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A Density Functional Theory Study of the Mechanism of Cu(ll)-
Catalyzed Synthesis of Pyrido[1,2-a]benzimidazoles

Du, Lijuan Wu, Caihong Gu, Honghong Li, Juan*
(Department of Chemistry, Jinan University, Guangzhou 510632)

Abstract The reaction mechanism of Cu(Il)-catalyzed synthesis of pyrido[1,2-a]benzimidazoles was theoretically investi-
gated with the aid of density functional theory calculations (DFT) at the B3LYP level. Five possible mechanisms for the syn-
thesis were proposed: (1) C—H-bond-breaking step preceding deprotonation of imino group, and finally C—N bond formation
(Pathway a), (2) deprotonation of imino group preceding C—H-bond-breaking step, and finally C—N bond formation (Path-
way b), (3) C—H-bond-breaking as the first step, then C—N bond formation preceding deprotonation of imino group (Path-
way c), (4) the anti-imino-cupration mechanism (Pathway d), (5) the Friedel-Crafts alkylation mechanism (Pathway e). The
calculation results indicate that the most favorable pathway involves C—H bond breaking by concerted meta-
lation/deprotonation (CMD), followed by N—H deprotonation along the triplet state and C—N bond formation (Pathway a). A
clear understanding of the reaction mechanism of pyrido[1,2-a]benzimidazoles formation should lead to more efficient syn-
thetic strategies.

Keywords density functional theory(DFT); Cu(II)-Catalyzed; C—N cross coupling; mechanistic study
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eafi b, KR T E IS AR T A C—H
T SUSE, 6 A% 2 A = B ik 1 8 R e 4
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PO N-8 B2 B M E 5 B WE JF[1,2-a] 2K F KL 2
TR, T AR SOSILEE.

Zhu's group:

[Cu(OAC),] (20 mol%)
[Fe(NO3)3-9H,0](10 mol%)

H PivOH (5 equiv.) AN
= i DMF, O,, 130 °C
N N
X Maes's group:
1 Cu(OAc),'H,0 (15 mol%) 2

3,4,5-TFBA (15 mol%)
DMSO, O,, 120 °C

B 1 K5F Maes BN IRBEIZAXT Cu(OAc), AL N-FRHE-2-
i ML E & P IE FF 1,2-a] 25 IR BT 7.

Scheme 1 Cu(OAc),-catalyzed synthesis of pyrido[1,2-a]-ben-
zimidazoles from N-aryl-2-aminopyridines developed by Zhu’s
group and Maes’s group
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Hofcu g

B2 Cu(OAc), ML N-REE-2- i HERHIE &5 BRI RE R [ 1,2-a] R F KL AT BE AL 3
Scheme 2 All possible mechanisms of Cu(OAc),-catalyzed synthesis of pyrido[1,2-a]benzimidazoles from N-aryl-2-aminopyridines
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Figure 1 Calculated energy profiles for pathway a (C—H-bond-breaking step preceding deprotonation of imino group, and finally

C—N bond formation)

The gas phase (in parentheses) and solvent-corrected free energies are given in kcal/mol
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Re-1-CMD-TS Re-1-Met-TS

Pathway a
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B2 4t ath C—HIEN—FW KN EZE P AR AW SO R T 9% 5

Figure 2 Relevant critical structures with selected structural parameters and atomic numbering schemes for the C—H breaking step of

Hydrogen atoms (except those linked to N atoms) have been omitted for clarity. Bond lengths are given in A.
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Figure 3 Relevant critical structures with solvent-corrected free
energies (kcal/mol) relative to the isolated catalyst and substrate
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A =EARE. WX 1, HESRERY, 4 RS
AR = FE AR, M 4-Re-TS AR E L = HAMK,
XM B3LYP Jrikit S Eh R — 2, MIMESE B3LYP J5
AT DAL AR R R R H A A R

1 EARFTEIE F A 4 71 4-Re-TS 43 I EHZS A
ZHEA ERERIL A BRE(DMC S 4 F SRR I E HIREDA
E 5, BB HAL keal/mol)

Table 1 Solvent-corrected free energies (kcal/mol) of 4 and

4-Re-TS in the singlet and triplet potential energy surface with
different computational methods, respectively
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Compd. B3LYP B3PW91 MO06
4(S) 0 0 0
4(T) —10.9 —99 —8.8
4-Re-TS(S) 2.1 1.1 1.8
4-Re-TS(T) 272 26.5 29.0
22 E#EDb

Wk 4, HEMEAT] Cu(OAc), 5 N-ZEFE-2-JFknt
e N &4, B 5.3 keal/mol fREE T % [l 44 Re-2,
RG24 2254 13.0 keal/mol RIS TCHR T A Re-2-TS
i N—H. #:% Re-2-Pro i 2z —/rTHJ AcOH 53 5.
M S B L C—H WS Re T ReE iR m, Al
WAMALR], FEAEB 7 — 7T Cu(OAc), ¥ 5
i Cu(IDEAE R Cu(In), BRI A/4K S-oxi. 2 )5
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5-0xi-CMD-TS F1 5-oxi-Met-TS =¥, fE225 %4 10.7
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$% 5-0xi-CMD-Pro Jlii 5 AcOH 153 4(T). 552
W ETE . B 4 7T LA H, 5-0xi-CMD-TS A2 M R
HLES, BAA b EIEE2N 44.8 keal/mol.

23 BfEc

WiEl 5, AT A B BE FE[1,2-a] R FEKME 1 5

C—H W%, A5 C—NIEK, &5 LR T
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