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Novel 2,4,5-trisubstituted thiazole derivatives (TSTs) were designed and synthesized as HIV-1 non-
nucleoside reverse transcriptase inhibitors (NNRTIs). Among the thirty-eight synthesized target com-
pounds, thirty TSTs showed potent inhibition against HIV-1 replication in wild type HIV-1 at sub-
micromolar concentrations (from 0.046 to 9.59 mM). Compounds 21, 23 and 24 were also tested on seven
NNRTI-resistant HIV-1 strains, and all exhibited inhibitory effects with fold changes in IC50 ranging from
2.6 to 111, which were better than those of nevirapine (15.6-folde371-fold). Docking simulations of
compound 24 revealed a reasonable mechanism for the binding mode, and three-dimensional quanti-
tative structure activity relationship (3-DQSAR) studies on this novel series of TST further elucidated the
structureeactivity relationship (SAR). The results suggested the great potential of TSTs as a novel class of
NNRTIs with antiviral efficacy and a good resistance profile.

© 2014 Elsevier Masson SAS. All rights reserved.
1. Introduction

Three decades have passed since the human immunodeficiency
virus (HIV) was identified as the causative agent of acquired im-
munodeficiency syndrome (AIDS) [1,2]. It has been estimated that
35.3 (32.2e38.8) million peoplewere living with HIV globally at the
end of 2012 [3]. Highly active antiretroviral therapy (HAART), a
combination of three to four drugs, has significantly decreased the
morbidity and mortality rates of HIV patients [4,5]. However, drug
resistance and severe drugedrug interactions limit the clinical ef-
ficacy of HAART [6e8], thus, the search for novel anti-HIV drugs
continues.
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served.
Non-nucleoside reverse transcriptase inhibitors (NNRTIs) play a
very important role in HAART. Currently, five NNRTI drugs have
been approved by the U.S. FDA for AIDS therapy, including three
first-generation drugs (nevirapine (NVP), delavirdine, and efavirenz
(EFZ)) and two second-generation drugs (etravirine and rilpivirine)
[9,10]. Despite the advantages of high potency and low toxicity,
rapid viral drug resistance to first-generation NNRTI drugs has
limited their clinical use. The most prominent mutants selected by
first-generation NNRTI therapy are the K103N and the Y181C var-
iants [11,12]. Consequently, addressing drug resistance is the focus
of current NNRTI research and development, and the emergence of
resistance to these drugs led us to search for new NNRTIs with a
higher genetic barrier against clinically relevant mutant strains
[13].

Unbiased compound screening for HIV-1 replication inhibitors
led to the discovery of a novel structural class of NNRTIs, 2,4,5-
trisubstituted thiazole derivatives (TSTs). Compound 2 and 3
blocked HIV-1 replication with IC50 values of 2.3 mM and 4.4 mM,
respectively [14]. However, compound 1 showed no anti-HIV ac-
tivity at 10 mM. Compound 4 was synthesized with a benzyl group
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in place of the dialkyl group in compounds 1e3, and the IC50
decreased to 0.65 mM. This result encouraged us to perform further
structureeactivity relationship (SAR) studies of this series of com-
pounds. Until now, there have been no reports of thiazoles as a
scaffold for HIV NNRTIs. In the present article, we used 4 as the lead
compound for the design and synthesis with the following strate-
gies: (i) the use of different substituents at positions 2 and 4 of the
thiazole ring; (ii) modification with different linkers between the
thiazole ring and the phenyl ring at position 2; and (iii) the intro-
duction of substituents at position 5 of the thiazole. The anti-HIV
replication activity was evaluated for all target compounds, and
the most potent derivatives were also tested for activity against
NNRTI-resistant strains (Fig. 1).

2. Results and discussion

The synthesis of compounds 42ae42m and 38 is shown in
Scheme 1. Appropriate acetophones and benzaldehydes were
condensed to give chalcones, which were then hydrogenated,
brominated, and condensed with an appropriate sulfur source to
give 2-aminothiazoles. The intermediate 2-aminothiazoles could
also be elaborated using various methods, after which the 2-
aminothiazoles were condensed with appropriate benzaldehydes
to afford the Schiff bases. Reduction of the Schiff bases afforded
most of the target compounds. Compounds 27 and 31 were ob-
tained through chemical transformations similar to those in
Scheme 1with the use of different startingmaterials. Compounds 1,
2, 37 were obtained through coupling of 43 with various
substituted amines. Compound 35 was obtained by methylation of
compound 7 and compound 3 was obtained through demethyla-
tion of compound 2 (Scheme 2).

Because this series of compounds possesses a new structural
scaffold, we attempted rational of the compounds to explore the
SAR. Simple replacement of the N,N-dimethyl group of 1 with the
N,N-diethyl group of 2 and the benzyl group of 4 led to a significant
increase in the activity. We speculated that a hydrophobic group in
this location might increase the activity. The optimization of lead
compound 4 initially focused on the substituent of the phenyl ring
at position 2 of the thiazole ring, and this phenyl ring was replaced
with different aromatic rings. The structures and the activities are
shown in Table 1. Comparison of compounds 5 (6.97 mM), 6
(0.82 mM) and 7 (0.31 mM), compounds 11 (0.80 mM) and 12
(1.47 mM) shows that para-substituents are superior to ortho- and
meta-substituents. The activities of compounds 5 and 6, where the
‘eOCH3’ is at the ortho- or meta-position, are reduced to 6.97 mM
and 0.82 mM, respectively, compared with compound 7. Similarly,
the activity of compound 12, with the introduction of ‘eNO2’ at the
meta-position of the phenyl ring, decreased significantly compared
to compound 11, which has an ‘eNO2’ at the para-position. In
addition, the activities of ortho-disubstituted compound 14
(7.21 mM), ortho- and meta-disubstituted compound 15 (5.20 mM)
and 3,4,5-trisubstituted compound 17 are greatly decreased
Fig. 1. Structures and activ
compared with those of other compounds or disappear altogether.
Interestingly, compound 16 (0.33 mM), which possesses an ‘eOH’ at
the para-position of the phenyl ring in compound 6, clearly shows
higher activity than compounds 6 and 8, which have a mono ‘eOH’
at the para-position. We speculate that this increase may occur
because the ‘eOCH3’ at the meta-position and the ‘eOH’ at the
para-position participate in an intramolecular hydrogen bond, thus
forming a 5-membered hydrogen-bonded ring, which generates
unknown changes in the recognition site. These changes require
further investigation (Fig. 2).

In contrast, by placing different substituents at the para-position
on the phenyl ring to observe the changes in activity, we found no
causal relationships between the electronic properties of the sub-
stituents and the activities. Replacing the ‘eOCH3’ on position 4 of
compound 7with themore potent electron-donating N,N-dimethyl
group resulted in a decrease in the activity of compound 9. Addi-
tionally, replacing the same ‘eOCH3’ with the electron-
withdrawing groups ‘eF’ or ‘eNO2’ also decreased the activities of
compounds 10 and 11.

Finally, replacing the phenyl ring at position 2 of the thiazole
ring with 2-furanyl, 3-pyridyl or 2-naphthyl, we obtained com-
pounds 18,19, and 20. Compared with compound 4, compounds 18
(1.00 mM), 19 (4.67 mM), and 20 (0.96 mM) are less active by varying
degrees. Of these three compounds, the activity of compound 19,
with a 3-pyridyl substituent, shows the greatest decrease to
4.67 mM. This result further illustrates that meta-substitution is
unfavorable to activity. However, the activity of compound 20, with
a 2-naphthyl ring, shows the smallest decrease. Combining these
observations with the hypothesis that compound 16 may form a 5-
membered ring through a hydrogen bond between ‘eOCH3’ and
‘eOH’, we surmise that an appropriate increase of the bulk of the
aromatic ring in this location may be beneficial for the activity.
However, this hypothesis requires further research (Fig. 2).

Table 2 presents the structures and activities of compounds
21e28. In compounds 21e28, we changed the substitution at the 4
position of the thiazole ring while retaining the structure at posi-
tions 2 and 5 of compound 7, which showed the highest inhibition
activity in Table 1. The results show that changing the substituents
at position 4 has a huge impact on the activity of the compounds. Of
these results, the activities of compounds 21, 23, and 24 are
equivalent to those of NVP, and the activities increased ten-fold
compared with lead compound 4. Removing the p-methoxy from
the phenyl ring at position 4 of compound 7 afforded compound 28
and increased the inhibition activity to 0.18 mM. In contrast, the
activity of compound 22 (1.21 mM), which is mono p-substituted,
declined substantially compared with that of compound 28, sug-
gesting thatmono substitution at the para-position is not preferred.
However, the activity of compound 23, in which another ‘eF’ has
been introduced at the ortho-position of compound 22, increased
substantially to 0.064 mM, suggesting that this substitution is
preferred. According to these results, compounds 24 and 25, which
have 2-Cl and 2,4-Cl2 substituents on the phenyl ring at position 4,
ities of 1, 2, 3, and 4.



Scheme 1. Synthesis of 42ae42m and 38. Reagents and conditions: (a) 10% NaOH, EtOH, rt, 5e10 h, 70e90%; (b) H2, Pd/C, EA, rt, 3e4 h, 80e95%; (c) i) SOCl2, reflux; ii) substituted
benzene, CH2Cl2, AlCl3; (d) Br2, AlCl3, CHCl3, 0 �C, 5e10 h; (e) thiourea (42ae42m)/N-(4-methoxyphenyl) thiourea (38), CH3COONa, EtOH, 80 �C, 10e15 h, 70e80%.

Scheme 2. Synthesis of 1e26, 28e30, and 32e37 Reagents and conditions: (a) 4-methoxylbenzaldehyde, p-toluenesulfonic acid, toluene, 130 �C, 10e24 h; (b) i) substituted
benzaldehyde, p-toluenesulfonic acid, toluene, 130 �C, 10e24 h, ii) NaBH4, EtOH, rt, 2e5 h, 50e85%; (c) DMF, NaH, MeI, 40 �C, 2e5 h, 68%; (d) isopentyl nitrite, CuCl2, CH3CN; 30%; (e)
4-methoxyphenethylamine, LiOH$H2O, KI, DMF/H2O, 50%; (f) LiOH$H2O, DMF or diethylamine/H2O; (g) BBr3, CHCl2, 63.2%.
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Table 1
Chemical structures and cell-based antiviral assay of compounds 4e20a against WT
HIV-1.

Compd R1 IC50b (mM)

4 0.65

5 6.97

6 0.82

7 0.31

8 0.64

9 0.87

10 0.66

11 0.80

12 1.47

13 0.45

14 7.21

15 5.20

16 0.33

17 >10

18 1.00

19 4.67

Table 1 (continued )

Compd R1 IC50
b (mM)

20 0.96

NVP e 0.031
EFV e 0.00084

a All tested compounds had no cytotoxicity at a final concentration of 10 mM.
b Inhibitory concentration 50% (IC50, mM) was calculated from the dose-

einfectivity curves.
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respectively, were synthesized. As expected, compound 24 showed
high activity at 0.046 mM, whereas the activity of compound 25
decreased to 0.14 mM. Thus, we hypothesize that halogen sub-
stituents at the ortho-position may be most favorable for activity,
whereas the contribution of para-substitution to the activity is
small. Compound 26 has a 2,5-dimethoxy substitution pattern on
the phenyl ring at position 4, and its activity decreased to 6.20 mM,
suggesting that this substitution substantially negatively affected
the inhibition. In compound 27, the phenyl ring at position 4 was
replaced with a furan-2-yl, which didn't improve the inhibition
compared with compound 28.

Based on the results from the first two rounds of optimization,
we explored the effects of substituents at position 5 of the thiazole
ring on the activity, and the results are shown in Table 3. Removing
the phenyl ring from this position and methyl substitution resulted
in a significant loss of inhibition against HIV replication (compound
31), showing the necessity of an aromatic ring in the 5 position.
Compared to compound 28, The introduction of an ‘eOCH3’ at the
ortho-position of the phenyl ring significantly increased the activity
of compound 29, whereas introduction of a ‘eCN’ in the para-
position significantly reduced the activity of compound 30. More-
over, compounds 32, 33 and 34, obtained by introducing ‘4-NO2’, ‘4-
F’, and ‘4-OMe’, respectively, to the phenyl ring at position 5 of the
thiazole in compound 7, completely lost inhibition activity against
HIV-1 RT. These results indicate that the substituents on the phenyl
ring have an important influence on activity; further research will
more fully elucidate these effects.

The different linkers between the thiazole ring and the phenyl
ring at position 2 may affect the conformation of the molecule in
space, thus influencing its activity. Finally, we explored different
linkers on the 2 positions of the thiazole ring as the Table 4 shows.
In compound 35, one ‘H’ on the amino group was replaced with a
methyl group, but the activity did not change significantly
compared with compound 7, suggesting that H at this position may
not be a hydrogen bond donor. Compound 36, the Schiff base of
compound 10, showed no inhibition against HIV-1 replication,
implying that limiting the rotation of the single bond of the carbon
and nitrogen atoms may negatively impact the activities of the
TSTs. Extending the linker on position 2 to three atoms resulted in
the loss of inhibition for compound 37. Shortening the linker to one
Fig. 2. The speculated 5-membered ring forming from a hydrogen bond between
‘eOCH3’ and ‘eOH’ of 16.



Table 2
Chemical structures and cell-based antiviral assay of compounds 21e28a againstWT
HIV-1.

Compd R2 IC50
b (mM)

21 0.062

22 1.21

23 0.064

24 0.046

25 0.14

26 6.20

27 0.70

28 0.18

NVP e 0.031
EFV e 0.00084

a All tested compounds showed no cytotoxicity at a final concentration of 10 mM.
b Inhibitory concentration 50% (IC50, mM) was calculated from the dose-

einfectivity curves.

Table 3
Chemical structures and cell-based antiviral assay of compounds 29e34a againstWT
HIV-1.

Compd R3 R4 IC50b (mM)

29 H 0.13

30 H 4.79

31 OMe CH3 9.59

32 OMe >10

33 OMe >10

34 OMe >10

NVP e e 0.031
EFV e e 0.00084

a All tested compounds showed no cytotoxicity at a final concentration of 10 mM.
b Inhibitory concentration 50% (IC50, mM) was calculated from the dose-

einfectivity curves.
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atom to connect the amino directly to the phenyl ring also resulted
in the loss of inhibition for compound 38. These findings implied
that optimal inhibition requires a two-atom linker on position 2.
3. A brief summary of SAR

Fig. 3 shows a brief summary of the SAR of the TSTs. We divide
the scaffold of the TSTs into five parts. In addition to the central
thiazole ring, A, B, C, and D represent four structural segments: the
side chain in the 2 position, the 4 and 5 substituents, and the linker
on position 2 of the thiazole ring, respectively. In part A, compound
7 with a 4-methoxyphenyl showed the most potent inhibition
against HIV-1. Retaining the structure from compound 7 at posi-
tions 2 and 5 and changing the substitution at the 4 position of the
thiazole ring shows the SAR of part B; 2-fluorophenyl, 2,4-
difluorophenyl and 2-chlorophenyl turned out to be the optimal
substituents for B. Modifications on part C suggest that a phenyl
ring is preferred. The most favorable length of the linker for activity
is two atoms.
4. Resistance

Time-of-drug addition assay was performed to identify the
target of the active compounds. The results exhibited that the
compounds’ anti-HIV replication activity was due to the inhibition
of viral reverse transcription process (Supplementary data). Since
HIV drug resistance was the major cause of clinical treatment fail-
ure, five compounds, 8, 9, 21, 23 and 24, were selected for evalua-
tion of their inhibition activities against NNRTI-resistant HIV-1
replication. Seven NNRTI-resistant HIV-1 recombinant virus
models were used: HIVRT-Y181C, HIVRT-K103N, HIVRT-L100I/RT-K103N,
HIVRT-Y188L, HIVRT-K103N/RT-P225H, HIVRT-K103N/RT-G190A and HIVRT-

K103N/RT-V108I. The results in Table 5 indicated that compounds 21, 23
and 24 showed good inhibition against replication of the most
common drug-resistant strains. Compound 23 exhibited the most
potent inhibitory activity against six of the seven resistant strains,
withmultiples of drug resistance ranging from 6.3 to 156, which are
better than the positive control drug efavirenz, the latter fold-
ranges from 5.4 to 2394.2.

5. Molecular modeling studies

Pursuing this line of research, we undertook docking and 3D-
QSAR studies on a training set. Surflex-Dock was used to perform
the docking study, and the comparative molecular field analysis
(CoMFA) and the comparative molecular similarity index analysis
(CoMSIA) methods were used to perform the 3D-QSAR study. The
aim of this work was to establish reliable 3D-QSAR models and



Table 4
Chemical structures and cell-based antiviral assay of compounds 35e38a againstWT
HIV-1.

Compd Structure IC50b (mM)

35 0.37

36 >10

37 >10

38 >10

NVP 0.031
EFV 0.00084

a All tested compounds showed no cytotoxicity at a final concentration of 10 mM.
b Inhibitory concentration 50% (IC50, mM) was calculated from the dose-

einfectivity curves.

Z. Xu et al. / European Journal of Medicinal Chemistry 85 (2014) 27e4232
determine the most likely binding conformations for these
compounds.

Compound 24, which showed the highest activity against the
WT HIV-1, was used as a representative to conduct the docking
experiments in the WT HIV-1 RT non-nucleoside binding site
(NNBS) and study the binding mode of the TSTs. To take into ac-
count the flexibility of the experimental NNBS, the structural data
of six RTs (1c1b [15]; 1c1c [15]; 1ikx [16]; 2b5j [17]; 3lak [18]; 2rki
[19]) were selected. The Surflex [20] program was used to dock 24
into all six RTs. In all cases, the docked conformations (either the
first ranked or the most populated cluster representing confor-
mations) agreed well with each other, and a nearly identical
binding mode for 24 with all RTs was observed. The chemical
Fig. 3. SAR of the TSTs.
features of 24 shared a common binding mode in all RTs: (i) the
nitrogen atom of the thiazole forms a hydrogen bond with the K103
amino group on the side chain; (ii) the side chain at the 2-position
of the thiazole occupies a pocket formed mainly by the side chains
of F227, P225, P236, and D237; (iii) the phenyl ring at the 5 position
of the thiazole has a pep stacking interaction with Y181 or Y188
and fits in a small hydrophobic pocket composed of the side chains
of Y181, Y188, and W229; (iv) the 2-chlorine atom of the phenyl at
the 4 position of the thiazole possesses favorable contacts with
G190 or K103, based on the distance between them (Fig. 4).

6. CoMFA/CoMSIA 3-DQSAR of TSTs

6.1. Training set

A training set of twenty-five TST derivatives was used to develop
the 3-DQSAR. Compounds 2, 4, 6, 21 and 26 were used as the test
set, the rest were used as the training set.

6.2. Alignment rules

Alignment rules determine the ability of the CoMFA and CoMSIA
models to predict and make general assumptions, as they deter-
mine the conformation and orientation of all molecules within the
3D lattice [21]. Because the best-docked geometries agreed with
the crystallographic data of the complex for all compounds (and
thus were already aligned), the receptor-based alignment rules
were obtained from docking experiments of the training set in the
NNBS extracted from the TT1/RT complex (PDB: 2rki); they were
directly submitted to CoMFA and CoMSIA studies [22].

6.3. Definition of the 3D-QSAR models

CoMFA and CoMSIA were used to establish QSAR models. In
CoMFA, the steric and electrostatic fields were calculated separately
for each molecule using an sp3 carbon as the probe atom with a
charge of þ1.00 (default probe atom in Sybyl) and energy cutoff
values of 30 kcal/mol for both the steric and electrostatic fields
[23].The automatically generated CoMFA fields were scaled by the
CoMFA-STD method in SYBYL. The partial least squares (PLS)
method was used to linearly correlate the CoMFA fields to the
inhibitory activity values [24e26]. A cross-validation analysis was
performed using the leave-one-out (LOO) method, in which one
compound is removed from the dataset, and its activity is predicted
using the model derived from the rest of the dataset [27]. The final
model was constructed to yield the highest q2, and the corre-
sponding conventional correlation coefficient r2, its standard er-
rors, and the F ratio were also calculated.

Table 6 shows the PLS statistics of the CoMFA and CoMSIA
models. The two methods were employed to derive a 3D-QSAR
model consisting of a training set of 25 ligands. The leave-one-out
partial least-squares (PLS) analysis of the obtained models yielded
excellent cross-validated q2-values of 0.613 (six components) and
0.602 (six components) and non-cross-validated r2 values of 0.993
and 0.987, respectively. These correlation coefficients suggest that
our models are reliable and accurate.

6.4. 3D contour maps

To visualize the information content of the derived 3D-QSAR
models, CoMFA and CoMSIA contour maps were generated. The
contour maps are used to create a “negative” matrix in the place of
the unknown active site, and variations of the ligands used can be
generated as long as they are better fits in the “imaginary” active
site.



Table 5
Inhibitory effects of 8, 9, 21, 23, 24 and the references NVP and EFV on wild type and NNRTI-resistant HIV-1 replication by cell-based antiviral assay.

Resistance Compd

8 9 21 23 24 NVP EFV

IC50 (mM) IC50 (mM) IC50 (mM) IC50 (mM) IC50 (mM) IC50 (mM) IC50 (mM)

VSVG/HIVwt
a 0.64 0.87 0.062 0.064 0.046 0.031 0.00104

VSVG/HIVRT-K103N 8.38 (13)c 65.7 (76) 0.54 (8.7) 0.41 (6.4) 0.24 (5.2) 16.1 (519) 0.0588 (56)
VSVG/HIVRT-Y181C 6.63 (10) 71.6 (82) 1.26 (20.3) 1.46 (22.8) 0.79 (17.2) 66.7 (2152) 0.00565 (5.4)
VSVG/HIVRT-L100I,K103N NTb NT 5.24 (84.5) 5.36 (83.8) 5.11 (111) 5.0 (161) 2.49 (2394)
VSVG/HIVRT-Y188L NT NT >10 (>161) >10 (>156) >10 (>217) >10 (>322) 0.48 (461.5)
VSVG/HIVRT-K103N,P225H NT NT 4.81 (77.6) 3.59 (56.1) 0.78 (17) 5.48 (177) 0.16 (154)
VSVG/HIVRT-K103N,G190A NT NT 0.16 (2.6) 0.40 (6.3) 4.18 (90.9) >10 (>322) 0.056 (538)
VSVG/HIVRT-K103N,V108I NT NT 4.73 (76.3) 1.84 (28.8) 0.82 (17.8) 2.8 (90) 0.083 (79.8)

a VSV-G: vesicular stomatitis virus G protein.
b NT: not tested.
c Mean change (fold) in IC50 compared to wild type.
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6.5. CoMFA and CoMSIA contour maps

Fig. 5a and 5b show the electrostatic and steric contour maps of
the CoMFA models, respectively. Fig. 5c, 5d, and 5e show the steric-
electrostatic, hydrophobic and hydrogen bond donor and acceptor
contour maps of the CoMSIA models, respectively. The ster-
iceelectrostatic plots of the two models are similar. The electro-
static plot suggests that the electronic plot is consistent with the
structure of the TSTs; “N” atoms are near the blue moieties, and “O”
atoms are near the red moieties. The steric and hydrophobic plots
indicate that the side chain on position 2 of the thiazole is critical; it
may be beneficial for the inhibition activity to introduce a bulky
group here. This hypothesis can further explain the variation in
activity among compounds 6, 8, 16 and 20. Finally, the hydrogen
bond donor and acceptor plots suggest the importance of the “N”
atom on the thiazole as a hydrogen bond acceptor.

The activities of the training and test sets were also predicted,
but the results were not as accurate as we expected. Although the
predicted values for the training set are quite consistent with the
experimental values, the predicted values for compound 26 are
Fig. 4. Binding conformation of 24 (magenta) into the NNBS of HIV-1WT RT (PDB id:2rki). H
interpretation of the references to color in this figure legend, the reader is referred to the
much higher than the experimental values. However, the values
predicted for the other four compounds of the test set are consis-
tent with the experimental values, which indicates that in general,
the models can predict the test set well. Compound 26 is the only
compound that has a substituted on both the ortho- and meta-
moieties. Therefore, this compound may have different interac-
tion mechanisms with the HIV-1 RT that remain unknown (Fig. 6).

7. Conclusion

In summary, we have designed a series of 2,4,5-trisubstituted
thiazole derivatives (1e38) as a novel class of HIV-1 NNRTIs and
described an efficient method for their synthesis. Thirty com-
pounds showed potent inhibition of HIV-1 replication at sub-
micromolar concentrations against wild type HIV-1 strains. Five of
the compounds, 8, 9, 21, 23 and 24, were also evaluated for their
inhibition activity against HIV-1 RTmutants, and compounds 21, 23
and 24 all showed high levels of inhibition against replication of the
most common drug-resistant strains and may have potential as
drug candidates for AIDS treatment.
ydrogen atoms are omitted for clarity. H-Bonds are shown as dotted yellow lines. (For
web version of this article.)



Table 6
Summary of CoMFA and CoMSIA statistical analysis.

PLS statistics CoMFA CoMSIA

No. compounds 25 25
Optimal number of components (ONC) 6 6
Leave one out r2 0.613 0.602
Std. error of estimate (SEE) 0.064 0.086
Non cross-validated r2 0.993 0.987
F value 487.811 269.361
Steric contribution 0.411 0.112
Electrostatic contribution 0.589 0.352
Hydrophobic contribution e 0.211
H-bond donor contribution e 0.186
H-bond acceptor contribution e 0.139
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The result of a docking study revealed the most likely mecha-
nism of interaction between this type of compound and the HIV-1
RT. The 3D-QSAR research also elucidates the SAR and is instructive
for further research; for example, it may be beneficial to the inhi-
bition activity to introduce a bulky group on the side chain on
Fig. 5. Contour plot of the CoMFA and CoMSIA models. 5a and 5b show the steric and electro
groups increase activity, whereas yellow contours indicate regions where bulky groups de
whereas red contours indicate regions where negative charge increases activity. 5c, 5dand
hydrophobic groups increase activity, whereas white contours indicate regions where hydro
increase activity, whereas magenta contours indicate regions where H-bond acceptors increa
is referred to the web version of this article.)
position 2 of the thiazole, and the “N” atom on the thiazole plays an
important role as a hydrogen bond acceptor.These results provide
future research directions, which are to introduce bulky groups on
position 2 and study more substituents on positions 4 and 5 of the
thiazole ring.
8. Experimental

8.1. Chemistry

Starting materials and other reagents were purchased from
commercial suppliers and were used without further purification
unless otherwise indicated. The melting points were measured
with a WRS-1B digital melting point apparatus by Shanghai
Measuring Instruments Equipment Co., Ltd. 1H NMR spectra were
measured on a Mercury 600/300 MHz spectrometer by VARIAN,
using TMS as an internal standard. 1H NMR spectra were obtained
as DMSO-d6 or CDCl3 solutions as indicated (reported in ppm). The
static counter maps of the CoMFA model. Green contours indicate regions where bulky
crease activity. Blue contours indicate regions where positive groups increase activity,
5e show contour plots of the CoMSIA model. Orange contours indicate regions where
phobic groups decrease activity. Cyan contours indicate regions where H-bond donors
se activity. (For interpretation of the references to color in this figure legend, the reader



Fig. 6. Correlations between the experimental and the predicted activities for the training and test sets for the optimal CoMFA and CoMSIA models, respectively. (For interpretation
of the references to color in this figure legend, the reader is referred to the web version of this article.)
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mass spectra were obtained using liquid chromatography mass
spectrometry (LC-MS) on an APEXIIFT-ICR mass spectrometer by
Bruker with an ESI interface. Thin-layer chromatography (TLC) used
silica gel GF254. The hydrogenation reactions were undertaken
using a GCD-500 High-purity hydrogen generator and a BLT-2000
medium pressure hydrogenation apparatus produced by Beijing
Jiaweikechuang Company. The boiling range for petroleum ether is
60e90 �C. All test compounds showed �95% purity as determined
by high-performance liquid chromatography (HPLC) except com-
pound 31 with the purity of 92.54%.
8.2. General procedure for the preparation of intermediates
39ae39g, 39ie39k

The substituted aryl methyl ketone (1.0 mmol), an aqueous so-
lution of 10% sodium hydroxide (2.5 mmol) and ethanol (5 mL)
were charged into a 50 mL flask, and the mixture was stirred at
room temperature for 10 min, followed by addition of substituted
aryl aldehyde (1.05mmol). The reactionmixturewas then stirred at
room temperature and monitored using TLC with 5% ethyl acetate/
petroleum ether as the solvent system until all reactants dis-
appeared. The mixture was extracted with ethyl acetate three
times, and the combined organic phase was dried over sodium
sulfate and concentrated under vacuum. The residue was recrys-
tallized from anhydrous ethanol, except for 39i and 39a, which
were directly used in the next step without purification.

(E)-1-(4-methoxyphenyl)-3-phenylprop-2-en-1-one (39a) was
obtained as a slightly yellow solid in 88% yield. 1H NMR (DMSO-d6,
600 MHz) d 3.70 (s, 3H, OCH3), 6.98 (d, J ¼ 9.0 Hz, 2H, ArH),
7.43e7.39 (m, 3H, ArH), 7.54 (d, J ¼ 15.7 Hz, 1H, CH]CH), 7.67e7.62
(m, 2H, ArH), 7.79 (d, J ¼ 15.7 Hz, 1H, CH]CH), 8.04 (d, J ¼ 9.0 Hz,
2H, ArH).

(E)-1-(2-fluorophenyl)-3-phenylprop-2-en-1-one (39b) was ob-
tained as a slightly yellow solid in 83% yield. 1H NMR (CDCl3,
600 MHz) d 7.37e7.33(m, 2H, ArH), 7.49e7.40 (m, 4H, ArH),
7.64e7.61 (m, 2H, ArH), 7.76e7.72 (m, 3H, ArH).

(E)-1,3-bis (4-methoxyphenyl)prop-2-en-1-one (39c) was ob-
tained as a white solid in 75% yield, m.p. 98e99 �C. 1H NMR (CDCl3,
600 MHz) d 3.76 (s, 3H, OCH3), 3.87 (s, 3H, OCH3), 7.56 (d, 1H,
J¼ 15.0 Hz, CH), 7.72 (d,1H, J¼ 15.0 Hz, CH), 7.93e6.73 (m, 8H, ArH).

(E)-1-(4-fluorophenyl)-3-phenylprop-2-en-1-one (39d) was ob-
tained as a white solid in 68% yield, m.p. 81e82 �C. 1H NMR (CDCl3,
600MHz) d 7.50 (d,1H, J¼ 16.0 Hz, CH), 7.82 (d,1H, J¼ 16.0 Hz, CH),
8.07e7.16 (m, 9H, ArH).

(E)-1-(2,4-difluorophenyl)-3-phenylprop-2-en-1-one (39e) was
obtained as a slightly yellow solid in 93% yield. 1H NMR (DMSO-d6,
600 MHz) d 6.91 (ddd, J1 ¼10.9 Hz, J2 ¼ 8.7 Hz, J3 ¼ 2.4 Hz, 1H, ArH),
7.00 (td, J1 ¼ 7.8 Hz, J2 ¼ 2.4 Hz, 1H, ArH), 7.39 (dd, J1 ¼ 15.6 Hz,
J2 ¼ 3.0, 1H, CH]CH), 7.44e7.40 (m, 3H, ArH), 7.65e7.61 (m, 2H,
ArH), 7.77 (dd, J1 ¼ 15.6 Hz, J2 ¼ 1.9 Hz, 2H, CH]CH), 7.89 (td,
J1 ¼ 8.5 Hz, J2 ¼ 6.5 Hz, 1H, ArH).

(E)-1-(2-chlorophenyl)-3-phenylprop-2-en-1-one (39f) was ob-
tained as a slightly yellow oil in 95% yield. 1H NMR (DMSO-d6,
600 MHz) d 7.14 (d, J ¼ 16.1, 1H, CH]CH), 7.37 (td, 1H, J1 ¼ 7.4 Hz,
J2 ¼ 1.3 Hz, ArH), 7.42e7.39 (m, 3H, ArH), 7.43 (dd, 1H, J1 ¼ 7.4 Hz,
J2 ¼ 1.8 Hz, ArH), 7.50e7.43 (m, 3H, ArH), 7.59e7.55 (m, 2H, ArH).

(E)-1-(2,4-dichlorophenyl)-3-phenylprop-2-en-1-one (39g) was
obtained as a slightly yellow oil in 63% yield. 1H NMR (DMSO-d6,
600 MHz) d 7.12 (dd, J1 ¼ 16.0 Hz, J2 ¼ 0.9 Hz, 1H, CH]CH), 7.36
(ddd,1H, J1 ¼8.2 Hz, J2 ¼ 2.0 Hz, J3 ¼ 0.9 Hz, ArH), 7.44e7.41 (m, 5H,
ArH, CH]CH), 7.49 (dd, J1 ¼ 2.3 Hz, J2 ¼ 1.3 Hz, 1H, ArH), 7.59e7.55
(m, 2H, ArH).

(E)-3-(2-methoxyphenyl)-1-phenylprop-2-en-1-one (39j) was
obtained as a slightly yellow solid in 90%, m.p. 56.4e56.8 �C. IR (KBr,
cm�1): 3103, 3030, 1660 (nCO), 1600, 1488, 1341, 1315, 1248, 1180,
1017, 754, 730; 1H NMR (CDCl3, 600 MHz) d 3.94 (s, 3H, CH3O), 6.97
(d, J ¼ 7.80 Hz, 1H, ArH), 7.02 (t, J ¼ 7.80 Hz, 1H, ArH), 7.41 (d,
J ¼ 7.20 Hz, 1H, ArH), 7.52 (t, J ¼ 7.80 Hz, 2H, ArH), 7.58 (t,
J ¼ 7.80 Hz, 1H, ArH), 7.66 (d, J ¼ 15.60 Hz, 1H, CH]CH), 7.67 (d,
J ¼ 7.20 Hz, 1H, ArH), 8.04 (d, J ¼ 7.80 Hz, 2H, ArH), 8.14 (d,
J ¼ 15.60 Hz, 1H, CH]CH). IR (KBr, cm�1): 3103, 3030, 1660 (nC]O),
1600, 1488, 1341, 1315, 1248, 1180, 1017, 754, 730.

(E)-4-(3-oxo-3-phenylprop-1-enyl)benzonitrile (39k) was ob-
tained as a slightly yellow solid in 83.7% yield, m.p. 153.6e153.8 �C.
1H NMR (CDCl3, 600 MHz) d 7.53 (t, J ¼ 7.8 Hz, 2H, ArH), 7.61 (d,
J¼ 15.6 Hz, 1H, CH]CH), 7.62 (t, 1H, ArH), 7.23 (q, 4H, ArH), 7.78 (d,
J ¼ 15.6 Hz, 1H, CH]CH), 8.03 (d, J ¼ 7.8 Hz, 2H, ArH). IR (KBr,
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cm�1): 3061, 2221, 1662 (nC]O), 1603, 1577, 1558, 1335, 1221, 1015,
988, 833, 778, 726, 694.

8.3. General procedure for the preparation of intermediates
40ae40m, 44a

The chalcone, Pd/C (an amount equal to ¼ the quantity of the
chalcone) and 30 mL of ethyl acetate were placed into the reactor.
The reaction was conducted in an BLT-2000 medium-pressure hy-
drogenation apparatus for 3.5e4 h and monitored by TLC using 5%
ethyl acetate/petroleum ether as the solvent system. When the
reaction was finished, the Pd/C was filtered, and the solvent was
removed. In most cases, the crude product was purified by column
chromatography using ethyl acetate/petroleum ether as the solvent
system. Compounds 40e, 40i, and 40j were obtained as pure
products monitored by TLC, and the crude products were directly
used in the next step.

1-(4-methoxyphenyl)-3-phenylpropan-1-one (40a) was obtained
as a white solid in 95% yield, m.p. 96.5e97.2 �C. 1H NMR (CDCl3,
400 MHz) d 3.05 (t, J ¼ 8.16 Hz, 2H, ArCH2), 3.25 (t, J ¼ 8.16 Hz, 2H,
COCH2), 3.86 (s, 3H, OCH3), 6.92 (d, J ¼ 9.00 Hz, 2H, ArH), 7.32e7.18
(5H, m, ArH), 7.94 (d, J ¼ 9.00 Hz, 2H, ArH). EI-MS m/z 240.1[Mþ,
37], 135 (100).

1-(2-fluorophenyl)-3-phenylpropan-1-one (40b) was obtained as
a colorless oil in 94% yield. 1H NMR (CDCl3, 400 MHz) d 2.93 (t,
J ¼ 7.5 Hz, 2H, CH2), 3.30 (td, J1 ¼7.5, J2 ¼ 2.4 Hz, 2H, CH2), 7.18 (td,
J1 ¼ 6.9, J2 ¼ 1.7 Hz, 1H, ArH), 7.28e7.23 (m, 4H, ArH), 7.36e7.33 (m,
2H, ArH), 7.66e7.64 (m, 1H, ArH), 7.83 (td, J1 ¼ 7.7, J2 ¼ 1.7 Hz, 1H,
ArH).

1,3-bis (4-methoxyphenyl)propan-1-one (40c) was obtained as
a clear solid in 78% yield, m.p. 85e86 �C. 1H NMR (CDCl3, 600 MHz)
d 2.99 (t, 2H, CH2), 3.21 (t, 2H, CH2), 3.80 (s, 3H, OCH3), 3.86 (s, 3H,
OCH3), 6.83 (d, J¼ 8.4 Hz, 2H, ArH), 6.92 (d, J¼ 9.0 Hz, 2H, ArH), 7.16
(d, J ¼ 9.0 Hz, 2H, ArH), 7.94 (d, J ¼ 8.4 Hz, 2H, ArH).

1-(4-fluorophenyl)-3-phenylpropan-1-one (40d) was obtained as
a clear solid in 94% yield. 1H NMR (CDCl3, 600 MHz) d 3.06 (t,
J ¼ 7.7 Hz, 2H, CH2), 3.27 (t, J ¼ 7.7 Hz, 2H, CH2), 7.11 (t, J ¼ 8.4 Hz,
2H, ArH), 7.29e7.20 (m, 5H, ArH), 7.99e7.96 (m, 2H, ArH).

1-(2-chlorophenyl)-3-phenylpropan-1-one (40f) was obtained as
slightly yellow oil in 53% yield. 1H NMR (DMSO-d6, 600 MHz) d 3.05
(t, J¼ 7.8 Hz, 2H, CH2), 3.27 (t, J¼ 7.2 Hz, 2H, CH2), 7.24e7.20 (m, 3H,
ArH), 7.31e7.27 (m, 3H, ArH), 7.37 (tt, 1H, J1 ¼ 7.9 Hz, J2 ¼ 1.7 Hz,
ArH), 7.41e7.39 (m, 2H, ArH).

1-(2,4-dichlorophenyl)-3-phenylpropan-1-one (40g) was ob-
tained as a clear oil in 85% yield. 1H NMR (DMSO-d6, 600 MHz)
d 3.05 (t, J ¼ 7.8 Hz, 2H, CH2), 3.26 (t, J ¼ 7.8 Hz, 2H, CH2), 7.23e7.20
(m, 3H, ArH), 7.31e7.27 (m, 3H, ArH), 7.37 (d, J ¼ 8.3, 1H, ArH), 7.43
(d, J ¼ 1.9, 1H, ArH).

1-(2,5-dimethoxyphenyl)-3-phenylpropan-1-one (40h) was ob-
tained as a white solid in 77% yield, m.p. 54.7e56.7 �C. 1H NMR
(CDCl3, 400 MHz) d 3.05 (t, J ¼ 8.16 Hz, 2H, ArCH2), 3.25 (t,
J ¼ 8.16 Hz, 2H, COCH2), 3.86 (s, 3H, OCH3), 3.95 (s, 3H, OCH3),
7.94e6.92 (m, 8H, ArH).

4-(3-oxo-3-phenylpropyl)benzonitrile (40k) was obtained as a
white solid in 99.2% yield, m.p. 77.5e77.9 �C. 1H NMR (CDCl3,
600 MHz) d 3.14 (t, J ¼ 7.2 Hz, 2H, CH2CH2), 3.33 (t, J ¼ 7.2 Hz, 2H,
CH2CH2), 7.37 (d, J ¼ 8.4 Hz, 2H, ArH), 7.47 (t, J ¼ 8.4 Hz, 2H, ArH),
7.60e7.56 (m, 3H, ArH), 7.95 (d, J ¼ 8.4 Hz, 2H, ArH). IR (KBr, cm�1):
3066, 3960, 2903, 2220, 1679 (nC]O), 1604, 1446, 1211, 828, 787,
747, 690.

1-(4-methoxyphenyl)-3-(4-nitrophenyl)propan-1-one (40l) it
was obtained as a white solid in 83% yield, m.p. 123e125 �C. 1H
NMR (CDCl3, 400 MHz) d 3.18 (t, J ¼ 7.00 Hz, 2H, CH2), 3.30 (t,
J ¼ 7.00 Hz, 2H, CH2), 3.87 (3H, s, OCH3), 6.93 (d, J ¼ 8.96 Hz,
2H, ArH), 7.42 (d, J ¼ 8.60 Hz, 2H, ArH), 7.93 (d, J ¼ 8.96 Hz, 2H,
ArH), 8.15 (d, J ¼ 8.60 Hz, 2H, ArH); EI-MS m/z 285.0 [Mþ, 62],
134 (100).

3-(4-fluorophenyl)-1-(4-methoxyphenyl)propan-1-one (40m)was
obtained as awhite solid in 80%yield,m.p. 72e73 �C.1HNMR (CDCl3,
600 MHz) d 3.02 (t, J ¼ 7.2 Hz, 2H, CH2), 3.22 (t, J ¼ 7.2 Hz, 2H, CH2),
3.86 (s, 3H, OCH3), 6.91 (d, J¼ 9.0 Hz, 2H, ArH) 6.97 (t, J¼ 8.4 Hz, 2H,
ArH), 7.21e7.19 (m, 2H, ArH), 7.93 (d, J ¼ 8.4 Hz, 2H, ArH).

1-(furan-2-yl)-3-phenylpropan-1-one (44a) was obtained as
a clear solid in 99% yield, m.p. 76e77 �C. 1H NMR (CDCl3, 600 MHz)
d3.04 (t, J¼7.8Hz, 2H, CH2), 3.15 (t, J¼7.8Hz, 2H,CH2), 6.52e6.50 (m,
1H, ArH), 7.16 (d, J¼ 3.6 Hz,1H, ArH), 7.20 (t, J¼ 7.2 Hz,1H, ArH), 7.24
(t, J ¼ 6.6 Hz, 2H, ArH), 7.30 (t, J ¼ 7.2 Hz, 2H, ArH), 7.56 (s, 1H, ArH).

8.4. General procedure for the preparation of intermediates
42ae42m, 45a and 45b

To obtained 41ae41m, in a 50 mL three-necked flask, the
reduction product from the previous step, a catalytic amount of
aluminum trichloride and 10 mL of chloroform were added. Then,
bromine (1 equivalent) dissolved in 10 mL of chloroformwas added
dropwise at room temperature. After addition was complete, the
mixture was stirred for 6 h at room temperature and then trans-
ferred to a separatory funnel; extracted with dichloromethane;
washed with water, saturated sodium carbonate and saturated
sodium chloride; dried over anhydrous sodium sulfate overnight;
filtered; and concentrated under reduced pressure to give the crude
product. In most cases, TLC showed that the product was nearly
pure, thus, the crude residue could be used directly in the next step
without further purification except for 41a and 41h. In some ex-
amples, the crude product was purified by column chromatography
on silica gel using petroleum ether/ethyl acetate as eluent.

The bromide 41ae41m obtained from the previous step, thio-
urea (1 equivalent), anhydrous sodium acetate (1 equivalent) and
15 mL of anhydrous ethanol were placed into a 50 mL round-
bottom flask. The mixture was refluxed for 5e8 h and cooled to
room temperature. Then, the solvent was removed, and the
mixture was extracted with ethyl acetate, washed with water,
saturated sodium carbonate and saturated sodium chloride, dried
over anhydrous sodium sulfate, and concentrated over vacuum. The
crude product was purified by column chromatography on silica gel
using petroleum ether/ethyl acetate as eluent to afford in-
termediates 42ae42m, 45a and 45b.

2-bromo-1-(4-methoxyphenyl)-3-phenylpropan-1-one (41a) was
obtained as a white solid in 98.9% yield, m.p. 57.4e58.3 �C. 1H NMR
(CDCl3, 400 MHz) d 3.34 (dd, J1 ¼14.28 Hz, J2 ¼ 7.00 Hz, 1H, ArCH2),
3.66 (dd, J1 ¼ 14.28 Hz, J2 ¼ 7.00 Hz, 1H, ArCH2), 3.13 (s, 3H, OCH3),
5.29 (t, J ¼ 7.32 Hz, 1H, CHBr), 6.91 (d, J ¼ 9.00 Hz, 2H, ArH),
7.32e7.18 (m, 5H, ArH), 7.94 (d, J ¼ 9.00 Hz, 2H, ArH); ESI-MS m/z
320.8 [Mþ1, 100], 239.2 [M�Br, 18].

2-bromo-1-(2,5-dimethoxyphenyl)-3-phenylpropan-1-one (41h)
wasobtainedasawhite solid in48%yield,m.p. 79.4e80.1 �C.1HNMR
(CDCl3, 300 MHz) d 3.26 (dd, J1 ¼14.28 Hz, J2 ¼ 7.50 Hz, 1H, ArCH2),
3.66 (dd, J1 ¼14.28 Hz, J2 ¼ 7.50 Hz, 1H, ArCH2), 3.69 (s, 3H, OCH3),
3.79 (s, 3H, OCH3), 5.66 (t, J ¼ 7.32 Hz, 1H, 6.86e7.31 (m, 8H, ArH).

5-benzyl-4-(4-methoxyphenyl)thiazol-2-amine (42a) was ob-
tained as a slightly yellow solid in 98.6% yield, m.p. 177e178 �C. 1H
NMR (DMSO-d6, 400 MHz) d 3.76 (s, 3H, OCH3), 4.04 (s, 2H, CH2),
6.82 (s, 2H, NH2), 6.93 (d, J ¼ 9.00 Hz, 2H, ArH), 7.18e7.35 (m, 5H,
ArH), 7.46 (d, J¼ 9.00 Hz, 2H, ArH). EI-MSm/z 296.1 [Mþ, 100], 219.0
(19); HREI-MS Calcd. for C17H16N2OS 296.0983, found 296.0978.

5-benzyl-4-(2-fluorophenyl)thiazol-2-amine (42b) was obtained
as a slightly yellow oil in 35% yield. 1H NMR (DMSO-d6, 600 MHz)
d 3.80 (s, 2H, CH2), 6.84 (s, 2H, NH2), 7.10 (d, J¼ 7.2, 2H, ArH), 7.17 (t,
J ¼ 7.2 Hz, 1H, ArH), 7.22e7.27 (m, 4H, ArH), 7.41 (m, 2H, ArH). ESI-
MS m/z 285 [MþH]þ.
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5-(4-methoxybenzyl)-4-(4-methoxyphenyl)thiazol-2-amine (42c)
was obtained as a slightly yellow solid in 73% yield, m.p.
182e183 �C. 1H NMR (DMSO-d6, 600 MHz) d 3.72 (s, 3H, OCH3), 3.76
(s, 3H, OCH3), 3.96 (s, 2H, ArCH2), 6.77 (s, 2H, NH2), 6.87 (d,
J ¼ 8.40 Hz, 2H, ArH), 6.93 (d, J ¼ 9.00 Hz, 2H, ArH), 7.10 (d,
J ¼ 9.00 Hz, 2H, ArH), 7.46 (d, J ¼ 8.40 Hz, 2H, ArH).

5-benzyl-4-(4-fluorophenyl)thiazol-2-amine (42d) was obtained
as a slightly yellow solid in 60% yield. IR (KBr, cm�1): 3433 (NH),
3270 (NH), 2365, 1620, 1500, 1333, 1224, 844; 1H NMR (DMSO-d6,
600 MHz) d 4.05 (s, 2H, ArCH2), 6.86 (s, 2H, NH2), 7.19e7.23 (m, 5H,
ArH), 7.31 (q, 2H, ArH), 7.56 (q, 2H, ArH).

5-benzyl-4-(2,4-difluorophenyl)thiazol-2-amine (42e) was ob-
tained as a yellow solid in 75% yield. 1H NMR (DMSO-d6, 600 MHz)
d 3.77 (s, 2H, CH2), 6.84 (s, 2H, NH2), 7.09e7.11 (m, 3H, ArH), 7.16 (t,
J ¼ 7.8 Hz, 1H, ArH), 7.24e7.27 (m, 3H, ArH), 7.45 (q, J ¼ 7.8 Hz, 1H,
ArH). ESI-MS m/z 303 [MþH]þ.

5-benzyl-4-(2-chlorophenyl)thiazol-2-amine (42f) was obtained
as a yellow solid in 62% yield. 1H NMR (DMSO-d6, 600 MHz) d 3.77
(s, 2H, CH2), 6.88 (s, 2H, NH2), 7.14 (d, J ¼ 7.2 Hz, 2H, ArH), 7.22 (t,
J ¼ 7.2 Hz, 2H, ArH), 7.30 (t, J ¼ 7.2 Hz, 2H, ArH), 7.42e7.45 (m, 3H,
ArH), 7.58 (d, J ¼ 7.8, 1H, ArH). ESI-MS m/z 301 [MþH]þ.

5-benzyl-4-(2,4-dichlorophenyl)thiazol-2-amine (42g) was ob-
tained as a slightly yellow solid in 43% yield. 1H NMR (DMSO-d6,
600MHz) d 3.83 (s, 2H, CH2), 7.01 (s, 2H, NH2), 7.20 (d, J¼ 7.8 Hz, 2H,
ArH), 7.28 (t, J¼ 7.2 Hz,1H, ArH), 7.36 (t, J¼ 7.2 Hz, 2H, ArH), 7.52 (d,
J ¼ 8.4 Hz, 1H, ArH), 7.56e7.58 (m, 1H, ArH), 7.80 (d, J ¼ 1.8 Hz, 1H,
ArH). ESI-MS m/z 335 [MþH]þ.

5-benzyl-4-(2,5-dimethoxyphenyl)thiazol-2-amine (42h) was
obtained as a white solid in 69% yield, m.p. 144.1e144.8 �C. 1H NMR
(DMSO-d6, 300MHz) d 3.65 (s, 3H, OCH3), 3.68 (s, 3H, OCH3), 3.73 (s,
2H, CH2), 6.74e7.29 (m, 8H, ArH).

5-benzyl-4-phenylthiazol-2-amine (42i) was obtained as a
slightly yellow solid in 73% yield, m.p. 165e166 �C. 1H NMR (DMSO-
d6, 600 MHz) d 4.06 (s, 2H, ArCH2), 6.85 (s, 2H, NH2), 7.19e7.21 (m,
3H, ArH), 7.30e7.32 (m, 3H, ArH), 7.38 (t, J ¼ 7.2 Hz, 2H, ArH), 7.55
(d, J ¼ 7.2 Hz, 2H, ArH).

5-(2-methoxybenzyl)-4-phenylthiazol-2-amine (42j) was ob-
tained as a yellow solid in 66.2% yield. 1H NMR (DMSO-d6,
600 MHz) d 3.76 (s, 3H, CH3O), 3.97 (s, 2H, CH2), 6.79 (s, 2H, NH2),
6.89 (t, J ¼ 7.2 Hz, 1H, ArH), 6.99 (d, J ¼ 8.4 Hz, 1H, ArH), 7.07 (d,
J¼ 7.2 Hz,1H, ArH), 7.23 (t, J¼ 7.8 Hz,1H, ArH), 7.28 (t, J¼ 7.2 Hz,1H,
ArH), 7.37 (t, J ¼ 7.8 Hz, 2H, ArH), 7.53 (d, J ¼ 7.8 Hz, 2H, ArH). IR
(KBr, cm�1): 3428, 3276 (nNeH), 3135, 2955, 2838, 1623, 1597, 1526,
1488, 1293, 1245, 1031, 779, 755, 702.

4-((2-amino-4-phenylthiazol-5-yl)methyl)benzonitrile (42k) was
obtained as a slightly yellow solid in 55.9% yield. 1H NMR (DMSO-
d6, 600 MHz) d 4.17 (s, 2H, CH2), 6.93 (s, 2H, NH2), 7.30 (t, J ¼ 7.2 Hz,
1H, ArH), 7.36e7.40 (m, 4H, ArH), 7.50 (d, J ¼ 7.8 Hz, 2H, ArH), 7.78
(d, J ¼ 7.8 Hz, 2H, ArH).

4-(4-methoxyphenyl)-5-(4-nitrobenzyl)thiazol-2-amine (42l) was
obtained as a white solid in 69% yield, m.p. 209e210 �C. 1H NMR
(DMSO-d6, 400 MHz) d 3.34 (s, 3H, OCH3), 4.20 (s, 2H, CH2), 6.93 (s,
2H, NH2), 6.95 (d, J¼ 8.72 Hz, 2H, ArH), 7.43e7.46 (m, 4H, ArH), 8.19
(d, J ¼ 8.72 Hz, 2H, ArH); EI-MS m/z 341.2 [Mþ, 100], 219.1 (14);
HREI-MS Calcd. for C17H15N3O3S 341.0834, found 341.0834.

5-(4-fluorobenzyl)-4-(4-methoxyphenyl)thiazol-2-amine (42m)
was obtained as a white solid in 82% yield, m.p. 181e182 �C. 1H
NMR (DMSO-d6, 600 MHz) d 3.74 (s, 3H, OCH3), 4.01 (s, 2H, ArCH2),
6.80 (s, 2H, NH2), 6.92 (d, J ¼ 9.00 Hz, 2H, ArH), 7.11 (t, 2H,
ArH),7.20 (q, 2H, ArH), 7.43 (d, J ¼ 9.00 Hz, 2H, ArH); ESI-MS m/z
315[MþH]þ.

5-benzyl-4-(furan-2-yl)thiazol-2-amine (45a) was obtained as a
slightly yellow solid 78%, m.p. 171e172 �C. 1H NMR (DMSO-d6,
600 MHz) d 4.24 (s, 2H, ArCH2), 6.90 (s, 2H, NH2), 6.53e7.68 (m, 8H,
ArH); Calcd. For C14H12N2OS: 256, ESI-MS m/z 257 [MþH]þ.
4-(4-methoxyphenyl)-5-methylthiazol-2-amine (45b) was ob-
tained as a yellow solid in 84% yield, m.p. 131e132 �C. 1H NMR
(DMSO-d6, 600 MHz) d 2.28 (s, 3H, CH3), 3.77 (s, 3H, OCH3), 6.71 (s,
2H, NH2), 6.93 (d, J ¼ 8.4 Hz, 2H, ArH), 7.48 (d, J ¼ 8.4 Hz, 2H, ArH).

8.5. General procedure for the preparation of compounds 1e3

Compound 43 and DMF (or diethylamine) were added to a
100 mL round-bottom flask and stirred for 12 h at 120 �C, and the
reaction was monitored by TLC until completed. Then, the solvent
was removed, and the mixture was extracted with ethyl acetate;
washed with water, saturated sodium carbonate and saturated
sodium chloride, dried over anhydrous sodium sulfate, and
concentrated over vacuum. The crude product was purified by
column chromatography on silica gel using petroleum ether/ethyl
acetate as eluent to obtain 1 and 2. To a 100 mL three-necked flask,
2(0.5 g, 0.763 mmol)and CH2Cl2 (40 mL) were added. Then, the
mixture was cooled to �20 �C, and BBr3/CH2Cl2 8 mL (8 mmol)
solution was added dropwise and stirred for 1 h. The mixture was
stirred at room temperature for 2 h, and 8 g of ice was added. The
formed precipitate was filtrated to afford compound 3, as a yellow
solid.

5-benzyl-4-(4-methoxyphenyl)-N,N-dimethylthiazol-2-amine (1)
was obtained as a white solid in 21.4% yield, m.p. 121.1e122.0 �C. 1H
NMR (CDCl3, 300MHz) d 3.04 (s, 6H, N,N (CH3)2), 3.84 (s, 3H, OCH3),
4.21 (s, 2H, CH2), 6.95 (d, J ¼ 8.96 Hz, 2H, ArH), 7.18e7.38 (m, 5H,
ArH), 7.54 (d, J ¼ 8.96 Hz, 2H, ArH); 13C NMR (151 MHz, CDCl3)
d 168.23, 158.94, 148.07, 140.88, 129.72, 128.48, 128.20, 126.39,
118.72, 113.71, 55.28, 40.05, 33.03; ESI-MS m/z 325 [MþH]þ.

5-benzyl-N,N-diethyl-4-(4-methoxyphenyl)thiazol-2-amine (2)
was obtained as a white solid in 63.1% yield, m.p. 83.2e83.6 �C. 1H
NMR (CDCl3, 300 MHz) d 1.22 (t, J ¼ 7.2 Hz, 6H, 2 � CH3), 3.46 (q,
J ¼ 7.2 Hz, 4H, 2 � CH2), 3.81 (s, 3H, OCH3), 4.10 (s, 2H, ArCH2),
6.8e6.92 (m, 2H, ArH) 7.22e7.34 (m, 5H, ArH) 7.52e7.57 (m, 2H,
ArH); 13C NMR (151 MHz, CDCl3) d 166.60, 158.85, 140.92, 129.68,
128.50,128.22,126.32,117.32,113.63, 55.26, 44.90, 33.02,12.71; ESI-
MS m/z 353 [MþH]þ.

4-(5-benzyl-2-(diethylamino)thiazol-4-yl)phenol (3) was ob-
tained as a slightly yellow solid in 18.8% yield, m.p. 173.1e174.5 �C.
1H NMR (DMSO-d6, 600 MHz) d 1.19 (t, J¼ 6.9 Hz, 6H, 2� CH3), 3.55
(q, J ¼ 6.9 Hz, 4H, 2 � CH2), 3.99 (s, 2H, ArCH2), 6.92 (d, J ¼ 8.2 Hz,
2H, ArH), 7.23e7.20 (m, 2H, ArH), 7.28e7.23 (m, 1H, ArH), 7.33 (t,
J ¼ 7.6 Hz, 2H, ArH), 7.41e7.37 (m, 2H, ArH), 9.90 (s, 1H, OH); 13C
NMR (151 MHz, CDCl3) d 165.58, 158.86, 137.90, 137.51, 131.14,
129.06, 128.37, 127.43, 117.53, 115.77, 32.35, 30.94, 12.43; ESI-MSm/
z 339[MþH]þ.

8.6. General procedure for the preparation of compounds 4e36 and
the paraperation of compounds 37,38

The 4,5-disubstituted thiazol-2-amine obtained from the pre-
vious step, a substituted aryl aldehyde (1 equivalent) and a catalytic
amount of p-toluenesulfonic acid were added into a 50 mL round-
bottom flask, and the mixture was refluxed in toluene for 24 h.
Then, the solvent was removed, and sodium borohydride (5
equivalent) in ethanol was added. Further purification of com-
pound 36 was performed using column chromatography to afford
the pure product. For the other compounds, themixturewas stirred
for 2e3 h andmonitored by TLC. After the solvent was removed and
the mixture was extracted, washed and concentrated, column
chromatography was performed for further purification.

N,5-dibenzyl-4-(4-methoxyphenyl)thiazol-2-amine (4) was ob-
tained as a white solid in 95% yield, m.p. 145.7e146.5 �C. 1H NMR
(CDCl3, 600 MHz) d 3.86 (s, 3H, OCH3), 4.09 (d, 2H, J ¼ 6.0 Hz,
ArCH2), 4.40 (s, 2H, ArCH2), 6.95 (dd, J1 ¼ 8.4 Hz, J2 ¼ 1.2 Hz, 2H,
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ArH),7.28e7.17 (m, 4H, ArH), 7.38e7.28 (m, 6H, ArH), 7.51e7.45 (m,
2H, ArH), 7.93 (t, J ¼ 5.9 Hz, NH); 13C NMR (151 MHz, CDCl3)
d 167.06, 159.01, 140.56, 137.81, 129.65, 128.62, 128.56, 128.16,
127.54, 126.46, 113.71, 55.24, 49.73, 32.91; ESI-MSm/z 387 [MþH]þ.

5-benzyl-N-(2-methoxybenzyl)-4-(4-methoxyphenyl)thiazol-2-
amine (5) was obtained as a white solid in 53% yield. 1H NMR
(DMSO-d6, 600MHz) d 3.73 (s, 3H, OCH3), 3.77 (s, 3H, OCH3), 4.01 (s,
2H, CH2), 4.36 (d, J ¼ 6.0 Hz, 2H, CH2), 6.88 (t, J ¼ 7.2 Hz, 1H, ArH),
6.90e6.92 (m, 2H, ArH), 6.95 (d, J ¼ 7.8 Hz, 1H, ArH), 7.17e7.20 (m,
4H, ArH), 7.26e7.29 (m, 3H, ArH), 7.43e7.45 (m, 2H, ArH), 7.92 (t,
J ¼ 5.4 Hz, 1H, NH); 13C NMR (151 MHz, CDCl3) d 167.24, 158.95,
157.46, 140.68, 129.64, 129.28, 128.85, 128.53, 128.20, 127.95, 126.41,
125.95,120.42,118.48,113.67,110.20, 55.23, 45.84, 32.95; ESI-MSm/
z 417 [MþH]þ.

5-benzyl-N-(3-methoxybenzyl)-4-(4-methoxyphenyl)thiazol-2-
amine (6) was obtained as a white solid in 50% yield. 1H NMR
(DMSO-d6, 600MHz) d 3.70 (s, 3H, OCH3), 3.73 (s, 3H, OCH3), 4.02 (s,
2H, CH2), 4.36 (d, J ¼ 6.0 Hz, 2H, CH2), 6.76e6.79 (m, 1H, ArH),
6.89e6.93 (m, 4H, ArH), 7.17e7.21 (m, 4H, ArH), 7.27 (t, J ¼ 7.2, 2H,
ArH), 7.44e7.47 (m, 2H, ArH), 7.89 (t, J ¼ 6.0 Hz, 1H, NH); 13C NMR
(151 MHz, CDCl3) d 167.61, 159.81, 159.03, 146.91, 140.57, 139.56,
129.62, 128.56, 128.17, 127.69, 126.67, 129.56, 119.67, 118.43, 113.71,
113.07, 112.76, 55.22, 55.18, 49.66, 32.88; ESI-MS m/z 417 [MþH]þ.

5-benzyl-N-(4-methoxybenzyl)-4-(4-methoxyphenyl)thiazol-2-
amine (7) was obtained as a white solid in 85% yield, m.p.
151.2e152.4 �C. 1H NMR (CDCl3, 300 MHz) d 3.80 (s, 3H, OCH3), 3.81
(s, 3H, OCH3), 4.00 (d, 2H, J ¼ 6.0 Hz, ArCH2), 4.35 (s, 2H, ArCH2),
5.35 (br, 1H, NH), 6.85e6.91 (m, 4H, ArH), 7.21e7.33 (m, 7H, ArH),
7.49e7.52 (m, 2H, ArH); 13C NMR (151 MHz, CDCl3) d 167.31, 167.22,
159.01, 147.03, 140.62, 129.90, 129.67, 128.84, 128.83, 128.56, 128.17,
127.83, 126.45, 118.49, 118.43, 113.96, 113.71, 55.26, 55.24, 49.19,
32.90; ESI-MS m/z 417 [MþH]þ.

4-((5-benzyl-4-(4-methoxyphenyl)thiazol-2-ylamino)methyl)
phenol (8) was obtained as a yellow solid in 96% yield, m.p.
202e203 �C. 1H NMR (DMSO-d6, 600MHz) d 3.76 (s, 3H, OCH3), 4.04
(s, 2H, ArCH2), 4.28 (d, J¼ 5.4 Hz, 2H, ArCH2), 6.70 (d, J¼ 7.8 Hz, 2H,
ArH), 6.94 (d, J ¼ 8.4 Hz, 2H, ArH), 7.16e7.20 (m, 5H, ArH), 7.30 (t,
J ¼ 7.2 Hz, 2H, ArH), 7.48 (d, J ¼ 8.4 Hz, 2H, ArH), 7.80 (br, 1H, NH)
9.29 (s, 1H, OH); 13C NMR (151 MHz, CDCl3) d 167.69, 159.28, 156.21,
140.23, 129.69, 129.26, 128.66, 128.19, 128.06, 126.64, 118.70,116.02,
113.91, 55.25, 49.83, 32.89; ESI-MS m/z 403[MþH]þ.

5-benzyl-N-(4-(dimethylamino)benzyl)-4-(4-methoxyphenyl)
thiazol-2-amine (9) was obtained as a yellow solid in 89% yield. 1H
NMR (DMSO-d6, 600 MHz) d 2.85 (s, 6H, CH3), 3.76 (s, 3H, OCH3),
4.04 (s, 2H, ArCH2), 4.27 (d, J ¼ 6.0 Hz, 2H, ArCH2), 6.67 (d,
J ¼ 9.0 Hz, 2H, ArH), 6.94 (d, J ¼ 8.4 Hz, 2H, ArH), 7.19e7.23 (m, 5H,
ArH), 7.30 (t, J¼ 7.2 Hz, 2H, ArH), 7.50 (d, J¼ 9.0 Hz, 2H, ArH), 7.78 (t,
J ¼ 6.0 Hz, 1H, NH); 13C NMR (151 MHz, CDCl3) d 167.24, 167.17,
158.98, 150.13, 147.13, 140.71, 129.68, 128.74, 128.56, 128.20, 127.98,
126.42, 125.41, 118.39, 118.35, 113.71, 112.61, 55.25, 49.41, 40.63,
40.62, 32.94; ESI-MS m/z 430[MþH]þ.

5-benzyl-N-(4-fluorobenzyl)-4-(4-methoxyphenyl)thiazol-2-
amine (10) was obtained as a white solid in 62% yield, m.p.
123.4e123.8 �C. 1H NMR (CDCl3, 600 MHz) d 3.81 (s, 3H, OCH3), 4.10
(s, 2H, ArCH2), 4.39 (s, 2H, ArCH2), 5.80 (br, 1H, NH), 6.90 (d,
J ¼ 8.4 Hz, 2H, ArH), 7.02 (d, J ¼ 8.4 Hz, 2H, ArH), 7.23e7.33 (m, 7H,
ArH), 7.50 (d, J ¼ 7.5 Hz, 2H, ArH); 13C NMR (151 MHz, CDCl3)
d 167.02,163.01,161.38,159.11,140.35,133.37,129.65,129.24,129.18,
128.60, 128.43, 128.15, 126.55, 118.68, 115.54, 115.40, 113.75, 55.25,
49.01, 32.86; ESI-MS m/z 477 [MþH]þ.

5-benzyl-4-(4-methoxyphenyl)-N-(4-nitrobenzyl)thiazol-2-amine
(11) was obtained as a slightly yellow solid in 65% yield, m.p.
161.9e163.4 �C. 1H NMR (CDCl3, 600 MHz) d 3.80 (s, 3H, OCH3), 4.07
(s, 2H, ArCH2), 4.53 (s, 2H, ArCH2), 6.50 (br, 1H, NH), 6.88 (d,
J ¼ 8.4 Hz, 2H, ArH), 7.19 (d, J ¼ 7.2 Hz, 2H, ArH), 7.23e7.48 (m, 5H,
ArH),7.50 (d, J ¼ 8.4 Hz, 2H, ArH), 7.50 (d, J ¼ 7.2 Hz, 2H, ArH); 13C
NMR (151 MHz, CDCl3) d 167.80, 159.17, 147.18, 145.75, 140.26,
129.66, 128.62, 128.10, 127.75, 126.60, 123.67, 118.86, 113.71, 55.20,
48.93, 32.79; ESI-MS m/z 432 [MþH]þ.

5-benzyl-4-(4-methoxyphenyl)-N-(3-nitrobenzyl)thiazol-2-amine
(12)was obtained as a yellow solid in 91% yield, m.p.151e152 �C. 1H
NMR (CDCl3, 600MHz) d 3.80 (s, 3H, OCH3), 4.08 (s, 2H, ArCH2), 4.55
(s, 2H, ArCH2), 5.75 (br, 1H, NH), 6.88 (d, J ¼ 8.4 Hz, 2H, ArH),
7.24e7.18 (m, 3H, ArH) 7.31 (t, J ¼ 7.4 Hz, 2H, ArH), 7.51 (dd,
J1 ¼19.9 Hz, J2 ¼ 8.1 Hz, 3H, ArH), 7.71 (d, J ¼ 7.2 Hz, 1H, ArH), 8.14
(d, J ¼ 8.2 Hz, 1H, ArH), 8.24 (s, 1H, NH); 13C NMR (151 MHz, CDCl3)
d 133.61, 129.65, 129.60, 128.63, 128.18, 126.58, 122.63, 122.55,
113.80, 97.50, 55.07, 48.79, 30.93; ESI-MS m/z 432 [MþH]þ.

4-((5-benzyl-4-(4-methoxyphenyl)thiazol-2-ylamino)methyl)ben-
zonitrile (13) was obtained as a yellow solid in 73% yield, m.p.
164e165 �C. 1H NMR (DMSO-d6, 600MHz) d 3.75 (s, 3H, OCH3), 4.05
(s, 2H, ArCH2), 4.52 (d, J¼ 6.0 Hz, 2H, ArCH2), 6.93 (d, J¼ 8.4 Hz, 2H,
ArH), 7.24e7.19 (m, 3H, ArH), 7.30 (t, J ¼ 7.8 Hz, 2H, ArH), 7.46 (d,
J ¼ 8.4 Hz, 2H, ArH), 7.56 (d, J ¼ 7.2 Hz, 2H, ArH), 7.80 (d, J ¼ 7.8 Hz,
2H, ArH), 8.04 (t, J ¼ 5.4 Hz, 1H, NH); 13C NMR (151 MHz, CDCl3)
d 167.63, 159.21, 143.52, 140.18, 132.30, 132.15, 129.66, 128.63,
128.11, 127.77, 127.01, 126.62, 118.80, 118.74, 113.75, 111.14, 55.23,
49.14, 32.79; ESI-MS m/z 412 [MþH]þ.

5-benzyl-N-(2,6-dichlorobenzyl)-4-(4-methoxyphenyl)thiazol-2-
amine (14) was obtained as a slightly yellow solid in 18.5% yield,
m.p.171e172 �C. 1H NMR (DMSO-d6, 600MHz). d 3.77 (s, 3H, OCH3),
4.07 (s, 2H, CH2), 4.66 (d, 2H, J ¼ 4.2, CH2), 6.96 (d, 2H, J ¼ 8.4, ArH),
7.25e7.18 (m, 3H, ArH), 7.31 (t, 2H, J ¼ 7.8, ArH), 7.38 (t, 1H, J ¼ 8.4,
ArH), 7.58e7.50 (m, 4H, ArH), 7.66 (s, 1H, NH2); 13C NMR (151 MHz,
CDCl3) d 164.86, 159.05, 146.90, 140.40, 129.59, 128.58, 128.15,
126.53, 113.75, 55.26, 32.89.

2-((5-benzyl-4-(4-methoxyphenyl)thiazol-2-ylamino)methyl)-4-
nitrophenol (15) was obtained as a yellow solid in 53.8% yield, m.p.
182e183 �C. 1H NMR (CDCl3, 600 MHz) d 3.86 (s, 3H, OCH3), 4.06 (s,
2H, CH2), 4.55 (s, 2H, CH2), 5.55 (br, 1H, NH), 6.95 (d, 1H, J ¼ 6.0 Hz,
ArH), 6.99 (d, 2H, J ¼ 12.0 Hz, ArH), 7.19 (d, 2H, J ¼ 6.0 Hz, ArH),
7.23e7.25 (t, 1H, J ¼ 6.0 Hz, ArH), 7.29e7.31 (t, 2H, J ¼ 6.0 Hz, ArH),
7.53 (d, 2H, J ¼ 12.0 Hz, ArH), 8.08e8.12 (dd, 2H, J1 ¼ 3.0 Hz,
J2 ¼ 3.0 Hz, ArH), 12.79 (s, 1H, OH); 13C NMR (151 MHz, CDCl3)
d 167.13,163.32,159.66,129.63,128.71, 128.14,127.49,126.80,125.92,
114.08, 55.29, 44.96, 32.85; HRMS calculated for C24H21N3O4S
(MþH)þ 448.1331; found 448.1458; IR (KBr, cm�1): 3401 (nOeH),
3327 (nNeH), 3050 (nAreH), 3032 (nAreH), 2937, 2831, 1612,1582,1544,
1511, 1336, 1290, 1251, 1171, 1093, 1032, 836, 751, 702.

4-((5-benzyl-4-(4-methoxyphenyl)thiazol-2-ylamino)methyl)-2-
methoxyphenol (16)was obtained as a white solid in 73% yield, m.p.
137e138 �C. 1H NMR (CDCl3, 600 MHz) d 3.73 (s, 3H, OCH3), 3.76 (s,
3H, OCH3), 4.10 (s, 2H, ArCH2), 4.28 (d, J ¼ 5.7 Hz, 2H, ArCH2), 6.71
(d, J ¼ 8.0 Hz, 1H, ArH), 6.75 (dd, J1 ¼ 8.0 Hz, J2 ¼ 1.9 Hz, 1H, ArH),
6.97e6.93 (m, 3H, ArH), 7.24e7.16 (m, 3H, ArH), 7.30 (t, J ¼ 7.6 Hz,
2H, ArH), 7.53e7.47 (m, 2H, ArH), 7.78 (t, J¼ 5.8 Hz,1H, NH), 8.83 (s,
1H, OH); 13C NMR (151 MHz, CDCl3) d 167.03, 159.35, 146.72, 145.23,
140.28, 129.66, 128.60, 128.16, 126.57, 120.76, 118.74, 114.30, 113.80,
110.28, 55.93, 55.25, 49.84, 32.87; ESI-MS m/z 433 [MþH]þ.

5-benzyl-4-(4-methoxyphenyl)-N-(3,4,5-trimethoxybenzyl)thia-
zol-2-amine (17) was obtained as a white solid in 72.5% yield. 1H
NMR (CDCl3, 600 MHz) d 3.82 (3H, s, OCH3), 3.83 (9H, s, 3 � OCH3),
4.10 (2H, s, ArCH2), 4.34 (2H, s, ArCH2NH), 5.93 (1H, br, NH), 6.57
(2H, s, ArH), 6.91 (2H, d, J ¼ 8.4 Hz, ArH), 7.23e7.32 (5H, m,
ArH),7.51 (2H, d, J ¼ 8.4 Hz, ArH). 13C NMR (151 MHz, CDCl3)
d 167.68, 159.02, 153.24, 146.93, 140.55, 137.08, 133.66, 129.59,
128.56, 128.14, 127.69, 126.50, 118.55, 113.70, 104.26, 60.79, 55.98,
55.21, 49.95, 32.90; m.p.126.5e128.3 �C.

5-benzyl-N-(furan-2-ylmethyl)-4-(4-methoxyphenyl)thiazol-2-
amine (18) was obtained as a white solid in 94% yield, m.p.
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126e127 �C. 1H NMR (CDCl3, 600 MHz) d 3.81 (s, 3H, OCH3), 4.10 (s,
2H, ArCH2), 4.41 (s, 2H, ArCH2), 5.46 (s, 1H, NH), 6.27 (d, J ¼ 3.2 Hz,
1H, ArH), 6.32 (t, J ¼ 2.5 Hz, 1H, ArH), 6.95e6.86 (m, 2H, ArH), 7.23
(d, J ¼ 14.1 Hz, 3H, ArH), 7.31 (t, J ¼ 7.6 Hz, 2H, ArH), 7.38e7.35 (m,
1H, ArH), 7.53e7.49 (m, 2H, ArH); 13C NMR (151 MHz, CDCl3)
d 166.74,159.05,151.23,147.03,142.17,140.55,129.70,128.57,128.18,
127.77, 126.48, 118.91, 113.73, 110.36, 107.66, 55.26, 42.59, 32.89;
ESI-MS m/z 377 [MþH]þ.

5-benzyl-4-(4-methoxyphenyl)-N-(pyridin-3-ylmethyl)thiazol-2-
amine (19) was obtained as a yellow solid in 75% yield, m.p.
145e146 �C. 1H NMR (CDCl3, 600 MHz) d 3.80 (s, 3H, OCH3), 4.08 (s,
2H, ArCH2), 4.42 (s, 2H, ArCH2), 6.01 (br, 1H, NH), 6.95e6.82 (m. 2H,
ArH), 7.28e7.19 (m, 4H, ArH), 7.30 (t, J ¼ 7.5 Hz, 2H, ArH), 7.51e7.46
(m, 2H, ArH), 7.73e7.70 (m, 1H, ArH), 8.53 (dd, J1 ¼ 4.7 Hz,
J2 ¼ 1.6 Hz, 1H, ArH), 8.62e8.56 (m, 1H, ArH); 13C NMR (151 MHz,
CDCl3) d 167.28,159.14,149.02,148.79,140.31,135.15,133.54,129.67,
128.59, 128.13, 126.54, 123.45, 118.74, 113.75, 55.23, 47.01, 32.82;
ESI-MS m/z 388 [MþH]þ.

5-benzyl-4-(4-methoxyphenyl)-N-(naphthalen-2-ylmethyl)thia-
zol-2-amine (20) was obtained as a yellow solid in 73% yield, m.p.
145e146 �C. 1H NMR (CDCl3, 600 MHz) d 3.80 (s, 3H, OCH3), 4.08 (s,
2H, ArCH2), 4.42 (s, 2H, ArCH2), 6.01 (br, 1H, NH), 6.92e6.84 (m, 2H,
ArH), 7.24e7.20 (m, 3H, ArH), 7.29 (t, J ¼ 7.6 Hz, 2H, ArH), 7.56e7.43
(m, 5H, ArH), 7.87e7.74 (m, 4H, ArH); 13C NMR (151 MHz, CDCl3)
d 167.56, 159.08, 140.44, 135.15, 133.30, 132.82, 129.69, 128.58,
128.41, 128.16, 127.82, 127.67, 126.49, 126.19, 126.10, 125.87, 125.54,
118.54, 113.74, 55.21, 49.92, 32.86; ESI-MS m/z 388 [MþH]þ.

5-benzyl-4-(2-fluorophenyl)-N-(4-methoxybenzyl)thiazol-2-
amine (21) was obtained as a white solid in 43% yield. 1H NMR
(DMSO-d6, 600 MHz) d 3.72 (s, 3H, OCH3), 3.81 (s, 2H, CH2), 4.30 (d,
J ¼ 5.4 Hz, 2H, CH2), 6.89e6.85 (m, 2H, ArH), 7.10 (d, J ¼ 7.8 Hz, 2H,
ArH), 7.17 (t, J ¼ 7.2 Hz, 1H, ArH), 7.21e7.31 (m, 6H, ArH), 7.45e7.41
(m, 2H, ArH), 7.89 (t, J¼ 5.4 Hz, 1H, NH); 13C NMR (151 MHz, CDCl3)
d 167.28, 160.66, 159.07, 141.45, 140.40, 131.79, 129.63, 128.95,
128.38 (d, J ¼ 17.0 Hz), 126.45, 124.03, 123.27, 123.18, 115.98, 115.83,
114.03, 55.26, 49.25, 33.07, 33.05; ESI-MS m/z 405 [MþH]þ.

5-benzyl-4-(4-fluorophenyl)-N-(4-methoxybenzyl)thiazol-2-
amine (22) was obtained as a yellow solid in 93% yield, m.p.
139e140 �C. 1H NMR (DMSO-d6, 600MHz) d 3.73 (s, 3H, OCH3), 4.05
(s, 2H, ArCH2), 4.34 (d, J¼ 5.4 Hz, 2H, ArCH2), 6.86 (d, J¼ 9.0 Hz, 2H,
ArH), 7.18 (d, J¼ 7.2 Hz, 2H, ArH), 7.24e7.20 (m, 3H, ArH), 7.34e7.28
(m, 4H, ArH), 7.62e7.57 (m, 2H, ArH), 7.93 (br, 1H, NH); 13C NMR
(151 MHz, CDCl3) d 166.94, 163.00, 161.36, 159.12, 146.54, 140.32,
131.41, 130.12, 129.71, 128.90, 128.61, 128.11, 126.55, 119.73, 115.27,
115.12, 114.03, 55.27, 49.20, 32.84, 30.90; ESI-MS m/z 405 [MþH]þ.

5-benzyl-4-(2,4-difluorophenyl)-N-(4-methoxybenzyl)thiazol-2-
amine (23) was obtained as a slightly yellow solid in 62% yield. 1H
NMR (DMSO-d6, 600 MHz) d 3.69 (s, 3H, OCH3), 3.78 (s, 2H, CH2),
4.27 (d, J ¼ 5.0 Hz, 2H, CH2), 6.85 (d, J ¼ 8.4 Hz, 2H, ArH), 7.08 (d,
J¼ 7.2 Hz, 2H, ArH), 7.16e7.12 (m, 2H, ArH), 7.27e7.20 (m, 4H, ArH),
7.28 (td, J1 ¼ 10.2 Hz, J2 ¼ 2.4 Hz, 1H, ArH), 7.47 (dd, J1 ¼ 15.6 Hz,
J2 ¼ 8.4 Hz, 1H, ArH), 7.89 (t, J ¼ 6.0 Hz, 1H, NH). 13C NMR (151 MHz,
CDCl3) d 167.70, 163.53, 161.91, 160.85, 159.08, 140.45, 140.20,
132.59,129.62, 128.78, 128.49, 128.28, 126.52,123.02, 114.00, 111.33,
104.34, 104.17, 104.00, 55.26, 49.16, 32.97; ESI-MSm/z 423 [MþH]þ.

5-benzyl-4-(2-chlorophenyl)-N-(4-methoxybenzyl)thiazol-2-
amine (24) was obtained as a yellow solid in 86% yield. 1H NMR
(DMSO-d6, 600 MHz) d 3.69 (s, 3H, OCH3), 3.71 (s, 2H, CH2), 4.26 (d,
J ¼ 5.4 Hz, 2H, CH2), 6.85 (d, J ¼ 8.4 Hz, 2H, ArH), 7.06 (d, J ¼ 7.2 Hz,
2H, ArH), 7.14 (t, J¼ 7.2 Hz,1H, ArH), 7.23 (dd, J1¼9.0 Hz, J2¼ 7.8 Hz,
4H, ArH), 7.39e7.33 (m, 3H, ArH), 7.51 (d, J¼ 7.8 Hz,1H, ArH), 7.84 (t,
J ¼ 5.4 Hz, 1H, NH). 13C NMR (151 MHz, CDCl3) d 167.89, 158.94,
144.67, 140.36, 134.58, 134.10, 131.96, 129.85, 129.72, 129.37, 128.81,
128.58, 128.43, 128.30, 126.54, 126.41, 122.07, 113.89, 55.26, 49.06,
32.95; ESI-MS m/z 421 [MþH]þ.
5-benzyl-4-(2,4-dichlorophenyl)-N-(4-methoxybenzyl)thiazol-2-
amine (25) was obtained as a slightly yellow solid in 69% yield. 1H
NMR (DMSO-d6, 600MHz) d 3.73 (s, 3H, OCH3), 3.75 (s, 2H, CH2), 4.30
(d, J¼ 5.4 Hz, 2H, CH2), 6.88 (d, J¼ 7.8 Hz, 2H, ArH), 7.10 (d, J¼ 7.2 Hz,
2H, ArH), 7.18 (t, J¼ 7.2 Hz,1H, ArH), 7.26 (dd, J1¼10.8 Hz, J2¼ 8.4 Hz,
4H, ArH), 7.43 (d, J ¼ 8.4 Hz, 1H, ArH), 7.49e7.46 (m, 1H, ArH),
7.73e7.70 (m,1H,ArH), 7.92 (t, J¼5.4Hz,1H,NH); 13CNMR (151MHz,
CDCl3) d 168.05,167.99,158.98,143.49,140.07,134.85,134.49,133.12,
132.66, 129.66, 129.53, 128.61, 128.58, 128.49, 128.24, 126.88, 126.52,
122.49, 113.92, 55.27, 49.13, 32.91; ESI-MS m/z 455 [MþH]þ.

5-benzyl-4-(2,5-dimethoxyphenyl)-N-(4-methoxybenzyl)thiazol-
2-amine (26) was obtained as a white solid in 65.1% yield, m.p.
162.3e163.8 �C. 1H NMR (CDCl3, 600MHz) d 3.65 (s, 3H, OCH3), 3.69
(s, 3H, OCH3), 3.72 (s, 3H, OCH3), 3.73 (s, 2H, ArCH2),4.28 (d, 2H,
J ¼ 5.8 Hz, ArCH2), 6.83 (d, J ¼ 3.2 Hz, 1H, ArH), 6.92e6.86 (m, 3H),
6.99 (d, J ¼ 9.0 Hz, 1H, ArH), 7.11 (dd, J1 ¼ 7.9 Hz, J2 ¼ 1.4 Hz, 2H,
ArH), 7.16 (td, J1 ¼ 7.2 Hz, J2 ¼ 1.3 Hz, 1H, ArH), 7.28e7.23 (m, 4H,
ArH), 7.78 (t, J ¼ 5.8 Hz, 1H, NH); 13C NMR (151 MHz, CDCl3)
d 167.25, 159.02, 153.36, 151.36, 143.82, 140.90, 129.91, 128.93,
128.37, 128.30, 126.21, 125.24, 122.03, 116.72, 114.71, 113.94, 112.51,
56.13, 55.70, 55.25, 49.24, 33.16; ESI-MS m/z 447 [MþH]þ.

5-benzyl-4-(furan-2-yl)-N-(4-methoxybenzyl)thiazol-2-amine
(27) was obtained as a white solid in 95% yield. 1H NMR (CDCl3,
300 MHz) d 3.72 (s, 3H, OCH3), 4.23 (s, 2H, ArCH2), 4.32 (d,
J ¼ 5.4 Hz, 2H, ArCH2), 6.55e6.53 (m, 1H, ArH), 6.60 (d, J ¼ 3.0 Hz,
1H, ArH), 6.88 (d, J ¼ 8.4 Hz, 2H, ArH), 7.24e7.19 (m, 3H, ArH),
7.32e7.26 (m, 4H, ArH), 7.70 (s, 1H, ArH), 7.94 (br, 1H, NH); 13C NMR
(151 MHz, CDCl3) d 167.27, 159.10, 150.52, 141.54, 140.31, 137.52,
129.61, 128.88, 128.54, 128.33, 126.48, 120.74, 114.02, 111.10, 107.94,
55.25, 49.28, 32.61; ESI-MS m/z 377 [MþH]þ.

5-benzyl-N-(4-methoxybenzyl)-4-phenylthiazol-2-amine (28)
was obtained as awhite solid in 91% yield, m.p. 114e115 �C. 1H NMR
(DMSO-d6, 600 MHz) d 3.71 (s, 3H, OCH3), 4.05 (s, 2H, ArCH2), 4.33
(d, J¼ 3.0 Hz, 2H, ArCH2), 6.87e6.83 (m, 2H, ArH), 7.16 (d, J¼ 7.2 Hz,
2H, ArH), 7.21e7.19 (m, 1H, ArH), 7.34e7.24 (m, 5H, ArH), 7.38 (t,
J ¼ 7.8 Hz, 2H, ArH), 7.54 (d, J ¼ 7.8 Hz, 2H, ArH), 7.87 (t, J ¼ 5.4 Hz,
1H, NH);13C NMR (151 MHz, CDCl3) d 166.95, 159.08, 159.04, 158.23,
132.56, 129.65, 129.14, 128.93, 119.29, 114.00, 113.95, 113.73, 55.26,
55.24, 49.29, 32.07.

5-(2-methoxybenzyl)-N-(4-methoxybenzyl)-4-phenylthiazol-2-
amine (29) was obtained as a white solid in 96.3% yield, m.p.
144.7e145.2 �C. 1H NMR (DMSO-d6, 600 MHz) d 3.77 (s, 3H, OCH3),
3.78 (s, 3H, OCH3), 4.03 (s, 2H, ArCH2), 4.39 (d, 2H, ArCH2), 6.92 (t,
J ¼ 9.00 Hz, 1H, ArH), 6.94 (d, J ¼ 9.00 Hz, 2H, ArH), 7.03 (d,
J¼ 9.00 Hz,1H, ArH),7.11 (d, J¼ 6.60 Hz,1H, ArH), 7.27 (t, J¼ 7.80 Hz,
1H, ArH), 7.34 (d, J¼ 9.00 Hz, 2H, ArH), 7.35 (t, J¼ 6.60 Hz, 1H, ArH),
7.43 (t, J ¼ 7.80 Hz, 2H, ArH), 7.60 (d, J ¼ 7.80 Hz, 2H, ArH), 7.98 (t,
1H, NH); 13C NMR (151 MHz, CDCl3) d 167.12, 159.02, 156.98, 147.27,
135.53, 129.98, 129.35, 128.93, 128.51, 128.20, 127.70, 127.31, 120.55,
119.64, 113.96, 110.11, 55.26, 55.16, 49.20, 27.23; ESI-MS m/z 417
[MþH]þ; IR (KBr, cm�1): 3204 (nNeH), 3099, 2954, 2831, 1582, 1510,
1491, 1460, 1172, 1034, 824, 763, 701.

4-((2-(4-methoxybenzylamino)-4-phenylthiazol-5-yl)methyl)ben-
zonitrile (30) was obtained as a white solid in 96% yield, m.p.
138.1e138.9 �C. 1H NMR (DMSO-d6, 600 MHz) d 3.72 (s, 3H, OCH3),
4.17 (s, 2H, ArCH2), 4.34 (d, 2H, ArCH2), 6.89 (d, J ¼ 8.40 Hz, 2H,
ArH), 7.28 (d, J ¼ 8.40 Hz, 2H, ArH),7.30 (t, 1H, ArH), 7.36e7.39 (m,
4H, ArH), 7.52 (d, J ¼ 7.80 Hz, 2H, ArH), 7.77 (d, J ¼ 7.8 Hz, 2H, ArH),
7.98 (br,1H, NH); 13C NMR (151MHz, CDCl3) d 167.31,159.15,145.94,
132.41, 129.46, 128.90, 128.45, 128.37, 127.86, 118.83, 117.35, 114.04,
110.46, 55.27, 49.21, 32.91; ESI-MSm/z 412 [MþH]þ; IR (KBr, cm�1):
3205 (nNeH), 3094, 2972, 2910, 2227, 1586, 1513, 1460, 1434, 1176,
1036, 813, 698.

N-(4-methoxybenzyl)-4-(4-methoxyphenyl)-5-methylthiazol-2-
amine (31) was obtained as a white solid in 79% yield, m.p.
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123e124 �C. 1H NMR (DMSO-d6, 600 MHz) d 2.28 (s, 3H, CH3), 3.72
(s, 3H, OCH3), 3.77 (s, 3H, OCH3), 4.33 (d, J¼ 6.0 Hz, 2H, ArCH2), 6.88
(d, J ¼ 9.0 Hz, 2H, ArH), 6.96 (d, J ¼ 8.4 Hz, 2H, ArH), 7.28 (d,
J ¼ 7.8 Hz, 2H, ArH), 7.50 (d, J ¼ 8.4 Hz, 2H, ArH), 7.81 (br, 1H, NH);
13C NMR (151 MHz, CDCl3) d 166.20, 159.15, 159.01, 132.80, 129.62,
129.43, 129.15, 128.98, 128.84, 114.35, 114.19, 114.03, 113.75, 55.57,
55.25, 49.34, 26.47, 12.34; ESI-MS m/z 341[MþH]þ. The purity of
this compound is 92.54%.

N-(4-methoxybenzyl)-4-(4-methoxyphenyl)-5-(4-nitrobenzyl)
thiazol-2-amine (32) was obtained as a yellow solid in 69% yield,
m.p.168e169 �C. 1H NMR (DMSO-d6, 600MHz) d 3.72 (s, 3H, OCH3),
3.75 (s, 3H, OCH3), 4.20 (s, 2H, ArCH2), 4.34 (d, J ¼ 5.4 Hz, 2H,
ArCH2), 6.89e6.85 (m, 2H, ArH), 6.96 (d, J¼ 7.2 Hz, 2H, ArH), 7.24 (d,
J ¼ 3.0 Hz, 2H, ArH), 7.42 (d, J ¼ 3.0 Hz, 4H, ArH), 7.94 (t, 1H, NH),
8.18 (d, J ¼ 9.0 Hz, 2H, ArH); 13C NMR (151 MHz, CDCl3) d 166.76,
159.27, 159.24, 148.51, 148.19, 146.78, 129.58, 129.54, 129.02, 128.97,
123.89, 116.30, 114.12, 113.89, 55.31, 49.28, 32.81; ESI-MS m/z 462
[MþH]þ.

5-(4-fluorobenzyl)-N-(4-methoxybenzyl)-4-(4-methoxyphenyl)
thiazol-2-amine (33)was obtained as awhite solid in 99% yield, m.p.
127e128 �C. 1H NMR (DMSO-d6, 600 MHz) d 3.72 (s, 3H, OCH3), 3.76
(s, 3H, OCH3), 4.03 (s, 2H, ArCH2), 4.33 (d, J ¼ 6.0 Hz, 2H, ArCH2),
6.88 (d, J ¼ 8.4 Hz, 2H, ArH), 6.96 (d, J ¼ 8.4 Hz, 2H, ArH), 7.12 (t,
J ¼ 8.4 Hz, 2H, ArH), 7.24e7.20 (m, 2H, ArH), 7.28 (d, J ¼ 8.4 Hz, 2H,
ArH), 7.48 (d, J ¼ 9.0 Hz, 2H, ArH), 7.86 (s, 1H, NH); 13C NMR
(151 MHz, CDCl3) d 167.06, 162.40, 160.78, 159.12, 136.12, 129.63,
129.60, 129.54, 128.92, 118.30, 115.43, 115.29, 114.01, 113.77, 55.26,
55.24, 49.27, 32.10; ESI-MS m/z 435[MþH]þ.

N,5-bis(4-methoxybenzyl)-4-(4-methoxyphenyl)thiazol-2-amine
(34)was obtained as a white solid in 90% yield, m.p. 132e133 �C. 1H
NMR (DMSO-d6, 600 MHz) d 3.70 (s, 3H, OCH3), 3.72 (s, 3H, OCH3),
3.76 (s, 3H, OCH3), 3.97 (s, 2H, ArCH2), 4.33 (d, J ¼ 5.4 Hz, 2H,
ArCH2), 6.89e6.81 (m, 4H, ArH), 6.96 (d, J¼ 9.0 Hz, 2H, ArH), 7.10 (d,
J ¼ 8.4 Hz, 2H, ArH), 7.28 (d, J ¼ 8.4 Hz, 2H, ArH), 7.49 (d, J ¼ 9.0 Hz,
2H, ArH), 7.87 (br, 1H, NH); 13C NMR (151 MHz, CDCl3) d 166.92,
159.10, 140.52,135.25, 129.78, 128.95,128.56,128.46,128.30,128.18,
127.49, 126.48, 120.02, 114.02, 55.27, 49.24, 32.92.

5-benzyl-N-(4-methoxybenzyl)-4-(4-methoxyphenyl)-N-methyl-
thiazol-2-amine (35) was obtained as a slightly green oil in 68%
yield. 1H NMR (DMSO-d6, 600 MHz) d 2.93 (s, 3H, CH3), 3.72 (s, 3H,
OCH3), 3.77 (s, 3H, OCH3), 4.09 (s, 2H, ArCH2), 4.56 (s, 2H, ArCH2),
6.89 (d, J ¼ 8.4 Hz, 2H, ArH), 6.96 (d, J ¼ 9.0 Hz, 2H, ArH), 7.20 (d,
J ¼ 7.8 Hz, 3H, ArH), 7.26e7.22 (m, 2H, ArH), 7.32 (t, J ¼ 7.8 Hz, 2H,
ArH), 7.53 (d, J ¼ 9.0 Hz, 2H, ArH); 13C NMR (151 MHz, CDCl3)
d 168.05, 158.99, 158.92, 147.80, 140.81, 132.83, 129.70, 129.19,
129.17, 128.79, 128.54, 128.41, 128.38, 128.22, 126.39, 118.34,
113.93, 113.68, 113.54, 113.29, 55.49, 55.27, 55.25, 37.36, 33.05,
30.91.

(E)-5-benzyl-N-(4-methoxybenzylidene)-4-phenylthiazol-2-
amine (36) was obtained as a yellow solid in 52%, m.p. 107e108 �C.
1H NMR (DMSO-d6, 600 MHz) d 3.77 (s, 3H, OCH3), 4.21 (s, 2H,
ArCH2), 6.99e6.96 (m, 2H, ArH), 7.16 (t, J ¼ 8.6 Hz, 2H, ArH),
7.29e7.23 (m, 3H, ArH), 7.34 (dd, J1 ¼ 8.2 Hz, J2 ¼ 6.8 Hz, 2H, ArH),
7.61 (d, J¼ 8.7 Hz, 2H, ArH), 7.98e7.94 (m, 2H, ArH), 8.92 (s, 1H, N]
CH); 13C NMR (151 MHz, CDCl3) d 169.14, 161.10, 159.38, 150.01,
139.97, 131.84, 131.45, 131.02, 129.97, 128.75, 128.33, 127.30, 126.80,
116.24, 116.09, 113.86, 55.30, 33.54.

5-benzyl-2-chloro-4-(4-methoxyphenyl)thiazole (43). Com-
pound 42a (10.0 g, 33.7 mmol) and 100 mL of acetonitrile were
added into a 250 mL three-necked flask at 0 �C and stirred until
dissolved. Then, the nitrite isoamyl acetate (5.9 g, 50.6 mmol)
was added and stirred at this temperature for 20 min. Copper
chloride dihydrate (6.9 g, 5.06 mmol) was added in portions, and
after stirring for 1 h, the system was warmed to room tempera-
ture and stirred for 2 h. After removing the acetonitrile under
rotary evaporation, the residue was extracted with 100 mL of
ethyl acetate; washed with water (2 � 30 mL), 1 M hydrochloric
acid and saturated brine, dried over anhydrous sodium sulfate
and concentrated over vacuum to give a brown crude product,
which was purified by silica gel column chromatography eluting
with petroleum ether/ethyl acetate 50:1 to give a pale yellow
solid 6.501 g, yield 61.08%, m.p. 78.6e79.3 �C. 1H NMR (CDCl3,
400 MHz) d 3.84 (s, 3H, OCH3), 4.21 (s, 2H, CH2), 6.95 (d,
J ¼ 8.96 Hz, 2H, ArH), 7.18e7.38 (m, 5H, ArH), 7.54 (d, J ¼ 8.96 Hz,
2H, ArH).

5-benzyl-N-(4-methoxyphenethyl)-4-(4-methoxyphenyl)thiazol-
2-amine (37). Compound 43 (0.4 g, 1.45 mmol), 4-
methoxyphenethylamine (0.6 g, 4.36 mmol), lithium hydroxide
monohydrate (0.1 g, 2.61 mmol), 10 mL of DMF and 0.3 mL of water
were added into a 50 mL pear-shaped flask. A catalytic amount of
potassium iodide was then added. The mixture was refluxed for 8 h
and monitored by TLC. To the reaction solution, 20 mL of 1 M hy-
drochloric acid was added, and the mixture was extracted with
ethyl acetate (10 mL � 3). The organic phase was washed with 1 M
hydrochloric acid, distilled water and saturated brine, dried over
anhydrous sodium sulfate and concentrated over vacuum. The
crude product was purified by column chromatography (petroleum
ether/ethyl acetate ¼ 1:15e1:5), and 0.31 g of a white solid was
obtained. Yield 50%, m.p.153e154 �C. 1H NMR (DMSO-d6, 600MHz)
d 2.79 (t, J ¼ 7.4 Hz, 2H, CH2), 3.37 (td, J1 ¼ 7.3 Hz, J2 ¼ 5.7 Hz, 2H,
CH2), 3.71 (s, 3H, OCH3), 3.76 (s, 3H, OCH3), 4.05 (s, 2H, ArCH2),
6.87e6.83 (m, 2H, ArH), 6.97e6.94 (m, 2H, ArH), 7.16 (d, J ¼ 8.5 Hz,
2H, ArH), 7.19e7.22 (m, 3H, ArH), 7.31 (t, J ¼ 7.5 Hz, 2H, ArH),
7.53e7.48 (m, 3H, ArH, NH); 13C NMR (151 MHz, CDCl3) d 167.35,
159.13, 158.30, 140.46, 130.46, 129.72, 129.69, 128.60, 128.18, 126.52,
114.04, 113.78, 55.26, 55.25, 47.65, 47.59, 34.55, 32.91.

5-(2-methoxybenzyl)-N-(4-methoxyphenyl)-4-phenylthiazol-2-
amine (38). A quantity of 0.50 g of 41a was dissolved in 5.0 mL of
anhydrous ethanol and then (0.20 g, 1.57 mmol) of 1-(4-
methoxyphenyl)thiourea was added. The mixture was refluxed
for 3 h while monitoring the reaction by TLC. After completion, the
mixture was cooled, and 25 mL of water was added. Then, aqueous
ammonia was added to the reaction mixture to adjust the pH to
approximately 8. The mixture was stirred for 2 h at room temper-
ature and filtered, washed, dried and recrystallized with hot
ethanol to obtain a beige solid (0.30 g, 51.1%), m.p. 138.1e139.2 �C.
1H NMR (DMSO-d6, 600 MHz) d 3.71 (s, 3H, CH3O), 3.77 (s, 3H,
CH3O), 4.06 (s, 2H, ArCH2), 6.90 (t, J¼ 9.00 Hz, J¼ 2.40 Hz, 3H, ArH),
7.00 (d, J ¼ 2.40 Hz, 1H, ArH), 7.11 (d, J ¼ 7.20 Hz, 1H, ArH), 7.24 (t,
J ¼ 7.20 Hz, 1H, ArH), 7.35 (t, J ¼ 7.20 Hz, 1H, ArH), 7.44 (t,
J ¼ 7.20 Hz, 2H, ArH), 7.53 (d, J ¼ 9.00 Hz, 2H, ArH), 7.62 (d,
J ¼ 7.20 Hz, 2H, ArH), 9.81 (s, 1H, NH); 13C NMR (151 MHz, CDCl3)
d 165.24, 156.97, 156.07, 133.90, 129.41, 128.63, 128.27, 128.26,
127.83, 127.53, 121.98, 121.95, 120.58, 114.48, 110.18, 55.48, 55.17,
27.15; ESI-MS m/z 403[MþH]þ; IR (KBr, cm�1): 3172 (nNeH), 3065,
2937, 2831, 1566, 1510, 1489, 1244, 1165, 1031, 818, 751, 689.

9. Biology

9.1. Cells and plasmids

HEK 293T cells were obtained from National Platform of
Experimental Cell Resources for Sci-tech (Beijing, China). The pNL4-
3.luc.R�E� plasmid was obtained from National Institute of Health
AIDS Research and Reference ReagentProgram. VSVG plasmid was
kindly provided by Dr. Lijun Rong (University of Illinois at Chicago).
Seven NNRTI-resistant mutations (K103N, Y181C, L100I/K103N,
Y188L, K103N/P225H, K103N/G190A, K103N/V108I) were intro-
duced into env-deficient HIV vector (pNL4-3.luc.R�E�) by over-
lapping extension PCR followed by subcloning back into pNL4-
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3.luc.R�E� using ApaI and AgeI restriction sites, as previously re-
ported [28].

9.2. Anti-HIV activity assay by pseudotyped viruses

VSVG plasmid and env-deficient HIV vector (pNL4-3.luc.R�E�

or pNL4-3.luc.R�E�RT-mutant) [29,30] were co-transfected into
HEK 293T cells using the Ca3(PO4)2 method [31]. Sixteen hours
post-transfection, the cells were washed with PBS and fresh
media was added. The supernatant, containing pseudotyped vi-
rions, was collected 48 h post-transfection. The harvested virus
solution was quantified using p24 concentrations, which were
detected by ELISA (ZeptoMetrix, Cat.: 0801111) and diluted to
0.2 ng p24/mL.

HEK 293T cells were seeded on a 24-well plate one day prior to
infection. The compounds were added into the target cells 15 min
prior to infection. For each well, 0.5 mL of pseudoviruses were
added (0.2 ng p24/ml). Forty-eight hours post-infection, infected
cells were lysed in Cell Lysis Reagent (Promega). Luciferase ac-
tivity of the cell lysate was measured by a Sirius luminometer
(Berthold Detection System) according to the manufacturer's
instructions.

9.3. Cytotoxicity

Cytotoxicity was tested by incubating the compound with the
cells for 48 h under the same culture conditions as for anti-HIV
activity assay, but no viruses were added. The cytotoxicity was
measured using a Cell Proliferation Assay kit (Promega) according
to the manufacturer's instructions.

10. Computational

10.1. Docking and 3D-QSAR

All of the calculations reported were performed on an HP Z800
workstation with Red Hat Enterprise Linux 5 system using the
Tripos Sybyl-X 1.2 (Tripos Inc, St Louis, MO, USA) molecular
modeling package. The parameters in the study were set to default
values except for those specifically mentioned.
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