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O ABSTRACT 0O

The 1,3-dipolar cycloaddition of the aryl azide and some its of derivatives with cyclohex-
2-en-1-one 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 are spontaneously to form two products, but all the reactions are very slow and one of
the products P1 is more spontaneous and faster than the other P2 , and 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 increases in negative values in order of 2,6-Cl, -4
NO2, 4-OCH3, 3-OCH3, 3-Cl, 2 -Cl, H-; 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-P1 transition state energy for all substitutes was lower than TS-P2 transition state
energy.

Key Words: 1,3-Dipolar Cycloaddition, Density-functional theory (DFT), Basic Set, Aryl
azed and some its derivatives.
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B3LYP/6-31g(d) 4l 4 gually 5asaal) Alaiaal) day ¥ slall miles A 1(2) Jsil)

day ) (slasl) glsdd 48Ul (59,8 «(hartree 5aalgy) cilla (1) Jgandl
(@OB3LYP/6-31g(d) 4ol 4 guadly 5580 KI MOl saalsy Alaiaall

Product P1 P3 P2 P4
E(hartree) -743.8409473  -743.8375456  -743.8368831  -743.8348263
AE (kJ mol™) 0 8.93 0 5.4

1 hartree = 2625.5 kJ mol™® o) 3@

5dhal) Jolall 41304 slgall ) dsaailly (AGY) (TS) AEmY) clally (Jolill (A,G) 8ad) Gams @l & sl :(2) Jgand
(kI Mol™) 43l Al b 6-310(d) dpmbaad) Ao gpanall alaiualy Adbidal) 4l i) kally

Substitute B3LYP B3PW91 MPWI1PW91 MPWI1PBE M062X
H
TS-P1 137.44 137.54 127.93 126.70 117.66
TS-P2 145.15 146.90 137.42 135.42 131.62
P1-adduct -5.01 -20.49 -42.49 -45.58 -67.72
P2-adduct 6.10 -10.14 -30.42 -33.54 -53.31
2-Cl (2) dsall g
TS-P1 139.48 136.01 130.60 129.58 125.80
TS-P2 140.69 136.56 131.57 130.49 131.96
P1-adduct -2.88 -21.90 -40.65 -43.49 -59.58
P2-adduct 2.33 -17.79 -34.89 -37.83 -52.53
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3-Cl
TS-P1 140.91 137.66 130.94 128.99 119.11
TS-P2 148.85 146.59 141.58 139.68 132.20
Pl-adduct -2.09 -21.79 -40.10 -43.92 -67.26
P2-adduct 7.53 -11.99 -29.16 -33.01 -53.02
2,6-Cl
TS-P1 137.75 133.53 128.98 127.87 123.86
TS-P2 142.13 138.77 133.83 132.90 131.55
Pl-adduct 6.58 -11.16 -27.01 -29.80 -50.83
P2-adduct 8.79 -10.46 -27.45 -30.31 -47.59
3-OCHjs
TS-P1 139.23 135.19 129.23 128.17 119.35
TS-P2 147.14 143.64 138.71 137.81 132.11
Pl-adduct -2.90 -22.03 -39.81 -42.69 -63.41
P2-adduct 5.49 -13.88 -30.15 -33.07 -51.65
4-OCH;
TS-P1 137.71 133.37 127.23 126.13 118.26
TS-P2 147.15 143.68 138.66 137.64 134.14
Pl-adduct -4.45 -25.67 -43.35 -46.23 -66.51
P2-adduct 6.84 -13.68 -30.94 -33.90 -50.26
4-NO,
TS-P1 138.50 134.12 128.61 127.59 120.17
TS-P2 148.94 144.90 140.45 139.44 135.41
Pl-adduct -4.18 -24.46 -41.81 -44.69 -64.24
P2-adduct 7.02 -13.89 -30.75 -33.72 -50.27
Atidal) Ay (gilhally §pa8a) Aung paal) Joliall B, Japish) 48l o :(3) Jgaad
(kI mol™ 3aaly ) 4l A & 6-31g(d) Lpaaladdl) s ganall )il
Substitute B3LYP B3PW91 MPW1PW91 MPWI1PBE M062X
H
Pl-adduct 83.54 80.33 73.88 72.92 62.02
P2-adduct 96.07 92.90 87.37 86.46 78.01
2-Cl
Pl-adduct 88.10 85.26 79.42 78.46 70.06
P2-adduct 92.34 88.62 83.56 82.54 79.94
3-Cl (3) Jyaall s
Pl1-adduct 82.74 79.63 73.32 72.37 62.37
P2-adduct 96.08 92.87 87.58 86.67 78.62
2,6-Cl
Pl1-adduct 87.22 84.26 78.54 77.62 68.73
P2-adduct 93.39 90.50 85.74 84.86 82.37
3-OCHj3
Pl1-adduct 83.93 80.70 74.36 73.37 62.83
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P2-adduct 96.18 92.89 87.38 86.45 77.48
4-OCH,
P1-adduct 83.90 80.48 74.08 73.09 62.39
P2-adduct 96.57 93.41 87.85 86.95 78.29
4-NO,
P1-adduct 81.54 79.28 73.39 72.53 62.90
P2-adduct -80.40 92.99 88.13 87.29 80.89
PELEA 3.1)}531\ és\,mg 3 a8al) ZMJJJAS‘ Jeaitl k Zu:)uS\ Culgh ‘a.-,é :(4) Jaad)
(L mol™ sec™ saaly ) 4l Alad & 6-31g(d) ula) Ao ganal) pladiuly
Substitute B3LYP B3PW91 MPWI1PW91 MPWIPBE  MO062X
H
P1-adduct 5.19x10%  4.97x10%?  2.41x10™%° 3.95x101° 1.52x10°
P2-adduct 2.31x10%°  1.14x10"°  522x10™% 1.17x10"  5.43x10™
2-Cl
P1-adduct 2.28x10%?  9.24x10*?  8.17x10 1.23x10"°  5.69x10™°
P2-adduct 1.4x10™ 7.4x10™% 5.54x10™! 8.57x10  4.73x10™
3-Cl
P1-adduct 1.28x10%?  4.74x10%?  7.14x10™ 1.57x10% 8.45x10°°
P2-adduct 52x10™  1.29x10®  9.76x10™ 2.1x10™% 4.3x10™
2,6-Cl
P1-adduct 459x10*  251x10M  1.58x10%° 2.46x10™%° 1.24x10°
P2-adduct 7.82x10"°  3.04x10%  2.23x10™ 3.24x10"  559x10™
3-OCH,
P1-adduct 252x10%%  1.28x10M  1.42x10™° 2.18x10° 7.67x10°
P2-adduct 1.04x10"  4.25x10°  3.11x10™% 4.46x10"  4.45x10™
4-OCH,
P1-adduct 4.66x10%  2.67x10™  3.19x10™° 4.96x10™%° 1.19x10°
P2-adduct 1.03x10°  4.18x10%"°  3.17x10™%? 4.79x10"%  1.96x10™
4-NO,
P1-adduct 3.38x10%?  1.98x10*  1.83x10™ 2.76x10™%° 5.51x10°°
P2-adduct 5.02x10™  2.56x10%®  1.54x10™ 2.31x10"  2.31x10™%

Dl Gl o mial cValaa) es dal e TS-PL 4llany) Al 4l of Lo (2) Jsaadl e Laady
Gl pile A (3) JSEN Gy Il pmse de Afipall cilaall JAlN G lldg (TS-P2 4y
&b s L yuall TS-PL 4wyl Alall 3 C1-N1 dlalll Jsh of (3) dSall e Jaadly 3 ¢oalay)
Lugyndl AV VAl en dal e @il 138 Lasgly (R=H sl 00 0.1A sa5 TS-P2 ddlawy) 4l

(s AY

Oe deliill o e aeyll og (P2 bl o lae Gaia] PL i) dal e lapiil) &8 o (3) Jsand) (e an
O 2 P25 PL Jal (e depudl il d5jiayy ([(4) Jsaadl] Tan ol Jelaal) of V) ¢ S cuaslall Jal
AR Al 8 A el eV alil aaea dal g P2 0S5 Jelis e 58S gl P1 JS Jelis
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Oillall 3all s A8l (o JSEN 138 e sl (R = H dal e clpiall AlpeSl Jiadl culs ANy

N1 y
N3 ¥
2. 11 . 2211
N3 e G»- Q
e ﬂl -y ol 2090
> $ Cl /e o
2 147 , “® c2* O
é¢ o 2 &
e - x‘ i -
p
® ¢ o
TS-P1 TS-P2

-MO62X/6-31g(d) 4ybaill ypaally 5asaall TS-P2g TS-P1 pilliiy) cyitlad) Ay :(3) Jead

A Qe ae Ajlaally cudal) it R = H dal ¢a (1,3) Glail) Jo il A ally ASualinga il galsdll s (5) Jgaad)

Gas heptane DEE THF ethanol  acetonitrile DMSO  water

€ 1 191 4.24 7.43 24.85 35.69 46.83 78.36
AGH(TS-P1) 117.66  121.98  125.67 127.27 128.96 129.20 129.33  129.50
AG*(TS-p2) 13162 13218 13238 13235 13222 132.20 132.18 132.16

AG(P1) 6772 6557 6376 -62.98 -62.15 -62.04 -61.98  -61.90
AG(P2) 5331 5304 5294 -52.94  -52.97 -52.98 52,98 -52.99
E.(P1) 62.02 66.35 70.03 71.63 73.33 73.56 73.69 73.86
E.(P2) 78.01 78.57 7877 7874 7861 78.59 7857  78.55
Koy x 101 152 26.5 5.99 3.14 1.59 1.44 1.37 1.28
Kopx 10 5.43 4.33 4.00 4.04 4.25 4.30 4.33 4.37
135
MTS-Pl MTS-P2
133
131
= 129
=]
;; 127
E 125
123
121
< '& c':& '\ 0@ 'b*\ '\\"\ &O q{b'\
NS @\ o ¥ & Q
& L

TSP2.5 TS-P1 opblliiy) cpillall 3ad) Gusa bl i Jabada 1(4) JS&)
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