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 Twenty one multi-cinnamoyl-based analogs on the hexasubstituted benzene 

platform were synthesized and tested as a new group of synthetic inhibitors of 

HIV-1 integrase (IN). They were prepared from the Claisen-Schmidt 

condensations of 335 and the corresponding substituted benzaldehydes in various 

ranges of yields (3-49%). Partial demethylations of the methoxy groups on the 

flanking phenyl rings gave the free phenolic or catecholic moieties. The most 

potent compound 353 showed the inhibition activity against HIV-1 integrase in 

multiplate integration assay (MIA) with IC50 value of 3.5 μM. To understand the 

binding of these inhibitors to HIV-1 IN, the flexible models of selected 21 multi-

cinnamoyl compounds were computationally docked into the catalytic core domain 

of HIV-1 IN using Autodock 4.0 program. The obtained docking parameters, 

mainly hydrogen bonding and binding energy, can be used to explain biological 

activity of most compounds. In general, it is found that active inhibitors forms 

more hydrogen bonds with IN than inactive analogs.  
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CHAPTER I 

INTRODUCTION 
 

1.1 The human immunodeficiency virus-type 1 (HIV-1) 

 

Acquired Immune Deficiency Syndrome (AIDS) was first found in 1981 by 

Gottlieb and coworkers [1]. AIDS caused by human immunodeficiency virus type 1 

(HIV-1). The First human retroviruses (HTLV-I) were first reported in 1983 by 

Montagnier, Gallo and Levy [2]. AIDS remains a serious global health problem 

worldwide. World Health Organization (WHO) reported that there were 33.3 million 

people lived with HIV infections at the end of 2009 [3]. HIV-1 has three important 

enzymes in its replication processes, namely reverse transcriptase, protease and 

integrase enzymes. After viral entry, the viral RNA is transcribed into double strand 

DNA during reverse transcription. Next step integrase binds to specific sequences in 

long terminal repeat (LTR) region of viral DNA that results in a stable viral DNA 

integrase binding complex or pre-integration complex (PIC) which is transported to 

the nucleus wherein it is integrated the viral DNA into host cell DNA by the integrase 

enzyme. Transcription generates messengers RNAs as well as progeny virion RNA. 

Some viral RNA were synthesized viral protein and protease enzyme cut longchain 

protein to individual protein (Figure 1.1) [4]. 

 

 

 

 

 

 

 

 

 

 

Figure 1.1 Pharmacological targets during HIV-1 replication  
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Viral protein and genomic RNA and three importance enzymes are assembled 

and released by budding. Current AIDS treatments involve mixture of drugs targeting 

different binding sites of proteins essential in the viral life cycle [5, 6]. Three different 

classes of chemotherapeutic agents are available to block such replication: reverse 

transcriptase inhibitors (RTI) [7], protease inhibitors (PRI) [8] and, more recently, 

inhibitors of the viral fusion or integrase inhibitors (INI) [9]. RTI and PRI are well 

known for drug therapy. However, wide usage of these drugs rendered the appearance 

of resistant HIV-1 virus. Consequently, new targets and new mechanisms are needed 

to combat these emerging strains of HIV-1. The target potentially amenable to a 

selective chemotherapeutic intervention is the HIV-1 integrase (IN), an enzyme which 

has no counterpart in the host cell and catalyzes an essential step in the retroviral life 

cycle. HIV-1 IN is a 32 kDa enzyme that has 288 amino acid residues in three distinct 

domains. The N-terminal domain was analyzed by NMR technique, which includes 

residues 1-50 and contains a conserved Zinc binding motif including two histidine and 

two cysteine residues. The catalytic domain was analyzed by X-ray technique, which 

is responsible for catalytic activity as well as specific contact with viral DNA. It 

contains residues 50-212 that has three important residues such as D64, D116 and 

E152 (the so-called D, D-(35)E motif) which are required for catalysis. The C-

terminal domain was analyzed by NMR technique, residues 212-288 participate 

binding in DNA strongly but is not specifically (Figure 1.2) [4]. 
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Figure 1.2 Domain structure of HIV-1 integrase 
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The retroviral DNA integrase has its main function divided into two steps 

(Figure 1.3) [4]. 3'-Processing reaction step, two nucleotides are removed from each 

3' terminus of the blunt-ended viral DNA. The second step (strand transfer) integrates 

viral DNA into host cell DNA with Mg2+ or Mn2+ as a co-factor [9-16].  
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Figure 1.3 The different steps of integration 

 

In 1987, zidovudine (AZT) was the first drug for the treatment of HIV-

1/AIDS. Since then, more than 21 drugs have been approved by FDA of USA. These 

drugs could be divided into four classes: nucleoside reverse transcriptase inhibitors 

(NRTIs), non-nucleoside reverse transcriptase inhibitors (NNRTIs), protease 

inhibitors (PIs) and fusion inhibitors (Table 1.1-1.4) [4]. 
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Table 1.1 Nucleoside reverse transcriptase inhibitors for anti-AIDS drugs  

FDA approval Brand Name Generic name Manufacturer 

March 19, 1987 Retrovir Zidovudine (AZT) Glaxosmithkline  

Oct. 9, 1991 Videx, Didanosine (ddl)  Bristol-Myers Squibb 

June 19, 1992  Hivid Zalcitabine (ddC)  Roche Pharmaceuticals 

June 24, 1994 Zerit Stavudine (d4T)  Bristol-Myers Squibb 

Nov. 17, 1995 Epivir Lamivudine (3TC)  Glaxosmithkline 

Dec. 17, 1998 Ziagen Abacavir Glaxosmithkline 

Nov. 14, 2000 Trizivir 

 

Abacavir, Lamivudine, 

Zidovudine 

Glaxosmithkline 

 

Oct. 21, 2001 Viread Tenofovir DF Gilead Sciences 

July 2, 2003 Emtriva Emtricitabine (FTC) Gilead Sciences 

Aug. 2, 2004 Truvada Emtricitabine, 

Tenofovir DF 

Gilead Sciences 

Aug. 2, 2004 Epzicom Abacavir, Lamivudine Glaxosmithkline 

 

Table 1.2 Non-nucleoside reverse transcriptase inhibitors for anti-AIDS drugs  

FDA approval Brand Name Generic name Manufacturer 

June 21, 1996 Viramune Nevirapine Boehringer Ingelheim

April 4, 1997 Rescriptor Delavirdine (DLV) Pfizer 

Sept. 17, 1998 Sustiva Efavirenz Bristol-Myers Squibb 

 

Table 1.3 Protease inhibitors for anti-AIDS drugs  

FDA approval Brand Name Generic name Manufacturer 

Dec. 6, 1995 Invirase Saquinavir Roche Pharmaceuticals 

March 1, 1996 Norvir Ritonavir Abbott Laboratories 

March 13, 1996 Crixivan Indinavir (IDV) Merck 

March 14, 1997 Viracept Nelfinavir Pfizer 

Nov. 7, 1997 Fortorase Saquinavir 

Mesylate 

Roche Pharmaceuticals 

April 15, 1999 Agenerase Amprenavir Abbott Laboratories 
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Table 1.3 Continued 

FDA approval Brand Name Generic name Manufacturer 

Sept. 15, 2000 Kaletra Lopinavir, 

Ritonavir 

Abbott Laboratories 

June 20, 2003 Reyataz Atazanavir Bristol-Myers Squibb 

Oct. 20, 2003 Lexiva Fosamprenavir Glaxosmithkline 

 

Table 1.4 Fusion inhibitors for anti-AIDS drugs  

FDA approval Brand Name Generic name Manufacturer 

March 13, 2003 

 

Fuzeon Enfuvirtide (T-20) Roche Pharmaceuticals/ 

Trimeris 

 

1.2 Anti-IN activities of HIV-1 IN inhibitors 

 

Several families of HIV-1 IN inhibitors have been collected and identified into 

sixteen groups reported by Neamati and coworkers [17] such as nucleotides and 

guanosine quartets, topoisomerase poisons and other natural product inhibitors, DNA 

groove binders, lignanolides and related bis-catechols, caffeic acid phenyl ester 

(CAPE), CAPE-amides and other hydroxylated aromatics, tyrphostins, caffeoylquinic 

acid and related compounds, arylamides, bis-arylamides, hydrazides, coumarins, 

monomeric aurintricarboxylic acids, cosalane and cosalane analogs, depsides 

depsidones and related compounds, sulfonic acids and sulfonilamides and 

diarylsulfones [17]. 

Mazumder and coworkers studied on 3'-azido-3'-deoxythymidine (AZT) (1) 

and they found that AZT mono-, di- and tri-phosphate (2-4) exhibited strand transfer 

inhibition with IC50 value ranging from 100-150 μM while AZT was inactive (IC50 

value = 400 μM) (Table 1.5) [17, 18], compounds 5-9 that inhibited HIV-1 

replication [17, 19]. Many dinucleotides have been a platform for a sequence 

selectivity study of the IN inhibitors in which compounds 14, 16 and 18 showed an 

IC50 values below 10 μM for both 3'-processing and strand transfer inhibition, 

whereas compounds 15, 19 and 20 showed inactive an IC50 values of 100 μM (Table 

1.5) [20]. Compounds 27-36 represented the increased nucleotide unit to three and 
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four but did not markedly increase potency [20]. Compounds 37-40 were 

oligonucleotides composed entirely of deoxyguanosine and thymidine, known as 

guanosine quartets [21]. They showed IC50 values increased activitiy than the 

mononucleotides (Table 1.5) [20, 21].  
 

O
N

HN
CH3

O

OHO

N3 1
AZT  

 

Table 1.5 Nucleotides and guanosine quartets as HIV-1 integrase inhibitors 

IC50 (μM) 
Compound No. 

3′-Processing Strand transfer 
Ref. 

AZT 1 >400 >400 

AZTMP 2 200 20 

AZTDP 3 150 120 

AZTTP 4 300 150 

[18] 

D4TMP 5 110 ± 20 95 ± 15 [19] 

FdTMP 6 95 ± 15 70 ± 12  

L-ddCMP 7 50 ± 8 45 ± 10  

L-5FddCMP 8 46 ± 6 39 ± 4  

L-5FddCTP 9 68 ± 2 48 ± 10  

5′-CA 10 >132 60 [20] 

5′-pCA-3′ 11 105 ± 20 13 ± 5  

5′-pCC-3′ 12 15 ± 0.5 12 ± 5  

5′-pCG-3′ 13 71 ± 11 12 ± 2  

5′-pCT-3′ 14 8 ± 1 6 ± 1  

5′-pAA-3′ 15 >100 100 ± 30  

5′-pAC-3′ 16 6 ± 2 3 ± 1  

5′-pAG-3′ 17 15 ± 7 9 ± 4  
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Table 1.5 Continued 

IC50 (μM) 
Compound No. 

3′-Processing Strand transfer
Ref.

5′-pAT-3′ 18 7 ± 2 7 ± 3 [20]

5′-pGA-3′ 19 >100 100 ± 40  

5′-pGC-3′ 20 >100 100 ± 40 

5′-pGG-3′ 21 54 ± 34 12 ± 4 

 

5′-pGT-3′ 22 22 ± 1 7 ± 1 

5′-pTA-3′ 23 85 ± 21 18 ± 10 

5′-pTC-3′ 24 35 ± 17 37 ± 9 

5′-pTG-3′ 25 65 ± 35 31 ± 4 

5′-pTT-3′ 26 73 ± 27 53 ± 4 

5′-CAG-3′ 27 57 ± 12 53 ± 11 

5′-CTA-3′ 28 65 ± 15 25 ± 5 

5′-pCTA-3′ 29 27 ± 6 6 ± 2 

5′-pCTT-3′ 30 >100 13 ± 4 

 

5′-pCAT-3′ 31 >100 20 ± 4  

5′-pCAC-3′ 32 93 ± 19 27 ± 6  

5′-pCAA-3′ 33 42 ± 9 22 ± 5  

5′-pCAG-3′ 34 57 ± 11 15 ± 4  

5′-pGTC-3′ 35 40 ± 5 9 ± 1  

5′-pGTCA-3′ 36 32 ± 4 5 ± 1  

5′-GTGGTGGGTGGGTGGGT-3′ 37 0.08 ± 0.02 0.05 ± 0.01 [21] 

5′-GTGGTGGGTGGGTGGGT-3′b 38 0.11 ± 0.01 0.08 ± 0.07  

5′-GTGGTGGGTGTGGTGGGT-3′ 39 0.15 ± 0.03 0.13 ± 0.02  

5′-GTGGTTGGTGTGGTTGGT-3′ 40 0.76 0.61  

 

In 1993, Fesen and coworkers reported the topoisomerase poisonmerase 

poisons were DNA binders which act as inhibitors of IN such as compounds 41 and 

43 (Table 1.6) [22]. These two compounds inhibited IN at low micromolar 

concentrations. The compounds 45 and 46, natural products, were hydroxylated 
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aromatic compounds which also inhibited IN activity at low micromolar 

concentrations (Table 1.6) [22]. 

 

Table 1.6 Topoisomerase poisomerase poisons and other natural product as HIV-1 

integrase inhibitors 

IC50 (μM) 
Compound No. 

3′-Processing Strand transfer 
Ref. 

H3CO

O

O OH

OH O

CH2OH

OR

41 R =

42 R = H

O

OH
NH2

CH3

 

41 

 

42 

0.9 ± 0.7 

 

>100 

2.4 

 

>100 

 
[22] 

OH

O

O HN

HNOH

N
H

HO

H
N

HO

43  

43 3.8 ± 0.6 8.0 

 

OH

OH

O

O

44  

44 5.7 ± 2.7 2.5 

 

OHO

OH O
OH

OH
OH

45  

45 19.4 ± 9.9 11.0 ± 5.9  

HO

HO

O

O

46  

46 7 19  

N

H3CO

HN
NH2

47  

47 15.3 ± 3.6 3.6  
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Table 1.6 Continued 

IC50 (μM) 
Compound No. 

3′-Processing Strand transfer 
Ref. 

NCl

HN

CH3

N

48  

48 13.1 ± 10.0 5.7 [22] 

 

 Neamati and coworkers reported several bis-distamycins 55-58 identified as 

potent IN inhibitors at low nanomolar concentrations. They were DNA groove binders 

(Table 1.7) [23]. 

 

Table 1.7 DNA groove binders as HIV-1 integrase inhibitors  

IC50 (μM) 
Compound No. 

3′-Processing Strand transfer 
Ref. 

Spermine 49 >100 >100 

Spermidine 50 >100 >100 

[23] 

Net-CO-Neta 51 42.8 29.0  

Net-CO(CH2)2CO-Net 52 5.8 ± 1.6 7.5 ± 2.5  

Net-CO(CH2)9CO-Net 53 37.6 10.0  

Net-CO(CH2)10CO-Net 54 33.8 8.7  

Dist-CO(CH2)2CO-Distb 55 21 ± 8.5 9.5 ± 1.2  

Dist-CO(CH2)6CO-Dist 56 0.02 0.01  

Dist-CO(CH2)8CO-Dist 57 0.03 0.01  

Dist-CO(CH2)22CO-Dist 58 12.2 ± 0.3 8.0  

Distamycin 59 57 50  

N

N
H

N

N
H

OH

N
NH3C

H
60  

Hoechst 33258 

60 >100 >100  
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Table 1.7 Continued 

IC50 (μM) 
Compound No. 

3′-Processing Strand transfer 
Ref. 

H2N

HN N

NH

NH2

H

61  
DAPI 

61 >100 >100 [23] 

HN

H2N

O O

NH2

NH

62  

Pentamidine 

62 >100 >100 

 

H2N

HN
N

N

H

N

NH

NH2

63  
Berenil 

63 >100 >100 

 

aNet = Netropsin, bDist = Distamycin 

 

NH
2

NH

N

O

H

N

N
H

O

CH3

N

N
H

CH3

O
N
CH3

N
H

H

59 (Distamycin)

NH2

NH

N

O

H

N

N
H

O

CH3

N

N
H

CH3

R

Netropsin moiety (Net. in Table 1.7)

H2N N

NH

O
Netropsin; R =

 
 

 In 1996, Eich and coworkers isolated compound 64 from Thuja plicata 

DUNN., which were found to be in the class of lignans and lignaloids. Methoxy 

groups in ortho position of phenolic hydroxyls 64 can be demethylated by 

AlCl3/pyridine in dichloromethane to obtain the catechol structures 65 and 66. 

Compound 66, a lignanolide with two catechol substructures, was characterized by 

total inhibition of the 3'-processing step as well as of strands transfer IC50 value 

showed in Table 1.8. Compound 64 decreased the activity because it lack of catechol 

moiety on benzene ring of the structure [24]. The bis-catechols, α- and β-conidendrol 
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inhibited IN at submicromolar concentrations in which the catechol group increased 

the activity was reported by LaFemina. (Table 1.8) [25]. 

 

Table 1.8 Lignanolides and related bis-catechols as HIV-1 integrase inhibitors 

IC50 (μM) 
Compound No. 

3′-Processing Strand transfer 
Ref. 

64 >100 >100 [24] 

65 100 100  

O

H

H

R1O

R1O

OH
OR2

O

64  R1 =  R2 = CH3
65  R1 = CH3, R2 = H
66  R1 = R2 = H  66 21.4 ± 15.0 5.4 ± 4.0  

67 0.5 nda O

HO
OH

HO R

OH

67 R = OH
68 R = H  

68 1.7 nda 

 

[25] 

 

 

O

H

H

HO

HO

OCH3

OCH3

O

69  

69 7 nda  

HO
OH

NH+Br-
CH3

OH

OH

70  

70 1.7 nda  

71 >35 nda  O

H

H

RO

HO

OH
OR

O

71  R = CH3
72  R = H  

72 0.5 nda  

H
N

H3CO
OH

OCH3

OH

73  

73 >35 nda 

 

and = not determined 
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The caffeic acid phenyl ester (CAPE) 46 showed high activity in 3′-processing 

and strand transfer whereas CAPE amide, compounds 75-77, were less potent than 46. 

Such a high activity is perhaps appeared by hydroxyl moiety on phenyl ring increased 

hydroxylation of the phenyl ring such as compound 74 increased potency against IN 

activity (Table 1.9) [26]. 

 

Table 1.9 CAPE, CAPE-amides and other hydroxylated aromatics of HIV-1 integrase 

inhibitors 

IC50 (μM) 
Compound No. 

3′-Processing Strand transfer 
Ref.

HO

HO

O

O

46  

46 7 19 
[22, 

26] 

O

O

OH
HO

OH

OH
OH

HO

74  

74 0.8 ± 0.3 0.1 ± 0.1 
[22, 

26] 

75 >100 >100 

76 33 33 N
H

O
HO

HO

R1

R2

R3

75 R1 = R2 = R3 = H
76 R1 = H, R2 = R3 = OH 
77 R1 = R2 = R3 = OH  

77 nda 4 

[27] 

and = not determined 

 

Several tyrphostins compounds 78-84 were synthetic analogs that inhibited IN 

at low micromolar concentration. These compounds have catechol moieties which are 

required for the activity. The various lengths of the linker and aromatic ring 

substitutions were less critical for activity (Table 1.10) [28]. 
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Table 1.10 The tyrphostins as HIV-1 integrase inhibitors  

IC50 (μM) 
Compound No.

3′-Processing Strand transfer 
Ref. 

78 1.9 0.8 [28] 

79 0.4 ± 0.1 0.2  

80 0.8 ± 0.4 0.4 ± 0.3  

81 3.3 1.9  

82 0.7 ± 0.5 0.6 ± 0.1  

83 0.5 ± 0.1 0.2  

CN
N
H

O
HO

HO
R

N
Hn

O

CN

R
OH

OH

        n          R
78    0          H
79    0          OH
80    0          Br
81    0          NO2
82    2          OH
83    3          OH
84    4          H

84 1.4 ± 0.6 1.1 ± 0.5  

 

 The hydroxylated aromatics containing catechol moieties such as L-chicoric 

acid 86 had been reported to have antiviral activity and inhibit purified IN (Table 

1.11) [17, 29]. The dicaffeoylquinic acid derivatives 87-91 were considered potent 

inhibitors of IN, whereas the monomeric precursors, 85 and 93 as inactive (Table 

1.11) [17, 29-30].  

 

Table 1.11 Caffeoylquinic acids and related compounds as HIV-1 integrase inhibitors  

IC50 (μM) 
Compound No. 

3′-Processing Strand transfer 
Ref. 

O

O
HO

HO

H

= R
85  

85 >200 >200 
[17, 

29] 

HOOC COOH

R R
86  

86 0.15 ± 0.02 0.13 ± 0.08  

COOH

R R
87  

87 1.38 ±0.21 4.71 ± 0.96  

HO
OH

R COOH

R

88  

88 0.68 ± 0.08 1.08 ± 0.27  
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Table 1.11 Continued  

IC50 (μM) 
Compound No. 

3′-Processing Strand transfer 
Ref. 

R
R

HO COOH

OH

89  

89 0.79 ± 0.17 0.54 ± 0.17 
[17, 

29] 

HO
R

HO COOH

R

90  

90 0.25 ± 0.04 0.46 ± 0.15  

R
OH

HO COOH

R

91  

91 0.64 ± 0.2 0.66 ± 0.4  

HO
R

R COOH

OH

92  

92 9.5 ± 2.0 7.8 ± 1.4 [30] 

OH

HO

HO

COOH

R

93  

93 87.8 45.8  

 

 

Zhao and coworkers synthesized monohydroxylated arylamides compounds 

94-101 and tested their activities. Only compound 94 with catechol moiety on both 

sides showed higher activity than none-bearing monohydroxyl derivatives or ortho-

substituted analogs showed low activity with IC50 value up to 350 μM (Table 1.12) 

[31]. Moreover, compounds 103 and 105 containing protected hydroxyl groups 

showed no activity in 3′-processing and strand transfer compared to the free 

catecholic 105 and 107 (Table 1.13) [31]. 
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Table 1.12 Arylamides as HIV-1 integrase inhibitors 

IC50 (μM) 
Compound No. 

3′-Processing Strand transfer 
Ref. 

94 33.0 33.0 [31] 

95 >350 >350  

96 >350 >350  

97 >350 >350  

98 >350 >350  

99 >350 >350  

100 >350 >350  

N
H

O
R1

R2

R3

R4

R5

R6

        R1     R2     R3    R4    R5    R6

 94   OH    OH    H     H    OH   OH
 95    H      OH    H     H    OH    H
 96   OH     H      H     H    OH    H
 97   H      OH    H     H     H     OH
 98  OH     H      H     H     H     OH
 99  OH     H     OH   H    OH   OH
100  OH     H     OH   OH   H    OH
101  OH    OH     H    OH   H    OH  

101 >350 >350  

 

 

Table 1.13 Bis-arylamides as HIV-1 integrase inhibitors 

IC50 (μM) 

Compound No. 3′-

Processing 

Strand 

transfer 

Ref. 

102 0.98±0.5 0.81±0.1 

103 >200 >200 

104 0.23±0.05 0.11±0.07 

R1

R2

R3

N
H

O

N
H

O
R1

R2

R3
          R1      R2        R3

102   OH     OH        H
103  OCH3  OCH3    H
104    H       OH      OH
105    H       OCH3  OCH3

105 >200 >200 

[31] 

 

 

 Zhao and coworkers synthesized and studied activity relationship among N,N'-

bis-salicylhydrazine analogs (106-114). The results of decreased activities were found 

when the 2-hydroxyl group was replaced by a mercapto group in compound 107 or 

removed 2-hydroxyl in compounds 110 and 111 (Table 1.14) [32].     
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Table 1.14 Hydrazides as HIV-1 integrase inhibitors 

IC50 (μM) 
Compound No. 

3′-Processing Strand transfer 
Ref. 

106 2.07±0.75 0.73±0.13 N
H

O

N
H

R1

O

R2

         R1      R2

106  OH     OH
107  OH     SH  

107 9.1±3.7 5.8±1.3 

  

[32] 

 

N
H

O

N
H

OH

O

HO
108  

108 2.3±0.3 1.1±0.15 

 

N
H

O

(CH2)3

OH
109

N
H

O

HO

 

109 >200 >200 

 

110 >100 >100  N
H

O

N
H

R1

O

R2

         R1      R2

110   H       H
111   H       OH  

111 >100 >100 
 

N
H

O

N
H

OH HO
112  

112 6.7±0.8 5.2±1.5 

 

N
H

O

N

OH HO
113  

113 >100 >100 

 

 

 Mazumder and coworkers reported the tetrameric 4-hydroxycoumarin 115, 

coumarin group, has no catechol on benzene ring which showed IC50 value of 1.5 and 

0.8 μM against 3′-processing and strand transfer, respectively [33]. Zao and 

coworkers synthesized over 30 coumarins that displayed a structure-activity 

relationship among this class of inhibitors [34]. They found that a coumarin dimmer 

gave increased activity when there was a hydroxyl group on the aromatic ring (Table 

1.15) [33, 34]. 
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 Table 1.15 Coumarins as HIV-1 integrase inhibitors 

IC50 (μM) 

Compound No. 
3′-Processing 

Strand 

transfer 

Ref. 

O O

OH

OO

OH
C5H13

OH

C5H13

HO
114  

114 10.5 12.0 [33] 

115 

 

1.5±0.5 0.8±0.3  

116 

 

7.5±2.0 2.7±0.9  

O

OH

O

R

RR

R

O

OH

O

115

 R

O

HO

116

 R

117 

R

OH
O

117 0.4±0.1 0.3±0.3 [34] 

118 4.2±0.7 3.5±1.2  
O

R

O

OH

OO

OH

OHHO

118

R =

119

R =

 
119 7.0±0.1 1.8±0.5  

O O

OH

OO

OH

120

NO2

 

120 50 24  

 

 

 Compound 125 was monomeric aurintricarboxylic acid that inhibited HIV-1 

IN. Compound 127 was prepared and tested for their activity against IN and protease. 

Several such analogs inhibited IN at low micromolar concentrations which reported 

by Cushman and coworkers [35]. Neamati and coworkers reported the carboxylic 

group of compound 122 was replaced by nitro (121) or bromo (123) groups were 

without loss activity (Table 1.16) [30, 35-36].    
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Table 1.16 Monomeric aurintricarboxylic acids, cosalane and cosalane analogs as 

HIV-1 integrase inhibitors 

IC50 (μM) 

Compound No. 3′-

Processing 

Strand 

transfer 

Ref.

O2N

HO
NO2

NO2

OH
NO2

121  

121 49.7 43.9 [30] 

CH3
HO

HOOC

CH3
OH

COOH
122  

122 61.8 ±8.6 68.5±13.5  

Br

HO
Br

OH

Br

123

COOH
Br

 

123 25.6 27.2  

124 32.8 23.0  

OH

OH
HOOC R

COOH

OH
RR

HO

HOOC 124  R  = CH3
125  R  = H

 
125 10-50 nda [35] 

126 4 nda [36] 

R2

HO

R1O

Cl Cl

OH

R1 O
           R1            R2

126   NHOH      C5H12

127     OH

 127 7 nda  

128 25 nda  R

R

OH
COOHCl

R  =

R

R

128

129  

129 >100 nda  

130 2.2 nda [36] 

R
R

130  R'  = H
131  R'  = F

R'
R' H

 
131 2.2 nda  

and = not determined 
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 Nemati and coworkers reported non-catechol-containing natural products such 

as compounds 132-139, several lichen acids of the depsides and depsidones families, 

exhibited to inhibit IN activity at low micromolar concentrations. Compounds 132-

134 exhibited IC50 values of 2-6 μM against IN. Compound 135 showed moderate 

activity. Compounds 136-139 were yielded a variety novel inhibitors that searched of 

the NCI 3D database, which showed IC50 values below 10 μM (Table 1.17) [30]. 

 

Table 1.17 Depsides, depsidones and related compounds as HIV-1 integrase 

inhibitors 

IC50 (μM) 
Compound No. 

3′-Processing Strand transfer 
Ref. 

O
O

O

H O

HO
O

OH

OH

132  

132 4.6±1.6 6.5±3.9 [30] 

O
O

O

H O

HO

OCH3

133

Cl

 

133 2.2 1.6  

O
O

O

H O

H3CO

OH

134

O
O

HO
 

134 4.4 1.9  

O
O

OHO

OH

135
C5H11

O C4H9

 

135 42.2 28.1  

N

NOH

OH

OH

O

HO

O

136  

136 6.1 6.1  
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Table 1.17 Continued 

IC50 (μM) 
Compound No. 

3′-Processing Strand transfer 
Ref. 

NO2
Cl

HO
Cl

NO2

H
N

NO2
Cl

OH
Cl

O2N

137  

137 8.3 4.0 [30] 

N

N
H
N CH2

HO

O

O

2
138  

138 11.6 7.9  

O

CH3

O

OHHO

HO
139  

139 1.1 0.9  

 

 Compound 140 was polyanionic sulfonate suramin, the first inhibitor of IN 

reported by Carteau group [37]. Sulfonamides compounds 141-147 were reported by 

Nicklaus and coworkers [38] and diarylsulfones 148-159 were reported by Nemati 

and coworkers [39] which these compounds 141, 142, 151, 153 and 158 inhibited IN 

function at low micromolar concentrations as shown in Table 1.18 and Table 1.19. 

Sulfonamides and sulfones are interesting classes of compounds because sulfa drugs 

are well known antimicrobial agents for Pneumocystis carinii pneumonia, a leading 

cause of morbidity and mortality in AIDS patients [17, 39]. 

 

Table 1.18 Sulfonic acids and sulfonilamides as HIV-1 integrase inhibitors 

IC50 (μM) 

Compound No. 3′-

Processing 

Strand 

transfer 

Ref.

HN

O

CH3

NH
O

N
H

N
H

O

NaO3S

NaO3S
SO3Na

HN
O

H3C NH

O

SO3Na

SO3Na
SO3Na

140

140 0.25 0.09 [37]
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Table 1.18 Continued 

IC50 (μM) 

Compound No. 
3′-Processing 

Strand 

transfer 

Ref.

141 0.47±0.02 0.29±0.04 

142 3.4 ±0.8 2.7±0.4 

R1

SO3H

NH

R3

R2

O

H3C          R1     R2    R3  
141   OH   H     SO3H
142   H      NH2  H
143   H      H      H

 143 27.9±8.6 14.3±0.6 

[38]

S
S

HN

S

O

NH
O

O N

N

144  

144 28.6±11.6 14.0±9.7 
 

S
S

N

S

O

NH
O

O

145

N N

S CH3

 

145 24.0±8.2 19.0±8.3 
 

SN NH
O

O N

N

146

N
N
N

O

CH3 CH3  

146 49.0±9.5 23.6±1.9 

 

SHN NH
O

O N

N

147

CH3

O

N

N

CH3

H2N  

147 48.3±25.8 13.7±8.9 [38] 

 

 

Table 1.19 Diarylsulfones as HIV-1 integrase inhibitors 

IC50 (μM) 
Compound No. 

3′-Processing Strand transfer 
Ref. 

S
O O
1 1'

4 4'  

    

3,3′-(NO2)2,4,4′-(F)2 148 51.0±8.8 59.0±8.9 [39]  

2,2′,4,4′-(NO2)4 149 60.0 76.5  

4,4′-(N=NOH)2.2Na 150 6.5±3.0 6.1±0.9  

3,3′-(NH2)2,4,4′-(OH)2  151 4.5±3.0 4.9±3.0  
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Table 1.19 Continued 

IC50 (μM) 
Compound No. 

3′-Processing Strand transfer 
Ref. 

4,4′-[(NHN=C(CN)2]2 152 25.9±6.7 21.9±1.9 [39] 

3,3′-(CHO)2,4,4′-(OH)2  153 0.6±0.2 1.3±0.2  

3,4-(CO)2O,3′,4′-(CO)2O 154 20.9±1.7 18.6±2.0  

3,4-(COOH)2,3′,4′-(COOH)2 155 29.8±8.0 29.5±5.0  

3,3′-(NO2)2,4,4′-(COOH)2 156 55 83  

3,3′,5-(NO2)3,4,4′-(Cl)2 157 67.5±25.0 65.6±19.6  

3,3′-(NO2)2,4,4′-(SH)2 158 2.9±0.7 2.5±0.5  

3,3′-(NO2)2,4,4′-(OCH2COOH)2 159 70.0±3.2 64.2±14.5  

2-NO2,4-Cl 160 87.5 82.5  

 

Mazumder and coworkers synthesized eight curcumin analogs [40] following 

Pabon’s method [41] and tested their bioactivity against HIV-1 integrase (Table 

1.20). Curcumin derivatives 167 bearing catechol groups showed increased activity 

when compared to the parent curcumin 165.  

 

Table 1.20 Curcumin and related analogs as HIV-1 integrase inhibitors 

IC50 (μM) 
Compound No.

3′-Processing Strand transfer 
Ref. 

O O
R1

R2R4

R3

 

    

R1 R2 R3 R4     

H H H H 161 >300 >300 [40] 

H OH H OH 162 120 80±20  

H OCH3 H OCH3 163 >300 >300  

H OH OCH3 OH 164 140 120  

OCH3 OH OCH3 OH 165 150 140  

OCH3 OH OH OH 166 18.0±9.0 9.0±3.0  

OH OH OH OH 167 6.0±1.5 3.1±0.1  
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Table 1.20 Continued 

IC50 (μM) 
Compound No.

3′-Processing Strand transfer 
Ref. 

H3CO

HO

O O
OCH3

OH
168

168 >300 >300 

 

O

O
OH

OH

CO2HHO

HO

169  
Rosmarinic acid 

169 9.0±7 4.0±1.5 

 

 

Artico and coworkers synthesized various cinnamoyl-based structures and 

tested their inhibitory effect against HIV-1 integrase. They studied effect of 

conformations of cyclovalone analogs 170-174 and indan derivatives 175-177 (Table 

1.21). Compounds 178-181, forced into a syn arrangement by conformation factors, 

were synthesized as open-chain counterpart of 167-174. The effect of substitution 

pattern on chalcone derivatives 182-185 and the distance between two disubstituted 

benzenes were studied on 1,3-bis(cinnamoyl) benzene 193-194 compared to curcumin 

165 and curcumin analogs 167, 186-188. They found that cyclovalone analogs 170-

173 showed higher activity in 3'-processing due to the constrained and the presence of 

catechol of compared to curcumin analogs. Indane derivatives 175-177 both 

geometrically constrained in syn disposition, turned out to be active and moderately 

active, respectively. Chalcone derivatives 182 bearing 4-hydroxy on benzene of 

various ketones showed higher activity than dihydroxy groups 183 and non hydroxyl 

group bearing compounds 185. The results of 1,3-bis(cinnamoyl)benzene 190 also 

comphasized the importance of catechol group over the distance between two 

disubstituted benzene ring compared to curcumin analogs [42].  
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Table 1.21 Cinnamoyl-base derivatives as HIV-1 integrase inhibitors 

IC50 (μM) 
Compound No. 

3′-Processing 
Ref. 

X

O

OH
HO

OH
OH

 

   

X = CH2 170 0.9±0.1 [42] 

X = O 171 0.2±0.1  

X = S 172 0.2±0.1  

N

O

OH
HO

OH
OH

HH
Cl

173  

173 0.2±0.03  

O

OCH3

HO
OCH3

OH

174  

174 >100  

O

OH
HO

OH
OH

175  

175 1±0.2  

HO
OH

O

O

176  

176 3±0.5  

HO
OH

O

177  

177 86±5  

178 >100  

179 37±1.5  

180 0.6±0.3  

R1
R2

O

R3

R4

          R1         R2         R3          R4  
   
178  OCH3    OCH3    OCH3    OCH3 
179    OH      OCH3    OCH3    OH
180    OH      OH        OH        OH
181    OH        H           H         OH  181 >100  
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Table 1.21 Continued 

IC50 (μM) 
Compound No. 

3′-Processing 
Ref. 

182 1.3±0.6 [42] 

183 20±4  

184 >100  

O

R1
R2

R3

R4

          R1       R2      R3      R4  
   
182    OH      OH     H      OH 
183    OH      OH    OH    OH
184    OH       H      OH    OH
185    OH      OH     H       H  

185 2.3±0.9  

186 >100  

187 >100  

188 >100  

165 30±6  

R1

O OH

R4
R3R2

          R1         R2         R3          R4  
   
186  OCH3    OCH3    OCH3    OCH3 
187    OH       H           H          OH
188      H        H           H           H
165    OH      OCH3    OCH3    OH
167    OH      OH        OH        OH  167 0.7±0.3  

O

HO
OH 189  

189 >100  

O O

HO
OH OH

OH

190  

190 0.8±0.2  

O O

HO OH
191  

191 30±10  

 

Although compound 170 and related analogs endowed with potent inhibitory 

activity against IN enzyme assays, these compounds were found to be highly 

cytotoxic and totally ineffective in preventing the HIV-1 multiplication in acutely 

infected cells. In 2004, Costi and coworkers prepared and tested the biological activity 

of a series of catechol moiety that could be replaced by other 3,4-disubstituted 

systems (comprising with OH groups or without) (Table 1.22). They found that 

compound 230 showed the highest inhibitory activity in 3'-processing and strand 

transfer [43]. 
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Table 1.22 Curcumin-like derivatives as HIV-1 integrase inhibitors 

IC50 (μM) 
Compound No. 

3′-Processing Strand transfer 
Ref. 

Cl

Cl

Cl

Cl

O

192  

192 >100 >100 [43] 

Cl

Cl

Cl

Cl

OH

193  

193 >100 >100  

194 >100 >100  

195 9±2 9±2 

196 >100 >100 

197 >100 >100 

198 >100 >100 

199 0.5±0.2 0.9±0.4 

200 >100 >100 

201 >100 >100 

202 0.5±0.2 1.1±0.3 

203 >100 >100 

204 >100 >100 

205 1.7±0.3 2.2±0.3 

206 >100 >100 

R1

R2

R1

R1X

O

           R1       R2       X              
194     Cl         Cl      CH2
195     Cl        Cl       O     
196     Cl        Cl       S        
197     NO2    OH      NH 
198     OH      NO2    NH 
199     OH      OH     NCH3  
200     NO2    OH      NCH3 
201     OH      NO2    NCH3 
202     OH      OH     NC2H5 
203     NO2     OH     NC2H5  
204     OH      NO2    NC2H5
205     OH      OH     NCH2Ph
206     NO2     OH     NCH2Ph
207     OH      NO2    NCH2Ph  

207 >100 >100 

 

208 >100 >100 

209 >100 >100 

R1

R2

R3

R4X

OH

           R1       R2       X     
   
208     Cl         Cl      CH2
209     Cl        Cl       O     
210     Cl        Cl       S  

210 >100 >100 
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Table 1.22 Continued 

IC50 (μM) 
Compound No. 

3′-Processing Strand transfer 
Ref. 

211 0.3±0.1 0.5±0.2 

212 0.4±0.1 0.6±0.2 

213 0.5±0.1 0.4±0.1 

214 0.7±0.2 1.1±0.2 

215 1.4±0.4 2.3±0.6 

216 6.0±2.0 9.0±3.0 

HO

HO

OH

OHX

O

OH OH
211  X  = NH
212  X  = NCH3
213  X  = NC2H5
214  X  = NCH2Ph
215  X  = CH2
216  X  = O
217  X  = S  

217 0.7±0.2 0.5±0.1 

[43] 

HO

HO

OH

OH

O

OH OH
218  

218 1.6±0.3 0.9±0.3 

 

O
OH

HO

HO
O

219  

219 0.2±0.1 0.5±0.2 

 

O
OH

HO

HO

220  

220 0.3±0.1 0.7±0.2 

 

221 3.0±0.5 4.0±1.0 
NH

H
N XO

O

HO
OH

HO

221  X  = O
222  X  = S  

222 1.0±0.3 1.6±0.2 

 

223 0.2±0.1 0.4±0.15  

224 1.2±0.3 1.0±0.7  

225 0.2±0.1 0.3±0.1  

O

OHHO

R1 R1

R2O O
OH

           R1        R2   
           
223      H       C2H5        
224      H        H          
225     OH     C2H5   
226     OH      H

OH

 226 0.2±0.1 0.3±0.1  
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Table 1.22 Continued 

IC50 (μM) 
Compound No. 

3′-Processing Strand transfer 
Ref. 

227 2.8±0.4 4.3±1.0 

228 0.7±0.3 1.2±0.4 

229 2.6±0.2 1.9±0.5 

O

OH

R1 R1

OR2

O OH

           R1        R2   
           
227      H       C2H5      
228      H        H          
229     OH      C2H5   
230     OH      H

HO
OH

 
230 0.2±0.1 0.2±0.1 

[43] 

  

Comparing to curcumin, the boron complex 239 show much better inhibitory 

activity giving the IC50 value to be as low as 6 μM (Table 1.23) [44]. 

  

Table 1.23 Curcumin boron complexes as HIV-1 integrase inhibitors 

IC50 (μM) 
Compound No. 

HIV-1 HIV-2 
Ref.

H3CO

HO

OCH3

OH

O
H

O

165  

165 100 250 [44] 

H3CO

O

OCH3

O

O
H

O

231

C
O

C
O

 

231 >50 >250 

 

H3CO

HO

OCH3

OH

NO

232  

232 >100 300  

H3CO

HO

OCH3

OH

O
H

O

233
 

233 >100 600  
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Table 1.23 Continued 

IC50 (μM) 
Compound No. 

HIV-1 HIV-2 
Ref. 

H3CO

HO

OCH3

OH

OOH

234  

234 >100 nda [44] 

H3CO

HO

OCH3

OH

O
B

O
FF

235  

235 24 nda 

 

H3CO

HO

OCH3

OH

O
B

O
OO

O O

236  

236 28 20  

H3CO

HO

OCH3

OH

O
B

O
OO

O COOH
COOH

237  

237 36 65  

H3CO

HO

OCH3

OH

O
B

O
OO

NH
O

HN
O

238  

238 32 70  

H3CO

HO

OCH3

OH

O
B

O

OO
Cl

HO

H3CO

OH

OCH3

239  

239 6 5.5  
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Table 1.23 Continued 

IC50 (μM) 
Compound No. 

HIV-1 HIV-2 
Ref. 

H3CO

HO

OCH3

OH

O
B

O

OO

HO

H3CO

OH

OCH3

Cl

240  

240 inactive inactive [44] 

O
B

O

OO
Cl

241  

241 inactive inactive  

O
B

O

O

O
Cl

242  

242 inactive inactive  

and = not determined 

 

Ramkumar and coworkers synthesized novel boron-containing compounds 

and tested their INI activities (Table 1.24) [45]. Some of the compounds such as 251 

were found to increase the potency against HIV-1 IN and selective on integrase 

inhibition.  

 

Table 1.24 3-Acetyl-4-hydroxy-2-pyranone derivatives and their difluoridoborate 

complexes as HIV-1 integrase inhibitors 

IC50 (μM) 
Compound No. 

3′-Processing Strand transfer 
Ref. 

O O O O

OO
B

FF

OO
B

FF

243

NHEt3

 

243 13±8 7±2 [45] 
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Table 1.24 Continued 

IC50 (μM) 
Compound No. 

3′-Processing Strand transfer 
Ref. 

O O

OO
B

FF

244
N

 

244 >100 56±1 [45] 

O O

OO
B

FF

245
Br

 

245 12±6 4±2  

O O

OOH

246
Br

 

246 >100 >100 

 

O O

OO
B

FF

247
F

 

247 9±3 16±4  

O O

OOH

248
F

 

248 64 >100 

 

O O

OO
B

FF

249

S
N

 

249 >100 >100  

O O

OOH

250

S
N

 

250 19±4 11±6  

O O

OO
B

FF

251

S
Br  

251 9±2 3±2  

 



 

 

32

Table 1.24 Continued 

IC50 (μM) 
Compound No. 

3′-Processing Strand transfer 
Ref. 

O O

OOH

252

S
Br  

252 65±40 23±3 [45] 

O O

OO
B

FF

253

N

 

253 >100 >100  

O O

OOH

254

N

 

254 >100 >100 

 

O O

OO
B

FF

255
N

 

255 >100 100  

O O

OOH

256
N

 

256 >100 >100 

 

O O

OO
B

FF

257
O

 

257 11±3 4±3 

 

O O

OOH

258
O

 

258 >100 39±14  

O O

OO
B

FF

259

N

N

 

259 >100 >100  
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Table 1.24 Continued 

IC50 (μM) 
Compound No. 

3′-Processing Strand transfer 
Ref.

260

O O

OOH

N

N
 

260 >100 >100 [45] 

O O

OO
B

FF

261

O

N
 

261 >100 >100  

O O

OOH

262

O

N
 

262 >100 >100  

O O

OO
B

FF

263N
Br

O

 

263 >100 >100  

264

O O

OOH

N

O

Br

 

264 >100 100  

 

 

Compounds 265-282 were hydroxylated styrylquinolines. They showed potent 

activity by blocking the replication of HIV-1 in cell culture without significant 

cytotoxicity. Compounds 267-282 bearing carboxyl at C-7 and a hydroxyl at C-8 in 

the quinoline half gave the micromolar to submicromolar activities compared to the 

parent compounds 265 and 266 (Table 1.25) [46]. 
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Table 1.25 Styrylquinolines as HIV-1 integrase inhibitors 

IC50 (μM) 
Compound No. 

3′-Processing Strand transfer 
Ref. 

N
OH

OH265  

265 >100 nd [46] 

N
OH

266  

266 >100 >100 
 

N
OH

HOOC

267  

267 5.3 2.1  

N
OH

HOOC O

268  

268 1.9 5.1 
 

N
OH

HOOC S

269  

269 3.4 3.0 
 

N N
OH

HOOC

270  

270 4.1 11 
 

N
OH

HOOC

NO2271  

271 1.2 1.7 
 

N
OH

HOOC

NH2272  

272 3.5 2.2 
 

N
OH

HOOC

OH273  

273 1.6 1.6  

N
OH

HOOC

OH

OH

274  

274 2.4 1.0  
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Table 1.25 Continued 

IC50 (μM) 
Compound No. 

3′-Processing Strand transfer 
Ref. 

N
OH

NaOOC

OH

OH

275  

275 0.8 nda [46] 

N
OH

HOOC

OH

OMe

276  

276 2.8 3.7  

N
OH

HOOC

OMe

OH

277  

277 0.9 3.3  

N
OH

HOOC

OH

OH

OH278  

278 0.3 0.4 

 

N
OH

HOOC

OH

OH

OMe279  

279 0.7 1.7  

N
OH

HOOC

OH

OMe

OMe280  

280 4.9 4.5 

 

N
OH

MeOOC

OH

OH

281  

281 >100 >100 
 

N
OH

HOOC

OH

OH

282  

282 2.3 1.5  

and = not determined 

 

Medicinal chemistry efforts based on an understanding of the mechanism of 

action of such diketone acid (DKA)-based compounds 283-288 (Table 1.26) and the 

required pharmacophore led to the identification of raltegravir 289. Marchand and 
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coworkers studied the molecular interactions between DKA (283 and 284) and HIV-1 

integrase [47]. They have compared 5CITEP (285) with one of the most potent DKAs 

reported by Merck group (L-708,906) and found that compound 285 inhibited 3'-

processing and strand transfer with IC50 values of 35 µM and 0.65±0.19 µM 

respectively [47]. Moreover, compound 285 was successfully cocrystallized with 

the catalytic core domain of the enzyme. X-ray crystal structure of the complex 

showed that compound 285 was bound in the middle of the active site of the enzyme, 

lying between the three catalytic acidic residues, Asp64, Asp116 and Glu152, in the 

vicinity of the metal ion [14], whereas L-708,906 (286) is only active on strand 

transfer at 0.42±0.08 µM.  

Hazuda and coworkers studied L-731988 (287) as inhibitors of strand transfer 

with IC50 value of 0.007 µM (Table 1.26) [48]. Embrey and coworkers reported that 

L-870812 (288) inhibited strand transfer with an IC50 value at 0.2 µM [49].  

 

Table 1.26 Diketone acid as HIV-1 integrase inhibitors 

IC50 (μM) 
Compound No. 

3′-Processing Strand transfer 
Ref. 

N
H

Cl

O
O OH

O

DKA1
283  

283 65 0.52±0.10 [47] 

OO

O

HO
O O

O

OH

DKA2
284  

284 7.8±2.2 1.83±0.32  

N
H

Cl

O
O

N N
NH

N

5CITEP
285  

285 35 0.65±0.19  
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Table 1.26 Continued 

IC50 (μM) 
Compound No. 

3′-Processing Strand transfer 
Ref. 

O

O
O O

L-708,906

OH

O

286  

286 >100 0.42±0.08 [47] 

O

HOOC

O
N

F

L-731988

287  

287 >100 0.007 [48] 

N

N H
N

O

N
CH3O

N O
H3C

CH3

F

L-870812

288  

288 nda 0.2  [49] 

and = not determined 

 

In 2007, Raltegravir 289 (Table 1.27) was the first approved strand transfer 

inhibitor and is currently the only one drug against HIV-1 integrase for the treatment 

of HIV-1/AIDS. Miller and coworkers reported that compound 289 exhibited low 

nanomolar INI activity (IC50 of 2-7 nM) and strand transfer selectivity in vitro. It 

blocked HIV replication in a multiple-cycle replication assay with IC95 values of 

19±14 nM and 33±23 nM in the presence of normal human serum (NHS) [50-53]. 

Elvitegravir 290 is another candidate presently in phase III clinical trials [53, 54]. 
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Table 1.27 Raltegravir and elvitegravir as HIV-1 integrase inhibitors 

IC50 (μM) 
Compound No. 

Strand transfer 
Ref. 

H
N

OH
N

F

O

H
N

CH3H3C

H3C

O

NN

O
H3C

MK-0518
Raltegravir

289  

289 
33 nM (IC95) 

10 nM (IC50) 
[50-53] 

OH

OO

H
CH3

CH3

OH

O
H3C

F

Cl
Elvitegravir

290  

290 1.2 nM (IC90) [53, 54] 

 

1.3 Synthetic method studies 

 

Artico and coworkers synthesized various cinnamoyl-based structures and 

tested their inhibitory effect against HIV-1 integrase. For the synthesis of compounds 

169-171, 181-184 and 189-190,  the catechol part of 3,4-dihydroxybenzaldehyde  was 

protect by 3,4-dihydro-α-pyran in the presence of pyridinium p-toluenesulfonate to 

achieve 3,4-bis(tetrahydropyran-2-yloxy)benzaldehyde which reacted with various 

compounds having active methylene groups such as 2-propanone, cyclopentanone, 

cyclohexanone, 1,3-diacetylbenzene, 2,4-dihydroxyacetophenone, 2,3-dihydro-1-

indanone, 2,3-dihydro-1,3-indandione, and others using Claisen-Schmidt 

condensation. The crude chalcone-like derivatives from condensation were subjected 

to deprotection by hydrolytic cleavage in the presence of p-toluenesulfonic acid 

(Scheme 1.1-1.2) [42]. 
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R1

HO
OH

H

O

O

Pyridine PTSA O
O

H

O

O

O
Ba(OH)2

CH3OH

X

O

X = CH2, O, S

O
O

O

O X
O

O O

O

O

HO
OH

X
OH

OH

O

PTSABa(OH)2

CH3OH
CH3H3C

O O

O
O

O

O
O

O O

OPTSA

O O

HO
OH OH

OH

O O

H

O

Ba(OH)2
CH3OH

R2

O
O

O

O

O R1

R2
HO

OH

O R1

R2
PTSA

291

292

293  X = CH2
294  X = O
295  X = S

297

169  X = CH2
170  X = O
171  X = S

296         R1    R2
181  H     OH
182  OH  OH
184  H      H

298

189  

 

Scheme 1.1 Synthesis of various cinnamoyl-based structures 

 

HO

H

O

CH3H3C

O O

HO OH

O O

Ba(OH)2
CH3OH297 190  

Scheme 1.2 Claisen-Schmidt condensation into a 1,3-bis(cinnamoyl)benzene 

derivative 

 

Robinson and coworkers synthesized aromatic enones using Claisen-Schmidt 

condensation of various benzaldehydes condensed with various ketones under basic 
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condition which finally gave chalcone derivatives (Scheme 1.3) and tested via an 

established SVA cell proliferation assay [55].    

H

O

+
H3C

O O

10-40% KOH/EtOH

5-10 oCX XX X
            X
299      H
300      Cl
301    OCH3
302     NH2

            X
303      H
304      Cl
305    OCH3
306     NH2

            X
307      H
308      Cl
309    OCH3
310     NH2  

Scheme 1.3 Claisn-Schmidst condensation into enone derivatives  

 

 Jin and coworkers synthesized 2',4',6'-tris(methoxy) chalcone derivative 312 

from 1-(2,4,6-trimethoxyphenyl) ethanone using KOH in methanol (Scheme 1.4). The 

compound showed anti-inflammatory activity [56].   

OMe

MeO OMe

CH3

O OMe

MeO OMe

O

KOH/CH3OH
rt

H

O

311 312  

Scheme 1.4 Synthesis of 2',4',6'-tris(methoxy) chalcone derivative 312 

 

 Aponte and coworkers synthesized compounds 315-318, 321-325 from 

different series of acetophenones (Scheme1.5) [57]. 2,4,6-Trihydroxyacetophenone 

313 was transformed into using dimethyl sulfate. Then, the methyl group at the para-

methoxy group was remove using AlCl3 to obtain 2,4-dihydroxy-6-

methoxyaceptophenone 319 [58]. The hydroxyl groups were allyl bromide to give 

2,4-allyloxy-6-methoxy-acetophenone 320 [59]. Claisen-Schmidt condensation with 

the corresponding aromatic aldehydes in the presence of aqueous KOH gave the 

chalcone products [60]. After a mild deprotection procedure to remove the allyl-

protecting groups, using Pd(PPh3)4 and K2CO3, the resulting 2′4′-dihydroxy-6-

methoxy chalcones [61] were finally reduced to produce the corresponding 

dihydrochalcones [62]. Compounds 315-318, 321-325 were tested for in vitro anti-T. 

cruzi activity [57]. 
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OH

HO OH

CH3

O OMe

MeO OH

CH3

O

a b

OMe

HO OH

CH3

O OMe

O O

CH3

O

c

OMe

MeO OH

O

d d

R

OMe

O O

O

R

315  R = 4-OCH3
316  R = 3,4-O-CH2-O

OMe

MeO OH

O

R

f

321  R = 4-OCH3
322  R = 3,4-O-CH2-O

317  R = 4-OCH3
318  R = 3,4-O-CH2-O

OMe

HO OH

O

R

c

f

OMe

HO OH

O

R

323  R = 4-OCH3
324  R = 3,4-O-CH2-O

325  R = 4-OCH3

313 314 319
320

 
 

Scheme 1.5 Synthesis of compounds 315-318, 321-325; Reagent and conditions: (a) 

K2CO3, (CH3)2SO4, (CH3)2CO, 65 °C, 6 h. (b) AlCl3, benzene, reflux, 1 h. (c) K2CO3, 

allyl bromide, DMF, rt, overnight. (d) KOH, H2O, CH3OH, rt, 1-48 h. (e) K2CO3, 

catalytic Pd(PPh3)4, MeOH, 60 °C, 1 h. (f) catalytic Pd/C 5%, H2 gas, 250 psi, EtOAc, 

rt, 1.5 h. 

 

Maria and coworkers synthesized chalcones by Claisen-Schmidt condensation 

of various acetophenones and aromatic aldehydes (Scheme 1.6) and tested for anti-

inflammatory activity [63]. 
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Ar1 H

O
Ar2 CH3

O

KOH
Ar1 Ar2

O

N
H

Ar1

N

OH
O

O

N

OH

326

S

OH O OH

327S

332

331

Br CH2O

Ar2

OH
O OH

328
OH2CBr

O

OH O OH

329

O

Br CH2O
Cl

O

330
OH2CBr Cl

S

O
S

HO

NHHO  
 

Scheme 1.6 Synthesis of chalcone derivatives 

 

Mazumder and coworkers synthesized curcumin analogs by demethylation 

curcumin 165 using AlCl3 as catalyst to obtain curcumin analogs that bearing catechol 

moieties and tested their bioactivity against HIV-1 integrase [40].  

 

H3CO

HO

O O
OCH3

OH
AlCl3 / CH2Cl2
Pyridine

HO

HO

O O
OH

OH
+

H3CO

HO

O O
OH

OH

165

167166  
 

Scheme 1.7 Synthesis of compounds 166 and 167  
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Choksakulporn synthesized 1,3,5-triacetyl-2,4,6-trihydroxybenzene from 

phloroglucinol dihydrate using acethylchloride and AlCl3 under reflux condition to 

obtain 1,3,5-triacetyl-2,4,6-trihydroxybenzene 334 which was then methylateds into 

335 (Scheme 1.8)  [64, 65]. 

 

H3C

O

CH3

OOH

OH

H3C O

HO

Me2SO4
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Scheme 1.8 Synthesis of compound 335 

 

1.4 Docking studies 

  

Goldgur and coworkers studied the hydrogen bonding of 5CITEP 1-(5-

chloroindol-3-yl)-3-hydroxy-3-(2H-tetrazol-5-yl)-propenone binding with HIV-1 

integrase by X-ray crystallographic analysis (PDB code 1QS4) [14]. The essential 

amino acid residues of the enzyme, Gln148 and Glu152, interacted with nitrogen atom 

of the indole ring and enol hydroxyl of 5CITEP while Asn155, Thr66, Lys156 and 

Lys159 interacted with tetrazol by hydrogen bonding. Vajragupta and coworkers 

studied the interaction of curcumin with the active sites of HIV-1 integrase using 

molecular docking. The results showed hydrogen bonding between ligand and 9 

amino acid residues, Asp116, Asp64, Glu92, Thr66, His67, Lys159, Asn120, Ser119 

and Thr93 [66].  

Healy and coworkers used Autodock 4.0 to study L-chicoric acid (L-CA), a 

bis-catechol that has been identified as a potent inhibitor of HIV-1 IN. The results for 

L-CA and its tetraacetylated derivatives with both 1QS4 and mutant Q148A are 

summarized in Table 1.28 [67-69]. 
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Table 1.28 The results of 100 independent docking runs for the ligands L-CA and its 

tetraacetylated derivative with proteins 1QS4 and the mutant Q148A 

Ligand IN 

Protein 

Cluster 

Occ.a 

ΔGbind  

(kcal mol-1) 

Ki 

(µM) 

IC50 

(relative)b 

H-bonded 

residues 

L-CA (s-cis/s-

cis) 

1QS4 44 -8.1 1.1 1 Asp116, Gln148, 

Lys156, Lys159 

L -CA (s-cis/s-

trans) 

1QS4 29 -7.6 2.6 1 Thr66, His67, 

Asp92, Gln148, 

Lys156, Lys159 

L -CA (s-cis/s-

cis) 

Q148A 27 -6.2 31.7 20 Asp116, Ala148, 

Lys156 

L -CA 

tetraacetylated 

 (s-cis/s-cis) 

1QS4 33 -6.6 14.0 9 Thr66, His67, 

Gln148, Lys156, 

Lys159 
a Number of individuals in the top-ranked cluster 
b The relative values for L-CA with 1QS4 and Q148A are from [68] and the values for 

the tetraacetylated derivative of L-CA with 1QS4 are from [69] 

 

1.5 HIV-1 integrase assay 

  

  There are many reports on HIV-1 integrase inhibitory assay such as isotope labeled 

substrate and denaturing gel separation of reaction products which were used for 3′-

processing and strand transfer tested for HIV-1 integrase inhibitors [22] and non 

isotope technique is a method mimicking enzyme-linked immunosorbent assay 

(ELISA). This ELISA method is simple and can easily be adapted for high 

throughput screening of integrase inhibitors using DNA- coated plate [70].  

In this work the integration activity was evaluated according to the multiplate 

integration assay (MIA) method previously described by Tewtrakul and coworkers 

[71, 72]. Digoxigenin-labelled target viral DNA (20 base pairs) is allowed to integrate 

with the immobilized host-cell donor DNA (34 base pairs) in the presence of integrase 

enzyme and a potential inhibitor. If the sample inhibits IN enzyme, the viral DNA 

would remain separated and being washed away. On the contrary, if the sample can 

not inhibit IN enzyme, the integrated viral DNA can bind to the alkaline phosphate 
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labeled anti-dioxigenin antibody which is subsequently added and followed by adding 

alkaline phosphatase containing p-nitrophenyl phosphate. The bound phosphatase 

release p-nitrophenol which exhibits a yellow color that absorbs visible light at λmax 

405 nm. The weakening or absence of this absorption comparing to the control 

indicates the higher degree of IN inhibition potency. This method is simple, 

convenient accurate and does not require the centrifugation, electrophoresis or other 

DNA denaturation steps. This assay screens for both 3'-processing and strand transfer 

inhibitors and can be used without any exposure to radioisotopes. 

From the literature review, various structures of HIV-1 integrase inhibitors 

classes have been identified, including of hydroxylated aromatic or cinnamoyl 

analogues, such as bis-catechol (67), curcumin (165), curcumin analogues (167), 

various cinnamoyl-based structure groups (190, 191) which these compounds have 

various ketones linker and various substituted benzenes. Computational structure-

based design is a contributory tool for our understanding of the mechanism of 

integration, structural binding and identification of the action of the synthesized 

compounds. In this study, the effect on the activity of HIV-1 integrase inhibition from 

the number of cinnamoyl groups with various substitution patterns attached on the 

hexasubstituted benzene platform was probed. The anti HIV-1 integrase activity of the 

synthesized multi-cinnamoyl analoges were evaluated by the multiplate integration 

assay (MIA). Then, the molecular docking studies of selected compounds were 

performed to investigate the ligand-protein interactions responsible for the otained 

biological data. 

  

1.6 Objectives 

  

 This work aimed to synthesize new multi-cinnamoyl analogs and test their 

biological activity against HIV-1 integrase and study the binding of new multi-

cinnamoyl analogs to the active site of HIV-1 integrase by molecular modeling. 
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1.7 Scope of works 

 

 Synthesis of new multi-cinnamoyl analogs from 1,3,5-triacetyl-2,4,6-

trihydroxybenzene and 1,3,5-triacetyl-2,4,6-trimethoxybenzene [64, 65] are 

performed using base with various substituted aldehydes and partial demethylation on 

flanking phenyl rings by AlCl3 [40]. Their bioassay studies on HIV-1 IN inhibitory 

activity are carried out using the method reported by Tewtrakul and coworkers [71, 

72]. The binding studies of new multi-cinnamoyl analogs to the active site of HIV-1 

integrase enzyme are investigated by molecular modeling using molecular docking 

techniques (Figure 1.4).   
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Figure 1.4 Synthesis strategies, bioactivity and molecular docking 
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CHAPTER II 

EXPERIMENTAL 
 

2.1 Instrumentation 

 

The following analytical instruments were used throughout this work unless 

otherwise indicated. 

 The infrared (IR) spectra were recorded on FT-IR spectrometer model Nicolet 

6700 using an ATR mode, Nicolet flourier transform infrared spectrophotometer: 

Impact 410 (Nicolet Instruments Technologies, Inc. WI, USA) and Perkin-Elmer FT-

IR spectroscopy, spectrum RXI spectrometer (Perkin Elmer Instruments LLC., 

Shelton, USA).  
1H and 13C NMR spectra were recorded on a Varian Mercury 400 

spectrometer operating at 400 MHz for 1H and 100 MHz for 13C nuclei.  

Mass spectra were determined on a mass spectrometer model VG TRIO 2000. 

Samples were dissolved in solvent and directly injected 100 μL of the solution into 

the mass spectrometer. Alternatively, mass spectrum of a high molecular weight 

sample was analyzed by matrix assisted laser desorption ionization-time of flight 

technique (MALDI-TOF): Microflex mass spectrometer (Bruker Daltonik GmbH, 

Germany). The instrument was equipped with nitrogen laser to desorb and ionize the 

samples, deposited on a stainless steel target. The sample was pre-dissolved in 

acetone and mixed with matrix solution. 

 

2.2 Chemicals 

 

Thin layer chromatography (TLC) was carried out using precoated silica gel 

on aluminum sheet (E. Merck Kieselgel 60 F254 with layer thickness 0.25 mm Merck 

KgaA, Darmstadt/Germany). Flash column chromatography was performed using 

Merck Kieselgel 60 Art 9385 (230/400 mesh) (Merck KgaA, Darmstadt, Germany). 

All solvents were used as purchased or were purified by distilled prior to use. All 

other chemicals were used as purchased unless noted otherwise. 
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2.3 Methods 

 

2.3.1 Synthesis of 1,3,5-triacetyl-2,4,6-trihydroxybenzene (334) 

 

Phloroglucinol dihydrate 333 (1,3,5-trihydroxybenzene dihydrate) (5.0 g, 30 

mmol) was dissolved in excess acetyl chloride (50.0 mL) and anhydrous AlCl3 (20.0 

g, 15.0 mmol). The reaction was stirred under reflux for 1 h and was worked up with 

10% HCl and then extracted with dichloromethane (3x100 mL). Evaporation of the 

solvent under vacuum gave crude product which was recrystallized in methanol to 

give colorless needle crystals of 1,3,5-triacetyl-2,4,6-trihydroxybenzene 334 (5.9 g, 

76%). The reaction was showed in Scheme 2.1. 

 
OH

HO OH

333

AcCl, AlCl3

OH O

H3C

O

HO OH

OH3C

CH3

334  
Scheme 2.1 Synthesis of compound 334  

 

 1H-NMR (CDCl3) (δ, ppm): 2.72 (s, 9H, -COCH3), 17.16 (s, 3H, -OH); 13C-

NMR (CDCl3) (δ, ppm): 33.2, 103.3, 175.8, 205.2; IR (KBr pellet, cm-1): 1579 (C=C), 

1620 (C=O), 3426 (O-H); MS: [M+H+]; m/z = 252.98. 

 

2.3.2 Synthesis of 1,3,5-triacetyl-2,4,6-trimethoxybenzene (335) 

 

1,3,5-Triacetyl-2,4,6-trihydroxybenzene 334 (5.9 g, 23 mmol) was dissolved 

in acetonitrile and added excess dimethyl sulfate (13.5 mL, 95.4 mmol) and K2CO3 

(48.60 g, 352.0 mmol) and stirred under reflux for 13 h. The reaction was added with 

water 150 mL. The resulted precipitate was filtered, washed with cold water and 

crystallized from methanol to give 1,3,5-triacetyl-2,4,6-trimethoxybenzene 335 (6.0 g, 

88%) The reaction was showed in Scheme 2.2. 
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Scheme 2.2 Synthesis of compound 335  

 

 1H-NMR (CDCl3) (δ, ppm): 2.54 (s, 9H, -COCH3), 3.75 (s, 9H, -OCH3); 13C 

NMR (CDCl3) (δ, ppm): 32.6, 64.7, 127.2, 155.4, 200.4; IR (KBr pellet, cm-1): 1205 

(C-O), 1582 (C=C), 1708 (C=O), 2947 (C-H);MS: [M+H+]; m/z = 295.16. 

 

2.3.3 Synthesis of 1-(2-hydroxycinnamoyl)-3,5-diacetyl-2,4,6-trimethoxy- 

benzene (336), 1,3-bis(2-hydroxycinnamoyl)-5-acetyl-2,4,6-trimethoxybenzene 

(337) and 1,3,5-tris(2-hydroxycinnamoyl)-2,4,6-trimethoxybenzene (338) 

 

General procedure A: A mixture of 1,3,5-triacetyl-2,4,6-trimethoxybenzene 

335 (590.0 mg, 2.0 mmol) and 2-hydroxybenzaldehyde (920.0 mg, 7.5 mmol) in 

methanol (20.0 mL) were added dropwise into a well stirred suspension of 80% aq 

KOH (5.0 mL). The mixture was stirred at room temperature for 7 h, then was worked 

up with 10% HCl and extracted with ethyl acetate (3x50 mL). The organic extracts 

were collected and washed with brine (3x50 mL), and dried by Na2SO4 anhydrous. 

Evaporation of the solvent gave the mixture of mono- 336, bis- 337 and tris- 338 

condensed products which were separated by gradient chromatography on silica gel 

column (hexane/ethyl acetate, 70:30, 60:40 and 20:80) to obtain pure 336 (228.0 mg, 

28% yield), 337 (373.0 mg, 37% yield) and 338 (161.0 mg, 13% yield), respectively 

(Scheme 2.3). 
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Scheme 2.3 Synthesis of compounds 336, 337 and 338  

 

336: 1H-NMR (Acetone-d6) δ, ppm: 2.50 (s, 6H, -COCH3), 3.72 (s, 6H, -OCH3), 3.76 

(s, 3H, -OCH3), 6.90 (t, 1H, Har, J = 8.0 Hz), 6.97 (d, 1H, Har, J = 8.0 Hz), 7.19 (d, 

1H, -CH, J = 16.0 Hz), 7.26 (t, 1H, Har, J = 8.0 Hz), 7.64 (d, 1H, Har, J = 4.0 Hz), 7.80 

(d, 1H, -CH, J = 16.3 Hz). 13C-NMR (Acetone-d6) δ, ppm: 31.7, 63.3, 63.7, 116.2, 

120.1, 121.3, 124.9, 126.6, 127.7, 129.1, 132.3, 141.7, 154.9, 155.8, 156.9, 192.5, 

199.8; IR cm-1(ATR mode): 3456 (O-H st), 1682 and 1645 (C=O st); MS: [M+H+]; 

m/z = 399.85 

337: 1H-NMR (Acetone-d6) δ, ppm: 2.52 (s, 3H, -COCH3), 3.70 (s, 3H, -OCH3), 3.76 

(s, 6H, -OCH3), 6.96 (t, 2H, Har, J = 8.0 Hz), 6.97 (d, 1H, Har, J = 8.0 Hz), 6.98 (d, 

1H, Har, J = 8.0 Hz), 7.23 (d, 2H, -CH, J = 16.0 Hz), 7.28 (t, 2H, Har, J = 8.0 Hz), 7.64  

(d, 1H, Har, J = 8.0 Hz), 7.63  (d, 1H, Har, J = 8.0 Hz), 7.82 (d, 2H, -CH, J = 16.0 Hz). 

13C-NMR (Acetone-d6) δ, ppm: 31.7, 63.0, 63.3, 116.2, 120.1, 121.3, 124.8, 126.5, 

127.9, 129.3, 132.2, 141.6, 155.7, 156.6, 156.9, 192.6, 199.8; IR cm-1 (ATR mode): 

3159 (O-H st), 1706 and 1611 (C=O st). MS: [M+H+]; m/z = 502.85 

338: 1H-NMR (Acetone-d6) δ, ppm: 3.74 (s, 9H, -OCH3), 6.89 (t, 3H, Har, J = 8.0 Hz), 

6.97 (d, 3H, Har, J = 8.0 Hz), 7.25 (d, 3H, -CH, J = 16.0 Hz), 7.27 (t, 3H, Har, J = 8.0 

Hz), 7.63 (d, 3H, Har, J = 8.0 Hz), 7.84 (d, 3H, -CH, J = 16.0 Hz). 13C-NMR 

(Acetone-d6) δ, ppm: 63.1, 116.2, 120.1, 121.4, 124.8, 128.2, 129.5, 132.1, 141.6, 

156.6, 156.9, 192.7; IR cm-1 (ATR mode): 3153(O-H st), 1737 (C=O st). MS: 

[M+H+]; m/z = 607.11 
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2.3.4 Synthesis of 1-(3-hydroxycinnamoyl)-3,5-diacetyl-2,4,6-trimethoxy-

benzene (339), 1,3-bis(3-hydroxycinnamoyl)-5-acetyl-2,4,6-trimethoxybenzene 

(340) and 1,3,5-tris(3-hydroxycinnamoyl)-2,4,6-trimethoxybenzene (341) 

 

According to the general procedure A, 1,3,5-triacetyl-2,4,6-trimethoxybenzene 

335 (588.0 mg, 2.0 mmol) and 3-hydroxybenzaldehyde (488.0 mg, 4.0 mmol) in 

methanol (20 mL) were added dropwise into a well stirred suspension of 80% aq 

KOH (5 mL). The mixture was stirred at room temperature for 1 day to give a crude 

product which were separated by gradient chromatography on silica gel column 

(hexane/ethyl acetate, 70:30, 60:40 and 20:80) to obtain pure 339 (242.0 mg, 28% 

yield), 340 (148.0 mg, 14% yield) and 341 (43.0 mg, 3% yield), respectively (Scheme 

2.4). 
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Scheme 2.4 Synthesis of compounds 339, 340 and 341 

  

339: 1H-NMR (Acetone-d6) δ, (ppm): 2.53 (s, 6H, -COCH3), 3.73 (s, 6H, -OCH3), 

3.79 (s, 3H, -OCH3), 6.96 (d, 1H, Har, J = 8.0 Hz), 7.07 (d, 1H, -CH, J = 16.0 Hz), 

7.17 (s, 1H, Har), 7.20 (d, 1H, Har, J = 8.0 Hz), 7.29 (t, 1H, Har, J = 8.0 Hz), 7.46 (d, 

1H, -CH, J = 16.0 Hz), 13C-NMR (Acetone-d6) δ, (ppm): 32.6, 64.2, 64.5, 115.8, 

118.9, 121.2, 125.5, 127.5, 128.9, 130.9, 136.8, 146.9, 156.1, 156.8, 158.7, 192.9, 
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200.6; IR cm-1 (ATR mode): 3202 (O-H st), 1694 and 1617 (C=O st); MS: [M+H+]; 

m/z = 399.85 

340: 1H-NMR (Acetone-d6) δ, (ppm): 2.55 (s, 3H, -COCH3), 3.70 (s, 3H, -OCH3), 

3.77 (s, 6H, -OCH3), 6.95 (d, 2H, Har, J = 16.0 Hz), 7.08 (d, 2H, -CH, J = 16.0 Hz), 

7.19 (s, 2H, Har), 7.20 (d, 2H, Har, J = 8.0 Hz), 7.28 (t, 2H, Har, J = 8.0 Hz), 7.51 (d, 

2H, -CH, J = 16.0 Hz); 13C-NMR (Acetone-d6) δ, (ppm): 32.6, 63.9, 64.2, 115.7, 

118.9, 121.2, 122.2, 125.4, 127.5, 128.9, 130.9, 136.8, 146.9, 156.9, 157.5, 158.8, 

193.1, 200.7; IR cm-1 (ATR mode): 3292 (O-H st), 1691 and 1642 (C=O st);  MS: 

[M+H+]; m/z = 502.93 

341: 1H-NMR (Acetone-d6) δ, (ppm): 3.74 (s, 9H, -OCH3), 6.95 (d, 3H, Har, J = 8.0 

Hz), 7.09 (d, 3H, -CH, J = 16.0 Hz), 7.20 (s, 3H, Har), 7.21 (d, 3H, Har, J = 8.0 Hz), 

7.28 (t, 3H, Har, J = 8.0 Hz), 7.56 (d, 3H, -CH, J = 16.0 Hz); 13C-NMR (Acetone-d6) 

δ, (ppm): 63.9, 115.6, 118.9, 121.3, 125.4, 129.0, 130.9, 136.8, 146.8, 157.9, 158.8, 

193.2; IR cm-1 (ATR mode): 3246 (O-H) and 1629 (C=O);  MS: [M+H+]; m/z = 

607.02 

 

2.3.5 Synthesis of  1-(4-hydroxycinnamoyl)-3,5-diacetyl-2,4,6-trimethoxy-

benzene (342), 1,3-bis(4-hydroxycinnamoyl)-5-acetyl-2,4,6-trimethoxybenzene 

(343) and 1,3,5-tris(4-hydroxycinnamoyl)-2,4,6-trimethoxybenzene (344)  

 

According to the general procedure A, 1,3,5-triacetyl-2,4,6-trimethoxybenzene 

335 (588.0 mg, 2.0 mmol) and 4-hydroxybenzaldehyde (254.0 mg, 2.0 mmol) in 

methanol (10.0 mL) were added dropwise into a well stirred suspension of 80% aq 

KOH (6.0 mL). The mixture was stirred at room temperature for 1 day to give a crude 

product which were separated by gradient chromatography on silica gel column 

(hexane/ethyl acetate, 70:30, 60:40 and 20:80) to obtain pure 342 (399.0 mg, 49% 

yield), 343 (196.0 mg, 19% yield) and 344 (66.0 mg, 5% yield), respectively (Scheme 

2.5). 
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Scheme 2.5 Synthesis of compounds 342, 343 and 344  

 

342: 1H-NMR (Acetone-d6) δ, (ppm): 2.53 (s, 6H, -COCH3), 3.73 (s, 6H, -OCH3), 

3.78 (s, 3H, -OCH3), 6.92 (d, 2H, Har, J = 8.0 Hz), 6.97 (d, 1H, -CH, J = 16.0 Hz), 

7.45 (d, 1H, -CH, J = 16.0 Hz), 7.61 (d, 2H, Har, J = 8.0 Hz); 13C-NMR (Acetone-d6) 

δ, (ppm): 31.7, 63.2, 63.6, 116.0, 125.2, 126.0, 126.6, 130.8, 146.4, 154.9, 155.8, 

160.4, 191.9, 199.8; IR cm-1 (ATR mode): 3394 (O-H st), 1691 and 1626 (C=O st);  

MS: [M+H+]; m/z = 399.84 

343: 1H-NMR (Acetone-d6) δ, (ppm): 2.52 (s, 6H, -COCH3), 3.66 (s, 3H, -OCH3), 

3.74 (s, 6H, -OCH3), 6.90 (d, 4H, Har, J = 8.0 Hz), 6.95 (d, 2H, -CH, J = 16.0 Hz), 

7.47 (d, 4H, Har, J = 8.0 Hz) 7.60 (d, 2H, -CH, J = 16.0 Hz); 13C-NMR (Acetone-d6) 

δ, (ppm): 31.7, 62.9, 63.2, 115.9, 124.8, 125.2, 125.9, 126.6, 130.8, 146.5, 155.6, 

156.4, 160.4, 192.2, 199.9; IR cm-1 (ATR mode): 3360 (O-H st), 1700 and 1629 (C=O 

st); MS: [M+H+]; m/z = 502.80 

344: 1H-NMR (Acetone-d6) δ, (ppm): 3.70 (s, 9H, -OCH3), 6.90 (d, 6H, Har, J = 8.0 

Hz), 6.96 (d, 3H, -CH, J = 16.0 Hz), 7.51 (d, 3H, -CH, J = 16.0 Hz), 7.61 (d, 6H, Har, 

J = 8.0 Hz); 13C-NMR (Acetone-d6) δ, (ppm): 62.9, 115.9, 124.8, 125.4, 126.1, 130.8, 

146.3, 156.3, 160.2, 192.3; IR cm-1 (ATR mode): 3159 (O-H st), 1626 (C=O st); MS: 

[M+H+]; m/z = 607.02 
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 2.3.6 Synthesis of 1-(4-methoxycinnamoyl)-3,5-diacetyl-2,4,6-trimethoxy-

benzene (345), 1,3-bis(4-methoxycinnamoyl)-5-acetyl-2,4,6-trimethoxybenzene 

(346) and 1,3,5-tris(4-methoxycinnamoyl)-2,4,6-trimethoxybenzene (347) 

 

According to the general procedure A, 1,3,5-triacetyl-2,4,6-trimethoxybenzene 

335 (600.0 mg, 2.0 mmol) and 4-hydroxybenzaldehyde (160.0 mg, 1.2 mmol) in 

methanol (20 mL) were added dropwise into a well stirred suspension of 80% aq 

KOH (1 mL). The mixture was stirred at room temperature for 4.5 h to give a crude 

product which were separated by gradient chromatography on silica gel column 

(hexane/ethyl acetate, 70:30, 60:40 and 20:80) to obtain pure 345 (331.0 mg, 39% 

yield), 346 (104.0 mg, 10% yield) and 347 (76.0 mg, 6% yield), respectively (Scheme 

2.6). 
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Scheme 2.6 Synthesis of compounds 345, 346 and 347 

 

345: 1H-NMR (Acetone-d6) δ, (ppm): 2.53 (s, 6H, -COCH3), 3.73 (s, 6H, -OCH3), 

3.79 (s, 3H, -OCH3), 3.88 (s, 3H, -OCH3), 7.01 (d, 1H, -CH, J = 12.0 Hz), 7.02 (d, 

2H, Har, J = 8.0 Hz), 7.48 (d, 1H, -CH, J = 16.0 Hz), 7.69 (d, 2H, Har, J = 8.0 Hz); 
13C-NMR (Acetone-d6) δ, (ppm): 31.7, 54.9, 63.2, 63.6, 114.5, 125.8, 127.0, 130.6, 

130.9, 133.3, 134.2, 136.4, 138.4, 138.7, 145.9, 155.8, 162.2, 191.9, 199.7; IR cm-1 

(ATR mode): 1694 and 1632 (C=O st); MS: [M+H+]; m/z = 412.83. 
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346: 1H-NMR (Acetone-d6) δ, (ppm): 2.54 (s, 3H, -COCH3), 3.69 (s, 3H, -OCH3),  

3.76 (s, 6H, -OCH3), 3.87 (s, 6H, -OCH3), 7.02 (d, 2H, -CH, J = 16.0 Hz), 7.03 (d, 

4H, Har, J = 8.0 Hz), 7.53 (d, 2H, -CH, J = 16.0 Hz), 7.69 (d, 4H, Har, J = 8.0 Hz); 

13C-NMR (Acetone-d6) δ, (ppm): 31.7, 54.9, 62.9, 63.3, 113.4, 114.5, 124.8, 125.8, 

125.9, 126.4, 126.6, 127.1, 130.5, 132.5, 145.9, 155.7, 156.5, 163.2, 192.1, 199.9; IR 

cm-1 (ATR mode): 1700 and 1642 (C=O st); MS: [M+H+]; m/z = 530.76. 

347: 1H-NMR (Acetone-d6) δ, (ppm): 3.72 (s, 9H, -OCH3), 3.87 (s, 9H, -OCH3), 7.02 

(d, 6H, Har, J = 8.0 Hz), 7.03 (d, 3H, -CH, J = 12.0 Hz), 7.56 (d, 3H, -CH, J = 16.0 

Hz), 7.71 (d, 6H, Har, J = 8.0 Hz); 13C-NMR (Acetone-d6) δ, (ppm): 54.9, 63.0, 114.5, 

124.8, 126.1, 127.1, 130.5, 145.8, 156.4, 162.1, 192.3; IR cm-1 (ATR mode): 1638 

(C=O st); MS: [M+H+]; m/z = 649.53. 

 

2.3.7 Synthesis of 1-(4-hydroxy-3-methoxycinnamoyl)-3,5-diacetyl-2,4,6-

trimethoxybenzene (348), 1,3-bis(4-hydroxy-3-methoxycinnamoyl)-5-acetyl-2,4,6-

trimethoxybenzene (349) and 1,3,5-tris(4-hydroxy-3-methoxycinnamoyl)-2,4,6-

trimethoxybenzene (350) 

 

According to the general procedure A, 1,3,5-triacetyl-2,4,6-trimethoxybenzene 

335 (620.0 mg, 2.1 mmol) and 4-hydroxy-3-methoxybenzaldehyde (640.0 mg, 4.2 

mmol) in methanol (30.0 mL) were added dropwise into a well stirred suspension of 

80% aq KOH (6.0 mL). The mixture was stirred at room temperature for 2 days to 

give a crude product which were separated by gradient chromatography on silica gel 

column (hexane/ethyl acetate, 70:30, 60:40 and 20:80) to obtain pure 348 (430.0 mg, 

48% yield), 349 (210.0 mg, 18% yield) and 350 (70.0 mg, 5% yield), respectively 

(Scheme 2.7). 
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Scheme 2.7 Synthesis of compounds 348, 349 and 350 

 

348: 1H-NMR (Acetone-d6) δ, (ppm): 2.52 (s, 6H, -COCH3), 3.73 (s, 6H, -OCH3),  

3.78 (s, 3H, -OCH3), 3.93 (s, 3H, -OCH3), 6.89 (d, 1H, Har, J = 8.0 Hz), 7.01 (d, 1H, -

CH, J = 16.0 Hz), 7.19 (d, 1H, Har, J = 8.0 Hz), 7.41 (s, 1H, Har), 7.43 (d, 1H, -CH, J 

= 16.0 Hz); 13C-NMR (Acetone-d6) δ, (ppm): 31.7, 55.5, 63.2, 63.6, 110.8, 115.3, 

121.7, 124.1, 124.8, 125.1, 125.4, 126.5, 126.6, 146.8, 147.9, 149.8, 152.0, 154.9, 

155.7, 191.9, 199.7; IR cm-1 (ATR mode): 3416 (O-H st), 1697 and 1632 (C=O st); 

MS: [M+H+]; m/z = 429.55. 

349: 1H-NMR (Acetone-d6) δ, (ppm): 2.52 (s, 3H, -COCH3), 3.66 (s, 3H, -OCH3),  

3.74 (s, 3H, -OCH3), 3.90 (s, 6H, -OCH3), 6.87 (d, 2H, Har, J = 8.0 Hz), 6.99 (d, 2H,   

-CH, J = 16.0 Hz), 7.19 (d, 2H, Har, J = 8.0 Hz), 7.39 (s, 2H, Har), 7.46 (d, 2H, -CH, J 

= 16.0 Hz); 13C-NMR (Acetone-d6) δ, (ppm): 31.7, 55.5, 62.9, 63.2, 110.7, 115.3, 

124.1, 124.9, 125.5, 126.5, 146.8, 147.9, 149.8, 155.5, 156.3, 192.2, 199.9; IR cm-1 

(ATR mode): 3372 (O-H st), 1706 and 1629 (C=O st); MS: [M+H+]; m/z = 563.61. 

350: 1H-NMR (Acetone-d6) δ, (ppm): 3.72 (s, 9H, -OCH3), 3.92 (s, 9H, -OCH3), 6.89 

(d, 6H, Har, J = 8.0 Hz), 7.01 (d, 3H, -CH, J = 16.0 Hz), 7.23 (d, 3H, Har, J = 8.0 Hz), 

7.41 (s, 3H, Har), 7.51 (d, 3H, -CH, J = 16.0 Hz); 13C-NMR (Acetone-d6) δ, (ppm): 
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55.5, 62.9, 110.8, 115.3, 124.0, 124.9, 125.7, 126.6, 146.7, 148.0, 149.8, 156.2, 192.4; 

IR cm-1 (ATR mode): 3366 (O-H st), 1632 (C=O st); MS: [M+H+]; m/z = 697.70. 

 

2.3.8 Synthesis of 1-(3,4-dihydroxycinnamoyl)-3,5-diacetyl-2,4,6-

trimethoxybenzene (351) 

 

General procedure B, 1-(4-hydroxy-3-methoxycinnamoyl)-3,5-diacetyl-2,4,6-

trimethoxybenzene (348) (210 mg, 0.4 mmol) was dissolved in dichloromethane (80 

mL) and added AlCl3 (450.0 mg, 2.9 mmol). The mixture was stirred at room 

temperature for 10 min and added pyridine (1.0 mL). After that the reaction was 

stirred under reflux for 30 h and worked up with 10% HCl. The water layer was 

extracted with ethyl acetate (3x50 mL). The organic extracts were combined with the 

previous dichloromethane layer and washed with brine (3x50 mL), and dried by 

Na2SO4 anhydrous. Evaporation of the solvent and purification of the crude product 

by gradient chromatography on silica gel column (hexane/ethyl acetate, 80:20 and 

70:30) obtain the unreacted 348 (60.0 mg, 29% recovered) and pure 351 (34 mg, 18% 

yield), respectively (Scheme 2.8). 
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Scheme 2.8 Synthesis of compound 351  

 
351: 1H-NMR (Acetone-d6) δ, (ppm): 2.52 (s, 6H, -COCH3), 3.72 (s, 6H, -OCH3), 

3.78 (s, 3H, -OCH3), 6.89 (d, 1H, Har, J = 8.0 Hz), 6.90 (d, 1H, -CH, J = 16.0 Hz), 

7.09 (d, 1H, Har, J = 8.0 Hz), 7.22 (s, 1H, Har), 7.38 (d, 1H, -CH, J = 16.0 Hz); 13C-

NMR (Acetone-d6) δ, (ppm): 32.6, 64.1, 64.5, 115.6, 116.5, 123.5, 125.9, 126.1, 

127.5, 146.4, 147.7, 149.5, 155.8, 156.7, 192.8, 200.7.  
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2.3.9 Synthesis of 1-(3,4-dihydroxycinnamoyl)-3-(4-hydroxy-3-methoxy-

cinnamoyl)-5-acetyl-2,4,6-trimethoxybenzene (352) and 1,3-bis(3,4-dihydroxy-

cinnamoyl)-5-acetyl-2,4,6-trimethoxybenzene (353) 
 

According to the general procedure B, 1,3-bis(4-hydroxy-3-methoxycinnamoyl)-

5-acetyl-2,4,6-trimethoxybenzene (349) (240.0 mg, 0.4 mmol) dissolved in 

dichloromethane (30.0 mL) was added AlCl3 (400 mg, 2.9 mmol). The mixture was 

stirred at room temperature for 10 min and added pyridine (1.5 mL). After that the 

reaction was stirred under reflux condition for 10 h and was worked up with 10% HCl 

to give a crude product which were separated by gradient chromatography on silica 

gel column (hexane/ethyl acetate, 60:40 and 40:60) to obtain unreacted 349 (47.0 mg, 

19% recovered), 352 (30.0 mg, 12% yield) and 353 (20.0 mg, 8% yield), respectively 

(Scheme 2.9). 
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Scheme 2.9 Synthesis of compounds 352 and 353 

 

352: 1H-NMR (Acetone-d6) δ, (ppm): 2.53 (s, 3H, -COCH3), 3.67 (s, 3H, -OCH3),  

3.76 (s, 6H, -OCH3), 3.92 (s, 3H, -OCH3), 6.89 (d, 2H, Har, J = 8.0 Hz), 6.90 (d, 1H,   

-CH, J = 12.0 Hz), 7.00 (d, 1H, -CH, J = 16.0 Hz), 7.10 (d, 1H, Har, J = 8.0 Hz), 7.20  

(d, 1H, Har J = 12 Hz), 7.24 (s, 1H, Har), 7.40 (s, 1H, Har), 7.42 (d, 1H, -CH, J = 16.0 

Hz), 7.46 (d, 1H, -CH, J = 20.0 Hz); 13C-NMR (Acetone-d6) δ, (ppm): 32.6, 56.4, 

63.8, 64.1, 111.7, 115.5, 116.2, 116.5, 123.5, 124.9, 125.8, 126.2, 126.5, 127.4, 127.6, 

146.5, 147.6, 147.7, 148.9, 149.5, 150.7, 156.6, 157.3, 193.1, 200.8. 

353: 1H-NMR (Acetone-d6) δ, (ppm): 2.51 (s, 3H, -COCH3), 3.65 (s, 3H, -OCH3), 

3.73 (s, 6H, -OCH3), 6.87 (d, 2H, Har, J = 8.0 Hz), 6.88 (d, 2H, -CH, J = 12.0 Hz), 
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7.08 (d, 2H, Har, J = 8.0 Hz), 7.22 (s, 2H, Har), 7.39 (d, 2H, -CH, J = 16.0 Hz); 13C-

NMR (Acetone-d6) δ, (ppm): 32.6, 63.8, 64.1, 115.4, 115.5, 116.5, 123.5, 123.7, 

124.8, 126.3, 127.4, 146.4, 146.9, 147.4, 147.6, 149.4, 156.5, 163.5, 168.3, 192.9, 

201.0. 

 

2.3.10 Synthesis of 1-(3,4-dihydroxycinnamoyl)-3,5-bis(4-hydroxy-3-

methoxycinnamoyl)-2,4,6-trimethoxybenzene (354), 1,3-bis(3,4-dihydroxycinna- 

moyl)-5-(4-hydroxy-3-methoxycinnamoyl)-2,4,6-trimethoxybenzene (355) and 

1,3,5-tris(3,4-dihydroxycinnamoyl)-2,4,6-trimethoxybenzene (356)  

 

According to the general procedure B, 1,3,5-tris(4-hydroxy-3-methoxycinna-

moyl)-2,4,6-trimethoxybenzene (350) (400.0 mg, 0.5 mmol) dissolved in 

dichloromethane (30.0 mL) was added AlCl3 (540 mg, 4.0 mmol)  The mixture was 

stirred at room temperature for 10 min and added pyridine (1.5 mL). After that the 

reaction was stirred under reflux condition for 10 h. The reaction was worked up with 

10% HCl to give a crude product which were separated by using gradient preparative 

chromatography on TLC plate (dichloromethane/methanol, 99:1) to obtain unreacted 

compounds 350 (37.0 mg, 9% recovered), 354 (31.0 mg, 7.4% yield), 355 (27.0 mg, 

6.5% yield) and 356 (10.0 mg, 2.4% yield) (Scheme 2.10). 

 

O OOMe

OMe

O

MeOHO

HO

OH

OMe

MeO OH
O OOMe

OMe

O

MeOHO

HO

OH

OMe

HO OH
O OOMe

OMe

O

MeOHO

HO

OH

OH

HO OH

O OOMe

OMe

O

MeOHO

HO

OH

OMe

MeO OMe

AlCl3 CH2Cl2 / pyridine

+ +

350

355354 356

 

Scheme 2.10 Synthesis of compounds 354, 355 and 356 
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354: 1H-NMR (Acetone-d6) δ, (ppm): 3.71 (s, 9H, -OCH3), 3.91 (s, 6H, -OCH3), 6.83 

(d, 1H, Har, J = 4.0 Hz), 6.86 (d, 1H, -CH, J = 16.0 Hz), 6.88 (d, 2H, Har, J = 4.0 Hz), 

6.99 (d, 2H, -CH, J = 16.0 Hz), 7.06 (d, 1H, Har, J = 8.0 Hz), 7.21 (s, 1H, Har), 7.28 

(d, 2H, Har, J = 8.0 Hz), 7.38 (s, 2H, Har), 7.44 (d, 1H, -CH, J = 16.0 Hz), 7.49 (d, 2H, 

-CH, J = 16.0 Hz); 13C-NMR (Acetone-d6) δ, (ppm): 56.4, 63.8, 63.9, 111.8, 115.1, 

116.3, 116.6, 123.6, 124.8, 125.5, 125.8, 125.9, 126.5, 127.3, 147.4, 147.7, 148.9, 

150.9, 151.6, 157.0, 157.1, 193.1, 193.4.  

355: 1H-NMR (Acetone-d6) δ, (ppm): 3.71 (s, 9H, -OCH3), 3.90 (s, 3H, -OCH3), 6.84 

(d, 2H, Har, J = 4.0 Hz), 6.87 (d, 2H, -CH, J = 16.0 Hz), 6.88 (d, 1H, Har, J = 4.0 Hz), 

6.99 (d, 1H, -CH, J = 16.0 Hz), 7.08 (d, 2H, Har, J = 8.0 Hz), 7.22 (d, 1H, Har, J = 8.0 

Hz), 7.23 (s, 2H, Har), 7.39 (d, 2H, -CH, J = 20 Hz), 7.42 (s, 1H, Har), 7.48 (d, 1H,      

-CH, J = 16.0 Hz); 13C-NMR (Acetone-d6) δ, (ppm): 56.4, 63.9, 111.8, 115.5, 116.3, 

116.5, 123.3, 124.8, 125.8, 125.9, 126.5, 126.9, 127.4, 147.1, 147.6, 148.0, 148.9, 

150.7, 150.8, 157.1, 157.2, 193.2, 193.4. 

356: 1H-NMR (Acetone-d6) δ, (ppm): 3.57 (s, 9H, -OCH3), 6.70 (d, 3H, -CH, J = 16.0 

Hz), 6.70 (d, 3H, Har, J = 8 Hz), 7.05 (d, 3H, Har, J = 8 Hz), 7.06 (d, 3H, -CH, J = 16.0 

Hz), 7.11 (s, 3H, Har) 

 

2.3.11 Synthesis of 1-(4-hydroxycinnamoyl)-3,5-diacetyl-2,4,6-trihydroxy-

benzene (357), 1,3-bis(4-hydroxycinnamoyl)-5-acetyl-2,4,6-trihydroxybenzene (358) 

and 1,3,5-tris(4-hydroxycinnamoyl)-2,4,6-trihydroxybenzene (359) 

 

In the second method, attempt synthesized the compound 334 was directly 

condensed with 4-hydroxybenzaldehyde using KOH or NaOEt as the initiated base. 

The reaction did not yield the desired products, after work up reaction with 10% HCl. 

Only the starting 334 and 4-hydroxybenzaldehyde were recovered (Scheme 2.11). 
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Scheme 2.11 Attempted synthesized of compounds 357, 358 and 359 

 

2.4 Assay of HIV-1 IN inhibitory activity  

 

2.4.1 Enzyme 

 

HIV-1 IN protein was kindly provided by Dr. Robert Craigie (the National 

Institute of Health, Bethesda, Maryland, USA), and stored at -80 °C before use. 

 

2.4.2 Oligonucleotide substrates 

 

Oligonucleotides of long terminal repeated bases from donor DNA (LTRD) 

and from target substrate (TS) DNA were purchased from QIAGEN Operon, USA 

and stored at -25 °C before use. The sequence of biotinylated LTR donor DNA and its 

unlabelled complement were 5′-biotin-ACCCTTTTAGTCAGTGTGGAAAATCTCT 

AGCAGT-3′(LTR-D1) and 3′-GAAAATCAGTCACACCTTTTAGAGATCGTCA-5′ 

(LTR-D2), respectively. While those of the target substrate DNA (digoxigenin-

labelled target DNA, TS-1) and its 3′-labelled complement were 5′-TGACCAAGGG 

CTAATTCACT-digoxigenin and digoxigenin-ACTGGTTCCCGATTAAGTGA-5′ 

(TS-2), respectively. 
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2.4.3 Annealing of the substrate DNA 

 

Firstly, LTR-D1 and LTR-D2, TS-1 and TS-2 were mixed separately and then 

the former solution was diluted to a concentration of 2 pmol/mL, while the later one 

was made to 5 pmol/mL by diluting with KTE (a buffer solution containing 10 mM 

Tris-HCl (pH 8.0), 1mM EDTA and 100 mM KCl). Both solutions were heated at 85 

°C for 15 min in water bath. After heating, cool each sample solution gradually to 

room temperature in water bath (for about 3 h) and was stored both of them at -20 °C 

until using. 

 

2.4.4 Pretreatment of the multiplate 

 

To a 96-well plate was added 50 μL of a steptavidin solution containing 40 

μg/mL steptavidin, 90 mM Na2CO3 and 10 mM KCl. After that cover the microplate 

with plastic seal and put it gently overnight at 4 °C (for coating). After discarding 

steptavidin coating solution, wash coated microplate with phosphate buffer saline 

(PBS) solution (300 μL) in two times. The blocking buffer (300 μL) contain 1% skin 

milk in PBS was added into each well and the plate was kept at room temperature for 

30 minutes (for blocking). After discarding blocking buffer, wash each well with PBS 

solution (300 μL) two times and then the PBS solution was completely removed. A 

biotinylated LTR donor DNA (50 μL) solution containing 10 mM tris-HCl (pH 8.0), 

1mM NaCl and 40 mol/mL of LTR donor DNA was added into each well and mixed 

them gently at room temperature for 30 minutes (for adsorption). After discarding the 

LTR donor solution, wash microplate with PBS solution (300 μL) two times and then 

fill each well with 300 μL of PBS (If necessary, store at 4 °C). Just before the 

integration reaction, discard PBS solution of each well and then rinse with 300 μL of 

distilled water (one or two times). 
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2.4.5 Multiplate integration assay (MIA) 

 

The integration reaction was evaluated according to the method previously 

described [71, 72]. A mixture (45 µL) composed of 12 µL of IN buffer [containing 

150 mM 3-(N-morpholino) propanesulfonic acid, pH 7.2 (MOPS), 75 mM MnCl2, 5 

mM dithiothritol (DTT), 25% glycerol and 500 µg/mL bovine serum albumin], 1 µL 

of 5 pmol/mL digoxigenin-labelled target DNA and 32 µL of sterilized water were 

added into each well of a 96-well plate. Subsequently, 6 µL of a sample solution and 

9 µL of 1/5 dilution of integrase enzyme were added to the mixture in the well and 

incubated at 37 °C for 80 min. The content in each well was washed with PBS four 

times, and added 100 µL of 500 mU/mL alkaline phosphatase (AP) labelled anti-

digoxigenin antibody and further incubated at 37 °C for 1 h. The mixture was washed 

again with washing buffer containing 0.05% Tween 20 in PBS four times and with 

plain PBS four times. Then, AP buffer (150 µL) containing 100 mM Tris-HCl (pH 

9.5), 100 mM NaCl, 5 mM MgCl2 and 10 mM p-nitrophenyl phosphate was added to 

each well and incubated at 37 °C for 1 h. Finally, each solution on the plate was 

measured the absorbance with a microplate reader at the wavelength of 405 nm. A 

control composed of the similar reaction mixture with 50% DMSO in place of the 

sample solution while a blank was buffer-E containing 20 mM MOPS (pH 7.2), 400 

mM potassium glutamate, 1 mM ethylenediaminetetraacetate disodium salt 

(EDTA·2Na), 0.1% Nonidet-P 40 (NP-40), 20% glycerol, 1 mM DTT and 4 M urea 

without the integrase enzyme. Suramin, a known polyanionic HIV-1 IN inhibitor was 

used as a positive control. % Inhibition against HIV-1 IN could be calculated from the 

equation below:  

% Inhibition against HIV-1 IN =
ODcontrol - ODsample

ODcontrol
x100

 

  where OD = absorbance detected from each well 

The results of anti-HIV-1 IN activity were expressed as mean±S.D. from four 

determinations. The IC50 values were calculated using the Microsoft excel program. 
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Figure 2.1 Diagram of the multiplate integration assay using the 96-well plate 

 

2.5 Molecular Modeling  

 

 2.5.1 Structure of inhibitor  

 

The studied inhibitors are a series of multi-cinnamoyl compounds 336-356. 

The 3D structures of IN inhibitor were generated using GaussView 3.09. Since 

hexasubstituted benzene can have their substituents arranged into eight possible 

conformations [73, 74] based on their positions relative to the benzene ring whether it 

is “above” or “below” a plane of the benzene ring. Therefore, compound 341 was 

selected as a model to identify the lowest energy conformation by quantum 

mechanical method at B3LYP/6-31G(d) level of theory using Gaussian 03 program. 

All eight conformations are listed in Table 2.1. The obtained lowest energy 

conformation of 341 was then used as a guideline to build conformer for all 

compounds (336-356). Subsequently, geometry optimization at the B3LYP/6-31G(d) 

level was performed for each compound. Finally, the resulting structures were applied 

for docking calculations. 
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Table 2.1 Structure of all eight possible conformations of compound 341 

Notation1 Structure 

ababab 

 

ababbb 

 

ababaa 

 

abaaba 

 

abaaaa 
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Table 2.1 Continued 

Notation1 Structure 

aabbba 

 

abbaab 

 

aaaaaa 

 
1“a” and “b” denote position of substituent as “above” and “below” the benzene 

plane, respectively. 

 

2.5.2 Structure of enzyme 

 

As it is well known that an inhibitor binds to HIV-1 IN at the catalytic core 

domain, the only available X-ray structure of IN core domain complex with 5CITEP 

[14] was used in our studies. The structure was obtained from the protein data bank 

with PDB code 1QS4 [75]. It contains three chains but 5CITEP is bound to chain A. 

Therefore, only chain A was selected. All water molecules and 5CITEP were removed 

while a magnesium ion at the active site was maintained. Finally, missing residues 

and hydrogen atoms were added. 
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Figure 2.2 The X-ray crystallographic structure of HIV-1 IN core domain (only chain 

A) complex with the inhibitor 5CITEP (PDB code 1QS4) 

 

2.5.3 Molecular docking 

 

Molecular docking calculations were performed using AutoDock 4.0 software 

package. The structures of IN proteins were set up for docking as follows: Polar 

hydrogens were added using the PROTONATE utility distributed with AutoDock 4.0. 

The Kollman united atom charges and salvation parameters were added to the final 

protein file. For the ligands, the Gasteiger charges were used. The grid maps 

representing the protein in the actual docking process were calculated with AutoGrid. 

The grids were chosen to be sufficiently large to include not only the active site but 

also significant portions of the surrounding surface. The dimensions of the grids for 

HIV-1 IN (1QS4) protein docking were thus 50 x 50 x 50 Å3, with a spacing of 0.375 

Å. The Lamarckian genetic search algorithm was chosen for all dockings. The 

maximum number of energy evaluations was increased to 2,500,000 per run; the 

maximum number of generations in the genetic algorithm was increased to 100,000; 

and the number of GA run was 100. All other parameters were maintained at their 

default settings. 5CITEP was re-docked in order to validate our docking protocol. 

Finally, all the compounds were docked into the active site of IN using the established 

setting. 
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CHAPTER III 

RESULTS AND DISCUSSION 
 

3.1 Synthesis 

 

3.1.1 Synthesis of 1,3,5-triacetyl-2,4,6-trihydroxybenzene (334) 

 

Compound 334 was selected as the starting material for two strategies of the 

synthesis of multi-cinnamoyl analogs. In the first strategy, all hydroxyl groups of 

compound 334 were first protected by methylations using dimethyl sulfate followed 

by condensations with various substituted benzaldehydes. The other strategy involved 

the direct condensations of compound 334 with various substituted benzaldehydes 

without protection. This key precursor 334 was easily synthesized in 76% yield from 

phloroglucinol dihydrate 333 through one-pot esterifications and Fries rearrangements 

following the reported procedure [64, 65]. The mechanism of the reaction is shown in 

Scheme 3.1. 
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Scheme 3.1 Synthesis of 1,3,5-triacetyl-2,4,6-trihydroxybenzene (334) 
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1H-NMR spectrum of the product 334 showed a singlet signal at δ 17.16 ppm 

(Figure A.1 in Appendix) corresponding to the hydroxyl protons at 2, 4 and 6 

positions forming strong intramolecular hydrogen bonds with the adjacent carbonyl 

groups of the three acetyl substituents at 1, 3 and 5 positions of the benzene ring 

(Figure 3.1).  
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Figure 3.1 Intramolecular hydrogen bonds of compound 334 

 

3.1.2 Synthesis of 1,3,5-triacetyl-2,4,6-trimethoxybenzene (335) 
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Figure 3.2 Structure of 1,3,5-triacetyl-2,4,6-trimethoxybenzene (335) 

 

Compound 335 was prepared in 88% yield by excessive methylations at all 

phenolic hydroxyl groups using excess dimethyl sulfate and base (K2CO3) [64, 65]. 
1H NMR spectrum of 335 exhibited the singlet signal of three methoxy groups at δ 

3.75 ppm, with the absence of the hydrogen bonding hydroxyl protons at the 2, 4 and 

6 positions (Figure A.3 in Appendix).  
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3.1.3 Synthesis of various multicinnamoyl analogs 336-350 
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336  R1 = OH, R2, R3 = H;  28%
339  R1 = H, R2 = OH, R3 = H; 28%
342  R1, R2 = H, R3 = OH; 49%
345  R1, R2 = H, R3 = OMe; 39%
348  R1 = H, R2 = OMe, R3 = OH; 48%

337  R1 = OH, R2, R3 = H;  37%
340  R1 = H, R2 = OH, R3 = H; 14%
343  R1, R2 = H, R3 = OH; 19%
346  R1, R2 = H, R3 = OMe; 10%
349  R1 = H, R2 = OMe, R3 = OH; 18%

338  R1 = OH, R2, R3 = H;  13%
341  R1 = H, R2 = OH, R3 = H; 3%
344  R1, R2 = H, R3 = OH; 5%
347  R1, R2 = H, R3 = OMe; 6%
350  R1 = H, R2 = OMe, R3 = OH; 5%  

 

Scheme 3.2 Synthesis of new multicinnamoyl analogs and synthesis yields of mono-, 

bis-, tris-cinnamoyl analogs 

 

3.1.4 Synthesis of 1-(2-hydroxycinnamoyl)-3,5-diacetyl-2,4,6-trimethoxy- 

benzene (336), 1,3-bis(2-hydroxycinnamoyl)-5-acetyl-2,4,6-trimethoxybenzene 

(337) and 1,3,5-tris(2-hydroxycinnamoyl)-2,4,6-trimethoxybenzene (338) 

 

Compounds 336, 337 and 338 were synthesized from compound 335. The 

hexasubstituted benzene platform 335 was dissolved in methanol and condensed with 
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2-hydroxybenzaldehyde using 80% aqueous of KOH under Claisen-Schmidt 

condensation procedure. The crude product was purified by chromatographic gradient 

system to obtain compounds 336, 337 and 338 in 28%, 37% and 13% yields, 

respectively (Scheme 3.2). All compounds were fully characterized by spectroscopic 

techniques. The 1H-NMR spectra of compounds 336, 337 and 338 showed quite 

similar aromatic and olefinic proton signals. The main differences that could help 

differentiate these compounds were the signal ratios of the methoxy groups based on 

symmetry of the molecules and the signals at chemical shift around 2.5 ppm that 

corresponded to two acetyl groups in compound 336 (Figure A.5 in Appendix), one 

acetyl group in compound 337 (Figure A.7 in Appendix) and none in compound 338 

(Figure A.9 in Appendix). 
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Figure 3.3 Structure of compounds 336, 337 and 338 

 

3.1.5 Synthesis of 1-(3-hydroxycinnamoyl)-3,5-diacetyl-2,4,6-trimethoxy-

benzene (339), 1,3-bis(3-hydroxycinnamoyl)-5-acetyl-2,4,6-trimethoxybenzene 

(340) and 1,3,5-tris(3-hydroxycinnamoyl)-2,4,6-trimethoxybenzene (341) 

 

The synthesis method and structural characterizations for compounds 339, 340 

and 341 were similar to that of compounds 336, 337 and 338. In this case, compound 

335 was condensed with 3-hydroxybenzaldehyde under strong basic condition. The 

crude product was purified by chromatographic gradient system to obtain compounds 

339, 340 and 341 in 28%, 14% and 3% yields, respectively (Scheme 3.2). All 

structures of the synthesized compounds were in good agreement with their 

spectroscopic data (Figure A.11-25 in Appendix). 
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Figure 3.4 Structure of compounds 339, 340 and 341 

 

3.1.6 Synthesis of 1-(4-hydroxycinnamoyl)-3,5-diacetyl-2,4,6-trimethoxy-

benzene (342), 1,3-bis(4-hydroxycinnamoyl)-5-acetyl-2,4,6-trimethoxybenzene 

(343) and 1,3,5-tris(4-hydroxycinnamoyl)-2,4,6-trimethoxybenzene (344) 

 

Following the same route as the synthesis of compounds 336, 337 and 338, 

compounds 342, 343 and 344 were synthesized from compound 335 by condensation 

with 4-hydroxybenzaldehyde under Claisen-Schmidt condensation procedure. The 

crude product was purified by chromatographic gradient system to obtain compounds 

342, 343 and 344 in 49%, 19% and 5% yields, respectively (Scheme 3.2). All 

structures of the synthesized compounds were consistent with their spectroscopic data 

(Figure A.26-31 in Appendix).  
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Figure 3.5 Structure of compounds 342, 343 and 344 

 

3.1.7 Synthesis of 1-(4-methoxycinnamoyl)-3,5-diacetyl-2,4,6-trimethoxy-

benzene (345), 1,3-bis(4-methoxycinnamoyl)-5-acetyl-2,4,6-trimethoxybenzene 

(346) and 1,3,5-tris(4-methoxycinnamoyl)-2,4,6-trimethoxybenzene (347) 

 

Compounds 345, 346 and 347 were synthesized from compound 335 

condensed with 4-methoxybenzaldehyde by Claisen-Schmidt condensation method. 

The crude product was purified by chromatographic gradient system to obtain 

compounds 345, 346 and 347 in 39%, 10% and 6% yields, respectively (Scheme 3.2). 
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All compounds were fully characterized by spectroscopic techniques (Figure A.32-37 

in Appendix).  
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Figure 3.6 Structure of compounds 345, 346 and 347 

 

3.1.8 Synthesis of 1-(4-hydroxy-3-methoxycinnamoyl)-3,5-diacetyl-2,4,6-

trimethoxybenzene (348), 1,3-bis(4-hydroxy-3-methoxycinnamoyl)-5-acetyl-2,4,6-

trimethoxybenzene (349) and 1,3,5-tris(4-hydroxy-3-methoxycinnamoyl)-2,4,6-

trimethoxybenzene (350) 

 

Compounds 348, 349 and 350 were synthesized from compound 335 

condensing with 3-methoxy-4-hydroxybenzaldehyde (vanillin) by Claisen-Schmidt 

condensation method. The crude product was purified by chromatographic gradient 

system to obtain compounds 348, 349 and 350 in 48%, 18% and 5% yields, 

respectively (Scheme 3.2).  All compounds were fully characterized by spectroscopic 

techniques (Figure A.38-43 in Appendix). 
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Figure 3.7 Structure of compounds 348, 349 and 350 

 

3.1.9 Synthesis of 1-(3,4-dihydroxycinnamoyl)-3,5-diacetyl-2,4,6-

trimethoxybenzene (351)  

 

Compound 351 was prepared from compound 348 upon treatment with AlCl3 

as the catalyst. The crude product was purified by chromatographic gradient system to 
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obtain compounds 351 in 18% yielded and 29% recovered starting material. The 1H-

NMR spectrum of compound 351 showed two methoxy groups of the core structure 

remained at the same positions, and the signal of the methoxy group on the flanking 

phenyl ring was absent (Figure A.44-48 in Appendix).  
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Figure 3.8 Structure of compound 351 

 

3.1.10 Synthesis of 1-(3,4-dihydroxycinnamoyl)-3-(4-hydroxy-3-methoxy-

cinnamoyl)-5-acetyl-2,4,6-trimethoxybenzene (352) and 1,3-bis(3,4-dihydroxy-

cinnamoyl)-5-acetyl-2,4,6-trimethoxybenzene (353) 

 

Compounds 352 and 353 were demethylated from compound 349 using AlCl3 

as catalyst. The crude product was purified by chromatographic gradient system to 

obtain compounds 352 and 353 in 12% and 8% yields respectively, together with 19% 

recovered starting material. All structures of the synthesized compounds 352 and 353 

were consistent with their spectroscopic data in appendix (Figure A.49-58). The 1H-

NMR spectrum of compound 353 in acetone-d6 (δ; ppm) showed one methoxy group 

at chemical shift 3.52 ppm, two methoxy groups at the same chemical shift 3.60 ppm 

for compound 352 (Figure A.49 in Appendix) and the absence of the methoxy group 

on the flanking phenyl ring  for compound 353 (Figure A.54 in Appendix).  
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Figure 3.9 Structure of compounds 352 and 353 
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3.1.11 Synthesis of 1-(3,4-dihydroxycinnamoyl)-3,5-bis(4-hydroxy-3-

methoxycinnamoyl)-2,4,6-trimethoxybenzene (354), 1,3-bis(3,4-dihydroxycinna-

moyl)-5-(4-hydroxy-3-methoxycinnamoyl)-2,4,6-trimethoxybenzene (355) and 

1,3,5-tris(3,4-dihydroxycinnamoyl)-2,4,6-trimethoxybenzene (356) 

 

Compounds 354, 355 and 356 were demethylated from compound 350 using 

AlCl3 as catalyst. The crude product was purified by using isocratic on TLC plate 

(dichloromethane/methanol, 99:1) to obtain compounds 354, 355 and 356 in 7.4%, 

6.5% and 2.4% yields respectively, together with 8.6% recovered starting material 

350. All structures of the synthesized compounds were consistent with their 

spectroscopic data. (Figure A.59-63 in Appendix for compound 354, and Figure 

A.64-68 in Appendix for compound 355).  
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Figure 3.10 Structure of compounds 354, 355 and 356 

 

3.1.12 Synthesis of 1-(4-hydroxycinnamoyl)-3,5-diacetyl-2,4,6-trihydroxy-

benzene (357), 1,3-bis(4-hydroxycinnamoyl)-5-acetyl-2,4,6-trihydroxybenzene (358) 

and 1,3,5-tris(4-hydroxycinnamoyl)-2,4,6-trihydroxybenzene (359)  

 

In the second method, compound 334 was directly condensed with 4-

hydroxybenzaldehyde using KOH or NaOEt as the initiated base. The reaction did not 

yield the desired product, possibly because both starting materials form only salts of 

compound 334 and 4-hydroxybenzaldehyde were recovered after worked up reaction 

(Scheme 3.3). 
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Scheme 3.3 Attempted synthesis of compounds 357, 358 and 359 

 

3.2 Bioactivities 

 

Assay of HIV-1 IN inhibitory activity  

 

The bioassay studies on HIV-1 IN inhibitory activity were carried out using 

the method reported by Tewtrakul and coworkers [71, 72]. The multiplate integration 

assay (MIA) results on the newly synthesized compounds 334-356 indicated positive 

inhibition against HIV-1 integrase at concentrations of 100, 30 and 10 µM. 

%Inhibition and IC50 (µM) values are shown in Table 3.1. The core structure 

compounds 334 and 335 showed only mild activity without the cinnamoyl groups. After 

compound 335 was condensed with various benzaldehyde derivatives to create the 

number of cinnamoyl groups, the activity had much improved especially when the 

flanking aromatic rings of the cinnamoyl moieties carrying free hydroxyl groups at 

meta- positions such as compound 339 (mono-) was active (17.91%) at concentration 

100 µM. Then, the cinnamoyl groups were added on core structure such as 

compounds 340 (bis-) and 341 (tris-) were increased activity 36.12% and 79.96% 

respectively. The result also suggested the importance of multiple meta- hydroxyl 

groups on the cinnamoyl moieties. The compound 341 was more active (IC50 = 9.5 

μM) than the compounds with less number of these groups as in mono-cinnamoyl: 

336, 339, 342, 345 and 348; bis-cinnamoyl: 337, 340, 343, 346 and 349. Other 
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phenolic derivatives 336-340 and 342-350 showed only moderate activity in 

comparison with that of curcumin 165 [40]. Their IC50 values in MIA method were 

found to be >100 µM.  

 

Table 3.1 %Inhibition of HIV-1 IN enzyme at 100 (µM) and IC50 (µM) by 

compounds 334-356  
% Inhibition of IN enzyme at various 

concentrations (µM) 

                R1                  R2                       R3                    R4

R3

O

R2

OOR1

OR1

R4 O

R1O

13

5

 

100 30 10 

IC50 

(µM) 

334         H                CH3                    CH3               CH3  21.02±3.73 - - >100 

335        CH3             CH3                    CH3               CH3  11.74±3.80 - - >100 

336       CH3                                         CH3               CH3

OH

 
13.75±2.53 - - >100 

337       CH3                                                              CH3

OH OH

 
38.27±2.19 - - >100 

338       CH3

OH OH OH

 
28.16±3.09 - - >100 

339       CH3                                        CH3               CH3

OH

 
17.91±1.61 - - >100 

340       CH3                                                              CH3

OH OH

 
36.12±4.08 - - >100 

341     CH3

OH OH OH

 
79.96±2.13 68.24±1.09 49.15±2.33 9.5 

342       CH3                                        CH3               CH3
OH  

-10.58±3.23 - - >100 

343       CH3                                                              CH3
OH OH  

26.24±2.56 - - >100 

344       CH3
OH OH OH  

40.45±1.27 - - >100 

345       CH3                                        CH3               CH3
OMe  

12.51±3.67 - - >100 

346       CH3                                                              CH3
OMe OMe  

14.18±6.41 - - >100 

347       CH3
OMe OMe OMe  

-18.90±4.21 - - >100 

348       CH3                                        CH3               CH3
OH

OMe

 
25.63±4.89 - - >100 
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Table 3.1 Continued  
% Inhibition of IN enzyme at various 

concentrations (µM) 

            R1                  R2                       R3                    R4

R3

O

R2

OOR1

OR1

R4 O

R1O

13

5

 

100 30 10 

IC50 

(µM) 

349       CH3                                                                   CH3
OH OH

OMe OMe

 
33.07±0.05 - - >100 

350       CH3
OH OH OH

OMe OMe OMe

 
35.75±4.98 - - >100 

351      CH3                                           CH3                 CH3
OH

OH

 
24.94±3.16 - - >100 

352     CH3                                                                    CH3
OH OH

OH OMe

 
55.95±1.02 16.25±1.20 2.74±4.32 89.4 

353     CH3                                                                  CH3
OH OH

OH OH

 
90.30±0.03 86.88±1.60 59.46±1.91 3.5 

354       CH3
OH OH OH

OH OMe OMe

 
44.36±3.30 - - >100 

355     CH3
OH OH OH

OH OH OMe

 
74.78±2.61 56.58±1.39 44.01±2.70 16.5 

356     CH3
OH OH OH

OH OH OH

 
93.60±0.94 81.03±0.31 75.75±1.65 7.0 

HN

O

CH3

NH
O

N
H

N
H

O

NaO3S

NaO3S
SO3Na

HN
O

H3C NH

O

SO3Na

SO3Na
SO3Na

143  
Suramin (positive control) 

99.89±0.41 89.40±1.73 69.72±1.56 2.7 

 

Compounds 348, 349 and 350 have methoxyl groups at meta- positions, which 

decreased activity (IC50 >100 µM). When, 348, 349 and 350 were demethylated to 

give the catechol on benzene ring such as compound 352 which has catechol on one 

of flanking phenyl ring, showed weak activity (IC50 = 89.4 µM) whereas 353 (IC50 = 

3.5 µM) which has catechols both flanking phenyl rings showed highest activities 

than all synthesized compounds. Compound 355 which has catechols both flanking 

phenyl rings of tris-cinnamoyl groups showed IC50 value of 16.5 µM, then compound 

356 which has catechols three flanking phenyl rings, increased activity (IC50 = 7.0 

µM). Catechol groups of the cinnamoyl side chain seemed to help increase the 

activity especially when both of them were presented in the same molecule. The four 

active compounds and one weak activities compound showed in Figure 3.11.  
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Figure 3.11 Structures and IC50 values of active compounds 341, 355, 352, 353 and 

356 

 

3.3 Molecular Modeling  

 

Energies of all 8 possible conformations of compound 341 optimized at 

B3LYP/6-31G(d) level were given in Table 3.2. As expected, conformation ababab 

has the lowest energy. This is because the repulsive interactions between adjacent 

groups around the benzene ring forced the substituents to arrange alternately above 

(a) and below (b) the central benzene ring in trigonally symmetric pattern (ababab). 

The torsion angles relative to the central ring plane of the three cinnamoyl (τ1) and 

three methoxy (τ2) groups were 58.2° and -94.4° respectively (Figure 3.12). 

Interestingly, the abaaaa conformation is not stable because it was turned into abaaba 

conformation after optimization. This is probably due to strong steric effect of the four 

neighboring groups (aaaa) and asymmetric molecule. 
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Table 3.2 Theoretical optimizations of the eight possible conformers of 341  

Conformation 

Starting Final 
Energy (a.u.) 

Relative 
energy 

(kcal/mol) 

ababab ababab -2053.57442731 0.00 

ababbb ababbb -2053.56808621 3.98 

ababaa ababaa -2053.56427878 6.37 

abaaba abaaba -2053.56426385 6.38 

abaaaa abaaba -2053.56424969 6.39 

aabbba aabbba -2053.55869477 9.87 

abbaab abbaab -2053.55839594 10.06 

aaaaaa aaaaaa -2053.53644233 23.84 

 

 

 

 

 

 

a = above and b = below the benzene plane 

Figure 3.12 The pictorial structure of a conformer of hexasubstituted benzene 

scaffold with the substituents arranged in ababab conformation 

 

From these data, the ababab conformation was used as a starting conformation 

for all compounds (336-356). Energy of the optimized structures at B3LYP/6-31G(d) 

level was shown in Table 3.3.  
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Table 3.3 Optimization energy of 21 multi-cinnamoyl analogs (336-356) 

 

3.3.1 Molecular docking of compounds 336, 337 and 338 

 

The results showed hydrogen bonding between ligand and two amino acid 

residues for compound 336, four amino acid residues for compounds 337 and 338 

(Figure 3.13 and Table 3.4). Compound 337 has the lowest binding energy (-3.61 

kcal/mol) compared to the other two compounds (336 and 338) and this is in 

agreement with experimental biological activity. Although the IC50 of three 

compounds is higher than 100 µM, compound 337 exhibited higher activity than the 

two compounds (38%) at concentration of 100 µM. The free 2-hydroxyl groups on 

1,3-bis(phenyl flanking ring) of compound 337 were bonded with Lys159, His67 and 

Glu152. Moreover carbonyl group of cinnamoyl group was bonded with Asn155. 

 

Table 3.4 The active site amino acid residues interacting with the cinnamoyl analogs 

336, 337 and 338 reported from docking experiment  
Hydrogen bonding (Å) and interacting amino acid 

residues 
Compound 

Lowest 
energy 

(kcal/mol) 

%Inhibition 
against 

HIV-1 IN 
(100 µM) 

IC50 
(μM) Asp 

64 
Glu 
152 

Asn 
155 

Cys 
65 

His 
67 

Lys 
156 

Lys 
159 

336 -3.37 14 >100 - - - - - 2.31 2.05 
337 -3.61 38 >100 - 2.03 2.01, 

2.81 
- 1.91, 

2.08 
- 2.04 

338 -3.27 28 >100 2.26 2.01, 
2.32 

2.87 2.32 - - - 

compound Energy (a.u.)  Compound Energy (a.u.) 

336 -1369.31431674  347 -2170.59166692 

337 -1711.44304328  348 -1483.14433591 

338 -2053.57482086  349 -1939.08632989 

339 -1369.31394499  350 -2395.03776455 

340 -1711.44258618  351 -1444.13862200 

341 -2053.57442733  352 -1900.08359901 

342 -1369. 31537738  353 -1861.09184697 

343 -1711.44552030  354 -2356.04139249 

344 -2053.57836237  355 -2317.04501118 

345 -1408.31988936  356 -2278.04862059 

346 -1789.45447569    
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Figure 3.13 Predicted binding conformations of compounds 336, 337 and 338 inside 

the HIV-1 integrase active site (modified PDB code 1QS4) 

 

3.3.2 Molecular docking of compounds 339, 340 and 341 

 

The results showed hydrogen bonding between ligand and four amino acid 

residues for compound 339, three amino acid residues for compound 340 and six 

amino acid residues for compound 341 (Figure 3.14 and Table 3.5). The compound 

341 gave the highest activity with an IC50 value of 9.5 µM. This compound contains 

more hydrogen bonding than the two compounds 339 and 340 that showed IC50 in 

336 

337 

338 
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MIA method to be higher than 100 µM. All free hydroxyl groups on phenyl flanking 

ring of compound 341 was bonded with Lys156, Glu152, Ser147, and Thr66. 

Moreover the carbonyl groups were bonded with Gln148. 

 

Table 3.5 The active site amino acid residues interacting with the cinnamoyl analogs 

339, 340 and 341 reported from docking experiment  

Hydrogen bonding (Å) and interacting amino acid residues 
Compound 

Lowest 

energy 

(kcal/mol) 

%Inhibition 
against 

HIV-1 IN 
(100 µM) 

IC50 

(μM) Glu 
152 

Asn 
155 

Gln 
148 

Thr  
66 

Ser 
147 

Lys 
156 

339 -3.46 17.91 >100 2.04, 

3.02 

1.84 - - - - 

340 -3.94 36.12 >100 - - 1.95, 

1.99 

3.05 - 1.95 

341 -3.62 79.96 9.5 2.09 - 2.95 1.86 2.02 1.85 
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Figure 3.14 Predicted binding conformations of compounds 339, 340 and 341 inside 

the HIV-1 integrase active site (modified PDB code 1QS4) 

339 

340 

341 



 

 

84

 

3.3.3 Molecular docking of compounds 342, 343 and 344 

 

The results showed hydrogen bonding between ligand and five amino acid 

residues for compound 342, three amino acid residues for compound 343 and one 

amino acid residues for 344 (Figure 3.15 and Table 3.6). The bioactivity of these 

three compounds showed IC50 at >100 µM. However, at concentration of 100 µM, 

compound 344 exhibited higher activity than two compounds (40%). In this series, no 

relationship between docking results and bioactivity was found. The 4-

hydroxylcinnamoyl group at first position of compounds 342, 343 and 344 were 

bonded with Gln148. The carbonyl of acetyl group at third position (342) and 4-

hydroxylcinnamoyl group at third position (343) were bonded with similarly His67 

and the methoxy group on core structure of benzene ring at sixth position of two 

compounds (342 and 343) were bonded with Lys156. The carbonyl group of 4-

hydroxycinnamoyl group at first position of compound 342 was bonded with Asn155. 

 

Table 3.6 The active site amino acid residues interacting with the cinnamoyl analogs 

342, 343 and 344 reported from docking experiment  

Hydrogen bonding (Å) and interacting amino acid residues 
Compound 

Lowest 

energy 

(kcal/mol) 

%Inhibition 
against 

HIV-1 IN 
(100 µM) 

IC50 

(μM) Asn 
155 

Gln 
148 

Thr 
66 

His 
67 

Lys 
156 

342 -2.91 -10.58 >100 2.95 2.12  2.83 3.02 2.13, 

2.44 

343 -3.20 26.24 >100 - 1.89, 

2.02 

- 3.02 2.49 

344 -2.99 40.45 >100 - 1.88, 

2.07 

- - - 
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Figure 3.15 Predicted binding conformations of 342, 343 and 344 inside the HIV-1 

integrase active site (modified PDB code 1QS4) 

 

3.3.4 Molecular docking of compounds 345, 346 and 347  

 

The results showed hydrogen bonding between ligand and four amino acid 

residues for compounds 345, three amino acid residues for 346 and one amino acid 

residues for compound 347 (Figure 3.16 and Table 3.7). The result of docking 

predicted compound 347 has the lowest activity compared to two compounds (345 

and 346) but it formed only one hydrogen bond with the enzyme. The anti-HIV-1 IN 

activity of compound 347 was the lowest percentage at 100 µM (-18.90%) compared 

to two compounds 345 (12.51%) and 346 (14.18%) but three compounds showed 

similar activity in MIA method with IC50 values > 100 µM. The 4-methoxylcinnamoyl 

group at first position of compounds 345, 346 and 347 were bonded with Gln148. 

342 

343 

344 



 

 

86

Compounds 345 and 346 showed more activity than 347 maybe because they have 

more hydrogen bonding than compound 347. 
 

Table 3.7 The active site amino acid residues interacting with the cinnamoyl analogs 

345, 346 and 347 reported from docking experiment  

Hydrogen bonding (Å) and interacting amino acid 
residues Compound 

Lowest 

energy 

(kcal/mol) 

%Inhibition 
against HIV-1 
IN (100 µM) 

IC50 

(μM) 
Gln 
148 

Thr 
66 

His 
67 

Lys 
156 

347 -2.75 12.51 >100 1.90 2.83 3.14 1.97 

348 -2.03 14.18 >100 1.81 3.19 - 2.01 

349 -2.65 -18.90 >100 2.23 - - - 
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Figure 3.16 Predicted binding conformations of 345, 346 and 347 inside the HIV-1 

integrase active site (modified PDB code 1QS4) 
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3.3.5 Molecular docking of compounds 348, 349 and 350  

 

The results showed hydrogen bonding between ligand and four amino acid 

residues for compound 348 and two amino acid residues for 349 and 350 (Figure 

3.17-3.18 and Table 3.8). The docking results predicted that 349 and 350 possessed 

similar activity because they were bound with the same amino acid residues. Three 

compounds showed similar activity in MIA method with IC50 > 100 µM. However, at 

concentration of 100 µM, compounds 349 and 350 exhibited activity at 33 and 35 

%inhibition, respectively. The 4-hydroxycinnamoyl of first position of compounds 

348, 349 and 350 were bonded with Gln148. The compounds 349 and 350 exhibited 

%inhibition more than 348 could be described from stronger of hydrogen bonding 

between methoxyl group and amino acid residues. 

 

Table 3.8 The active site amino acid residues interacting with the cinnamoyl analogs 

348, 349 and 350 reported from docking experiment  

Hydrogen bonding (Å) and interacting amino 
acid residues Compound 

Lowest 

energy 

(kcal/mol) 

%Inhibition 
against 

HIV-1 IN 
(100 µM) 

IC50 

(μM) 
Gln 
148 

Lys 
156 

Lys 
159 

348 -2.89 25.63 >100 2.88 2.17 2.23, 2.41, 2.43 

349 -3.19 33.07 >100 1.88, 1.92 2.07 - 

350 -2.87 35.75 >100 1.83, 1.98 2.38 - 
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Figure 3.17 Predicted binding conformations of compound 348 inside the HIV-1 

integrase active site (modified PDB code 1QS4) 
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Figure 3.18 Predicted binding conformations of compounds 349 and 350 inside the 

HIV-1 integrase active site (modified PDB code 1QS4) 

 

3.3.6 Molecular docking of compounds 351, 352, 353, 354, 355 and 356 

 

The result of catechol series showed hydrogen bonding between ligand and 

four amino acid residues for compounds 353 and 356, three amino acid residues for 

compounds 351 and 352, two amino acid residues for compounds 354 and 355 

(Figure 3.19-3.20). In Table 3.9, high activity of compounds 353 and 356 (IC50 = 3.5 

and 7.0 μM respectively) can be explained from their stronger hydrogen bonding and 

more amino acid residues than the other compounds (351, 352, 354 and 355). The 

methoxyl group at sixth position and the carbonyl group at third position of core 

structure of compounds 353 and 356 were bonded similarly with Lys156 and Thr66. 

Moreover, the carbonyl group of 353 was bonded with His67. The catechol at the first 

position of 3,4-dihydroxycinnamoyl 353 was bonded three hydrogen bonding with 

Gln148 whereas, the 3-hydroxyl groups of 3,4-dihydroxycinnamoyl at first and third 

positions of 356 were bonded with Asp116 and Glu92, respectively.  
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Table 3.9 The active site amino acid residues interacting with the cinnamoyl analogs 

351, 352, 353, 354, 355 and 356 reported from docking experiment  

Hydrogen bonding (Å) and interacting amino acid residues 
Compound 

Lowest 

energy 

(kcal/mol) 

% 
Inhibition 

against 
HIV-1 IN 
(100 µM) 

IC50 

(μM) Gln 
148 

Thr 
66 

His 
67 

Glu 
92 

Asp 
116 

Asn 
117 

Glu 
152 

Asn 
155 

Lys 
156 

351 -3.25 24.94 >100 - 3.05 - - - - 2.22, 

2.98  

1.78, 

3.14 

- 

352 -3.07 55.95 89.4 - - - 1.85 - 1.94 - 1.88 - 

353 -3.75 90.30 3.5 1.97, 

2.17, 

2.38 

2.73 3.07 - - - - - 2.17 

354 -4.54 44.36 >100 - - - - 1.75 - - - 1.92, 

2.46 

355 -3.86 74.78 16.5 1.93, 

2.27 

- - - - - - - 1.96 

356 -3.96 93.60 7.0 - 2.89 - 1.92 1.65 - - - 2.10 
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Figure 3.19 Predicted binding conformations of compounds 351 and 352 inside the 

HIV-1 integrase active site (modified PDB code 1QS4) 
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Figure 3.20 Predicted binding conformations of compounds 353, 354, 355 and 356 

inside the HIV-1 integrase active site (modified PDB code 1QS4) 
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3.3.7 Superimposition of compound 351 with 353 
 

Compound 351 was superimposed with compound 353 (Figure 3.21), in 

which compound 351 has only one cinnamoyl group while compound 353 has two 

groups. The results showed that one additional cinnamoyl group of compound 353 

formed strong hydrogen bond with carbonyl donor and amide accepter groups of 

Gln148 whereas para-hydroxyl on cinnamoyl group of compound 351 was hydrogen 

accepter and hydrogen donor with carbonyl and amide groups of Glu152 respectively. 

The methoxyl group at fifth position on core structure of compound 353 was 

hydrogen donor with Lys156 while this position in compound 351 formed H-bond 

with amide accepter of Asn 155. The carbonyl of acetyl group at third position on 

core structure of compound 351 was hydrogen donor with hydroxyl group of Thr66. 

When acetyl group of compound 351 was replaced by cinnamoyl group (353), in 

which carbonyl at the similarly position was hydrogen donor with hydroxyl group of 

Thr66 and amide group of His67. Compound 353 has more hydrogen bonding than 

compound 351. This is a reason for higher activity of compound 353 compared to 

compound 351 (IC50 of 3.5 μM for 353 vs. IC50 > 100 μM for 351). 

 
Figure 3.21 Superimposition of predicted binding conformation of compounds 351 

and 353 inside the HIV-1 integrase active site 
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3.3.8 Superimposition of compound 352 with 353 

 

Compound 352 is structurally very similar to compound 353. The only 

difference is that the meta-hydroxyl group of cinnamoyl group in compound 353 was 

replaced with methoxyl group in compound 352. Therefore, the two compounds were 

superimposed to each other (Figure 3.22). The results showed that the catechol of 

cinnamoyl group in compound 353 and the only one para-hydroxyl on cinnamoyl 

group in compound 352 were hydrogen bond with carbonyl donor and amide accepter 

groups of Gln148. The methoxyl group at fifth position on core structure of both 

compounds was hydrogen donor at the same position of Lys156. The carbonyl of 

acetyl group at third position on core structure of compound 353 was hydrogen donor 

with hydroxyl group of Thr66 and amide group of His67 while compound 352 has no 

hydrogen bonding with these amino acid residues. Compound 352 has less hydrogen 

bonding than compound 353. Thus it is predicted that compound 352 has lower 

activity than compound 353 (IC50 of 3.5 μM for 353 vs. IC50 of 89.4 μM for 352). 

 
 

Figure 3.22 Superimposition of predicted binding conformation of compounds 352 

and 353 inside the HIV-1 integrase active site 

 



 

 

93

 
3.3.9 Superimposition of compound 355 with 353 

 

Compound 355 was superimposed with compound 353 (Figure 3.23), in 

which both compounds have two cinnamoyl groups with catechol. But one acetyl 

group of compound 353 was replaced with one meta-methoxyl of catechol on 

cinnamoyl group in compound 355. The results showed that one catechol of 

cinnamoyl group in compounds 353 and 355 were hydrogen bond with carbonyl 

donor and amide accepter groups of Gln148. The methoxyl group at fifth position on 

core structure of both compounds were hydrogen donor at the similarly position of 

Lys156. The carbonyl of acetyl group at third position on core structure of compound 

353 was hydrogen donor with hydroxyl group of Thr66 and amide group of His67 

while compound 355 has no hydrogen bonding with these amino acid residues. 

Compound 355 has less hydrogen bonding than compound 353. This is in agreement 

with experimental data which compound 355 is less active than compound 353 (IC50 

of 3.5 μM for 353 vs. IC50 of 16.5 μM for 355). 

 

 
Figure 3.23 Superimposition of predicted binding conformation of compounds 355 

and 353 inside the HIV-1 integrase active site 
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3.3.10 Superimposition of compound 356 with 353 

 

Compound 356 was superimposed with compound 353 (Figure 3.24), in 

which compound 353 has only two cinnamoyl groups with catechol while compound 

356 has three such groups. The results showed that a cetachol in one cinnamoyl group 

of compound 353 was hydrogen bond with carbonyl donor and amide accepter groups 

of Gln148 whereas meta-hydroxyl of cinnamoyl group at first and third position of 

compound 356 were hydrogen bond with carbonyl donor of Asp116 and carbonyl 

donor of Glu92. The methoxyl group at fifth position on core structure of both 

compounds was hydrogen donor at the same position of Lys156. The carbonyl of 

acetyl group at third position on core structure of compound 353 was hydrogen donor 

with hydroxyl group of Thr66 and amide group of His67 but compound 356 was 

hydrogen donor with hydroxyl group of Thr66. Compounds 353 and 356 have equal 

number of hydrogen bonding but with different amino acid residues. However, 

compound 353 was bond with important amino acid residue (Gln 148) than compound 

356 (Glu92). Therefore, compound 356 has slightly less activity than compound 353 

(IC50 of 3.5 μM for 353 vs. IC50 of 7.0 μM for 356). 

 
Figure 3.24 Superimposition of predicted binding conformation of compounds 356 

and 353 inside the HIV-1 integrase active site 
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CHAPTER IV 

CONCLUSION 
 

This work was divided into three parts that included synthesis, bioassay on 

HIV-1 integrase and molecular docking of multi-cinanamoyl analogs. The first part 

was synthesis of starting material compound 334 from phloroglucinol dihydrate 333 

was acetylated to obtain compound 334 (76% yield) and followed by methylation to 

give compound 335 (88% yield) using the reported procedures [64-65]. Compound 

335 provided the ababab geometric platform in which the later functionalized 

substituents on 1, 3, 5 positions would point toward the same direction and augment 

the property of each other. Spectroscopic characterizations were consistent with those 

of the previous reports [64, 65].  

The cinnamoyl moieties bearing compounds were constructed by extending 

from the acetyl substituents of the obtained hexasubstituted benzene platform. 

Compounds 336-350 were synthesized by using aqueous 80% KOH between the 

platform 335 and various substituted benzaldehydes such as 2-hydroxybenzaldehyde, 3-

hydroxybenzaldehyde, 4-hydroxybenzaldehyde, 4-methoxybenzaldehyde and 3-

methoxy-4-hydroxybenzaldehyde, initiated by high concentration of hydroxide base. 

The condensations gave the mono-cinnamoyl analogs 336, 339, 342, 345 and 348 as 

the major products in the range of 28-49% yield along with sequentially less amount 

of bis-cinnamoyl compounds 337, 340, 343, 346 and 349 (10-19% yield) and tris-

cinnamoyl compounds 338, 341, 344, 347 and 350 (3-6 %yield).    

 The catechol moieties on phenyl flanking ring in 351 was synthesized in      

18 % yield from demethylation of the methoxy group on the flanking phenyl ring of 

compound 350 using AlCl3 as the catalyst. Compounds 352 and 353 were similarly 

synthesized from partial and fully demethylations of the methoxy groups on flanking 

phenyl rings of compound 349 in 12 and 8 %yields, respectively. In addition, 

compounds 354, 355 and 356 were also synthesized in 7.4, 6.5, 2.4% yields 

respectively from the same process of demethylations of the methoxy groups on 

flanking phenyl rings of compound 350. All synthesized compounds were 

characterized by various methods such as NMR, IR and MS to be consistent with the 
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expected structures. The syntheses of these products appeared to have rather low 

yields because the intentional relatively mild demethylating condition and limited 

reaction time was used to prevent further reaction at the methoxy groups of the core 

structure. The products could probably be obtained in higher amount with longer 

reaction time.  

Next, anti-HIV-1 IN activity assay of nineteen cinnamoyl analogs 336-355 

were carried out using the multiplate integration assay (MIA) method reported by 

Tewtrakul and coworkers [71, 72]. The multiplate integration assay (MIA) results on 

some of these newly synthesized compounds indicated position sign of inhibition 

against HIV-1 integrase. The result suggested that the activity could arise from 

multiple free hydroxyl groups at meta- positions (341) and catechol moieties (352, 

353 and 355) on the flanking aromatic rings of the cinnamoyl moieties, which was 

more active than other related compounds including curcumin 164. The five relatively 

active compounds, 341, 352, 353, 355 and 356 showed IC50 values against HIV-1 

integrase at 9.5, 89.4, 3.5, 16.5 and 7 μM, respectively. Other twelve phenolic, four 

methoxybenzene and two catechol derivatives showed only moderate or inactive.  

The docking calculations of the tested compounds placed inside the catalytic 

core of HIV-1 integrase enzyme were performed using Autodock 4.0 program. The 

studies revealed that the conformationally constrained meta-hydroxy group on three 

flanking phenyl ring of tris-cinnamoyl analogs 341 and dihydroxy groups on flanking 

phenyl rings of 353 were properly placed inside the binding pocket of IN to establish 

the relatively strong interactions with the active site Mg2+ and five amino acid 

residues, Glu152, Gln148, Lys156 Ser147 and Thr66 for compound 341, four amino 

acid residues, His67, Lys156, Gln148 and Thr66 for 353 and four amino acid 

residues, Asp116, Glu92, Lys156 and Thr66 for 356 within the catalytic core domain 

of the IN enzyme. This result supported the hypothesis of the importance of multiple 

meta-hydroxy groups and catechol moieties on flanking phenyl ring of hexasubstituted 

benzene ring that worked together upon binding inside the integrase enzyme active site, 

rendering the compounds carrying these moieties relatively active and becoming an 

attractive group of potential anti-HIV drugs. 
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Figure A.1 1H-NMR (CDCl3) spectrum of 1,3,5-triacetyl-2,4,6-trihydroxybenzene 

(334) 

 

 

 
 

Figure A.2 13C-NMR (CDCl3) spectrum of 1,3,5-triacetyl-2,4,6-trihydroxybenzene 

(334) 
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Figure A.3 1H-NMR (CDCl3) spectrum of 1,3,5-triacetyl-2,4,6-trimethoxybenzene 

(335) 

 

 

 
 

Figure A.4 13C-NMR (CDCl3) spectrum of 1,3,5-triacetyl-2,4,6-trimethoxybenzene 

(335) 
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Figure A.5 1H-NMR (Acetone-d6) spectrum of 1-(2-hydroxycinnamoyl)-3,5-diacetyl-

2,4,6-trimethoxybenzene (336) 

 

 
 

Figure A.6 13C-NMR (Acetone-d6) spectrum of 1-(2-hydroxycinnamoyl)-3,5-

diacetyl-2,4,6-trimethoxybenzene (336) 
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Figure A.7 1H-NMR (Acetone-d6) spectrum of 1,3-bis(2-hydroxycinnamoyl)-5-

acetyl-2,4,6-trimethoxybenzene (337) 

 

 
 

Figure A.8 13C-NMR (Acetone-d6) spectrum of 1,3-bis(2-hydroxycinnamoyl)-5-

acetyl-2,4,6-trimethoxybenzene (337) 
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Figure A.9 1H-NMR (Acetone-d6) spectrum of 1,3,5-tris(2-hydroxycinnamoyl)-2,4,6-

trimethoxybenzene (338) 

 

 

 
 

Figure A.10 13C-NMR (Acetone-d6) spectrum of 1,3,5-tris(2-hydroxycinnamoyl)-

2,4,6-trimethoxybenzene (338) 
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Figure A.11 1H-NMR (Acetone-d6) spectrum of 1-(3-hydroxycinnamoyl)-3,5-

diacetyl-2,4,6-trimethoxyenzene (339) 

 

 

 
 

Figure A.12 13C-NMR (Acetone-d6) spectrum of 1-(3-hydroxycinnamoyl)-3,5-

diacetyl-2,4,6-trimethoxyenzene (339) 
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Figure A.13 COSY NMR (Acetone-d6) spectrum of 1-(3-hydroxycinnamoyl)-3,5-

diacetyl-2,4,6-trimethoxyenzene (339) 

 

 
 

Figure A.14 HMQC NMR (Acetone-d6) spectrum of 1-(3-hydroxycinnamoyl)-3,5-

diacetyl-2,4,6-trimethoxyenzene (339) 
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Figure A.15 HMBC NMR (Acetone-d6) spectrum of 1-(3-hydroxycinnamoyl)-3,5-

diacetyl-2,4,6-trimethoxyenzene (339) 

 

 
 

Figure A.16 1H-NMR (Acetone-d6) spectrum of 1,3-bis(3-hydroxycinnamoyl)-5-

acetyl-2,4,6-trimethoxybenzene (340) 
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Figure A.17 13C-NMR (Acetone-d6) spectrum of 1,3-bis(3-hydroxycinnamoyl)-5-

acetyl-2,4,6-trimethoxybenzene (340) 

 

 
 

Figure A.18 COSY NMR (Acetone-d6) spectrum of 1,3-bis(3-hydroxycinnamoyl)-5-

acetyl-2,4,6-trimethoxybenzene (340) 
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Figure A.19 HMQC NMR (Acetone-d6) spectrum of 1,3-bis(3-hydroxycinnamoyl)-5-

acetyl-2,4,6-trimethoxybenzene (340) 
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Figure A.20 HMBC NMR (Acetone-d6) spectrum of 1,3-bis(3-hydroxycinnamoyl)-5-

acetyl-2,4,6-trimethoxybenzene (340) 
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Figure A.21 1H-NMR (Acetone-d6) spectrum of 1,3,5-tris(3-hydroxycinnamoyl)-

2,4,6-trimethoxybenzene (341) 

 

 
 

Figure A.22 13C-NMR (Acetone-d6) spectrum of 1,3,5-tris(3-hydroxycinnamoyl)-

2,4,6-trimethoxybenzene (341) 
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Figure A.23 COSY (Acetone-d6) spectrum of 1,3,5-tris(3-hydroxycinnamoyl)-2,4,6-

trimethoxybenzene (341) 

 

 

 
 

Figure A.24 HMQC (Acetone-d6) spectrum of 1,3,5-tris(3-hydroxycinnamoyl)-2,4,6-

trimethoxybenzene (341) 

O OOMe

OMe

O

MeO

HO OH

OH

O OOMe

OMe

O

MeO

HO OH

OH



 
 

119

2.03.04.05.06.07.08.09.0

-20

0

20

40

60

80

100

120

140

160

180

200

 
 

Figure A.25 HMBC NMR (Acetone-d6) spectrum of 1,3,5-tris(3-hydroxycinnamoyl)-

2,4,6-trimethoxybenzene (341) 
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Figure A.26 1H-NMR (Acetone-d6) spectrum of 1-(4-hydroxycinnamoyl)-3,5-

diacetyl-2,4,6-trimethoxybenzene (342) 
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Figure A.27 13C-NMR (Acetone-d6) spectrum of 1-(4-hydroxycinnamoyl)-3,5-

diacetyl-2,4,6-trimethoxybenzene (342) 
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Figure A.28 1H-NMR (Acetone-d6) spectrum of 1,3-bis(4-hydroxycinnamoyl)-5-

acetyl-2,4,6-trimethoxybenzene (343) 
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Figure A.29 13C-NMR (Acetone-d6) spectrum of 1,3-bis(4-hydroxycinnamoyl)-5-

acetyl-2,4,6-trimethoxybenzene (343) 
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Figure A.30 1H-NMR (Acetone-d6) spectrum of 1,3,5-tris(4-hydroxycinnamoyl)-

2,4,6-trimethoxybenzene (344) 
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Figure A.31 13C-NMR (Acetone-d6) spectrum of 1,3,5-tris(4-hydroxycinnamoyl)-

2,4,6-trimethoxybenzene (344) 
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Figure A.32 1H-NMR (Acetone-d6) spectrum of 1-(4-methoxycinnamoyl)-3,5-

diacetyl-2,4,6-trimethoxybenzene (345) 
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Figure A.33 13C-NMR (Acetone-d6) spectrum of 1-(4-methoxycinnamoyl)-3,5-

diacetyl-2,4,6-trimethoxybenzene (345) 
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Figure A.34 1H-NMR (Acetone-d6) spectrum of 1,3-bis(4-methoxycinnamoyl)-5-

acetyl-2,4,6-trimethoxybenzene (346) 
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Figure A.35 13C-NMR (Acetone-d6) spectrum of 1,3-bis(4-methoxycinnamoyl)-5-

acetyl-2,4,6-trimethoxybenzene (346) 
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Figure A.36 1H-NMR (Acetone-d6) spectrum of 1,3,5-tris(4-methoxycinnamoyl)-

2,4,6-trimethoxybenzene (347) 
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Figure A.37 13C-NMR (Acetone-d6) spectrum of 1,3,5-tris(4-methoxycinnamoyl)-

2,4,6-trimethoxybenzene (347) 
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Figure A.38 1H-NMR (Acetone-d6) spectrum of 1-(4-hydroxy-3-methoxycinnamoyl)-

3,5-diacetyl-2,4,6-trimethoxybenzene (348) 
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Figure A.39 13C-NMR (Acetone-d6) spectrum of 1-(4-hydroxy-3-methoxycinnamoyl)-

3,5-diacetyl-2,4,6-trimethoxybenzene (348) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure A.40 1H-NMR (Acetone-d6) spectrum of 1,3-bis(4-hydroxy-3-methoxycin-

namoyl)-5-acetyl-2,4,6-trimethoxybenzene (349) 
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Figure A.41 13C-NMR (Acetone-d6) spectrum of 1,3-bis(4-hydroxy-3-methoxycin-

namoyl)-5-acetyl-2,4,6-trimethoxybenzene (349) 

 

 
 

Figure A.42 1H-NMR (Acetone-d6) spectrum of 1,3,5-tris(4-hydroxy-3-methoxycin-

namoyl)-2,4,6-trimethoxybenzene (350) 
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Figure A.43 13C-NMR (Acetone-d6) spectrum of 1,3,5-tris(4-hydroxy-3-methoxycin-

namoyl)-2,4,6-trimethoxybenzene (350) 
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Figure A.44 1H-NMR (Acetone-d6) spectrum of 1-(3,4-dihydroxycinnamoyl)-3,5-

diacetyl-2,4,6-trimethoxybenzene (351)  
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Figure A.45 13C-NMR (Acetone-d6) spectrum of 1-(3,4-dihydroxycinnamoyl)-3,5-

diacetyl-2,4,6-trimethoxybenzene (351) 

 

 
 

Figure A.46 COSY NMR (Acetone-d6) spectrum of 1-(3,4-dihydroxycinnamoyl)-3,5-

diacetyl-2,4,6-trimethoxybenzene (351) 
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Figure A.47 HMQC NMR (Acetone-d6) spectrum of 1-(3,4-dihydroxycinnamoyl)-

3,5-diacetyl-2,4,6-trimethoxybenzene (351) 

 

 
 

Figure A.48 HMBC NMR (Acetone-d6) spectrum of 1-(3,4-dihydroxycinnamoyl)-

3,5-diacetyl-2,4,6-trimethoxybenzene (351) 
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Figure A.49 1H-NMR (Acetone-d6) spectrum of 1-(3,4-dihydroxycinnamoyl)-3-(4-

hydroxy-3-methoxycinnamoyl)-5-acetyl-2,4,6-trimethoxybenzene (352) 

 

 
 

Figure A.50 13C-NMR (Acetone-d6) spectrum of 1-(3,4-dihydroxycinnamoyl)-3-(4-

hydroxy-3-methoxycinnamoyl)-5-acetyl-2,4,6-trimethoxybenzene (352) 
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Figure A.51 COSY NMR (Acetone-d6) spectrum of 1-(3,4-dihydroxycinnamoyl)-3-

(4-hydroxy-3-methoxycinnamoyl)-5-acetyl-2,4,6-trimethoxybenzene (352) 

 
 

Figure A.52 HMQC NMR (Acetone-d6) spectrum of 1-(3,4-dihydroxycinnamoyl)-3-

(4-hydroxy-3-methoxycinnamoyl)-5-acetyl-2,4,6-trimethoxybenzene (352) 
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Figure A.53 HMBC NMR (Acetone-d6) spectrum of 1-(3,4-dihydroxycinnamoyl)-3-

(4-hydroxy-3-methoxycinnamoyl)-5-acetyl-2,4,6-trimethoxybenzene (352) 

 

 

 
 

Figure A.54 1H-NMR (Acetone-d6) spectrum of 1,3-bis(3,4-dihydroxycinnamoyl)-5-

acetyl-2,4,6-trimethoxybenzene (353) 
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Figure A.55 13C-NMR (Acetone-d6) spectrum of 1,3-bis(3,4-dihydroxycinnamoyl)-5-

acetyl-2,4,6-trimethoxybenzene (353) 

 

 
 

Figure A.56 COSY NMR (Acetone-d6) spectrum of 1,3-bis(3,4-dihydroxycinna-

moyl)-5-acetyl-2,4,6-trimethoxybenzene (353) 
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Figure A.57 HMQC NMR (Acetone-d6) spectrum of 1,3-bis(3,4-dihydroxycinna-

moyl)-5-acetyl-2,4,6-trimethoxybenzene (353) 
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Figure A.58 HMBC NMR (Acetone-d6) spectrum of 1,3-bis(3,4-dihydroxycinna-

moyl)-5-acetyl-2,4,6-trimethoxybenzene (353) 
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Figure A.59 1H-NMR (Acetone-d6) spectrum of 1-(3,4-dihydroxycinnamoyl)-3,5-

bis(4-hydroxy-3-methoxycinnamoyl)-2,4,6-trimethoxybenzene (354) 
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Figure A.60 13C-NMR (Acetone-d6) spectrum of 1-(3,4-dihydroxycinnamoyl)-3,5-

bis(4-hydroxy-3-methoxycinnamoyl)-2,4,6-trimethoxybenzene (354) 
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Figure A.61 COSY NMR (Acetone-d6) spectrum of 1-(3,4-dihydroxycinnamoyl)-3,5-

bis(4-hydroxy-3-methoxycinnamoyl)-2,4,6-trimethoxybenzene (354) 
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Figure A.62 HMQC NMR (Acetone-d6) spectrum of 1-(3,4-dihydroxycinnamoyl)-

3,5-bis(4-hydroxy-3-methoxycinnamoyl)-2,4,6-trimethoxybenzene (354) 
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Figure A.63 HMBC NMR (Acetone-d6) spectrum of 1-(3,4-dihydroxycinnamoyl)-

3,5-bis(4-hydroxy-3-methoxycinnamoyl)-2,4,6-trimethoxybenzene (354) 
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Figure A.64 1H-NMR (Acetone-d6) spectrum of 1,3-bis(3,4-dihydroxycinnamoyl)-5-

(4-hydroxy-3-methoxycinnamoyl)-2,4,6-trimethoxybenzene (355) 
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Figure A.65 13C-NMR (Acetone-d6) spectrum of 1,3-bis(3,4-dihydroxycinnamoyl)-5-

(4-hydroxy-3-methoxycinnamoyl)-2,4,6-trimethoxybenzene (355) 
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Figure A.66 COSY NMR (Acetone-d6) spectrum of 1,3-bis(3,4-dihydroxycinnamoyl) 

-5-(4-hydroxy-3-methoxycinnamoyl)-2,4,6-trimethoxybenzene (355) 
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Figure A.67 HMQC NMR (Acetone-d6) spectrum of 1,3-bis(3,4-dihydroxycinna-

moyl)-5-(4-hydroxy-3-methoxycinnamoyl)-2,4,6-trimethoxybenzene (355) 
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Figure A.68 HMBC NMR (Acetone-d6) spectrum of 1,3-bis(3,4-dihydroxycinna-

moyl)-5-(4-hydroxy-3-methoxycinnamoyl)-2,4,6-trimethoxybenzene (355) 
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Figure A.69 1H-NMR (Acetone-d6) spectrum of 1,3,5-tris(3,4-dihydroxycinnamoyl)-

2,4,6-trimethoxybenzene (356) 
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