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Abstract

The C-H activation reaction can construct C—C and C—X bonds in one step, which has attracted the
attention of many researchers due to its atomic economy and green nature. Transition metal catalysis is one
of the main ways to achieve C—H bond activation, and palladium catalyzed reactions of this type are usually
widely concerned due to mild reaction conditions and wide substrate universality. Five membered
heterocyclic arylation products, such as aryl thiophene and aryl imidazole, are important components of the
molecular structure of many drugs. Therefore, exploring direct arylation reactions of five membered
heterocyclic compounds is of great scientific significance. This paper carried out the aromatization reaction
between brominated aromatic hydrocarbons and thiophene, the aromatization reaction between brominated
aromatic hydrocarbons and imidazole, and the aromatization reaction between chlorinated aromatic
hydrocarbons with low reactivity and imidazole under the palladium ligand catalytic system. The specific

content is as follows:

1. Based on the synthesis method of asymmetric pyridine bridging, a series of imidazole pyridine amino
acid ligands were synthesized. Five ligands were synthesized by introducing valine, glycine, tyrosine, leucine,
and carboxyl free isobutylamine, and their structures were characterized by nuclear magnetic resonance,

single crystal, and high-resolution mass spectrometry.

2. Using the aromatization reaction of 4-bromophenone with 2-methylthiophene as a model reaction,
the effects of raw material ratio, catalyst type and dosage, ligand type, solvent, etc. on the aromatization
reaction were investigated. The optimal reaction conditions for the palladium catalyzed C—H bond
aromatization reaction of thiophene were found to be 0.5 mmol of 4-bromophenone, 2 mmol of 2-
methylthiophene, 2.0 mol% of palladium acetate, 4.0 mol% of ligand L1, 1.5 equivalents of potassium acetate,
and N, N-dimethylformamide as the solvent The reaction was carried out at 120 °C and nitrogen atmosphere
for 24 hours, with a yield of 75 %. Under the optimal reaction conditions, substrate expansion was carried
out, and the substrate yield could reach up to 98 %. The substituted thiophene with electron withdrawing
groups obtained arylation products with high yields.

3. Using the aromatization reaction of bromobenzene with 1,2-dimethylimidazole as a model reaction,
the optimal reaction conditions for the palladium catalyzed aromatization reaction of imidazole with
bromobenzene were determined through a series of reaction conditions optimization, which were
bromobenzene 0.5 mmol, 1,2-dimethylimidazole 0.75 mmol, palladium acetate 2.5 mol%, ligand L1 2.5
mol%, potassium hydroxide 1.5 equivalent, solvent N-methylpyrrolidone, reaction at 110 °C, nitrogen
atmosphere for 24 hours, and a yield of 95 %. Under the optimal reaction conditions, substrate expansion can
be carried out, and brominated aromatic hydrocarbons containing electron withdrawing and electron donating
groups can be efficiently converted into target products, thereby obtaining a series of aryl imidazole

compounds.



4. Based on the C—H bond arylation reaction between brominated aromatic hydrocarbons and imidazole,
further explore the C—H bond arylation reaction between low activity chlorinated aromatic hydrocarbons and
imidazole. At a reaction temperature of 120 °C, chlorobenzene reacted with 1,2-dimethylimidazole for 24
hours and was separated by column chromatography. The yield of the target product reached 93%.
Subsequently, the functional group tolerance of the reaction substrate was explored, and the substrates
substituted by electron withdrawing and electron donating groups showed good reaction activity. Through
blank experiments, it was found that the carboxyl, amino acid, and imidazole structures in the ligand structure
have a significant promoting effect on the catalytic activity of the catalyst. For low activity chlorobenzene,
the yield of the target product can be increased from 25 % without the ligand to 93 % when the ligand

participates in the reaction. Finally, a possible reaction mechanism was proposed.

Key words: Palladium catalysis; Ligands; Thiophene; Imidazole; C—H bond arylation



BT ettt ettt e ettt n ettt enten s I
BN 1] 8 L ST II1
g O =5 PO 1
LB = T = 35O 1

[ O 0 1= AT 2

1.3 AL C—H BITL oottt 3
1.3.1 FAREAAIE AT CH BTG oo 4

1.3.2 5 KM 25 A4 I AR BC S AL ) CH BETEAL oo 5

1.3.3 MERE AR HEARAE AL T C—H BRI oo 8

1.4 AL I BENY C—H BT FEAL TN 1ovvveseeeeeeeee ettt 9

1.5 FEAEAL BRI CoH BETT TEAL L oo 11
1.5.1 FEAEAL I BRISE N-T5 AL oo 12

1.5.2 AEAG KR C2 A7 C—H BETT EE I oo 13

1.5.3 AEMEAIIDKIE C4 A7 C—H BETTFE I oo 13

1.5.4 AEAIKEIE C5 A7 C—H BETTEE I oo 14

1.6 FEITUIKIE ..ottt 22
-l Al e Y L N 23 e 2O 23
0 = =P RUUTUR TR 23
2.2 FEBALZE FLART oottt 23
221 B LRE oottt 23

2.2.2 FIRT oot 23

2.3 SEIREBIR oottt 24
2.3.1 WRME-IEIE - ZIE TR A e 24

232 ZRFE/INGE oot 26

233 FEIGER BTG oot 26

553 2 AR IENY C—H BETTFEAL UV oo 30
KT8 =1 =TT U TR 30
R e N | ST 30
321 FEEEALDE oot 30

322 FTETRT oottt 30

3.3 SZIRAE IR TLITI oot 31
3.3.1 AUEAHIEEYY C—H BT EEAL ST oo 31

v



QIR I =<t E ol TSRO 35

34 ZREEIINGE oot 37
R T TE S U TR 38
3.5.1 SZIEIDIE oottt 38
352 FEMIIGREEIIE «.coovoeeeeeeeeeeeee e 38
54 3 AVEIERARTT IR S DRI C—H B8 J7 AR o 43
=T =TT 43
A R (N 71 OO 43
B.2.1 FETALRE oottt 43
4.2.2 FBIRTI oottt 44
4.3 FIGLE T JETTIL oottt 44
4.3.1 FEAEALI DRI 5 IR IR C—H B8 I7 BB oo 44
B3.2 JEIFIFE oottt 50
N N OO 55
4.5 SEIGTE TR oottt 55
4.5.1 FEAEAR R R M 5 9RAR 55 R 1K) C—HE 48 5% FE AL S R SEB B IR 55
A.52 FEMIIGREEIIE «.ooooeeeeeee et 55
%5 3 ARSI RS DKIER] C—H B8 I7 AL oo 66
70 =1 =TT 66
5.2 FBLEE TLIRT oottt 66
ST R S VTR 66
5.2.2 FBIRT oot 67
5.3 BB TT I oot ettt 68
5.3.1 FUEAL R BRI S SR C—H 85 FAb SN SR AR oo 68
532 JERIIFTIE oottt 69
5.3.3 TEZUITIN coveeeeeeeeeeeeesee s es sttt 73
534 HLEEIRTT oottt en sttt 73
54 ZREEIINGE oot 76
5.5 BB TETE oottt n et 76
551 SZIETEFE oot 76
552 PEMIEIYE FLZEAE oottt 77
A s o TP 82
6.1 JEUEE <ottt 82
O == R 83



B P =8 20 BCAZR B P GV L oot 92
3 PR RSRTRRR 130
B 1 1 OO 131
BT R AR 0 2R 28 SCRITTEBZR v 132

VI



5 1 EXEERIA AAFREMIFILN

S

F1E XEkERIL

L1 RBHERENX

FICAIMEN A R AR T25 T AN, A T R4t
S RS R,y 15 DR N A B AR T A T, MU
ZR A NIRRT ISR BT A, ORI, ATHROR. WAL MRS
PR U, AFIRAJREE 10 AR R 0 A U 25 1 S O RTAE () 1-1);
Q- TEIS FTAE DLER A T 0 ) (IR, 0 2,5-XU(5- T -2 HEIF T sy ()
12y AT FE DAL . VSRR BB . EVA R SRR A T4 . BOBEL . BRI,
TR W RV IITO N . R S K MAER SR N T S U R 4 R
BIRE ST, RENS LS SRR TRAME, AR Mo kM R ISR R Ty T AT
TYRLAENEIEL S, 10 DNA. 2T FR), S0k S MR (2544 T4 A
R A AT I, B T T L SRR . BRIIENG et 5 KA I S A )
STOE 13). B, RIBTIAF LA B AL R S BB .

CHj H3C\O
o 0
ST\ S CHg N
OH N |/ on S N _
HC O
o} o) N \/\Q

ERIBIF WE I ST IR EIrRe
1-1 BEMRTAY)

Figure 1-1 Thiophene Derivatives

O
B
NS N CHs
H3C o) CH§H3
H5;C
H;C
] 1.2 2,5-X0(5- A0 T -2 23 e ey
Figure 1-2 2,5-Bis(5-(tert-butyl)benzo[d]oxazol-2-yl)thiophene



