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ABSTRACT

Most of protein post-translational modificationscocin the Golgi and many human
diseases are associated with abnormal Golgi fumaioimproper post translational
modifications of proteins in the Golgi. In this djy we designed and synthesized 4
6 series of novel isothiouronium-modifie&,E)-4,6-bis(styryl)-pyrimidine analogs
and found that they localized at the Golgi as Migad by the intrinsic fluorescence of
the analogs. The isothiouronium-modified analogd patent cytotoxicity in both
normal (Chinese Hamster Ovary or CHO) and cancdlts.cd-urthermore,
permethylated isothiouronium-modified analogs shbweancer cell-selective

cytotoxicity. The molecular mechanisms underlyingolgs localization of

1



isothiouronium-modified compounds were investigatsthg 7 CHO and 4 human
cancer cell lines and the results indicated thatctbmpounds had binding partners in
the Golgi. Thus, isothiouronium-modified analogsghti be promising anticancer
agents, novel Golgi staining reagents, and usefsgarch tools for studying Golgi

functions in normal or cancer cells and in Goldated human diseases.

Key words: Isothiouronium; pyrimidine-substituted curcum@glgi; cytotoxicity;

(E,E)-4,6-bis(styryl)-pyrimidine; immuno-staining; carc

1. Introduction

Curcumin is responsible for the therapeutic proggrof turmeric in traditional
medicine. Its 1Gys in cancer cells range from 3 to > 3 that are quite high
compared to most of anticancer drugs[l1,2]. Dietaxyrcumin exhibits poor
bioavailability, rapid metabolism, low solubilitgnd extensive rapid excretion in
clinical trials [1-3]. We have previously reportadamily of E,E)-4,6-bis(styryl)-pyr-
imidine analogs that contain the pyrimidine ringtead of thg-dicarbonyl moiety of
curcumin. These analogs have significantly improaaticancer activity, chemical
stability, and solubility when compared to curcurfdtb]. Furthermore, the V-shaped
D-n-A-n-D structure of the pyrimidine-substituted curcumamalogs generates
intensive fluorescence [6]. However, the fluoresqamoperty has not been explored
for biological applications.

With only 20,000 to 30,000 human genes, the dynatoimplexity of living
systems is achieved, in part, through over 400 knpwst-translational modifications
of proteins [7]. Most of protein post-translatiomabdifications, especially N-linked
and O-linked glycosylations [8-10], occur in thel@@nd many human diseases are
associated with abnormal Golgi function or impropgeotein post translational
modifications in the Golgi [11]. At present, devefeent of small molecule probes
that target the morphology and reveal the functminGolgi is still in its infancy [12].

In fact, only limited numbers of small moleculesiwdifferent backbone structures
2



that perturb the function of Golgi have been repbftl3-15]. We noticed that positive
charges in those small molecules seem to be asstamth the Golgi localization
[13-15], which is consistent with the fact that Giak an acidic compartment with a
pH gradient ranging from 5 to 6. Remarkably, aesenf isothiouronium-modified
compounds exhibit significant pharmacological atiég, such as anesthetic [16],

antimicrobial [17], and antitumoral [18-21] with kmown mechanisms.

Based on these facts, we decided to introduce ipelyitcharged isothiouronium
group to pyrimidine-substituted curcumin analogd &m screen for Golgi-localized
compounds by taking advantage of the unique fluems properties of the
(E,E)-4,6-bis(styryl)-pyrimidine analogs. Indeed, oatalshowed that the isothiouro-
nium-modified analogs had greatly enhanced anteaactivities in addition to their

unique Golgi localization compared to the unmodift®empounds.

2. Chemistry
We first designed and synthesized 4x6 series ofhimaronium-modified

(E,E)-4,6-bis-(styryl)-pyrimidine analogs in three stegs outlined in Scheme 1. The
compoundsl-4 were prepared from the appropriate aromatic alde$yaccording to
the procedure we reported previously [4]. Subsetlyghe compounds were allowed
to react individually with excessivedtdibromoalkane in the presence ofGQO; to
yield thew-bromoalkyl derivativeda~c-4a~c, which were separated by chromatogr-
aphy in 30%~50% vyield. Thelta~c-4a~c reacted with thiourea in boiling acetone to
generate the target compourddis-f-4d~f in 50%~70% vyield.

We also synthesized three 1,1,3,3-tetramethylagethiouronium derivatives by
mixing compoundsla-3a with 1,1,3,3-tetramethylthiourea in boiling acetoimn

50%~60% vield.



R® R®
1:R'=H;R?= OCH5;R®=H
2:R"= OCHj3; R?= OCH3; R® =

3:R"= OCH3; R?= OCHg; R® = OCH3 ~ -
4:R'"=H;R?=H;R®=H HJ\ Br
g
N N
R’ N NS R’
)O\%-.Bl’ S B R2 O O R2
NTSN R® R?
R’ N LA~ R’ 19:R'=H;R?= OCH5;;R®=H;n=4
O O 2g: R'= OCH3; R?= OCH3; R®=H;n =4
R? R? 3g: R'= OCHg; R?= OCHg; R®= OCHg; n = 4
3 3
R R NHp 5
\ r
11} /@
— > 0 hs” "NH,
1a:R'=H; R?= OCH3; R®*=H;n=4 NN
1b: R'=H; R?= OCH3; R®=H;n=5 R! 24> R
1c: R'= H; R2= OCHg; R®= H; n = 6 O A O
2a: R'= OCH3; R?=OCH3;R®=H;n=4 R2 R2
2b: R1 OCHz; R?= OCHz; R®*=H;n=5 R RS

2¢:R'=0OCH;; R2=0CH5;;R®=H;n=6
3a: R1 OCHg; R?= OCHg; R® = OCHg; n = 4
3b: R1 OCHjz; R?= OCH3; R®= OCHz; n= 5
3c: R'=OCH3; R?2=0OCH3;; R®= OCH3; n=6
4aR1 H;R?=H;R®=H;n=4
4b:R'=H;R?=H;R®=H;n=5
4c:R'=H;R?>=H;R®=H;n=6

1d: R'=H; R?>=OCH3;R®=H;n=4
1e:R"=H;R?= OCH5;R®=H;n=5
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Scheme 1. Synthesis of theisothiouronium derivatives of curcumin-pyrimidine analogs.
Reagents and conditions: (i) appropriate aromddiehyydes, HCI, EtOH, rf, 50%~75%; (ii)
Br(CH,)Br, K,.COs, DMF, 80°C, 30%~50%;(iii)Thiourea, acetone, rf%870%; (vi)

1,1,3,3-Tetramethylthiourea, acetone, rf, 50%~60%.

3. Resultsand discussion
3.1 Cytotoxicity and 1 Cs

Four human cancer cell lines A549 (lung), H1299 ¢l HCT116 (colon), and
HT29 (colon) were treated with 10 of compoundda, 1d, 1g, 2a, 2d, 29, 3a, 3d,
and3g or compound-free control for 48 h and the celbility was measured as an

indicator for cytotoxicity of the compounds (Figuke



160

Exk fEX3 Exk fEX3 *
*** *** *** ***

%
%
%
%
%
%

%

%
%
%
%

k% %k k% %k
213 f.2.2.9
* *
X N

]
1
ik

]
3]

]

%
%
| %
%

120

md
40 i me
o ﬁi i - .i -i ii - il -I ii ma

]
]

Viable Cells (%)

© .0 9 O o O 5 O o
" U ™ N O ot ) N ’\/
N L N K &) N K
& & Y\C\ ? YR e ¥
1 2 3

Concentration: 10 uM

Figure 1. Effects of the tested compounds on cell viability of four human cancer cell lines.
Percentage of viable cells (A549, H1299, HCT11628)Tafter 48 h exposure to the curcumin-
pyrimidine analoguesdlég, 1d, 1g, 2a, 2d, 2g, 3a, 3d, and3g) at a concentration of 1M

compared to the compound-free contealeived an equal volume of DMSO (100% viability)
(**P<0.001, **P<0.01, *P < 0.05; Student’s t-tesjhe analogues were formulated initially in
DMSO and then diluted in complete growth meéiach value was calculated from 2 independent

experiments performed in triplicate. Data are shasmean + SD.

To obtain 1@ values for each compound, all four cancer celleeviieeated with
series of concentrations of each compound andadteewlere summarized in Table 1.
All isothiouronium-modified compound4d, 1e, 1f, 2d, 2e, 2f, 3d, 3e, 3f, 4d, 4e, and
4f) had IG, values at lowuM ranges. The 1,1,3,3-tetramethylated isothiounmriu
modified compounds1(, 2g, and 3g) had higher I values compared to their
unmethylated counterpartd; 2d, and 3d). In contrast, all Br-modified compounds
(1a, 1b, 1c, 2a, 2b, 2c, 3a, 3b, 3c, 4a, 4b, and4c) had 1G, values over 2QM.

The 1G5 values indicated that the compounds with one mxgthgroup were
most toxic in all four cancer cell lines tested.general, when the compounds were
modified by methoxyl groups, the fewer the numbiemethoxyl groups, the stronger
the cytotoxicity (1>2>3). In contrast, the toxiesi of compounds with no methoxyl
modification were between the compounds with twa dimree methoxyl groups.
When the compounds had 4, 5, or 6 methylene sp&f€H,)-) separating

isothiouronium from the K,E)-4,6-bis(styryl)-pyrimidine, the spacer effect &Dsg
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values was minimal in all four cell lines testedrthermore, the cytotoxicity declined

when the isothiouronium was fully methylatdd,(2g, and3g).

Table 1. ICgq of the compounds in four human cancer cell lines

ICsp (M)®
Comp
HT29 HCT116 H1299 A549

la >20 >20 >20 >20

1b >20 >20 >20 >20

1c >20 >20 >20 >20

1d 0.79+0.16 1.00+0.13 0.92+0.14 0.99+0.19
le 2.03+£0.04 1.93+0.03 2.96+0.74 1.97+0.03
1f 2.14+0.13 1.98+0.04 3.69+0.42 1.97+0.13
19 5.97+1.04 3.00£0.39 7.49+0.58 2.26x0.18
2a >20 >20 >20 >20

2b >20 >20 >20 >20

2c >20 >20 >20 >20

2d 0.61+0.17 1.86+0.05 1.53+0.62 2.36x0.70
2e 1.91+0.13 1.81+0.05 4.04+0.44 1.99+0.05
2f 1.72+0.26 2.02+0.19 3.75+0.25 2.09+0.14
29 4.10+1.35 3.89+1.4 5.81+0.91 9.71+0.94
3a >20 >20 >20 >20

3b >20 >20 >20 >20

3c >20 >20 >20 >20

3d 2.19+0.04 3.77+0.16 5.1+0.72 4.24+0.91
3e 1.86+0.23 2.08+0.09 4.13+0.08 2.88+0.89
3f 1.17+0.49 1.87+0.03 3.09+1.22 2.00£0.03
39 10.49+2.28 5.41+0.35 14.97+3.6 14.36+4.97
4a >20 >20 >20 >20

4b >20 >20 >20 >20

4c >20 >20 >20 >20

4d 2.19+0.04 3.77+0.16 5.1+0.72 4.24+0.91
4e 1.86+0.23 2.08+0.09 4.13+0.08 2.88+0.89
4f 1.17+0.49 1.87+0.03 3.09+1.22 2.00+0.03

a. Each IGgvalue was calculated from 3 independent experisngetformed in triplicate. Data
are shown as mean + SD.
3. 2 Golgi localization of isothiouronium-modified pyrimidine-substituted
curcumin analogs
The potent cytotoxicity of the isothiouronium-madd (E,E)-4,6-bis(styryl)-
pyrimidine analogs (Figure 1 and Table 1) promptedo consider that the negatively
charged DNAs in nucleus might be the moleculardiagf the positively charged
analogs. To verify this hypothesis, we performeat Icell imaging to evaluate the
uptake and subcellular localization of the pyrimghsubstituted curcumin analogs.

A549 or HCT116 cells were seeded on glass coversligpomplete cell culture media
6



before being treated with or without the compoubalgandld at 10uM for 4 h at 37
°C. The cells were imaged for the unique greenrdéscence in living cells under laser
scanning confocal microscope. Surprisingly, in castt to the even distribution of
compoundla in cytoplasm, the isothiouronium-modified compoutbd had an

apparent Golgi localization.

To confirm the Golgi localization of isothiouroniumodified compound, we
used Golgi marker Golgin-97 and the nuclear maBAPI to co-stain A549 and
HCT116 cells. The cells were seeded on glass diqerism complete cell culture
media before being treated with 1M of 1a, 1d, le, 1f, and 1g for 4 h at 37 °C.
Subsequently, the media were removed and the oedse fixed with 4%
formaldehyde followed by permeabilizing with 0.2%tdn-100 in PBS. After being
blocked with 5% bovine serum albumin (BSA), thelxelere incubated with the
anti-Glogin-97 primary antibody followed by inculmat with fluorescent secondary
antibody (red fluorescence). The nucleus was sdamith DAPI (blue fluorescence).
The cells stained by the compounds (green fluores)e Golgin-97 (red
fluorescence), and DAPI (blue fluorescence) wereagimed by laser scanning

confocal microscope and the results were shownguaré 2.

Merging the cell images in green (compounds), r€algin-97), and blue
(nucleus) channels showed the absence of greeredicence and the presence of the
red fluorescence (Golgin-97) in the Golgi next he nucleus (blue fluorescence) in
the blank control Qontrol, Figure 2). Br-modified compounda was evenly
distributed in the cytoplasmlg, Figure 2). In contrast, isothiouronium-modified
compoundld was mostly co-localization with Golgi marker Galgd7 (nsert 1 and
2, Figure 2). Although compoundsl, le, and1f with four, five, and six methylene
spacer groups did not show significant differencehieir 1G, values (Table 1), their
Golgi localization showed different patterns: tiheofescence generated fg was
mostly associated with the Golgi while the grearofféscence fromle and 1f was
associated with vesicles radiated away from thegiGal the order of 6 > 5 > 4 of

methylene spacer groupkhgerts 3, 4, 5, and6, Figure 2), suggesting the methylene



spacer groups in the compounds contributed to tihées differences in their Golgi

localization.

Compound Golgi Nuclear Merge

Control

la

1d

le

1f

aQ

3
B

Figure 2. Fluorescence images of A549 showing the location of Compounds. Laser scanning
confocal microscope images of A549 cells incubatét or without compounds (greera 1d,
le, 1f, and1g) followed by Golgi (red) and nucleus (blue) stainiwgh Golgin-97 and DAPI.
Scale bars: 1Qum. Control: non-derivative treated cellecevied an equal volum of DMSO.
Sub-Figure 1-8: zoom in of the arrowslith-1g. The results have been repeated.

The 1Go values (Table 1) was obtained 48 h after the velise treated with the
compounds. Within this time frame, the isothioutonimodified compounds were

highly toxic. It raised the question if the compdarhad binding partners in the Golgi



or they were accumulated in the Golgi as a reduther Golgi-targeted cytotoxicity.
To address this issue, we conducted three setgefienents.

First, we performed the live cell imaging using AR54ells treated with
compoundsla and 1d for 1, 2, 4, and 12 h. We observed that compolmadvas
evenly distributed in cytoplasm whereas the isatfooium-modified compoundd
had the Golgi localization at all-time points tektendicating that compountd may
have binding partners in the Golgi.

It was reported that the positively charged guamioin-rich scaffolds bind to
negatively charged phosphate, sulfate, and carbgeotips on cell surface through
hydrogen binding [22]. We reasoned that if thehgmironium-modified compound
binds to its binding partners in the Golgi througrdrogen bond via isothiouronium,
such binding will be weakened if the isothiouroniigriully methylated. Therefore, in
the next experiment, we synthesized permethylatedpoundslg, 2g, and3g, and
measured their cytotoxicity, followed by imagingetkellular localization of these
compounds. Indeed, not only the cytotoxicity of gammndslg, 2g, and3g in all four
cancer cell lines were decreased (Table 1), but etsnpoundlg almost lost the
Golgi localization (nserts 1, 2, 3, 4, 5, 6, 7, and8, Figure 2). These results suggested
that compounddd, 1e, and 1f bind to their binding partners in the Golgi through
hydrogen bonds.

The same Golgi localization and cytotoxicity (dawat shown) were observed
when HCT116 cells were used in the same experinsaigyesting that the analogs
have the same molecular actions in different tygesancer cells.

Finally, we investigated if the binding partnerstbé isothiouronium-modified
(E,E)-4,6-bis(styryl)-pyrimidine analogs were glycosanyglycans (GAGs), the most
negatively charged biopolymers assembled on the martein of proteoglycans in the
Golgi since it was reported that the binding ofipesly charged guanidinoneomycin
to cells is exclusively dependent on the cell stgfglycosaminoglycans [23]. The
normal fibroblast CHO cells used in current stuagiude wild-type K1, GAG-defici-
ent 745, heparan sulfate-deficient 677, 3-O-sulfdferase 1-overexpressing 3.1,

3-O-sulfotransferase 2-overexpressing 3.2, 3-Oosualisferase 3-overexpressing 3.3,
9



3-O-sulfotransferase 4-overexpressing 3.4 that axe lused and described in details
previously [24]. We evaluated the cytotoxicity afnepoundsla, 1d, 1g, 2a, 2d, and
2gin all the CHO cells and the lung cancer cells Ag&igure 3). The isothiouronium
modified compounddd and2d were highly toxic to all 8 cell lines includingeh
GAG-deficient 745 cells, indicating that the binglipartners in the Golgi might not
be the GAGs (Figure 3). The Br-modified compodadvas not toxic wheredkd, 2a,
and 2d were toxic to all cell lines tested. This evidentether supported the
hypothesis that isothiouronium-modified compoufdsand2d targeted the common
partners in the Golgi both in normal and cancelscétven though permethylated
compoundglg and2g were toxic to all four cancer cells tested (Tahl&igure 1, and
Figure 3), they stimulated CHO cell growth insteadggesting thatg and2g had

methylation-related toxicity towards cancer celdyqFigure 3).
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Figure 3. Effects of the tested compounds on cytotoxicity to all the CHO cells and the lung
cancer cells A549. Percentage of viable cells (CHOK1, 745, 677, 3.2, 3.3, 3.4, and human
cancer cells A549) after 48 h exposure to the cungtpyrimidine analoguesld, 1d, 1g, 2a, 2d,
and 2g) at a concentration of 10M compared to the compound-free control receivecagumal
volume of DMSO (100% viability) (***P<0.001, **P<01, *P < 0.05; Student’s t-test). The
analogues were formulated initially in DMSO andritéiluted in complete growth media. Each
value was calculated from 2 independent experimeatformed in triplicate. Data are shown as
mean + SD.
4. Conclusions

In current study, we designed and synthesizediassef novel isothiouronium-

modified pyrimidine-substituted curcumin analogs.heilf unexpected Golgi
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localization, potent cytotoxicity, and the moleculaechanisms underlying Golgi
localization were revealed. These compounds proseleeral advantages over the
current tools to image and study the function ef @volgi. First, they could be used in
live cells and do not require fixation and permaatas common for the application of
conventional immunofluorescence methods. Secomdptbbes were localized in the
Golgi over a 12 h period that provided sufficiemhd frame to perform detailed
functional studies of the Golgi-associated posnhdiational modification-defects
associated with various human diseases. Third, himatonium-modified
(E,E)-4,6-bis(styryl)-pyrimidine analogs were toxic bmth CHO and cancer cells
whereas permethylated analogs were only toxic tocaracells (Figure 3). Such
property might provide a novel way for selectingd atheveloping permethylated
compounds as selective anti-cancer drugs.

In conclusion, identifying the precise binding par(s) of the isothiouronium-
modified pyrimidine-substituted curcumin analogghe Golgi will be our next goal.
This information is critical for understanding thesothiouronium-modified
(E,E)-4,6-bis(styryl)-pyrimidine analog-induced cellatl. In addition, the chemical
and biological approach used in current study irvettping Golgi targeting
fluorescent probes can be useful tools for the bognfield of protein post

translational modification research in the neamifeit

5. EXPERIMENTAL SECTION
5.1. Chemical Synthesis
5.1.1. Materialsand Methods

All chemicals were purchased from commercial veadord used without further
purification unless otherwise noted. Thin-layer amatography (TLC) was performed
on precoated E. Merck silica-gel 60 F254 plateslu@a chromatography was
performed on silica gel (200-300 mesh). Melting nt®i were determined on a
Mitamura-Riken micro-hot stage and were not cosgctH NMR and**C NMR
spectra were obtained on a Jeol JNM-ECP 600 speetes with tetramethylsilane

(Me4Si) as the internal standard and chemical shifte wecorded a8 values in ppm.
11



Following abbreviations are used: s = singlet, doublet, t = triplet, g= quartet, m =
multiplet, dd = double-doublet. Mass spectra wermrded on a Q-TOF Global mass
spectrometer.

4,6-Dimethyl-2-hydroxyl-pyrimidine hydrochloride waprepared according to
literature procedures [25The syntheses oE(E)-4,6-bis(4-methoxystyryl)-2-hydrox-
yl-pyrimidine @), (E,E)-4,6-bis(3,4-dimethoxystyryl)-2-hydroxyl-pyrimiden),
(E,E)-4,6-bis(3,4,5-trimethoxystyryl)-2-hydroxylpyrimite @) have been described
previously [4].

5.1.2. Synthesis of Compound (E,E)-4,6-bisstyryl-2-hydroxyl-pyrimidine (4).

A mixture of 2-hydroxy-4,6-dimethylpyrimidine hydrbloride (0.16 g, 1 mmol),
benzaldehyde (30GL, 3 mmol) in anhydrous ethyl alcohol (100 mL) wstgred
under an Natmosphere at room temperature for 1 h. Then leydlvac acid (60QuL,
1.2 mmol) was added to the reaction mixture whics wefluxed for 36 h. After
completion of the reaction, the solvent was evapedrander reduce pressure, and the
saturated NaHC®solution (250 mL) was added into the brown oil des for
desalting. After stirring at room temperature foh5the resulting precipitate was
filtered, washed with water followed with etherdathen purified by chromatography
on silica gel to give4 as a yellow powder (0.15g , 50%H NMR (500 MHz,
DMSO-dg) & 11.73 (s, 1H), 7.85 (d, J = 16.3 Hz, 2H), 7.67 J&& 6.7 Hz, 4H),
7.52-7.35 (m, 6H), 7.05 (d, J = 16.2 Hz, 2H), 6(861H); MS (ESI) m/z ESB01.1
[M+H] "

5.1.3. General procedurefor Compounds la~c-4a~c.

To a solution ofl-4 (1.0 mmol) in anhydrous N,N-dimethylformamide (DN3O
mL) at 80 °C was added anhydrous potassium care@Bd mmol), ky-dibromoalk-
an (15.0 mmol) and the mixture was stirred for 1After the reaction was judged
complete by TLC, the solvent was removed underagedpressure, and the residue
was dissolved in CKCl, and washed with water. The organic layer was ségdy
dried over anhydrous N&Q,, filtered, and concentrated. The resulting residas
purified by chromatography on silica gel to give paundsla~c-4a~c.

5.1.4 (E,E)-2-(4-br omobutoxy)-4,6-bis(4-methoxystyryl)pyrimidine (1a)
12



Yellow powder (193 mg, yield 39%H NMR (500 MHz, CDCJ) & 7.87 (s, 1H),
7.84 (s, 1H), 7.54 (d, J = 8.4 Hz, 4H), 6.92 (¢, 8.4 Hz, 4H), 6.90 (s, 1H), 6.86 (s,
2H), 4.51 (t, J = 6.1 Hz, 2H), 3.84 (s, 6H), 3.52)(= 6.5 Hz, 2H), 2.18-2.10 (m, 2H),
2.08-2.00 (m, 2H),13C NMR (126 MHz, CDGJ) ¢ 165.22, 165.17, 160.60, 136.40,
129.12, 128.59, 123.58, 114.29, 110.71, 66.06,%33.61, 29.41, 27.67; MS (ESI)
m/z ESI 495.1 [M+HT.

5.1.5. (E,E)-2-(5-bromopentyloxy)-4,6-bis(4-methoxystyryl)pyrimidine (1b)

Yellow powder (178 mg, yield 35%)H NMR (500 MHz, CDCY) § 7.87 (s, 1H),
7.84 (s, 1H), 7.54 (d, J = 8.7 Hz, 4H), 6.92 (&, 8.7 Hz, 4H), 6.90 (s, 1H), 6.87 (s,
2H), 4.48 (t, J = 6.5 Hz, 2H), 3.85 (s, 6H), 3.45)(= 6.8 Hz, 2H), 2.02-1.95 (m, 2H),
1.94-1.88 (m, 2H), 1.73-1.66 (m, 2HJC NMR (126 MHz, CDGJ) § 165.29, 165.15,
160.57, 136.33, 129.10, 128.61, 123.63, 114.28,6P1(%6.83, 55.35, 33.65, 32.60,
28.22, 24.88; MS (ESI) m/z ES09.1 [M+HT".

5.1.6. (E,E)-2-(6-bromohexyloxy)-4,6-bis(4-methoxystyryl)pyrimidine (1c)

Yellow powder (161 mg, yield 31%)H NMR (500 MHz, CDCY) § 7.87 (s, 1H),
7.84 (s, 1H), 7.54 (d, J = 8.7 Hz, 4H), 6.92 (¢, 8.7 Hz, 4H), 6.90 (s, 1H), 6.87 (s,
2H), 4.48 (t, J = 6.5 Hz, 2H), 3.85 (s, 6H), 3.45)(= 6.8 Hz, 2H), 2.02-1.95 (m, 2H),
1.94-1.88 (m, 2H), 1.73-1.66 (m, 2HYC NMR (126 MHz, CDGJ) § 165.11, 160.59,
136.40, 129.12, 128.61, 123.60, 114.28, 110.5108,/55.35, 33.89, 32.75, 28.87,
28.00, 25.36; MS (ESI) m/z E®23.1 [M+HTJ.

5.1.7. (E,E)-2-(4-br omobutoxy)-4,6-bis(3,4-dimethoxystyryl)pyrimidine (2a)

Yellow powder (266 mg, vield 48%JH NMR (500 MHz, CDCY) 5 7.84 (d, J =
15.8 Hz, 2H), 7.18-7.12 (m, 4H), 6.93-6.85 (m, 5852 (t, J = 6.1 Hz, 2H), 3.94 (d,
J =11.8 Hz, 12H), 3.53 (t, J = 6.5 Hz, 2H), 2.d4 § = 13.4, 6.6 Hz, 2H), 2.04 (dt, J
=12.7, 6.4 Hz, 2H)*C NMR (126 MHz, CDGJ) § 165.23, 165.09, 150.30, 149.15,
136.70, 128.80, 123.78, 121.72, 111.09, 110.53,4P0%6.09, 55.96, 33.67, 29.40,
27.64; MS (ESI) m/z ESB55.1 [M+HT.

5.1.8. (E,E)-2-(5-bromopentyloxy)-4,6-bis(3,4-dimethoxystyryl)pyrimidine (2b)

Yellow powder (210 mg, yield 37%)H NMR (500 MHz, CDCY) § 7.85 (s, 1H),

7.82 (s, 1H), 7.18-7.12 (m, 4H), 6.92-6.89 (m, 36187 (d, J = 3.7 Hz, 2H), 4.49 (t, J
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= 6.5 Hz, 2H), 3.93 (d, J = 13.3 Hz, 12H), 3.45)(t 6.8 Hz, 2H), 2.01-1.95 (m, 2H),
1.94-1.87 (m, 2H), 1.70 (dd, J = 15.3, 8.0 Hz, 28§ NMR (126 MHz, CDG)) &
165.33, 165.07, 150.31, 149.18, 136.61, 128.86,8823121.70, 111.14, 110.40,
109.49, 77.26, 77.01, 76.76, 66.85, 55.95, 33.868 28.22, 24.87; MS (ESI) m/z
ESI'569.1 [M+HT.

5.1.9 (E,E)-2-(6-br omohexyloxy)-4,6-bis(3,4-dimethoxystyryl)pyrimidine (2c)

Yellow powder (257 mg, yield 44%)H NMR (500 MHz, CDCY) § 7.85 (s, 1H),
7.82 (s, 1H), 7.19-7.11 (m, 4H), 6.92-6.85 (m, 548 (t, J = 6.4 Hz, 2H), 3.93 (d, J
= 13.4 Hz, 12H), 3.43 (t, J = 6.7 Hz, 2H), 1.955L(fh, 4H), 1.56 (s, 4H):*C NMR
(126 MHz, CDC}) 6 165.39, 165.05, 150.27, 149.15, 136.58, 128.83.,91r 121.72,
111.09, 110.38, 109.39, 67.07, 55.95, 33.94, 32840, 27.99, 25.38; MS (ESI)
m/z ESI 583.1 [M+HT.

5.1.10. (E,E)-2-(4-bromobutoxy)-4,6-bis(3,4,5-trimethoxystyryl)pyrimidine (3a)

Red powder (221 mg, yield 369634 NMR (500 MHz, CDCJ) & 7.83 (s, 1H),
7.80 (s, 1H), 6.95 (s, 1H), 6.93 (s, 1H), 6.901(3), 6.82 (s, 4H), 4.53 (t, J = 6.1 Hz,
2H), 3.90 (d, J = 13.8 Hz, 18H), 3.53 (t, J = 65 BH), 2.14 (dd, J = 13.7, 6.2 Hz,
2H), 2.05 (dd, J = 14.0, 6.1 Hz, 2HfC NMR (126 MHz, CDGJ) § 165.27, 164.94,
153.44, 139.40, 136.91, 131.32, 125.13, 110.79,780466.17, 60.98, 56.15, 33.58,
29.39, 27.62; MS (ESI) m/z ES815.1 [M+HT.

5.1.12. (E,E)-2-(5-bromopentyloxy)-4,6-bis(3,4,5-trimethoxystyryl)pyrimidine
(3b)

Red powder (270 mg, yield 43%) NMR (500 MHz, CDC}) 5 7.81 (d, J =
15.8 Hz, 2H), 6.94 (d, J = 6.1 Hz, 2H), 6.90 (s),16482 (s, 4H), 4.49 (t, J = 6.2 Hz,
2H), 3.90 (d, J = 13.9 Hz, 18H), 3.45 (t, J = 66 BH), 2.02-1.94 (m, 2H), 1.94-1.87
(m, 2H), 1.74-1.66 (m, 2H)*C NMR (126 MHz, CDGJ) § 165.35, 164.90, 153.42,
139.31, 136.83, 131.35, 125.20, 110.74, 104.7296560.99, 56.14, 33.71, 32.55,
28.21, 24.87; MS (ESI) m/z ES$29.1 [M+HT.

5.1.12. (E,E)-2-(6-br omohexyloxy)-4,6-bis(3,4,5-trimethoxystyryl)pyrimidine (3c)

Red powder (264 mg, yield 41%)*H NMR (500 MHz, CDCJ) 6 7.82 (d, J =

15.6 Hz, 2H), 6.94 (d, J = 16.6 Hz, 3H), 6.82 (4),4.48 (t, J = 6.3 Hz, 2H), 3.89 (d,
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J = 13.4 Hz, 18H), 3.43 (t, J = 6.7 Hz, 2H), 1.6 ¢ = 13.1, 6.7 Hz, 4H), 1.55 (s,
4H); 3C NMR (126 MHz, CD{) 6 164.81,153.41, 139.32, 138.7.11, 131.30, 125.02,
110.57, 104.72, 67.28, 61.00, 56.14, 33.97, 32835, 27.95, 25.35; MS (ESI) m/z
ESI'643.1 [M+H]".

5.1.13. (E,E)-2-(4-bromobutoxy)-4,6-distyrylpyrimidine (4a)

White powder (148 mg, yield 34%Y NMR (500 MHz, CDCJ) § 7.93 (s, 1H),
7.89 (s, 1H), 7.60 (d, J = 7.3 Hz, 4H), 7.40 &, 0.4 Hz, 4H), 7.35 (t, J = 7.0 Hz, 2H),
7.03 (d, J = 15.9 Hz, 2H), 6.95 (s, 1H), 4.53 (£ 6.2 Hz, 2H), 3.53 (t, J = 6.6 Hz,
2H), 2.15 (dt, J = 14.5, 6.5 Hz, 2H), 2.05 (dt, 127, 6.3 Hz, 2H)**C NMR (126
MHz, CDCk) 6 165.28, 165.06, 136.95, 135.76, 129.30, 128.8%.6¥2 125.76,
111.20, 66.22, 33.56, 29.40, 27.65; MS (ESI) m/£'BS5.1 [M+HT.

5.1.14. (E,E)-2-(5-bromopentyloxy)-4,6-distyrylpyrimidine (4b)

White powder (207 mg, yield 46%Y NMR (500 MHz, CDCJ) & 7.93 (s, 1H),
7.90 (s, 1H), 7.61 (d, J = 7.4 Hz, 4H), 7.40 &, 0.3 Hz, 4H), 7.37-7.32 (m, 2H), 7.05
(s, 1H), 7.01 (s, 1H), 6.94 (s, 1H), 4.50 (t, J.5 Bz, 2H), 3.46 (t, J = 6.8 Hz, 2H),
1.98 (dt, J = 15.3, 7.6 Hz, 2H), 1.92 (dd, J = 172.8 Hz, 2H), 1.74-1.66 (m, 2H)C
NMR (126 MHz, CDCY) & 165.35, 165.02, 136.88, 135.78, 129.29, 128.84,65?
125.80, 111.17, 67.00, 33.68, 32.60, 28.21, 248B{ESI) m/z ES1449.1 [M+HT".
5.1.15. (E,E)-2-(6-bromohexyloxy)-4,6-distyrylpyrimidine (4c)

White powder (143 mg, yield 31%Y NMR (500 MHz, CDCJ) § 7.93 (s, 1H),
7.90 (s, 1H), 7.60 (d, J = 7.5 Hz, 4H), 7.40 &, 0.3 Hz, 4H), 7.37-7.33 (m, 2H), 7.05
(s, 1H), 7.01 (s, 1H), 6.94 (s, 1H), 4.49 (t, J.4 Bz, 2H), 3.48-3.40 (m, 2H), 1.91
(dd, J = 13.0, 6.5 Hz, 4H), 1.59 (d, J = 19.6 H#);4°C NMR (126 MHz, CDG)) &
165.41, 165.00, 136.84, 135.79, 129.27, 128.84,682125.83, 111.12, 67.21, 33.92,
32.75, 28.87, 28.01, 25.38; MS (ESI) m/z E6&3.1 [M+HTJ".

5.1.16 General procedurefor 1d~f-4d~f

A mixture of compoundla~c-4a~c (0.1 mmol) and thiourea (0.5 mmol) in
anhydrous acetone (1 mL) was heated to reflux unitiergen for 12 h and monitored
with TLC. When the reaction was finished, the sotweas evaporated under reduce

pressure, and the resulting residue was purifiedHsgmatography on silica gel to
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give compoundd~f-4d~f.
5.1.17 (E,E)-4-(4,6-bis(4-methoxystyryl)pyrimidin-2-yloxy)butyl carbamimidoth-
ioate hydrobromide (1d)

Yellow powder (388 mg, yield 68%JH NMR (500 MHz, DMSOdgs+ D,0) &
7.77 (s, 1H), 7.74 (s, 1H), 7.60 (t, J = 12.1 HH),47.17 (s, 1H), 6.98 (s, 1H),
6.96-6.92 (m, 5H), 4.36 (t, J = 5.7 Hz, 2H), 3.84 GH), 3.17 (t, J = 7.0 Hz, 2H),
1.87-1.81 (m, 2H), 1.77 (d, J = 6.9 Hz, 2 NMR (126 MHz, DMSOds + D,0) &
170.49, 165.29, 164.92, 160.73, 136.78, 129.77,3B628123.68, 114.82, 110.92,
66.27, 55.65, 30.32, 27.57, 25.56; MS (ESI) m/z'BS1.2 [M+H].

5.1.18. (E,E)-5-(4,6-bis(4-methoxystyryl)pyrimidin-2-yloxy) pentyl carbamimid-
othioate hydrobromide (1€)

Yellow powder (292 mg, yield 50%JH NMR (500 MHz, DMSOdg+ D,0) &
7.83 (s, 1H), 7.80 (s, 1H), 7.65 (d, J = 8.5 Hz),4H24 (s, 1H), 7.05 (d, J = 16.0 Hz,
2H), 7.00 (d, J = 8.5 Hz, 4H), 4.39 (t, J = 5.8 Bi), 3.79 (s, 6H), 3.18 (t, J = 7.2 Hz,
2H), 1.83-1.75 (m, 2H), 1.73-1.65 (m, 2H), 1.56 Jd5 6.5 Hz, 2H)*C NMR (126
MHz, DMSOds + D,0O) & 170.22, 165.33, 165.23, 160.78, 136.53, 129.78,512
124.06, 114.88, 110.95, 66.65, 55.74, 30.48, 282814, 25.04; MS (ESI) m/z ESI
505.2 [M+HT".

5.1.19. (E,E)-6-(4,6-bis(4-methoxystyryl)pyrimidin-2-yloxy)hexyl carbamimidot-
hioate hydrobromide (1f)

Yellow powder (316 mg, yield 53%JH NMR (500 MHz, DMSOdgs+ D,0) &
7.80 (s, 1H), 7.77 (s, 1H), 7.62 (d, J = 8.1 Hz,)4H21 (s, 1H), 7.02 (s, 1H),
7.00-6.92 (m, 5H), 4.34 (s, 2H), 3.76 (s, 6H), 33187 (m, 2H), 1.72 (s, 2H), 1.62 (s,
2H), 1.43 (s, 4H)**C NMR (126 MHz, DMSQds + D,0) § 170.42, 165.30, 165.17,
160.74, 136.57, 129.76, 128.44, 123.92, 114.86,901(%6.81, 55.70, 30.50, 28.65,
28.58, 27.89, 25.36; MS (ESI) m/z ESL9.4 [M+HT.

5.1.20. (E,E)-4-(4,6-bis(3,4-dimethoxystyryl)pyrimidin-2-yloxy)butyl carbamim-
idothioate hydrobromide (2d)

Yellow powder (321 mg, yield 51%JH NMR (500 MHz, DMSOdgs+ D,O) &

7.79 (d, J = 15.8 Hz, 2H), 7.29 (s, 2H), 7.22 (&,9.3 Hz, 3H), 7.07 (d, J = 15.8 Hz,
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2H), 6.98 (d, J = 7.9 Hz, 2H), 4.40 (s, 2H), 3.@9.J = 18.7 Hz, 12H), 3.21 (s, 2H),
1.83 (d, J = 30.3 Hz, 4H}*C NMR (126 MHz, DMSQds + D,0) & 170.32, 165.35,
165.09, 150.55, 149.34, 137.03, 128.70, 124.07,362412.11, 111.07,110.26, 66.20,
55.97, 30.31, 27.67, 25.71; MS (ESI) m/z E581.1 [M+HT.

5.1.21. (E,E)-5-(4,6-bis(3,4-dimethoxystyryl)pyrimidin-2-yloxy) pentyl car bami-
midothioate hydrobromide (2€)

Yellow powder (361 mg, yield 56%JH NMR (500 MHz, DMSOds+ D,O) &
7.70 (s, 1H), 7.67 (s, 1H), 7.19 (s, 2H), 7.13X&, 8.1 Hz, 2H), 7.09 (s, 1H), 6.97 (s,
1H), 6.95-6.90 (M, 3H), 4.29 (s, 2H), 3.72 (t, 1&8 Hz, 12H), 3.06 (t, J = 7.1 Hz,
2H), 1.69 (d, J = 6.6 Hz, 2H), 1.65-1.59 (m, 2H%71(d, J = 6.8 Hz, 2H)*C NMR
(126 MHz, DMSOds + D,O) 6 170.64, 165.23, 165.00, 150.35, 149.12, 136.97,
128.63, 123.89, 122.33, 111.94, 110.03, 66.75,%%8.50, 28.22, 28.12, 24.78; MS
(ESI) m/z ES1565.3 [M+HT] .

5.1.22. (E,E)-6-(4,6-bis(3,4-dimethoxystyryl)pyrimidin-2-yloxy)hexyl car bamimi-
dothioate hydrobromide(2f)

Yellow powder (421 mg, yield 64%JH NMR (500 MHz, DMSOdg+ D,0) &
7.78 (d, J = 15.9 Hz, 2H), 7.29 (s, 2H), 7.20 (&,8.3 Hz, 3H), 7.07 (d, J = 15.8 Hz,
2H), 6.97 (d, J = 7.2 Hz, 2H), 4.35 (s, 2H), 3.@8J = 19.1 Hz, 12H), 3.11 (s, 2H),
1.72 (s, 2H), 1.61 (s, 2H), 1.43 (s, 4HJC NMR (126 MHz, DMSOds + D,0) &
170.03, 165.32, 165.24, 150.57, 149.39, 136.91,7828124.20, 122.30, 112.13,
110.91, 66.75, 55.98, 30.45, 28.71, 27.97, 26.83%4& MS (ESI) m/z ESI579.3
[M+H] ™.

5.1.23. (E,E)-4-(4,6-bis(3,4,5-trimethoxystyryl)pyrimidin-2-yloxy)butyl carbami-
midothioate hydrobromide (3d)

Red powder (380 mg, vyield 55%} NMR (500 MHz, DMSO¢dg+ D-O) 5 7.83
(s, 1H), 7.79 (s, 1H), 7.28 (s, 1H), 7.20 (s, THL7 (s, 1H), 7.02 (s, 4H), 4.42 (t, J =
5.8 Hz, 2H), 3.82 (s, 12H), 3.68 (s, 6H), 3.231(t 7.1 Hz, 2H), 1.87 (dd, J = 14.0,
7.1 Hz, 2H), 1.81 (d, J = 6.9 Hz, 2H)'C NMR (126 MHz, DMSQds + D,0) &
170.21, 165.24, 165.14, 153.52, 139.04, 137.13,5¥31125.73, 111.51, 105.50,

66.26, 60.61, 56.40, 30.26, 27.70, 25.78; MS (B8Y) ESI 611.1 [M+HT.
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5.1.24. (E,E)-5-(4,6-bis(3,4,5-trimethoxystyryl)pyrimidin-2-yloxy)pentyl carbami-
midothioate hydrobromide (3e)

Red powder (470 mg, yield 679} NMR (500 MHz, DMSOggs+ D,0) & 7.80
(s, 1H), 7.77 (s, 1H), 7.27 (s, 1H), 7.18 (s, TH)5 (s, 1H), 7.00 (s, 4H), 4.38 (s, 2H),
3.82 (s, 12H), 3.67 (s, 6H), 3.15 (t, J = 7.1 H4),2L.77 (s, 2H), 1.68 (d, J = 7.0 Hz,
2H), 1.55 (d, J = 6.4 Hz, 2H}*C NMR (126 MHz, DMSOds + D,O) & 170.39,
165.23, 153.52, 139.07, 137.09, 131.58, 125.78,4P1105.52, 66.81, 60.64, 56.42,
30.51, 28.46, 28.29, 24.97; MS (ESI) m/z B85.4 [M+HT.

5.1.25. (E,E)-6-(4,6-bis(3,4,5-trimethoxystyryl)pyrimidin-2-yloxy)hexyl carbami-
midothioate hydrobromide (3f)

Red powder (452 mg, yield 63%}4 NMR (500 MHz, DMSOggs+ D,0) & 7.68
(s, 1H), 7.65 (s, 1H), 7.13 (s, 1H), 7.04 (s, THD1 (s, 1H), 6.88 (s, 4H), 4.27 (s, 2H),
3.75 (s, 12H), 3.63 (s, 6H), 3.02 (t, J = 7.1 H4),2L.64 (s, 2H), 1.55 (s, 2H), 1.35 (s,
4H); 3 NMR (126 MHz, DMSOds + D,O) 6 170.66, 165.07, 165.03, 153.33,
138.84, 136.95, 131.57, 125.55, 111.35, 105.298650.68, 56.29, 30.49, 28.53,
28.37, 27.79, 25.25; MS (ESI) m/z ES89.3 [M+HT".

5.1.26. (E,E)-4-(4,6-distyrylpyrimidin-2-yloxy)butyl carbamimidothioate hydro-
bromide (4d)

Yellow powder (261 mg, yield 51%jH NMR (500 MHz, DMSO¢g) & 9.07 (s,
4H), 7.91 (d, J = 16.0 Hz, 2H), 7.73 (d, J = 6.7 &), 7.50-7.34 (m, 7H), 7.25 (d, J
= 16.0 Hz, 2H), 4.45 (s, 2H), 3.28 (s, 2H), 1.86Jd 40.1 Hz, 4H)**C NMR (126
MHz, DMSO-s) 6 170.27, 165.23, 136.95, 135.91, 129.88, 129.48,112 126.47,
111.74, 66.29, 30.30, 27.80, 25.9; MS (ESI) m/zZ'BS1.3 [M+H]".

5.1.27. (E,E)-5-(4,6-distyrylpyrimidin-2-yloxy)pentyl carbamimidothioate hydro-
bromide (4¢)

Yellow powder (346 mg, yield 66%JH NMR (500 MHz, DMSOdgs+ D,0) &
7.85 (d, J =16.0 Hz, 2H), 7.67 (d,J = 7.5 Hz, 4H¥2 (t, J = 7.3 Hz, 4H), 7.39-7.35
(m, 2H), 7.33 (s, 1H), 7.18 (d, J = 16.0 Hz, 2HR74(t, J = 6.0 Hz, 2H), 3.14 (t, J =
7.1 Hz, 2H), 1.82-1.72 (m, 2H), 1.67 (dd, J = 142 Hz, 2H), 1.53 (d, J = 6.8 Hz,

2H); **C NMR (126 MHz, DMSOds + D,O) & 170.38, 165.20, 136.99, 135.73,
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129.96, 129.44, 128.53, 128.10, 126.28, 111.5846630.47, 28.47, 28.23, 24.91,
MS (ESI) m/z ES1445.3 [M+HTJ".

5.1.28. (E,E)-6-(4,6-distyrylpyrimidin-2yloxy)hexyl carbamimidothioate hydro-
bromide (4f)

Yellow powder (350 mg, yield 65%JH NMR (500 MHz, DMSOdgs+ D,O) &
7.85 (d, J = 16.0 Hz, 2H), 7.68 (d, J = 7.2 Hz, 4H¥2 (t, J = 7.2 Hz, 4H), 7.38 (d, J
= 7.1 Hz, 2H), 7.33 (s, 1H), 7.19 (d, J = 16.0 PH), 4.37 (t, J = 5.9 Hz, 2H), 3.11 (t,
J = 7.1 Hz, 2H), 1.73 (s, 2H), 1.62 (s, 2H), 1.43 4H); *C NMR (126 MHz,
DMSO-ds+ D,O) 6 170.33, 165.23, 165.19, 136.96, 135.75, 129.99,4®2 128.52,
128.10, 126.31, 111.35, 66.98, 30.48, 28.64,282811, 25.37; MS (ESI) m/z ESI
459.3 [M+HT".

5.1.29. General procedurefor Compounds 1g-3g

A mixture of compounda-3a (0.1 mmol) and tetramethylthiourea (0.5 mmol) in
anhydrous acetone (1 mL) was heated to reflux unitiergen for 12 h and monitored
with TLC. When the reaction was finished, the sotweas evaporated under reduce
pressure, and the resulting residue was purifiedHsgmatography on silica gel to
give compoundg-3g.

5.1.30. (E,E)-2-(4-(4,6-bis(4-methoxystyryl)pyrimidin-2-yloxy)butyl)-1,1,3,3-tetr -
amethylisothiouronium hydrobromide (19)

Red powder (330 mg, yield 53%}4 NMR (500 MHz, DMSO¢dgs+ D,0) & 7.78
(d, J = 15.8 Hz, 2H), 7.61 (d, J = 7.9 Hz, 4H),17(&, 1H), 7.01 (s, 1H), 6.96 (d, J =
8.1 Hz, 5H), 4.39 (s, 2H), 3.73 (d, J = 22.5 Hz),6818 (s, 12H), 3.07 (s, 2H), 1.84
(s, 2H), 1.75 (s, 2H)*C NMR (126 MHz, DMSOds + D,0) & 174.78, 165.35,
165.01, 160.76, 136.72, 129.79, 128.38, 123.78,8614.10.99, 66.30, 55.68, 43.72,
33.98, 27.60, 26.41; MS (ESI) m/z ES#7.2 [M+HT.

5.1.31. (E,E)-2-(4-(4,6-bis(3,4-dimethoxystyryl) pyrimidin-2-yloxy)-butyl)-1,1,3,3-
tetramethylisothiouronium hydrobromide (29)

Red powder (376 mg, yield 55%} NMR (500 MHz, CROD+ D,0) § 7.80 (s,

1H), 7.77 (s, 1H), 7.24 (d, J = 1.9 Hz, 2H), 7.88J = 1.8 Hz, 1H), 7.16 (d, J = 1.8

Hz, 1H), 7.14 (s, 1H), 6.97 (d, J = 4.5 Hz, 2HR46(d, J = 3.0 Hz, 2H), 4.50 (t, J =
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5.9 Hz, 2H), 3.88 (s, 6H), 3.85 (s, 6H), 3.30 @H), 3.16 (t, J = 7.2 Hz, 2H), 1.96
(dd, J = 13.1, 6.2 Hz, 2H), 1.91 (dd, J = 14.6, A5 2H); °C NMR (126 MHz,
CDs;OD+ D,O) 6 175.77, 165.52, 164.78, 150.69, 149.36, 137.18,862 123.12,
121.85, 111.36, 110.00, 109.87, 66.07, 55.04, 43B8D5, 27.54, 26.37; MS (ESI)
m/z EST607.1 [M+HT.
5.1.32. (E,E)-2-(4-(4,6-bis(3,4,5-trimethoxystyryl)pyrimidin-2-yloxy)-butyl)-
1,1,3,3-tetramethylisothiour onium hydrobromide (3g)

Red powder (388 mg, yield 52934 NMR (500 MHz, DMSOdgs+ D,0) § 7.77
(d, J = 15.9 Hz, 2H), 7.25 (s, 1H), 7.14 (d, J 29189z, 2H), 6.97 (s, 4H), 4.40 (s, 2H),
3.80 (s, 12H), 3.64 (d, J = 18.9 Hz, 6H), 3.18.@H), 3.06 (dd, J = 16.0, 9.2 Hz, 2H),
1.84 (d, J = 6.3 Hz, 2H), 1.76 (d, J = 6.8 Hz, 2B, NMR (126 MHz, DMSOds +
D,0) 6 174.80, 165.22, 165.04, 153.47, 139.02, 137.14.563 125.64, 105.46, 66.41,
60.67, 56.40, 43.72, 33.99, 27.64, 26.41; MS (B8 ESI 667.2 [M+HT".
5.2. Bioactivity Study
5.2.1. Céll culture

Both human colon cancer cells (HCT116 and HT29) amdy cancer cells
(H1299 and A549) were obtained from Shanghai CahlBof Chinese Academy of
Sciences (Shanghai, China). McCoy’'s 5A medium wsedufor colon cancer cell
culture and RPMI 1640 medium was used for lung eawcell culture, respectively.
Both media were supplemented with 5% fetal boviemus (HyClone), penicillin
(200 units/mL), and streptomycin sulfate (10§mL) (HyClone). Chinese hamster
ovary (CHO) cell lines (K1, 745, 677, 3.1, 3.2, &%d 3.4) were described in detall
during the past by both Esko [2&)d by us [24,27]The CHO cells were cultured
with Ham's F-12 medium (Hyclone) supplemented WiiBo FBS and antibiotics. All
the cells were cultured under an atmosphere of &pand 100% relative humidity at
37 °C, and passaged with trypsin every 2-4 daysewvided periodically from frozen
stocks.
5.2.2 Antibodies

Anti-Golgin-97 (human) antibody was purchased frbifie technologies, USA.

Golgin-97 is a trans-Golgi network peripheral meam® protein and localizes
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exclusively on the cytoplasmic face of the Golgol@n-97 acts as an essential player
to the cell during the trafficking from the tran®iG network to the recycling
endosome and/or early endosome.

5.2.3 Cdllular viability assay and | Csy calculation

All synthesized curcumin-pyrimidine analogues waeatissolved in DMSO
(Solarbio, CN) in a final concentration of 0.1%tially and further diluted with cell
culture medium to desired mol/L concentrationscelfular viability assay.

For cellular viability assay, a 96-wells plate weeseded with 2000 cells/well in
100 uL complete cell culture medium. After 24 h, 1QQ complete medium
containing serial concentrations of each compouad added to each well. Either
cancer or CHO cells were cultured 48 h, followedduolging 20uL of resazurin (2
mg/mL dissolved in water, catalog no. R7017-5G n&iyyto the media for 16 h. The
fluorescent signal was monitored using 544 nm aom wavelength and 595 nm
emission wavelength by Spectramax M5 plate reatwlecular Devices). The
relative fluorescence unit (RFU) generated from déssay was proportional to the
number of living cells in each well [28[he 1G;, value of each drug was calculated
by the Logit approach.

5.2.4. Confocal analysis

The confocal analysis was performed according to etaal [29]. For confocal
imaging, A549 or HCT116 cells were seeded on gtaseerslips in complete cell
culture media overnight before treated with or with the compounds at the
concentration of 1@M for 4 h at 37 °C. After that, the media were reetband the
cells were fixed with 4% formaldehyde in completedia for 15 min followed by
permeabilized with 0.2% Triton-100 in PBS for 30nmiAfter blocked with 5%
bovine serum albumin (BSA, BovoMax) for 60 min, tbells were incubated with
Golgin-97 primary antibody (Invitrogen) overnighollbwed by incubated with
fluorescent secondary antibody (LI-COR IRI5\&80LT) for 45 min. The nucleus
was stained with DAPI (Beyotime, CN) for 15 min. Ang each steps, the cells were
washed with PBS for 3 times. The fluorescence ef ctbmpounds and secondary

antibody were measured at 488 nm and 680 nm excitatavelength by Laser
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Scanning Confocal Microscope (Zeiss LSM 710, GE&pectively.
5.2.5. Statistical analysis
The statistical significance of differences betwdlea groups was assessed by

Student’s t-test. P values < 0.05 were considesestadistically significant.
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Title Caption
Table 1. IGg of the tested compounds in four human cancetlineb.

Figure 1.Effects of the tested compounds on cell viabilityomur human cancer cell
lines.

Figure 2. Fluorescence images of A549 showingdbation of Compounds.

Figure 3. Effects of the tested compounds on cytoity to all the CHO cells and the lung cancer
cells A549.

Scheme 1. Synthesis of the isothiouronium derieatiof curcumin-pyrimidine analogs.
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Highlights:

1. Novel isothiouronium-modified pyrimidine-substituted curcumin analogs were
synthesized.

2. Isothiouronium modifications greatly enhanced anticancer activities of the analogs.

3. Only the fluorescence compound with isothiouronium modification showed unique Golgi
localization.

4. The isothiouronium anal ogs were novel Golgi staining compounds.

5. The isothiouronium analogs were useful in studying the biological functions of Golgi.



