142.19 140.25 122.01

TS-P2 140.28 135.84 128.72 126.71 114.81
P1-adduct -3.82 -25.33 -44.44 -48.32 -73.02
P2-adduct 2.52 -18.42 -37.77 -41.66 -73.04

2,6-Cl

TS-P1 152.75 147.78 141.73 140.58 127.72

TS-P2 135.19 130.92 124.17 123.07 111.18
P1-adduct -0.01 -21.46 -40.62 -43.70 -72.14
P2-adduct 12.19 -90.81 -28.22 -31.25 -60.07
3-OCH;

TS-P1 151.81 147.43 141.27 140.17 124.97

TS-P2 137.97 133.16 128.06 127.00 118.53
P1-adduct -4.29 -25.95 -44.19 -47.07 -70.96
P2-adduct 131 -20.43 -38.14 -41.18 -65.45
4-OCH;

TS-P1 150.46 146.13 139.84 138.69 124.73

TS-P2 138.70 134.02 127.06 126.04 119.38
P1-adduct -3.63 -24.53 -43.19 -46.18 -71.17
P2-adduct 1.34 -19.70 -38.39 -41.39 -66.63

4-NO,

TS-P1 152.85 147.77 141.65 140.55 126.29

TS-P2 142.50 132.04 125.73 124.65 112.74
P1-adduct -3.07 -25.43 -44.28 -47.40 -76.53
P2-adduct 0.58 -22.61 -40.66 -43.78 -69.02

85 (grad A g paall e Laill aan of MO6X/6-31g(d) dpybadll 4ysaally a8l A G® ard (e Jasdly
ases dal 5 P2 Ui e Bglaly 38T PL U< Jeld (5805 (P25 PL sl IS Jal e 458060
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AY) Vol pes Jal e dagull s3a culaa g 2y (R=H Jal (0 0.052A s TS-P1 dy) dllal)
gyl

Jal e R = H ol ae 458l e juss Jelail) 46005 & Cidle i e 555 ol & Laaf ans
P2 zlll Lo Les misl P1 bl Jaf e dapiisil) 43Ua G (3) Jsaad) e 2aadlys P2 5 P1 cppmilill <
ol 48U o3a Aed 3 cValidl Ll 05 (e AY) caladl g Jaf o
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Substitute B3LYP B3PW91 MPW1PW91 MPWI1PBE M062X
H

P1-adduct 97.08 93.73 86.82 85.82 65.98

P2-adduct 92.35 88.59 82.11 81.19 66.30
2-Cl

P1-adduct 101.16 96.85 90.55 89.49 72.23

P2-adduct 86.59 82.51 76.07 75.07 60.68
3-Cl

P1-adduct 97.23 94.07 87.28 86.30 67.13

P2-adduct 87.73 83.21 76.91 75.86 62.74
2,6-Cl

P1-adduct 101.47 97.83 91.18 90.17 71.98

P2-adduct 86.09 82.03 75.52 74.53 60.51

3-OCHgs

P1-adduct 97.34 93.94 87.06 86.04 66.80

P2-adduct 88.92 84.33 77.99 76.93 63.77

4-OCHg;

P1-adduct 97.46 93.96 87.10 86.07 67.10

P2-adduct 89.36 84.78 78.45 77.38 64.70
4-NO;

P1-adduct 96.87 94.14 87.56 86.63 68.16

P2-adduct 92.85 81.96 75.71 74.67 61.63
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dabiaal) 4 il sl 5)aka A aal) el il K Aspud) culgh ad :(4) Jgaadl

(L mol™ sec™ saaly ) &l Alad & 6-31g(d) Lpulay) Ao ganall )il
Substitute B3LYP B3PW91 MPWI1PW91 MPWIPBE  MO062X
H
P1-adduct 2.05x10*  2.60x10**  1.35x10™? 2.37x10™2 1.44x10°
P2-adduct 5.94x10%°  457x10"  1.71x10™ 2.81x10™ 2.92x10°°
2-Cl
P1-adduct 1.63x10%  1.32x10%°  1.26x10™? 1.97x10"  6.20x10™
P2-adduct 0.88x10%?  7.27x10*  6.91x10™° 1.05x107 2.80x107
3-Cl
P1-adduct 7.26x10%°  4.58x10**  7.65x10™° 1.67x10™2 2.62x10°
P2-adduct 1.65x10%?  9.90x10*?  1.75x10™° 3.93x10%° 4.79x10°®
2,6-Cl
P1-adduct 1.08x10%  8.02x10**  9.21x10™% 1.46 x10"  2.62x10™°
P2-adduct 1.28x10*  7.21x10™ 1.01x10° 1.71x107 2.07x107
3-OCH;
P1-adduct 157x10%  9.21x10**  1.11x10™% 1.72x10%  7.95x10™°
P2-adduct 4.19x10*?  2.91x10M  2.28x10%° 3.50x10%° 1.07x10°
4-OCHj
P1-adduct 2.72x10"  1.56x10™  1.97x10™? 3.14x10"  8.73x10™°
P2-adduct 3.13x10%?  2.06x10™  3.42x10™° 5.16x10%° 7.56x10°
4-NO,
P1-adduct 1.04x10™  8.03x10™*  9.50x10™% 1.48x10%  4.67x10™°
P2-adduct 6.73x10®  4.59x10"  5.84x10™° 9.04x10° 1.10x10”
; re N1
7 @ » l\?
4 , ¢
2.106 tm @ I~ 7 2.054 ?2.261 %
C2 -
e C2 Cl Sy we e X o e
“L’ . ¢ ¥
TS-P1 TS-P2

.MO062X/6-319(d) 4kl 4;paally sa0aal) TS-P2 5 TS-P1 il Gy cpillal) 4y 1(3) Jeil)
i i R = H Jal e Jelall € ally 4€ualinga i) Galgdll js (5) Jsaall o rclpdall 50 B
GEN) Gl §yal) (e A8la 55 (4) JSEN Cpy Gas (B Al ALl A5)le cudall  JleSH il

oo Adla o JSAN 138 (e Jaady (R = H dal (e cilydall J5L5eSh) J3ell el ANV TS-P2 5 TS-P1
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Gas heptane DEE THF ethanol  acetonitrile DMSO  water
g 1 191 4.24 7.43 24.85 35.69 46.83 78.36
AGH(TS-P1) 12349 124.36 12476  124.81 124.77 124.76 12475  124.74
AGH(TS-P2) 12174 122.35 122,78  122.93 123.06 123.08 123.09  123.10
AG(P1) -74.49 -75.19 -75.81 -76.12 -76.47 -76.53 -76.56 -76.60
AG(P2) -70.23 -71.66 -72.89 -73.43 -74.00 -74.08 -74.12 -74.18
Ea(P1) 65.98 66.86 67.26 67.31 67.27 67.26 67.25 67.24
Ea(P2) 66.30 66.90 67.34 67.49 67.62 67.64 67.64 67.65
Kpyx10%° 14.4 10.1 8.64 8.46 8.59 8.64 8.67 8.71
Ke,x10° 2.92 2.29 1.92 1.80 1.71 1.70 1.70 1.69
1255 - . <
125 ETS-Pl MTS-P2
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T 123
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