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Investigation the Reaction Mechanism from Phenylacetaldehyde and
Benzylamine to Polysubstituted Imidazole Catalyzed by I,

Zhang, Lin“ Zheng, Yan’ Pan, Xiaoxiao* Li, Laicai™* Tian, Anmin’
(“ College of Chemistry and Material Science, Sichuan Normal University, Chengdu 610066)
(¢ College of Chemistry, Sichuan University, Chengdu 610064)

Abstract The reaction mechanism from phenylacetaldehyde and benzylamine to polysubstituted imidazole catalyzed by I,
was studied by the density functional theory. All of the reactants, intermediates, transition states and product were optimized at
B3LYP/6-314+G(d) level. The single point energy and zero point energy correction were calculated for the optimized con-
figuration of each compound at B3LYP/6-311+ +G(d,p) level. Transition states have been confirmed via vibration analysis
and intrinsic reactions coordinate (IRC), and nature bond orbital (NBO) and atoms in molecules (AIM) theories have been
used to analysis orbits interaction and bond natures. Our results showed that the activation energy of the rate-determining step
was 514.32 kJsmol ™' without I,-catalyzed, however, the activation energy of the rate-determining step was 145.94 kJemol '
with Ip-catalyzed. It indicated that I, catalyst promoted reaction effectively, and the C—H bond of ethyl of phenylacetaldehyde
was activated by I,. In addition, polarized continuum model (PCM) method was adopted to discuss the effects of solvation. All
calculations were consistent with experiments. It is predicted that the organic solvent dimethyl sulfoxide (DMSO) can effec-
tively improve the reaction yield.

Keywords iodine; polysubstituted imidazoles; reaction mechanism; solvation; density functional theory
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Table 1 The Gibbs relative free energy change AG of the compounds in the pathway
Species AG/(kJsmol ") Species AG/(kJemol ")
R1+2R2+2TBHP+2I, 0.00 IM16+P1+4HI+2H,0 —136.15
IM1+2R2+2TBHP+2I, 36.37 TS10+P1-+4HI+2H,0 —121.72
IM2+2R2+2TBHP+1, 32.34 P+P1-+4HI+2H,0-+TBHP —380.04
TS1+2R2+2TBHP+1, 42.25 R1-+2R2+2TBHP 0.00
IM3+HI+2R2+2TBHP+1, 20.42 M1+2R2+TBHP 35.88
IM4+HI+2R2+TBHP+1, 18.43 T1+2R2+TBHP 181.31
TS2+HI+2R2+TBHP+1, 141.20 M2+2R2+H,0-+TBHP —208.38
IM5+2HI+2R2+TBHP+1, 41.88 T2+2R2+H,0-+TBHP 305.94
TS3+2HI+2R2+TBHP+1, 187.82 IM6+P2+2R2+H,0+TBHP —281.83
IM6+P1+2HI+2R2+TBHP+1, —211.18 IM7+P2+R2-+H,0+TBHP —241.95
IM7+P1+2HI+R2+TBHP+1, —207.28 TS4-+P2+R2+H,0-+TBHP —132.94
TS4+P1-+2HI+R2-+TBHP+1, —98.27 IM8+P2+R2-+H,0+TBHP —254.55
IM8+P1+2HI+R2+TBHP+1, —219.88 TS5-+P2+R2+H,0-+TBHP —127.05
TS5+P1-+2HI+R2-+TBHP+1, —92.39 IM9+P2+R2-+2H,0+TBHP —292.28
IM9+P1+2HI+R2+H,0-+TBHP+1, —234.03 IM10+P2-+2H,0+TBHP —242.51
IM10+P1-+2HI+H,0-+TBHP-+1, —207.84 TS6-+P2+2H,0-+TBHP —112.20
TS6+P1-+2HI+H,0+TBHP+1, —77.53 IM11+P2+2H,0+TBHP —212.93
IM11+P1-+2HI+H,0-+TBHP-+1, —178.26 TS7-+P2+2H,0-+TBHP —87.43
TS7+P1+2HI+H,0+TBHP+1, —52.76 IM12+P2+3H,0-+TBHP —109.54
IM12+P1+2HI+2H,0+TBHP+1, —144.42 M3+P2+3H,0 —226.69
IM13+R1+2R2+TBHP+1, 12.06 T3+P2+3H,0 —62.28
TS8+RI1+2R2+TBHP+1, 150.23 M4+P2+4H,0 —449.00
IM14+R1+2R2+TBHP+1,+HI 106.65 T4+P2+4H,0 —429.77
IM15+P1+3HI+2H,0 —131.82 P1+P+P2+4H,0 —688.27
TS9+P1+3HI+2H,0 —27.85
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Figure 1 Geometric parameters of the compounds in the pathway (bond length in nm, BCP in a.u.)
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Figure 2 Geometric parameters of the compounds in the pathway (bond length in nm, BCP in a.u.)
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K2 KU AIEILEE AE (kJemol )1 A H A% AG (kJemol )
Table 2 The activation energies AE (kJsmol ') and the free energies AG (kJemol ") in the process

Soecics Gas CH;CN C,HsOH DCE DMF
¥ AE AG AE AG AE AG AE AG AE AG
IM2—TS1 4.41 2.61 5.10 7.22 3.70 2.12 4.01 1.57 8.66 8.66
IM4—TS2 147.49  156.17 127.28 136.68 128.66  131.07 130.82  136.09 127.19  127.19
IM5—TS3 155.95 154.50 154.71 153.52 154.92  153.76 155.37  155.10 158.39  158.06
IM7—TS4 101.94 111.43 89.73 95.69 90.05 96.14 88.90 98.60 89.73 89.73
IM8—TS5 125.81 126.83 102.85 106.46 103.39  107.09 105.71 107.89 102.80  102.80
IM10—TS6 147.40  151.27 123.71 144.68 123.46  149.34 121.88  138.76 123.94  144.13
IM11->TS7 149.31 153.21 125.01 131.37 119.69  137.25 124.02  122.43 124.68  124.68
IM13—TS8 138.14  148.50 142.04 152.63 141.44  153.38 139.27 147.94 142.54  142.54
IM15—TS9 85.39 102.60 89.24 37.47 89.27 114.05 88.05 114.55 88.93 102.30
IM16—TS10 11.90 21.27 14.74 22.18 14.68 19.44 14.88 20.68 14.55 14.55
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WA % TBHP 4> F IR~ 9)(P). WKL, IM13—
TS8—IM14 i e N it B2 R AL BEAR X A, Hob 49.58
kJemol ', S W REFEA A A HI AERE ST REA7AERT,
A DL IM14—TS8—IM13 o i Ji Ay il 8 5.
1.2 Jo L R ML FE

BATFBHET T EMAH L S5 RNV IR, %
N IRE UL Scheme 1, N L1 550U T BEVERE
PR ML A M1 i DU JeIR A T1 2
H,0 4P )44 M2, Ff i) 4k M2 e 4 T2 B2
BUT s> ¥ P2 FE K H R 44 IM6, IM6—IM 12 IX— it f 5
HWMS S e aME. BR 1 PR EE 8 A,
M2-T2—-IM6 B SAH A% I RE S 514.32
kJemol ', % S N I I 0 0 B A S L
TEALFIBE IR 2 .3k F1Y C—H 851k, (1 ik
IMS A TS3 320 [AlA IM6 ik Fit vh i ifs 241175
TLRE N 145.94 kJemol ', JHALEE BEFRAC. R4k IM12
L5 TBHP 454 P Ia)4A M3, B4l I8 4 T3 2 H,0
IR AR M4, R 1 BdEa T4 M3—-T3—
M4 i FEREALBE N 164.41 kJemol ™', a4 M4 283 i
A T4 B2 BT By 1 P1 AR ) P, i FEITE AL BE
N 19.23 KJemol . LLEZRIL, I IMI2 2= PR FE
o, S 5, IM135TS8—IM14 IR FE A A
Ho4 144.17 kJemol '; TJCHLS Sk, WALAE ikt
N M3—-T3—M4. ik, 30U LARShEE T
SN [FREAT
1.3 BEENM

HEE 1 FReEEEE T LA 1, ORI 44
IM1 e MR AR R, ek IM1 507 1, 25 6 T %
FrA A IM2 22 FE, BERTHR T 1.97 klemol ', W] [a]
& IM2 RERUGEAAAE. AT I, Z 5 R NI REH,
T FRATT L TR LR () 20 BT A B IMS—TS3—IM6 1 72
(R HE N 145.94 kJemol ', FWIRL4URU T BERI4AALL
FE 7 B i HOIE AL RE, Z R N D . AR 1 ]
LA, SAHKME R EMAR L, 25 kN, M2—
T2—M3 NiEE DR, ELAE N 514.32 KJemol ', 75
WAL IS LT, R R N AT IR S RIS RE, RNV AR
A BEE AT AN, AR T, 25 R N AT TS AL R R AR,
VLA L A SO T R S HEAT. 7R i1 0
JE LA AL P RS LR, IM6 4+ R2—IM7—TS4—IM8—
TS5—IM9—IM10—-TS6— IM11—-TS7T—IM12 T F 5 4
B, PIRRE DT SO D AN I R
1.4 BTN

TE G B AN E HEAT N SRR AR I, 4 Sl 3R B
T CH;CN, C,HsOH, DCE Il DMF U 7 HEA 75255,
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PRI T3%, 69%, 61%, 58%. {EAN AR H 1% [ i
PrAg = 2N, S T HRHE R E I RCR, AR
LA R, AELL E 4 BRI R ROV IS R
BES T T ASERRER 0T, R 2 RRAIIH T
RVEAC IR BE R RN [ RE k. R 2 B 75
FCAAE TR I FE S A REI AT T BRI, SRS
B AMAAT T i D8, o gk IMS—id
PEA TSI IR, ARSI N 0 BRI TG b e L s B2
T, 1K S0 Fr A e AR — 80, AR AL T3
DRI B R AR NS PR 2N ARSE, FATT)
THE R 550V

PATVR IR 75 55 /N0 126 S 00 2 A IR, S AR PR o)
PR, L 4 RS AR /N b DMF
(6.40)>CH;CN (6.20)>C,HsOH (4.30)>DCE (3.40), fi:
IS s W R oR, ROV I BT O, = ek
m, WA DMF @RI I T 22, O 7 EER b
F L FIRNZ N IR 52, BATTIEI T Mtk 7.20 4
HLEE 71— H I (DMSO) X 12 52 3 1) 3 45 25 B8 (H [) 44
IMS—I RS TS3)RAT VA, THAE 45 REH, IM5-TS3
T AE=154.61 klsmol ', AG=153.24 kJemol ', ¥
b DMF, CH;CN, C,HsOH, DCE %7 R i AeFn [
REARALAE /DS, Db FRATT AT DA ER S L F00, 12 s I 4 fif
i DMSO #5771 7] BEFR 15 B8 i 1 7= 6.

2 it

AR FH % vz R BB AE B3LYP/6-31+G*HE41 /K
PR AIETT T A A S AL R AR B R 2 A DK M ) AR S
NHLER, BFSCR BT BE M R N BIE Y R1—IM 1+
L—IM2—TS1—IM3+TBHP—IM4—TS2—IM5—TS3—
IM6+R2—-IM7—TS4—-IM8—TS5—IM9—IM10—-TS6—
IM11—TS7—IM12+1IM14 (TBHP+L—TS8—IM14)—
IM15—>TS9—IM16—TS10—P, X i W & 5t £ 1 fE 2>
Wras R, IM5—TS3—-IM6 & 1% e N s i b 1%, 1%
fb BE M 155.95 kJemol ' JCHLAE AL 7] 2 5 I N I,
M2—-T2—-M3 DI, iy 518.72 kJemol ',
VLT T, 5 NI, &SN LT ARk,
MTTRE— PRS2 T AT 1, A ROt 1% e b ik
7. AL AT CHUE L PR S B R, IM6—IM12 2
SEA—EL BATE T 4 P N FE sEm, ok
A RS S A s PR3, ¥
IM5—-TS3 LR, WHRML TGt Refs BRI, B
o P IR A RE /DT A CH;CN<CoH;OH<
DCE<DMF, 555645 (17225391 h 73%, 69%, 61%,
58%AH W) A AR s AR M AR R AE, FRATT AN ER 18 _F i
I, 3% 5N AT T DMSO W71 AT i 3545 5 i () 72 .
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BHLLE

3 HEHE

K% 5z ok BRS (DFT) i) B3LYP J5 ik, fF
6-31+G(d)FEZ KF R (1 %] MIDIX FE4), %l
AL SR % R A B AL IR AL B 1 22 AR IR e 2R
T RN A AR PR S R A T A
T AR A T P A ME— A, P B RO AR bR
(IRC) V5 DL B iz gl A3 43 M B — 2D BiE T IS M A
HPE, FHEAEM R FELLKCF 1 H AR HLiE (NBO)™
JHEAHT T35 R AR B A BAE . b T 3 st
SORERE, 46 6-3114 +G(d,p) R 20 /K P XA i 1 4%
HEWRAT TSR E SR e, A
ATM2000 F2 57PN T FH N ) B I S s5 (BCP) AT
IR J 55 (RCP) HLAaf %5 S5, 43 BT BB AE, 3l 3o 4 3 3
M5 3% 05 RE(ZPE) I HL R IE G () e .y T b s
K aE B RATAEAR A 3L 417K 7 N R B ¥4 % (SCRF)IE
By FAR IR (PCM) P50 g AL R ) P A Y 34T
TASHARA, o THEAMCEN. BB SR
Gaussian 09 P3R5 k.
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