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A number of 2-aroyl-3-arylquinoline derivatives were synthesized and evaluated for
their anti-Dengue virus activity. Both 13a and 17 were found to significantly inhibit
the DENV2 RNA expression in Huh-7-DV-Fluc cells.
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Abstract

A number of 2-aroyl-3-arylquinoline derivatives wagnthesized and evaluated for their
anti-Dengue virus activity. Both 2-(hydroxyphenyhimgd)-3-(4-methoxyphenyl)quinoline18a)
and 2-(4-hydroxybenzoyl)-3-(4-hydroxyphenyl)quimai (L7) were found to significantly inhibit
the DENV2 RNA expression in Huh-7-DV-Fluc cells via potency approximately equal to that
of ribavirin and the inhibition is in a dose-depent manner. Compounds3a and 17 reduced
DENV replication in both viral protein and mRNA kg, and no significant cell cytotoxicity was
detected, with greater than 50% viability of HulBY-Fluc cells at a concentration of 1QM.
However, significant cytotoxicity was detected floe positive ribavirin. In addition, we performed
infectious assay to further verify the inhibitorgtigity of 13a and 17 on DENV replication in
protein and RNA levels. On the other hand, compeurtih - 19cexhibited IG, values ranged
from 4.47 to 8.68M against A549, H1299, MCF-7, and Huh-7 which wapproximately equal
potent to the positive topotecan. Structural optation of lead compound&3aandl17, and their

detailed molecular mechanism of action are ongoing.
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1. Introduction

Dengue virus (DENV) is a mosquito-borne human pgg¢inoand belongs to the genus

Flavivirus in theFlaviviridae family [1]. DENV has been identified as an etiat@d agent causing

dengue hemorrhagic fever (DHF), dengue fever (@RY dengue shock syndrome (DSS) [2]. In

recent years, these members of the géhagvirus cause prominent morbidity and mortality, and

DENV has become a serious public health threatdwoede. It is estimated that 40 to 80 million

people are infected by DENV per year, particulanythe tropical Asia, Latin America, and the

Caribbean, and infection with DENV lead to approaiety 500,000 severe life-threatening cases

and over 20,000 deaths [3, 4]. Unfortunately, thisreno clinical approval vaccine to prevent

DENV infection and effective antiviral therapy agst DENV replication [5, 6]. Therefore, the

development of safe and effective therapeutic aigambw urgent needed.

DENV is an enveloped RNA virus containing a positsense and single strand genome with

an approximate 11 kilobases (kb) in the length [Jijon DENV entry into the target cells, the

RNA genome is translated to a single polyprotegpamted with the host endoplasmic reticulum

(ER), on which members of Flavivirus are dependenttranslation and replication [8]. The

polyprotein is cleaved by host and viral proteas#s three structural proteins (capsid [C],

premembrane [prM], and envelope [E]) and sevenstarcture proteins (NS1, NS2A, NS2B, NS3,

NS4A, NS4B and NS5). The structure proteins areont@mt components for consisting of the

functional virion to procceed virus entry, fusiondaassembly, and the non-structure proteins are



essential components for virus replication [9]. &dty, a number of small molecule compounds
were found to inhibit DENV replication significagtthrough different mechanisms, including the
inhibition of virus entry [10], virus replicatiowy viral RNA dependent RNA polymerase [11].

Quinoline skeleton is one of the key building elatsefor a large number of natural and
synthetic heterocycles which possess a wide vaoétiiological effects such as antimicrobial
[12-16], anticancer [17-24], and antiviral actiggi[25-27]. Among these known antiviral quinoline
derivatives, 4-[4-(2-chlorobenzyloxy)aniline]-6-etty-2-methylquinoline 1, Figure 1) exhibited
inhibitory activities against a DENV-2 sub-genomapliconcell line with an 1G, value of 5uM
and against a WNV sub-genomic replicon cell linethwan 1Gy, of 1.9 uM [27] while
3’-nitrophenylaminoquinoline?) inhibited the growth of Hepatitis C virus with &Cs value of
7.0 uM [24]. Certain quinoline derivatives are highlytatpxic. For examples, compourddwas
active against the growth of H1299 and SKBR-3 W@k values of 1.41 and 0.4{M respectively
[22] while 6-fluoro-2,3-bis{4-[2-(piperidin-1-yl)d&toxy]phenyl}quinoline(4) was more active than
tamoxifene against the growth of Hep 3B, H1299, BoA-MB-231 with Gl values of 0.71,
1.46, and 0.72M respectively [21].

The present study describes the preparation andDangue virus activities of certain
2-aroyl-3-arylquinoline derivatives whose structisgge similar to compounds- 4 Structures of
the target compounds can also be considered astieels of compoun@ in which the conjugated

double bond bridge between quinoline and the caibgioup is removed. Due to the significant



antiproliferative  activities exhibited by compound3, these newly synthesized

2-aroyl-3-arylquinoline derivatives have also besaluated for their cytotoxicities. Our aim is to

identify potential anti-Dengue virus drug candigateth no significant cytotoxicity.
<Insert Figure 1 here>

2. Chemistry

The Pfitzinger reaction of indolin-2,3-dione (isatb) and 4-methoxyphenyacetor@® (nder

basic conditions gave 3-(4-methoxyphenyl)-2-methiiqline-4-carboxylic acid 108 [22, 28].

Accordingly, compound40b —10e were obtained from the starting materi&ls 9 respectively

under the same reaction conditions. Thermal deggtdioon of 10a — 10e gave

3-(4-methoxyphenyl)-2-methylquinolind1a) or its respective analoddb —11ein a yield of 70 —

78%. Oxidation oflla — 1le with selenium oxide afforded 3-(4-methoxyphenyljgline-

2-carbaldehydel@a) or its analogd2b —12erespectively in a yield of 70 — 87%. Treatment of

12a with phenyl magnesium bromide (Grignard reagerifprded 2-(hydroxyphenylmethyl)-

3-(4-methoxyphenyl)quinoline (138 which was then oxidized with MnO to gave

2-benzoyl-3-(4-methoxyphenyl)quinolin@4a) as described iischeme 1. Accordingly, Grignard

reaction of compound$2b —12e afforded compound43b — 13e respectively which was then

oxidized with MnQ to give their respective carbonyl produt#h —14eunder the same reaction

conditions.

Treatment ofl2a with 4-methoxyphenyl magnesium bromide or 3,4imthoxyphenyl



magnesium bromide gave 2-(hydroxy-4-methoxyphengimie3-(4-methoxyphenyl)quinoline

(158 or its analog 15b which was then oxidized with MnO to afford

2-(4-methoxybenzoyl)-3-(4-methoxyphenyl)quinoliné6g or its analogl16b respectively as

described in Scheme 2. Demethylation of 16a with 48% HBr gave

2-(4-hydroxybenzoyl)-3-(4-hydroxyphenyl)quinolinel7{ which was then alkylated with

N-(2-chloroethyl)pyrrolidine to give a mixture oféhmonoalkylated produdt8a and dialkylated

productl9ain the presence of NaH. The structural assignmetiieomonoalkylated productisa

was determined by 2D Nuclear Overhauser Effect\ERESY) experiments, as shownRigure 2.

Compound18a was assigned as a monoalkylated product at the phehyl moiety by the

correlation between OCHdy = 3.93 ppm) meta-H of 3-phenyl dy = 6.74 ppm),meta-H of

3-phenyl 4 = 6.74 ppm) brtho-H of 3-phenyl §y = 7.25 ppm), andrtho-H of 3-phenyl §, =

7.25 ppm) / 4-H &4 = 8.20 ppm) were observeligure 2). Accordingly, compound48b, cand

19b, c were obtained by the alkylation ofi7 with N-(2-chloroethyl)piperidine, and

3-chloroN,N-dimethylpropanamine respectively as describegtieme 3.
<Insert Scheme 1-3 and Figure 2 here

3. Biological Results and Discussion

3.1.Anti-DENV2 and Antiproliferative Activities

The anti-DENV2 and cytotoxicities of 2-aroyl-3-aguinoline derivatives are

summarized imable 1. Huh-7-DV-Fluc cells were treated with compoud8s- 19 or the positive



ribavirin respectively at a concentration of 5 @ @2Vl for three days. Cells were then analyzed

through the firefly luciferase activity. Compoungkich exhibited >50% inhibition of DENV at a

concentration of 20uM were considered as active. Results frarable 1 indicated that

2-(hydroxyphenylmethyl)-3-(4-methoxyphenyl)quin@in (138) was more active than its

fluoro-substituted counterparts3c— 13e The anti-DENV2 activity was also slightly decredy

the substitution of a methoxy group at C-4 positionwhich 13a was more active thath3b.

Oxidation of the secondary alcohol resulted in libst of activity in which compound4a was

inactive. The same SAR was observed since the dacpmlcoholl5a was more active than the

oxo derivativel6a However, compound7 was more active than its precurdd@a thus indicating

that the hydrogen bond donor groups are more fal®rthan that of hydrogen accepting groups.

Among these 2-aroyl-3-arylquinoline derivativesmpmundsl3a, 13b, 14b, 15and17 exhibited

more than 50% inhibition of DENV replication in thieih-7-DV-Fluc cells at a concentration of 20

MM. The cell cytotoxicity of was determined by XTBsay in the Huh-7 cells after 3 days

treatment with 20 and 1QM of 2-aroyl-3-arylquinoline derivatives. Compourti3a, 14b,and17

exhibited low cytotoxicity, with greater than 50%@aility at a concentration of 1Q@M. However,

significant cytotoxicities were detected for compds 13b, 158 and the positive ribavirin. The

concentration that inhibited 50% DENV replicatiolCdy), the concentration that inhibited the

growth of 50% cells (C§g), and the selective index (Sl : fICsg) of compoundd.3a, 13b, 14b,

15aand17 were determined as shownTable 2. Results indicated that all the tested compounds



exhibited comparable anti-DENV2 actitity @€ranged from 12.57 to 18.16M) to that of
ribavirin (1Csp = 12.61 pM). However, compoundd3a, 14b,and 17 demonstrated a good
selectivity with Sl value of greater than 7.96,6.@nd 7.60 respectively which was higher than
that of ribavirin (SI = 4.47).

Among these newly synthesized 2-aroyl-3-arylqumelderivatives, compounds8a— 18c and
19a — 19c exhibited significant cytotoxicities against Hule@ll with less than 20% viability at a
concentration of 100M. These compounds were then evaluated for théiprafiferative activities
against A549, H1299, MDA-MB231, MCF-7, and Huh-Mdahe G, values are summarized in
Table 3. Results indicated that diaminoalkoxy-substiti2ealoyl-3-arylquinoline derivatived9a -
19¢ were more cytotoxic than their monoaminoalkoxipstituted counterpartsl8a - 18c
Compoundsl9a - 19cexhibited 1Go values ranged from 4.47 to 8.681 against A549, H1299,
MCF-7, and Huh-7 which were approximatedly equakpbto the positive topotecan. However,

topotecan was more active than compoutfs - 19cagainst MDA-MB231.

< Insert Table 1-3>

3.2.Compounds 13a and 17 reduced DENV replication in DENV infected Huh-7 cells

To confirm the results of dose-dependent deceasiéelase activity representing the
DENV replication in the Huh-7-DV-Fluc cells, we p@med western blotting with anti-NS2B and
anti-GAPDH and RT-qPCR with specific primers toatatine the DENV NS2B protein expression
and DENV NS5 mRNA expression. Both results of westdotting and RT-gPCR revealed that

13aand17 consistently reduced DENV replication in the HHDV-Fluc cells at the concentration

8



of 5 and 20uM after 3 days treatment. Treatment of ribavirinsvegrved as a positive control of

the inhibition on DENV replication and 0.1% DMSOswserved as mock contrdtiQures 3 and 4).

Results fromFigure 3 also indicated that compoud®awas more active thab3b which implied

that the methoxy group substituted at C-6 posii®mnfavorable. Substitution of the methoxy

group at the para-position of C-2 phenylmethyl graasulted in a decreased activity in which

compoundl5a was less ative thah3a The inhibitory activities of compoundk3a and 17 on

DENV2 RNA expression in Huh-7-DV-Fluc cells werepagximately equal to that of ribavirin and

the inhibition is in a dose-dependent manmiegyre 4). Furthermore, compound8aandl17 were

inoculated with the Huh-7-DV-Fluc cells at variczmncentrations for 3 days, and then total protein

and RNA were collected and analyzed through wedilatting and RT-PCR. Results showksa

and17 reduced DENV replication in the dose dependentmaaim both viral protein and mRNA

levels, and no significant cell cytotoxicity in HIRDV cells was detectedrigure 5). In addition,

we performed infectious assay to further verify thiibitory activity of 13a and17 on DENV

replication in protein and RNA level&igure 6). Results further confirmed that compourida

and 17 were capable of reducing DENV replication in DENKfected Huh-7 cells in a

concentration-dependent manner.
<Insert Figure 3-6 here>

4. Conclusion

A number of 2-aroyl-3-arylquinoline derivatives wersynthesized and evaluated for



anti-Dengue virus activity against of DENV2. Amonlgem, 2-(hydroxyphenylmethyl)-3-(4-
methoxyphenyl)quinoline 1338 and 2-(4-hydroxybenzoyl)-3-(4-hydroxyphenyl)guine (17)
were found to significantly inhibit the DENV2 RNAxgression in Huh-7-DV-Fluc cells with a
potency approximately equal to that of ribavirirdahe inhibition is in a dose-dependent manner.
Compoundsl3aand17 reduced DENV replication in both viral protein amiRNA levels, and no
significant cell cytotoxicity was detected, withegter than 50% viability of Huh-7-DV-Fluc cells
at a concentration of 100M. Both compounds were identified as novel typesttictures for
further development of anti-DENV agents.

5. Experimental

5.1. General

Melting points were determined on a Electrotheri#0100 melting point apparatus and are
uncorrected. Nuclear magnetic resonarteeand*C) spectra were recorded on a Varian Gemini
200 spectrometer ovarian-Unity-400 spectrometer. Chemical shifts werpressed in parts per
million (&) with tetramethylsilane (TMS) as an internal stad Thin-layer chromatography was
performed on silica gel 60 F-254 plates purchasech fE. Merck and Co.. Mass spectra were
recorded on Bruker APEX Il (ESI) mass spectromelbe elemental analyses were performed in
the Instrument Center of National Science CountilNational Cheng-Kung University and
National Taiwan University using Heraeus CHN-O RlalpA, and all values are within = 0.4% of

the theoretical compositions.

10



5.2. General procedure for the preparation of 3-arif2-methylquinoline-4-carboxylic acids 10
[22]. A mixture of isatin5, 6, or 7 (40 mmol), phenylacetor@or 9 (48 mmol) and KOH (6.74 g,
120 mmol) in EtOH was heated at 8D for 48 h (TLC monitoring). After cooling, the seht was
removed in vacuo and the residue dissolvedJ @ K60 mL), and the aqueous solution was washed
twice with EO (30 mL). The ice-cold aqueous phase was acidibbgaH 1 with 37% HCI, and the
precipitate was collected by suction filtration,skad with HO and recrystallized with EtOkb
give 3-aryl-2-methylquinoline-4-carboxylic acids.

5.2.1. 6-Fluoro-3-(4-methoxyphenyl)-2-methylquinohe-4-carboxylic acid(10b). Yield: 93% as
a white solidMp. 269C (dec).'H NMR (DMSO-<g): 2.45 (s, 3H, 2-Me), 3.83 (s, 3H, OMe),
7.05-7.08 (m, 2H, Ar-H), 7.29-7.32 (m, 2H, Ar-H), 45 (dd, 1H,J = 9.6, 2.8 Hz, 5-H), 7.73 (ddd,
1H,J = 9.2, 8.4, 2.8 Hz, 7-H), 8.12 (dd, 1Bi= 9.2, 5.6 Hz, 8-H):*C NMR (DMSO+): 24.43,
55.15, 108.07= 23.5 Hz), 113.82 (2C), 119.78% 25.7 Hz), 122.49)(= 9.9 Hz), 128.17, 130.49
(2C), 131.27, 131.59€ 9.1 Hz), 139.65 143.39, 157.6D 2.3 Hz), 159.03, 159.92 € 244 Hz),
167.79. Anal. calcd for gH14FNOs: C 69.45, H 4.53, N 4.50; found C 69.45, H 4.594.5I7.

5.2.2. 6-Methoxy-3-(4-methoxyphenyl)-2-methylquinoline-4-arboxylic acid (10c).Yield: 84%
as a white solidVip. 279C (dec)."H NMR (DMSO-d): 2.72 (s, 3H, 2-Me), 3.82 (s, 3H, OMe),
3.87 (s, 3H, 6-OMe), 7.03-7.06 (m, 3H, Ar- & 5-H)27-7.29 (m, 2H, Ar-H), 7.45 (dd, 1H= 8.4,
0.8 Hz, 7-H), 7.95 (d, 1H] = 8.4 Hz, 8-H).2*C NMR (DMSO+): 24.16, 55.19, 55.51, 102.71,

113.81 (2C), 121.98, 122.80, 129.21, 130.22, 13(R6€X), 139.38, 142.29, 155.06, 157.53, 158.95,

11



168.38. Anal. calcd for gH17NO4-0.25 BHO: C 69.60, H 5.39, N 4.27; found C 69.78, H 5M4,
4.16.

5.2.3. (4-Fluorophenyl)-2-methylquinoline-4-carboxylic acd (10d). Yield: 88% as a white solid.
Mp. 348C (dec).*H NMR (DMSO-ds): 2.43 (s, 3H, 2-Me), 7.31-7.44 (m, 4H, Ar-H), 3-67.83 (m,
3H, Ar-H), 8.04 (d, 1H,) = 8.4 Hz, 8-H).X3C NMR (DMSO+): 24.51, 115.28 (2C] = 21.3 Hz),
121.64, 124.89, 127.09, 128.56, 129.43, 130.01,5B3@C,J = 8.3 Hz), 133.19, 143.30, 157.46,
161.88 § = 243.3 Hz), 168.01. Anal. calcd for;#£:,FNO,-0.2 HO: C 71.67, H 4.39, N 4.92;
found C 71.80, H 4.46, N 4.88.

5.2.4. 6-Fluoro-3-(4-fluorophenyl)-2-methylquinoline-4-catoxylic acid (10e).Yield: 88% as a
white solidMp. 279C (dec).'H NMR (DMSO-<g): 2.44 (s, 3H, 2-Me), 7.32-7.50 (m, 5H, Ar- &
5-H), 7.74 (ddd, 1HJ = 9.2, 9.2, 2.8 Hz, 7-H), 7.13 (dd, 1Bl= 9.2, 5.6 Hz, 8-H)**C NMR
(DMSO-dg): 24.42, 108.21X= 23.5 Hz), 115.39 (20, = 22.0 Hz), 120.10](= 25.8 Hz), 122.40)

= 9.9 Hz), 130.07, 131.46 (2@ = 8.4 Hz), 131.66J= 9.1 Hz), 133.04J= 3.8 Hz), 139.68J=
5.3 Hz), 143.61, 157.18, 160.02 £ 244.7 Hz), 162.00J(= 243.3 Hz), 167.65. Anal. calcd for
CigH17NO4-0.25 HO: C 69.60, H 5.39, N 4.27; found C 69.78, H 5X4.16.

5.3. General procedure for the decarboxylation of @ds 10 [22]. The suspension of
quinoline-4-carboxylic acid0 (5.0 mmol) in 10 mL dowtherm was heated to 28(for 4 h (TLC
monitoring). After cooling, the reaction mixture svaddech-hexane (50 mL) and the formed solid

was collected by filtration, washed witlthexane. The crude product was purified by flash

12



chromatography on silica gel (hexaneCH 1/1) and recrystallized from EtOH to give
compoundd 1l

5.3.1. 6-Fluoro-3-(4-methoxyphenyl)-2-methylquinofie (11b).Yield: 73% as a brown solid. Mp.
88-89C. 'H NMR (CDCL): 2.66 (s, 3H, 2-Me), 3.89 (s, 3H, OMe), 6.99-7@®3, 2H, Ar-H),
7.31-7.34 (m, 2H, Ar-H), 7.39 (dd, 1d,= 9.2, 2.8 Hz, 5-H), 7.44 (ddd, 10~ 9.2, 8.8, 2.8 Hz,
7-H), 7.88 (s, 1H, 4-H), 8.05 (dd, 1H,= 9.2, 5.2 Hz, 8-H)}*C NMR (CDC}): 24.48, 55.34,
110.29 § = 21.2 Hz), 113.92 (2C), 119.23 % 25.8 Hz), 127.47)= 9.8 Hz), 130.28 (2C), 130.80
(J=9.1 Hz), 131.81, 135.33 € 5.3 Hz), 136.20, 143.95, 157.0%F 3.1 Hz), 159.28, 160.18 €
244.8 Hz). Anal. calcd for GH14FNO: C 76.39, H 5.28, N 5.24; found: C 76.25, H858 5.18.
5.3.2. 6-Methoxy-3-(4-methoxyphenyl)-2-methylquinahe (11c).Yield: 70% as a brown solid.
Mp. 209-216C. 'H NMR (CDCEL): 2.69 (s, 3H, 2-Me), 3.88 (s, 3H, OMe), 3.923kl, 6-OMe),
6.98-7.02 (m, 2H, Ar-H), 7.04 (d, 1H,= 2.8 Hz, 5-H), 7.31-7.35 (m, 3H, Ar- & 7-H), 7.84, 1H,
4-H), 7.95 (d, 1H,]J = 9.2 Hz, 8-H).23C NMR (CDCE): 24.22, 55.32, 55.48, 104.94, 113.81 (2C),
121.72,127.77, 129.78, 130.31 (2C), 132.38, 139.83.60, 142.95, 154.92, 157.38, 159.08. Anal.
calcd for GgH17NO,-0.3 HO: C 75.91, H 6.24, N 4.91; found C 75.63, H 6124.82.

5.3.3. 3-(4-Fluorophenyl)-2-methylquinoline (11d)Yield: 75% as a brown oil. Mp*H NMR
(CDCL): 2.61 (s, 3H, 2-Me), 7.08-7.12 (m, 2H, Ar-H), 7-2.30 (m, 2H, Ar-H), 7.41-7.45 (m, 1H,
6-H), 7.61-7.64 (m, 1H, 7-H), 7.69 (dd, 18i= 8.4, 1.2 Hz, 5-H), 7.85 (s, 1H, 4-H), 8.05 (d,, TH

= 8.4 Hz, 8-H)!3C NMR (CDC}): 24.27, 115.21 (2G} = 21.3 Hz), 125.95, 126.57, 127.23, 128.16,

13



129.29, 130.65 (2C] = 7.6 Hz), 134.46, 135.58 € 3.0 Hz), 135.99, 146.81, 156.99, 162.16-(
245.5 Hz),. Anal. calcd for fgH12FN: C 80.99, H 5.09, N 5.90; found C 80.69, H 5123%.82.

5.3.4. 6-Fluoro-3-(4-fluorophenyl)-2-methylquinolire (11e).Yield: 78% as a brown solid. Mp.
209-216C. *H NMR (CDCk): 2.63 (s, 3H, 2-Me), 7.14-7.20 (m, 2H, Ar-H), Z-3.49 (m, 4H,5-,
7-, and Ar-H), 7.88 (s, 1H, 4-H), 8.04 (dd, 1Hz= 8.8, 5.6 Hz, 8-H)*C NMR (CDCE): 24.40,
110.35 § = 21.3 Hz), 115.50 (2C) = 21.3 Hz), 119.58)(= 25.0 Hz), 127.29)= 9.9 Hz), 130.78
(2C,J=7.6 Hz), 130.93, 135.45, 135.48, 135.53, 1441858,60, 160.23)= 245.5 Hz), 162.46](

= 245.5 Hz). Anal. calcd for gH17/NO,-0.3 H,O: C 75.91, H 6.24, N 4.91; found C 75.63, H 6.21,
N 4.82.

5.4. General procedure for the preparation of quintine-2-carbaldehydes 12 [22]A mixture11
(3.0 mmol) and selenium dioxide (0.66 g, 6.0 mmol}],4-dioxane (50 mL) was heated to 100
for 2 h (TLC monitoring). The mixture was dilutedtlvsaturated aqueous NaHg@nd extracted
with CH,Cl,. The combined organic layers were washed witl bllowed by brine, dried with
MgSO, and evaporated. The crude product was recrysdlliavith EtOH to give
quinoline-2-carbaldehyde?.

5.4.1. 6-Fluoro-3-(4-methoxyphenyl)quinoline-2-caraldehyde (12b).Yield: 73% as a yellow
solid. Mp. 116-11%C. 'H NMR (CDCk): 3.89 (s, 3H, OMe), 7.01-7.05 (m, 2H, Ar-H), 7-388
(m, 2H, Ar-H), 7.49 (dd, 1H] = 8.4, 2.8 Hz, 5-H), 7.58 (ddd, 18= 9.2, 8.4, 2.8 Hz, 7-H), 8.13 (s,

1H, 4-H), 8.33 (dd, 1HJ = 9.2, 5.6 Hz, 8-H), 10.24 (s, 1H, CHOfC NMR (CDCE): 55.37,

14



110.43 § = 22.0 Hz), 114.08 (2C), 121.02% 26.5 Hz), 128.65, 129.94 £ 10.6 Hz), 130.78 (2C),
133.33 § = 9.8 Hz), 136.32, 137.72 € 6.1 Hz), 144.06, 149.43, 159.88, 162.23-(251.6 Hz),
192.23. Anal. calcd for 3H12FNO,: C 72.59, H 4.30, N 4.98; found C 72.82, H 4.451.K6.

5.4.2. 6-Methoxy-3-(4-methoxyphenyl)quinoline-2-cdraldehyde (12c).Yield 70% as a yellow
solid. Mp. 100-10Z. 'H NMR (CDCk): 3.89 (s, 3H, OMe), 3.97 (s, 3H, 6-OMe), 7.0157(fn,
2H, Ar-H), 7.10 (d, 1H,) = 2.8 Hz, 5-H), 7.35-7.39 (m, 2H, Ar-H), 7.45 (dd{, J = 9.2, 2.8 Hz,
7-H), 8.05 (s, 1H, 4-H), 8.20 (d, 1H,= 9.2 Hz, 8-H), 10.22 (s, 1H, CHOYC NMR (CDCH):
55.35, 55.70, 104.30, 113.93 (2C), 123.81, 129138.57, 130.77 (2C), 132.09, 136.25, 136.86,
143.23, 147.59, 159.66, 160.12, 192.37. Anal. cldcd;gH1sNOs: C 73.69, H 5.16, N 4.91; found
C 73.63,H4.91, N 4.70.

5.4.3. 3-(4-Fluorophenyl)quinoline-2-carbaldehyde 1@2d). Yield 87% as a yellow solidvip.
155-156C. 'H NMR (400 MHz, CDCJ): 7.15-7.20 (m, 2H, Ar-H), 7.37-7.41 (m, 2H, Ar-H)
7.68-7.85 (m, 2H, 6-, and 7-H), 7.88 (d, 1Hs 8.4 Hz, 5-H), 8.17 (s, 1H, 4-H), 8.36 (d, 1H=
8.4 Hz, 8-H), 10.26 (s, 1H, CHOYC NMR (100 MHz, CDGJ): 115.43 (2C,J = 22.0 Hz), 127.58,
128.80, 129.64, 130.39, 130.60, 131.10 (2G; 8.4 Hz), 133.17) = 3.0 Hz), 134.38, 138.74,
147.06, 149.75, 162.76@ € 246.4 Hz), 192.64. Anal. calcd fordE;0FNO-0.2 HO: C 75.40, H
4.11, N 5.50; found: C 75.65, H 4.03, N 5.46.

5.4.4. 3-(4-Fluorophenyl)-6-floroquinoline-2-carbaliehyde (12e).Yield 81% as a yellow solid.

Mp. 154-156C. *H NMR (400 MHz, CDCY): 7.16-7.21 (m, 2H, Ar-H), 7.37-7.40 (m, 2H, ArsH)
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7.51 (dd, 1H,) = 8.4, 2.8 Hz), 7.60 (ddd, 1K= 9.2, 8.4, 2.8 Hz, 7-H), 8.11 (s, 1H, 4-H), 8(a4,
1H,J=9.2, 5.2 Hz, 8-H), 10.23 (s, 1H, CHAJC NMR (100 MHz, CDG): 110.56 § = 21.2 Hz),
115.43 (2C,J = 22.0 Hz), 121.28)(= 26.5 Hz), 129.78)(= 10.6 Hz), 131.06 (2C] = 8.3 Hz),
133.23 § = 9.8 Hz), 132.77) = 3.0 Hz), 135.12, 137.96, 138.02, 144.20, 162J36 252.3 Hz),
162.86 § = 247.1 Hz), 192.26. Anal. calcd fondgF,NO: C 71.37, H 3.37, N 5.20; found: C
71.39,H 7.70, N 5.17.

5.5. General procedure for the preparation of 2-(hgiroxyphenylmethyl)-3-phenylquinoline
compounds 13a-e, 15a and 15 mixture of 3-phenylquinoline-2-carbaldehydi2a (0.23 g, 1.0
mmol), phenyl magnesium bromide (3 mmol, 3 mL df B solution in THF), and THF (30 mL)
was stirded at® for 12 h (TLC monitoring). The reaction was quesd by addition of water (3
mL) and partitioned between,@ (50 mL) and CkCl, (50 mL). The organic layer was washed
with brine and dried over MgS(nd removal of the volatiles in vacuo providedsidue, which
was purified by flash chromatography on silica flehexane : ChCl, = 3/2) and recrystallized
from EtOH to give compoundk3a. Accordingly, compound43b-e 15a,and15b were obtained in
this manner.

5.5.1. 2-(Hydroxyphenylmethyl)-3-(4-methoxyphenyl)ginoline (13a). Yield 58% as a white
solid.Mp. 113-114C. 'H NMR (400 MHz, CDCJ): 3.86 (s, 3H, OCH), 5.98 (d, 1H,J = 6.0 Hz,
CH), 6.31 (d, 1H,) = 6.0 Hz, OH), 6.78-6.81 (m, 2H, Ar-H), 6.84-6.86, 2H, Ar-H), 6.93- 6.96

(m, 2H, Ar-H) 7.03-7.11 (m, 3H, Ar-H), 7.56-7.60 (itH, 6-H), 7.75-7.83 (m, 2H, 7- and 5-H),
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7.91 (s, 1H, 4-H), 8.20 (dd, 1H,= 8.4, 1.2 Hz, 8-H)**C NMR (100 MHz, CDGJ): 55.37, 72.86,
113.75 (2C), 126.86, 127.26, 127.45, 127.60 (2Q7.95 (2C), 128.66, 129.68, 130.15,
130.51(2C), 133.95, 137.54, 142.35, 145.11, 159%0,35. Anal. calcd for £H1gNO,-0.1 HO:

C 80.49, H 5.64, N 4.08; found: C 80.21, H 5.5%.00.

5.5.2. 2-(Hydroxyphenylmethyl)-3-(4-methoxyphenylB-methoxyquinoline (13b). Yield 51%
as a white solidVip. 170-172C. 'H NMR (400 MHz, CDGCJ): 3.86 (s, 3H, OCH), 3.93 (s, 3H,
OCHg), 5.94 (s, 1H, CH), 6.22 (br s, 1H, OH), 6.78-6(8Q 2H, Ar-H), 6.84-6.86 (m, 2H, Ar-H),
6.93-6.95 (M, 2H, Ar-H), 7.03-7.10 (m, 4H, 5- angt), 7.42 (dd, 1H,) = 9.2, 2.8 Hz, 7-H), 7.81
(s, 1H, 4-H), 8.09 (d, 1HJ = 9.2 Hz, 8-H).:*C NMR (100 MHz, CDGJ): 55.35, 55.59, 72.69,
104.96, 113.72 (2C), 122.31, 127.17, 127.55 (2@),.92 (2C), 128.56, 130.07, 130.34, 130.47
(2C), 134.19, 136.43, 141.16, 142.67, 156.48, 158.59.30. Anal. calcd for 4H21NO3-0.2 HO:

C 76.86, H 5.75, N 3.73; found: C 76.53, H 5.653.88.

5.5.3. 6-Fluoro-2-(hydroxyphenylmethyl)-3-(4-methoxphenyl)quinoline (13c).Yield 53% as a
white solid Mp. 124-125C. *H NMR (400 MHz, CDCJ): 3.86 (s, 3H, OCH), 5.97(s, H, CH), 6.16
(br s, 1H, OH), 6.77-6.80 (m, 2H, Ar-H), 6.84-6.8%, 2H, Ar-H), 6.92-6.96 (m, 2H, Ar-H),
7.04-7.12 (m, 3H, Ar-H), 7.43 (dd, 1d,= 8.8, 2.8 Hz, 5-H), 7.53 (ddd, 1H, J = 9.2, 4 Hz,
7-H), 7.86 (s, 1H, 4-H), 8.20 (dd, 1H, J = 9.2, B2 8-H).*C NMR (100 MHz, CDGCJ): 55.37,
72.84,110.51) = 21.3 Hz), 113.82 (2C), 119.87 £ 25.8 Hz), 127.36, 127.55 (2C), 128.01 (2C),

128.23 § = 9.9 Hz), 129.72, 130.43 (2C), 131.06< 9.1 Hz), 134.82, 136.96, 142.14, 142.18,
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158.62 § = 3.0 Hz), 159.50, 160.73 € 247.2 Hz). Anal. calcd for £H16FNO,- 0.5 HO: C 75.40,
H 4.68, N 3.82; found: C 75.72, H 4.94, N 3.81.

5.5.4. 3-(4-Fluorophenyl)-2-(hydroxyphenylmethyl)ginoline (13d). Yield 60% as a white solid.
Mp.: 145-146C.*H NMR (400 MHz, CDCJ): 5.91 (s, 1H, CH), 6.33 (br s, 1H, OH), 6.75-6(8
2H, 2-H), 6.93-7.12 (m, 7H, Ar-H), 7.57-7.62 (m, 164H), 7.77-7.84 (m, 2H, 7- and 5-H), 7.91 (s,
1H, 4-H), 8.22 (dd, 1H] = 8.4, 1.2 Hz, 8-H)}3C NMR (100 MHz, CDGJ): 73.00, 115.26 (2C] =
21.2 Hz), 127.07, 127.42, 127.48, 127.66 (2C), a2§2C), 128.68, 130.01, 131.03 (2C5 7.6
Hz), 133.20, 133.75J(= 3.8 Hz), 137.65, 142.04, 145.16, 158.63, 162148 246.3 Hz). Anal.
calcd for GoH16FNO- 0.1 HO: C 79.79, H 4.93, N 4.23; found: C 79.60, H 4NM%1.21.

5.5.5. 6-Fluoro-2-(hydroxyphenylmethyl)-3-(4-fluorhenyl)quinoline (13e).Yield 52% as a
white solid. Mp.: 154-15%. 'H NMR (400 MHz, CDCY): 5.90 (s, 1H, CH), 6.18 (br s, 1H, OH),
6.74-6.77 (m, 2H, ArH), 6.93-7.13 (m, 7H, Ar-H)44.(dd, 1H,J = 8.8, 2.8 Hz, 5-H), 7.56 (ddd,
1H,J=9.2, 8.4, 2.8 Hz, 7-H), 7.87 (s, 1H, 4-H), 8(8d, 1H,J = 9.2, 5.2 Hz, 8-H)**C NMR (100
MHz, CDCL): 72.97, 110.58)= 22.0 Hz), 115.35 (2CJ,= 22.0 Hz), 120.18)(= 25.7 Hz), 127.57
(J = 9.1 Hz), 127.61 (2C), 128.13 (2C), 130.95 (2G, 8.3 Hz), 131.16X= 9.0 Hz), 133.39)=
3.8 Hz), 134.06, 136.99, 137.05, 141.88, 142.28.16 J = 3.1 Hz), 160.81) = 247.8 Hz),
162.59 § = 246.3 Hz). Anal. calcd for £H1sF,NO-0.1 HO: C 75.68, H 4.39, N 4.01; found: C
75.63, H 4.20, N 4.05.

5.5.6. 2-(hydroxy-4-methoxyphenylmethyl)-3-(4-methao/phenyl)quinoline (15a).Yield 54% a
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yellow solid. Mp. 129-13%C. *H NMR (400 MHz, CDGJ): 3.71 (s, 3H, OMe), 3.86 (s, 3H, OMe),
5.95 (s, 1H, CH), 6.60-6.62 (m, 2H, Ar-H), 6.73%B.(m, 2H, Ar-H), 6.86-6.88 (m, 2H, Ar-H),
6.95-6.97 (m, 2H, Ar-H), 7.57-7.62 (m, 1H, 6-H)77-7.86 (m, 2H, 5- and 7-H), 7.95 (s, 1H, 4-H),
8.27 (d, 1H,J = 8.4 Hz, 8-H).2*C NMR (100 MHz, CDGJ): 55.17, 55.37, 72.42, 113.45 (2C),
113.74 (2C), 127.05, 127.46, 127.53 (2C), 128.28.85 (2C), 129.80, 129.91, 130.00, 130.51
(2C), 134.00, 138.08, 158.83, 159.36, 159AH3al. calcd for G4H2:NOs: C 77.61, H 5.70, N 3.77;
found: C 77.65, H 5.81, N 3.56.

5.5.7. 2-(Hydroxy-3,4,5-trimethoxyphenylmethyl)-3-4-methoxyphenyl)quinoline (15b).Yield
54% a yellow solid. Mp. 143-14@.*H NMR (400 MHz, CDC}): 3.61 (s, 6H, OMe), 3.74 (s, 3H,
OMe), 3.78 (s, 3H, OMe), 5.95 (s, 1H, CH), 6.042(d, Ar-H), 6.88-6.89 (m, 2H, Ar-H), 6.99-7.03
(m, 2H, Ar-H), 7.60-7.64 (m, 1H, 6-H), 7.79-7.87,(&H, 5- and 7-H), 7.98 (s, 1H, 4-H), 8.30 (d,
1H, J = 8.4 Hz, 8-H).**C NMR (100 MHz, CDGJ): 55.31, 55.77 (2C), 60.69, 73.21, 104.53 (2C),
113.82 (2C), 114.19, 127.25, 127.54 (2C), 127.28.04, 129.96, 130.20, 130.63 (2C), 133.92,
137.17, 137.43, 138.37, 152.82, 158.99, 159.39]. Avadcd for GeHzsNOs: C 72.37, H 5.84, N
3.25; found: C 72.24, H 5.90, N 3.14.

5.6. General procedure for preparation of 2-benzoyB-phenylquinoline derivatives: 14a-e, 16a
and 16b. A mixture of13a(0.34 g, 1 mmol) and Mn£)0.87 g, 10 mmol) in C}Cl, (20 mL) was
stirred at room temperature for 12 h (TLC monitgjinThe reaction mixture was partitioned

between HO (50 mL) and CkCl, (50 mL). The organic layer was washed with brind dried

19



over MgSQ and removal of the volatiles in vacuo provideasidue, which was crystallized from
MeOH to give compounds4a.Accordingly, compound&4b-e 16a,and16b were obtained in this
manner.

5.6.1. 2-Benzoyl-3-(4-methoxyphenyl)quinoline (14aYield 93% a white solidMp. 124-125C.

'H NMR (400 MHz, CDCJ): 3.78 (s, 3H, OCH), 6.83-6.87 (m, 2H, Ar-H), 7.30-7.34 (m, 2H,
Ar-H) 7.38-7.42 (m, 2H, Ar-H), 7.52-7.56 (m, 1H,-A), 7.62-7.66 (m, 1H, 6-H), 7.74-7.78 (m,
1H, 7-H), 7.85-7.88 (m, 2H, Ar-H), 7.91 (dd, 18= 8.0, 1.2 Hz, 5-H), 8.16 (dd, 1H,= 8.4, 0.8
Hz, 8-H), 8.24 (s, 1H, 4-H)"*C NMR (100 MHz, CDGJ): 55.21, 114.13 (2C), 127.64, 127.86,
128.16, 128.41 (2C), 129.61, 129.87, 129.98, 13(2Z1), 130.43 (2C), 133.53, 133.57, 136.13,
136.77, 145.87, 156.44, 159.40, 195.85al. calcd for GsH1;NO,-0.2 HO: C 80.54, H 5.11, N
4.08; found: C 80.83, H 5.02, N 4.06.

5.6.2. 2-Benzoyl-6-methoxy-3-(4-methoxyphenyl)quitiae (14b). Yield 89% a white solidMp:
122-123C. 'H NMR (400 MHz, CDCY): 3.77 (s, 3H, OCH), 3.97 (s, 3H, OCH), 6.82-6.86 (m,
2H, Ar-H), 7.14 (d, 1HJ = 2.8 Hz, 5-H), 7.29-7.32 (m, 2H, Ar-H) 7.37-7.41, 3H, 7- and Ar-H),
7.51-7.55 (m, 1H, Ar-H), 7.86-7.88 (m, 2H, Ar-H)p& (d, 1H,J = 9.2 Hz, 8-H), 8.11 (s, 1H, 4-H).
%C NMR (100 MHz, CDGJ): 55.19, 55.62, 104.78, 114.07 (2C), 122.85, 12§2ZC), 129.41,
130.12 (2C), 130.24, 130.46 (2C), 131.07, 133.34.a1, 135.51, 136.35, 141.93, 153.81, 158.89,
159.32, 195.42. Anal. calcd for4E1gNO3-0.2 HO: C 77.28, H 5.24, N 3.75; found: C 77.09, H

5.19, N 3.70.
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5.6.3. 2-Benzoyl-6-fluoro-3-(4-methoxyphenyl)quingie (14c).Yield 90% a white solidMp.
157-158C. *H NMR (400 MHz, CDCY): 3.77 (s, 3H, OCH), 6.83-6.87 (m, 2H, Ar-H), 7.29-7.32
(m, 2H, Ar-H), 7.38-7.42 (m, 2H, Ar-H), 7.49-7.5m(3H, 5-, 7-, and Ar-H), 7.84-7.87 (m, 2H,
Ar-H), 8.15 (dd, 1H, J = 9.6, 5.2 Hz, 8-H), 8.17 181, 4-H).:*C NMR (100 MHz, CDGJ): 55.21,
110.55 § = 21.9 Hz), 114.18 (2C), 120.22% 25.7 Hz), 128.44 (2C), 128.94% 9.9 Hz), 129.56,
130.16 (2C), 130.38 (2C), 132.2D<% 9.1 Hz), 133.61, 134.39, 136..03, 136.08, 142189.79 {

= 3.0 Hz), 159.54, 161.30 € 248.6 Hz), 195.35. Anal. calcd fopfl16FNO,- 0.2 H,O: C 76.53,

H 4.58, N 3.88; found: C 76.51, H 4.49, N 3.82.

5.6.4. 2-Benzoyl-3-(4-fluorophenyl)quinoline (14d)Yield 91% a white solid. Mp. 103-163.
'H NMR (400 MHz, CDCY): 6.95-7.01 (m, 2H, Ar-H), 7.31-7.40 (m, 4H, ArsH).50-7.54 (m, 1H,
Ar-H), 7.60-7.64 (m, 1-H, 6-H), 7.72-7.77 (m, 1HHJ, 7.84-7.90 (m, 3H, 5- and Ar-H), 8.16 (d,
1H, J = 8.8 Hz, 8-H), 8.21 (s, 1H, 4-HY*C NMR (100 MHz, CDGCJ): 115.54 (2C) = 22.0 Hz),
127.63, 127.90, 128.02, 128.41 (2C), 129.51, 130188.32 (2C), 130.64 (2C) = 8.3 Hz),
132.83, 133.61, 133.66) = 3.0 Hz), 135.95, 137.08, 145.93, 156.02, 16445 245.6 Hz),
194.96. Anal. calcd for £H14FNO-0.2 HO: C 79.84, H 4.38, N 4.23; found: C 79.83, H 4 M6,
4.11.

5.6.5. 2-Benzoyl-6-fluoro-3-(4-fluorophenyl)quinole (14e).Yield 91% a white solid.Mp.
118-118C. *H NMR (400 MHz, CDCJ): 6.99-7.04 (m, 2H, Ar-H), 7.32-7.37 (m, 2H, Ar-H)

7.39-7.44 (m, 2H, Ar-H), 7.51-7.58 (m, 3H, 5-, @nd Ar-H), 7.84-7.87 (m, 2H, Ar-H), 8.16-8.19
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(m, 2H, 4-H and 8-H)*C NMR (100 MHz, CDGJ): 110.54 § = 21.2 Hz), 115.72 (2C] = 22.0
Hz), 120.61 J = 25.7 Hz), 128.51 (2C), 128.80 % 9.9 Hz), 130.40 (2C), 130.69 (2C= 8.4 Hz),
132.31 § = 9.1 Hz), 133.39J = 3.1 Hz), 133.75, 135.94, 136.41, 136.47, 143155,51 § = 2.2
Hz), 161.43 J = 248.6 Hz), 162.67J(= 246.2 Hz), 194.74. Anal. calcd fopE135F2NO: C 76.51,

H 3.79, N 4.06; found: C 76.37, H 3.67, N 4.05.

5.6.6. 2-(4-Methoxybenzoyl)-3-(4-methoxyphenyl)quoline (16a).Yield 89% a yellow solid.
Mp. 135-137C. *H NMR (400 MHz, CDCY): 3.78 (s, 3H, OMe), 3.84 (s, 3H, OMe), 6.84-6(88

4H, Ar-H), 7.32-7.35 (m, 2H, Ar-H), 7.60-7.65 (nm16-H), 7.73-7.77 (m, 1H, 7-H), , 7.82-7.86
(m, 2H, Ar-H), 7.89 (d, 1HJ = 8.4 Hz, 5-H), 8.15 (d, 1H, = 8.4 Hz, 8-H), 8.23 (s, 1H, 4-H)’C
NMR (100 MHz, CDCY4): 55.19, 55.46, 113.74 (2C), 114.08 (2C), 1271&1,.72, 129.08, 129.22,
129.53, 129.79, 130.07, 130.14 (2C), 132.82 (283,45, 136.71, 145.84, 156.79, 159.34, 163.90,
194.04. Anal. calcd for £H;9NOs: C 78.03, H 5.18, N 3.79; found: C 77.64, H 51973.66.

5.6.7. 2-(3,4,5-Trimethoxybenzoyl)-3-(4-methoxyphghquinoline (16b). Yield 82% as a yellow
solid. Mp. 161-162%C. *H NMR (400 MHz,CDCls): 3.79 (s, 6H, OMe), 3.80(s, 3H, OMe), 3.92 (s,
3H, OMe), 6.88-6.90 (m, 2H, Ar-H), 7.17 (s, 2H, H); 7.32-7.36 (m, 2H, Ar-H), 7.64-7.68 (m,
1H, 6-H), 7.75-7.79 (m, 1H, 7-H ) 7.93 (d, 1Hs 8.4 Hz, 5-H), 8.18 (d, 1H,= 8.4 Hz, 8-H), 8.26
(s, 1H, 4-H).*C NMR (100 MHz, CDGJ): 55.23, 56.23 (2C), 60.92, 108.06 (2C), 114.22)(2
127.66 (2C), 127.94, 128.16, 129.55, 129.96, 130.686.09 (2C), 130.78, 131.10, 133.66, 136.84,

145.79, 152.92, 156.24, 159.45, 194.09. Anal. cébedCyeH23sNOs: C 71.09, H 6.71, N 10.36;

22



found: C 71.09, H 6.76, N 10.41.

5.7. 2-(4-Hydroxybenzoyl)-3-(4-hydroxyphenyl)quindhe (17). A solution of 16a (0.37 g, 1.0
mmol) in 48% HBr (5 mL) was heated at reflux ford8rhe mixture was cooled and evaporated
vacuo to give a residue which was treated witsCH50 mL). The crude product was collected and
crystallized from MeOH to giva7 (0.31 g, 90%) as a green solid. Mp. 173%74H NMR (400
MHz, DMSO-dg): 6.73-6.76 (m, 2H, Ar-H), 6.82-6.84 (m, 2H, ArsHjJ.22-7.24 (m, 2H, Ar-H),
7.61-7.63 (m, 2H, Ar-H), 7.69-7.73 (m, 1H, 6-H)80-7.83 (m, 1H, 7-H), 8.05 (d, 18,= 8.4 Hz,
5-H), 8.11 (d, 1H,) = 8.4 Hz, 8-H), 8.48 (s, 1H, 4-H), 9.64 (br s, 1H, JOH0.58 (br s, 1H, OH).
¥C-NMR (100 MHz, DMSOdg): 115.46 (2C), 115.52 (2C), 127.48, 127.70, 127 .¥37.96,
128.12, 128.61, 130.04 (2C), 132.59 (2C), 132.85.93, 145.01, 156.83, 157.31, 162.74 (2C),
193.25. Anal. calcd for £H15sNO3-1.3 HO: C 72.44, H 4.86, N 3.84; found: C 72.49, H 4 N5,
3.84.

5.8. General procedure for preparation of aminoalkjated derivatives and disubstituted
derivatives: 18a-19c.To a stirred solution o7 (1.0 mmol) in dry DMF (20 mL) was added NaH
(60% in oil, 0.50 g) at® for 1 h. An appropriate tertiary-aminoalkyl hai@@ mmol) was added
and stirred at room temperature for 4 h (TLC momt). The organic phase was washed with
brine, dried over MgS§) filtered and concentrated under vacuo. Crude ymbdas purified by
flash chromatography on silica gel, using a gradenvieOH/CHCI, (1/30 to 1/10) to give the

18a-19c
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5.8.1. 2-(4-hydroxybenzoyl)-3-{4-[3-(dimethylamingropoxyl]phenyl}quinoline (18a) and
2-{4-[3-(dimethylamino)propoxy]benzoyl}-3-{4-[3-(dimethylamino)propoxyl]phenyl}quinolin

e (19a).Compound 18c was obtained in 26 % yield (0.11 @ geeen liquid*H-NMR (400 MHz,
CDCl): 1.89-1.96 (m, 2H, OCKH,CH.N), 2.35 (s, 6H, NMg, 2.56-2.60 (m, 2H,
OCH,CH,CH:N), 3.93 (t, 2HJ = 5.6 Hz, OCHCH,CH;N), 6.23-6.28 (m, 4H, Ar-H ), 7.57-7.62
(m, 3H, 6- and Ar-H), 7.72 (m, 1H, 7-H), 7.89 (4,1 = 8.0 Hz, 5-H), 8.14 (d, 1H] = 8.4Hz,
8-H), 8.22 (s, 1H, 4-H)}3*C NMR (100 MHz, CDCJ): 26.36, 44.68 (2C), 56.01, 65.68, 114.75
(2C), 155.93 (2C), 127.68, 127.71, 127.86, 128119.24, 129.93, 130.19, 130.28 (2C), 132.97
(2C), 133.37, 136.68, 145.84, 157.18, 158.31, 11{3.04.31 ESIMS [M+H]": 427.2.
Compoundl9awas obtained in 43% yield (0.22 g) as a greerididii-NMR (400 MHz, CDCJ):
2.00-2.07 (m, 4H, OCKCH,CH;N), 2.34 and 2.38 (two s, 12H, NMe 2.56-2.65 (m, 4H,
OCH,CH,CH:N), 3.99 and 4.07 (two t, 40,= 5.6 Hz, OCHCH,CH;N), 6.82-6.88 (m, 4H, Ar-H ),
7.27-7.33 (m, 2H, Ar-H), 7.63 (m, 1H, 6-H), 7.75,(iH, 7-H), 7.80-7.83 (m, 2H, Ar-H), 7.92 (d,
1H, J = 8.0 Hz, 5-H), 8.16 (d, 1H= 8.4 Hz, 8-H), 8.22 (s, 1H, 4-H)*C NMR (100 MHz, CDGJ):
26.65, 26.72, 44.72 (2C), 44.91 (2C), 55.95, 5668777, 66.17, 114.20 (2C), 114.61 (2C), 127.62,
127.73, 128.09, 129.23, 129.54, 129.71, 129.82,163@2C), 132.81 (2C), 133.43, 136.70, 145.88,
156.81, 158.63, 163.26, 194.@3SIMS [M+H]": 512.3.

5.8.2. 2-(4-Hydroxybenzoyl)-3-{4-[2-(piperidin-1-yJethoxy]phenyl}quinoline  (18b) and

2-{4-[2-(piperidin-1-yl)ethoxy]benzoyl}-3-{4-[2-(piperidin-1-yl)ethoxy]phenyl}quinoline

24



(19b). CompoundL8b was obtained in 24 % vyield (0.11 g) as a yellayuidl. '"H-NMR (400 MHz,
CDCl3): 1.57-1.59 (m, 2H, piperidinyl-H), 1.81-1.84 (m, 4piperidinyl-H), 2.86-2.88 (m, 4H,
piperidinyl-H), 3.05(t, 2H,J = 5.6 Hz, OCHCH,N), 4.24 (t, 2H,J = 5.6 Hz, OCHCH,N),
6.72-6.77 (M, 4H, Ar-H), 7.26-7.28 (m, 2H, Ar-H)p0-7.65 (m, 3H, Ar-H and 6-H), 7.75 (m, 1H,
7-H), 7.91 (d, 1H, = 8.0 Hz, 5-H), 8.17 (d, 1H] = 8.4 Hz, 8-H), 8.21 (s, 1H, 4-H}*C NMR
(100 MHz, CDCH4): 23.35, 25.05 (2C), 54.22 (2C), 57.02, 65.08, 114218, 115.08 (2C), 127.22
(2C), 127.44 (2C), 128.52 (2C), 129.43, 129.58 (ABP.28 (2C), 132.50, 136.18, 145.06, 156.41,
157.93, 162.54, 193.04. Anal. calcd BsgH28N203-0.4 HO-0.5 HCI: C 72.85, H 6.19, N 5.86;
found: C 72.91, H 6.23, N 5.58.

Compound19b was obtained in 53 % yield (0.30 g) as a yelloguill. *"H-NMR (400 MHz,
CDCly): 1.44-1.46 (m, 4H, piperidinyl-H), 1.60-1.68 (8, piperidinyl-H), 2.53-2.57 (m, 8H,
piperidinyl-H), 2.79-2.83 (m, 4H, OGIEH;N), 4.10-4.18 (m, 4H, OC}CH;N), 6.83-6.88 (m, 4H,
Ar-H), 7.30-7.32 (m, 2H, Ar-H), 7.63 (m, 1H, 6-H),75 (m, 1H, 7-H), 7.80-7.83 (m, 2H, Ar-H),
7.92 (d, 1HJ = 8.0 Hz, 5-H), 8.16 (d, 1H},= 8.4Hz, 8-H), 8.22 (s, 1H, 4-H)*C NMR (100 MHz,
CDCl): 23.90, 23.98, 25.54 (2C), 25.69 (2C), 54.90 (2@)9$ (2C), 57.57, 57.67, 65.54, 66.30,
114.30 (2C), 114.73 (2C), 127.62, 127.72, 128.@9,.47, 129.56, 129.80, 130.15 (2C), 130.25,
132.80 (2C), 133.43, 136.70, 145.88, 156.79, 158.88.10, 194.02. Anal. calcd f@zH41N303-

0.6 HO: C 75.25, H 7.40, N 7.31; found: C 75.04, H 7182.23.

5.8.3. 2-(4-Hydroxybenzoyl)-3-{4-[2-(pyrrolidin-1-yl)ethoxy]phenyl}quinoline  (18c) and
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2-{4-[2-(pyrrolidin-1-yl)ethoxy]benzoyl-3-{4-[2-(pyrrolidin-1-yl)ethoxy]phenyl}quinoline

(19c). Compoundl8c was obtained in 29% vield (0.13 g) as a yellowitig*H NMR (400 MHz,
CDCl): 1.82-1.84 (m, 4H, pyrrolidinyl-H), 2.87-2.89 (@H, pyrrolidinyl-H), 2.99 (t, 2HJ = 5.6
Hz, OCHCH:N), 4.07 (t, 2HJ = 5.6 Hz, OCHCH:N), 6.65-6.74 (m, 4H, Ar-H), 7.23-7.28 (m, 2H,
Ar-H), 7.56-7.72 (m, 4H, 6-, 7-, and Ar-H), 7.85 (tH, J = 8.0 Hz, 5-H),8.12 (d, 1H] = 8.4 Hz,
8-H), 8.17 (s, 1H, 4-H}*C NMR(100MHz, CDC}): 23.17 (2C), 54.38 (2C), 54.66, 65.58, 114.58
(2C), 115.87 (2C), 127.61, 127.69, 128.05, 1291#9.90, 130.18 (2C), 130.44, 133.10 (2C),
133.30, 136.82, 145.71, 157.10, 158.09, 163.36,0894nal. calcd for GgH26N203-2.25 HO: C
70.19, H 6.43, N 5.85; found: C 70.54, H 6.83, Bi35.

Compoundl9cwas obtained in 57 % yield (0.31 g) as a yellayuilil. '"H NMR (400 MHz, CDCJ):
1.89-1.95 (m, 8H, pyrrolidinyl-H), 2.82-2.92 (m, 8plyrrolidinyl-H), 3.06 and 3.11 (two t, 4H,=

5.6 Hz, OCHCH;N), 4.22-4.27 (m, 4H, OC}CH,N), 6.84-6.89 (m, 4H, Ar-H), 7.30-7.34 (m, 2H,
Ar-H), 7.62 (m, 1H, 6-H), 7.75 (m, 1H, 7-H), 7.8% (m, 2H, Ar-H), 7.91 (d, 1H] = 8.0 Hz,
5-H),8.15 (d, 1H,J = 8.4Hz, 8-H), 8.22 (s, 1H, 4-H}*C-NMR (100 MHz, CDG): 23.36 (2C),
23.40 (2C), 54.52 (2C), 54.62 (2C), 65.62, 66.3721 (2C), 114.32 (2C), 114.76 (2C), 127.65,
127.77, 128.08, 129.50, 129.55, 129.87, 130.23,(280).61, 132.81 (2C), 133.32, 136.76, 145.91,
156.71, 158.06, 162.77, 193.98. ESIMS [M++§36.3.

5.9. Cytotoxicity and antiviral activity assays

5.9.1. Compounds
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Compounds were dissolved in DMSO at 10 mM and thiered in culture medium.

5.9.2. Cellsand virus

Cancer cells (A549, H1299, MCF-7, MDA-MB-231 andiHt) were purchased from Bioresources
Collection and Research Center, Taiwan. Huh-7-D¥cFtells and C6/36 cells were kindly
provided by Dr Huey Nan Wau, Institute of MolecuBiology, Academia Sinica, Taipei, Taiwan,
ROC. The DENV-2 strain 16681 was isolated from @#epawith dengue hemorrhage fever (DHF)
from Thailand [29], and was amplified in C6/36 moiq cells.

5.9.3. Cytotoxicity assays

For cytotoxicity tests, run in parallel with antiai assays, plates at an initial density of (5 £ 10
cells/well), in maintenance medium, with or withosgrial dilutions of test compounds. Cell
viability was determined after 72 h at 32 in a humidified CQ@ (5%) atmosphere by the (2,3-bis
[2-methyloxy-4-nitro-5-sulfophenyl]42-tetrazolium-5-carboxanilide) (XTT) method [30].

5.9.4. Analysis of luciferase activity

Huh-7-DV-Fluc cells were seeded in 24-well platésaadensity of 2x 10* cells per well, and
treated with the 2-aroyl-3-arylquinoline compouradswo concentrations (5 and 20) or 0.1%
DMSO as control. After 72 h of incubation, the fecase activity assay was performed using the
Bright-Glo Luciferase assay system (Promega) ategro the manufacturer’s instructions.

5.9.5. Immunoblot analysis

The standard procedure was followed to perform evadblotting as described previously [31]. The
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membranes were incubated overnight with rabbit gdohal antibodies against NS2B {000,
Genetex, Irvine, CA, USA) and GAPDH (110000, Genetex, Irvine, CA, USA) serving as loading
control.

5.9.6. Quantification of DENV RNA

Total cellular RNA was extracted after 3 days coomts treatment through Total RNA Miniprep
Purification Kit (GMbiolab, Taiwan) according toehmanufacturer’s instructions. The expression
of DENV NS5 mRNA level was determine through quiacdtion real-time RT-PCR (RT-PCR)
with specific primers corresponding to the DENV Ngfhe: Forward primer, 5-AAG GTG AGA
AGC AAT GCA GC-3 reverse primer, 5-CCA CTC AGG GAG TTC TCT CT-3. Tdopy number

of NS5 in each sample was normalized to cellulardogenous reference gene
glyceraldehydes-3-phosphate dehydrogenase (gagettmward primer: 5-GTC TTC ACC ACC
ATG GAG AA-3 and Reverse primer: 5-ATG GCA TGG AGITG GTC AT-3. The CT value of
each sample was determined by the ABI Step One Rew PCR-System (ABI Warrington, UK).
5.9.7. DENV infection assay

Huh-7 cells were seeded at the density of 4 Xcklls/well in the 24 well culture plate for 16-20
hours and then infected with DENV-2 (16681 straihan MOI of 0.1 for 2 hours at 37. Cells

were washed with PBS once and then re-filled wikhEM-2% FBS medium containing various

indicating concentration df3aand17.

5.9.8. Statistical analysis
The results were expressed as meanstS.D. Diffesemcanean values between groups were
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analyzed by a one-way analysis of variance (ANOWAY Student's t-test. For the septic shock
assay, we used the log-rank test. Statistical feigmice was assessed as p<0.05 [*p<0.05;

**p<0.01].
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Figure captions:

Figure 1. Structures of 4-[4-(2-chlorobenzyloxy)aniline]-Gieky-2-methylquinoline ),
3’-nitrophenylaminoquinoling2), (E)-3-[3-(4-methoxyphenyl)quinolin-2-yl]-1-phenylprepen-1-one

(3), 6-fluoro-2,3-bis{4-[2-(piperidin-1-yl)ethoxy]pmyl}quinoline (4) and target compounds.

Figure 2. The 2D NOESY spectrum of monoalkylated compoL@d

Figure 3. Inhibition of DENV2 RNA expression in Huh-7-DV+kéd cells by 2-aroyl-3-arylquinoline
derivatives and ribavirin. Huh-7 cells were incudghtwith tested compounds and ribavirin at the
indicated concentrations (5 and @M). After three days of incubation, total RNA wasracted and
qguantified DENV2 RNA levels by RT-qPCR. DENV2 RNAmession was normalized by cellular
GAPDH mRNA. Treatment with 0.1% DMSO served as aknoontrol. The results are expressed as
the means * standard deviations (error bars) plifdate experiments. *P,0.05; **P,0.01

Figure 4. Inhibition of DENV2 protein expression in Huh-7-BRuc cells by 2-aroyl-3-arylquinoline
derivatives and ribavirin. Huh-7 cells were incidghtwith tested compounds and ribavirin at the
indicated concentrations (5 and 2Bl). After three days of incubation, cell lysatesrevextracted and
analyzed by western blotting with anti-NS2B and-&APDH antibody (a loading control).

Figure 5. Inhibition of DENV2 protein and RNA expression ieompound 13a and 174reated
Huh-7-DV-Fluc cells. Huh-7-DV-Fluc cells were inatbd with compound3a and17 respectively at the
indicated concentration (from 5 to 4®1) for 3 days. Total protein and RNA were extracésddecribed in
Method and analyzed by western blotting with ariZB and anti-GAPDH antibody (a loading control).
DMSO (0.1%) treatment served as the mock contEgi®r bars represent the SD from three experiments.
*P,0.05; **P,0.01

Figure 6. Concentration-dependent inhibition of compoud@a and17 in DENV-infected Huh-7 cells.
Huh-7 cells were infected with DENV-2 (16681 st)dior 2 hours, and then re-fed with DMEM-2% FBS
containing compound&3a and 17 at indicated concentration for 3 days. Total protend RNA were
collected and subjected to western blotting and-BRR. DMSO (0.1%) treatment served as the mock

controls. Error bars represent the SD from thrgeerents. *P,0.05; **P,0.01
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Table 1. Antiviral activities and cytotoxicities of 2-aro@-arylquinoline derivatives

DENV2 Huh-7 cell
compounds | % Inhibition at5 % Inhibition at 20| % viability at 20 % viability at 100
UM UM UM UM
13a 4531 7.0 65.11£10.4 96.62 £ 8.78 68.07+ 4.73
13b 38.02+ 8.2 61.16 £ 18.4 87.65% 0.84 26.01+ 0.15
13c 16.13+ 7.2 19.13+£7.3 87.37 £ 4.08 30.70* 1.74
13d 13.10+ 7.1 10.21+ 94 109.19+ 12.20 90.92* 11.50
13e 22.17% 83 23.14+ 7.2 129.47+ 19.92 92.26f 8.81
l4a 3.12+1.25 6.93 £ 1.27 93.11* 8.48 87.78+ 4.16
14b 36.19% 5.3 53.10* 13.6 87.61% 1.46 84.32% 3.62
l4c 7.24+ 3.3 511+ 3.2 95.95* 6.20 89.66+ 2.66
14d 20.11% 8.7 1410 7.2 74.80% 2.03 4592+ 1.77
l4e 32.12% 4.1 9.13+% 3.3 96.29 = 14.31 75.06+ 1.20
15a 33.50% 9.9 58.51* 5.6 71.14 % 7.26 31.89% 1.33
15b 22.30% 1.2 38.20% 4.8 93.56+ 13.35 62.45+ 12.76
16a 10.11+ 7.3 1412+ 2.9 96.14 £ 2.27 68.25* 12.04
16b CT* CT 74.06 £ 1.29 35.10% 0.81
17 38.70% 4.9 62.15* 8.9 90.28 £ 2.62 65.11+ 11.35
18a CT CT 80.42 £ 1.47 16.76 + 0.27
18b CT CT 77.52% 0.25 1951+ 2.34
18c CT CT 91.03* 6.96 18.10+ 1.38
19a CT CT 17.64 £ 0.28 19.21+ 1.84
19b CT CT 18.36 £ 0.13 15.84+ 2.14
19c CT CT 15.46 £ 0.36 16.60 + 0.85
ribavirin 32.03+ 2.14 67.47+ 1.9 71.371 1.31 26.78%f 1.59

8CT: Cytotoxicity.
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Table 2. Antiviral activities [IG, (uM)]®of the compounds tested

Compounds (=5 CGs I
13a 12.57t 2.16 > 100 > 7.96
13b 14.13 % 1.21 68.86+ 2.17 4.87
14b 17.35% 1.18 > 100 >5.76
15a 18.16 £ 1.14 63.09+ 5.21 3.47
17 13.16 £ 1.23 > 100 >7.60

ribavirin 12.61+f 1.17 56.31+ 2.32 4.47

& The 1Gyg is the concentration of the compound resulting 50% inhibition in virus production.

P The CGy is the concentration of the compound causing a §@th inhibition of uninfected
Huh-7 cells.

°Sl: selectivity index. SI = C£&/ICsp.
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Table 3. Antiproliferative activity of 2-aroyl-3-arylquirime derivatives 16b, 18a-19¢

ICs0 (M)
Compounds
A549 H1299 MDA-MB231 MCF-7 Huh-7
16b > 10 > 10 > 10 > 10 >10
18a > 10 >10 > 10 >10 > 10
18b >10 >10 >10 >10 >10
18c >10 >10 > 10 >10 > 10
19a 6.35+ 0.12 498+f 0.21 7.14% 0.14 4.47* 0.07 6.441f 0.21
19b 6.53+ 044 6.18%f 0.36 7.99* 0.11 466+ 0.36 6.59f 0.14
19¢c 738+ 051 568f 043 842* 035 459+ 0.03 8.68%f 0.29
topotecan  4.8% 0.72 6.02% 0.20 <0.1 597 1.03 8.61*+ 1.14

37



OMe

iy L 2 e
MO ON N, LI
N/ 3 o)

2

2
0\/\N O 0
I
O ) hAs®
N’ O
N O
O/\/ Target compounds

Figure 1.

38



ACCEPTED MANUSCRIPT

B 3.93
B s

7.25
Paise Sequence: MUESY g8.20 7.59

bl

6.74

F2
j(rn-.'g

2.5

3,0

- emrwc W ow

6.5
ﬂ : -
7.0
Je
7.5- ﬁ
" P -
8.0

8.0 7.5

Figure 2.

39

L M i e B i e g e T T T

L i1 T K T
7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0
F1 (ppm)



* )

(jonuoa jo 9)
YNd AN Q 2Ale|ey

20 (u M)

5
Ribavirin

20

20
13a

5

Mock

17

15a

14b

13b

Figure 3.

40



Mock 5

14b
5

13b
20

13a
20 5

20 (M)

NS2B

GADPH

P — D — — —"—

Ribavirin

20 5 20 (M)

17
5

15a
Mock 5 20

NS2B

T S A R e e -

GADPH _......

Figure 4.

41



13a

40 (zM)

5 10 20

Mock

NS2Z2E | G -

GAPDH | e aagp - aume e

(1onuo2 o %)
Angea 1182

<

e o o o = =]
N 2 - <+ o~ <
- -
T T T T T
o o = = e <o
o~ = =) o =+ o~
- -

{1enuoa yo %)
YN ANIQ 2ARe|8Y

40 (pM)

20

5

Mock

13a

17

10 20 40 (pgM)
NS2B |wmme b S

5

Mock

-

PO s it o i o

{1onuoa yo %)
Aupqeia 1182

1120

120 ¢

< o o =) =]
< e W <+ o o
-
1 T 1 1
o o o o o

(=]
o -+ [{=] - o™
e

{1onuoa yo %)
YN ANZQ 2AReI9Y

5

Mock

17

Figure 5.

42



13a
Mock 5 10 20 40 (pxM)

Relative DENV RNA
(% of control)

Mock 5 10 20 40 (M)

Mock 5 10 20 40 (zM)

(% of control)
(2]
o

20 [ *F

Relative DENV RNA

Mock 5 10 20 a0 (£ M)

Figure 6.

43



0 Oy_OH R,
R, i R Lo w g
o JT T 00
N ~ Z
H R2 N N

SR, =H 8R,=F 102-¢ 11a-e
6R,=F 9 R, = OMe

O R, R, R,
R, X O R, O
LD 2 TCRLD
N N
OH (0]

12a-¢ 13a-e 14a-e

aR;=H,R,=0OMe;bR;=0Me, R, =0OMe; cR;=F,R,=0OMe; dR;=H,R,=F;eR;=F,R,=F

Scheme 1: Reagents and condictions: (i) KOH, EtOH, 80°C, 48h (84-93%); (ii) Dowtherm A,
280°C, 4hr (70-78%); (iii) SeO,, 90°C, 2hr (70-87%); (iv) phenyl magnesium bromide,
THF, 0°C, 12hr (51-61%); (v) MnO,, CH,Cl,, rt, 12hr (89-93%).
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OMe OMe
N O (i) O AN _ (ii)

NNy H
0 OH 0

12a 15a R = 4-methoxy 16a R = 4-methoxy
15b R = 3,4,5-trimethoxy 16b R = 3,4,5-trimethoxy

Scheme 2: Reagents and condictions: (i) 4-methoxyphenyl magnesium bromide or
3.4,5-trimethoxyphenyl magnesium bromide, THF, 0°C, 12hr; (ii) MnO,,
CH2C12, rt, 12hr.
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18a-c 19a-c
aR=i{\/\1T1/ bR:}{\/@ cR:f‘{\/l@

Scheme 3: Reagents and condictions: (i) 48% HBr, HOAc, reflux, 48 h; (ii) NaH,
alkyl halides, DMF, rt, 4hr.
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Highlights

1. A seriesof 2-aroyl-3-arylquinoline derivatives were synthesized.

2. 13aand 17 inhibit the DENV2 RNA expression with potency approximately equal to that of
ribavirin.

3. Compounds 19a - 19c showed potent cytotoxicity as that of topotecan.



6-0Me-2-CH3-C1

Pulse Sequence: s2pul

INOVA=400 “unityplusdo0"
Date: Sep 24 2010
Solvent: DHS0

Ambient temperature
Total 64 repetitions

ACCEPTED MANUSCRIPT
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6-0Me-2-CH3-C1
Pulse Sequence: s2pul adin
INOVA-00 "unityplus400" a1
Date: Sep 24 2010 o
Solvent: DMSO ®mo oM
Ambient temperature L J
Total 15984 repetitions -
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6=F-2-CH3-CI

Pulse Sequence: s2pul

Solvent: DMSO
Ambient temperature
UNITYplus=400 "unityd0o"

Pulse 49.3 degrees

Acg. time 3.744 sec

width 6000.6 Hz

24 repetitions

400.2827946 MHz

ACCEPTED MANUSCRIPT
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6=F=2=CH3=-CI

Pulse Sequence: s2pul

Solvent: DMSO
Ambient temperature
UNITYplus=400 ‘“unitydoo"

Pulse 60.9 degrees

Acg. time 1.200 sec
Width 25000.0 Hz

2800 repetitions

OBSERVE C13, 100.6512351
DECOUPLE H1, 400.2848137
Power 45 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 1.0 Hz
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ACCEPTED MANUSCRIPT

Mercury=100BB  “"Mercuryplusdoo®
Date: Aug 2 2011

Solvent: DMSO

Ambient temperature

Total 100 repetitions
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Date: Aug 2 201l
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6F—para~F(COOH)

Mercury-400BB.  "Mercuryplus400” o
Date: Nov 21 2011 F i
Solvent: DMSO s
Ambient temperature COO 9
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6F-para—F(COOH)
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G-0OMe-2-CH3-decl

ACCEPTED MANUSCRIPT

Pulse Sequence: sZpul i 5
tx,nwn-goo gpunityplus400” a2k b
ate: Se B £
Solvent: pCDC'I 3 OMe m e o
Ambient temperature L J
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INOVA=-400 "unityplusdoo"
Date: Sep 30 2010
Solvent: CDC13

Ambient temperature
Total 4864 repetitions
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6-F-2-CH3-decl
Pulse Sequence: s2pul

INOVA-400 "unityplusd00"
Date: Sep 15 2010
Solvent: CDC13

Ambient temperature

Total 32 repatitions
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ACCEPTED MANUSCRIPT

INOVA-400 “unityplus400"
Date: Sep 15 2010
Solvent: COC13

Ambient temperature

Total 8112 repetitions
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Mercury-400B8

solvent:

cociz

Ambient temperature

Total 16 repetitions
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Mercurg-danﬂa “Mercuryplus400"
Date: Feb 23 2011

Salvent: CDCI3

Ambient temperature

Total 32000 repetitions
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6F-para-F(de-COOH)

Mercury-400BB "Mercuryplus400"
Date: Jun 30 2011

Solvent: CDC13

Ambient temperature

Total 28 repetitions
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6F-para~F(de~COOH)

Mercury-4008B “Mercurypius400”
Date: Jun 30 2011

Solvent: CDC13

Ambient temperature

Total 2384 repetitions
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ACCEPTED MANUSCRIPT

1.682

6-0Me-2-CH3-de-COH
Pulse Sequence: s2pul -y
INOVA-400 “unityplusaoo” e®
Date: Nov 11 2010 L
Solvent: CDC13 e
Ambient temperature |
Total 64 repetitions |
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6-0Me-2-CH3-de-COH

Pulse Sequence: s2pul

INDVA-400

“"unityplusdoo”

Nov 11 2010

Date

cocia3
Ambient temperature

Solvent

Total 2304 repetitions
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E=F-2-CH3~-de-COH

Pulse Sequence: s2pul

INOVA=400 ‘“unityplusdoo"
Date: Oct 11 2010
Solvent: CDC13

Ambient temperature

ACCEPTED MANUSCRIPT
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ACCEPTED MANUSCRIPT
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ACCEPTED MANUSCRIPT

INOVA=400 "unityplusdoo"
Date: Feb 23 2011
Solvent: CDC13

ambiant temperature
Total 32 repetitions
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INOVA=-100
Date: Feb
Solvent:

Ambient t
Total 528

"unityplusdoo®
23 2011

coci3
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§~F-para~F(CHO)

Mercury—400BB . "Mercuryplus40o®

Date: Nov 21 2011
Solvent: CDE13
Ambient temperature
Total 68 repetitions
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G—F—para~F(CHlﬁ)

Mercury—-40088 “Mercuryplus400"

Date: Nov 21 2011 .

Solvent: CDC13 . F
Ambient temperature

_Total 800 repetitions
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WKY-H-OMe-1d

Pulse Sequence: sZpul

UNITYplus=400 “unityaop"
Date: Sep 5 2012
Solvent: CDCI13

Ambient temperature

Total 64 repetitions
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WKY-H-OMe-1d
Pulse Sequence: s2Zpul ()(:Fi3

UNITYplus—400 “unityd00"
Date: Sep 5 2012
Solvent: CDC13

Ambient temperature

Total 1904 repetitions
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OCHs

H5CO

"Mercury4o0o"

s2pul
Sep 24 2012

cDc13
Ambient temperature
64 repetitions

Pulse Sequence:
Total
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WKY-0Me-0Me-17b

Pulse Sequence: s2pul

Mercury—400BB "Mercury400"
Date: Sep 24 2012

Solvent: CDC13

Ambient temperature

Total 3024 repetitions
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WKY-H=-F-17d

Pulse Sequence: sZpul

"Mercury400™

Sep 25 2012

Mercury-400BB

Date:

cociz

Solvent:

Ambient temperature

Total 32 repetitions
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WKY-H-F-17d

Pulse Sequence: sZpul

Mercury-400BB “Mercuryd400"
Date: Sep 25 2012 &
Solvent: CDC13

Ambient temperature

Total 6176 repetitions
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OH

13e

s2pul
"Mercury4oo”

Sep 25 2012
64 repetitions

Date:
Solvent: CDC13

Pulse Sequence
Mercury-400BB
Ambient temperature
Total
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OH

13e

"Mercury40o”

Sep 25 2012
coci3

Ambient temperature

Pulse Seguence: s2pul
Mercury-400BB
Total 5056 repetitions
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ACCEPTED MANUSCRIPT

WY -H-DOMHa—1&
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WKY-H-0Me-1e

Pulse Sequence: s2pul

UNITYplus-400 “unitydoo"
Date: Sep 5 2012
Solvent: CDC13

Ambient temperature

Total 3120 repetitions
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WKY-0OMe-0OMe-18h

szpul

Pulse Sequence:
Mercury—400B8B

Date

OCHj

“"Mercury400"

Sep 24 2012

Solvent:

cpci3
32 repetitions

Ambient temperature

Total
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WKT-0Me-0Me-18b

Pulse Seqguence: s2pul

Mercury-400B8 "Mercury4o0"

Date: Sep 24 2012

Solvent: COC13 OCHjs
Ambient temperature

Total 288 repetitions
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WKY=F-OMe-18c

Pulse Seguence: s2pul

Mercury-400BB “Mercury400"
Date: Sep 25 2012

Solvent: CDC13

Ambient temperature

Total 32 repetitions
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WKY-F-OMe-18c

OCH;

Pulse Sequence: s2pul

Mercury-400B8

"Mercurydog”

Sep 25 2012
Solvent: cCDC13

Date:

Ambient temperature

7 N,

Total 32000 repetitions
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WKY-H-F-18d

Pulse Sequence: s2pul

Mercury—400BB “Mercuryd4oo”
Date: Sep 25 2012

Solvent: CDC13

Aambient temperature

Total 32 repetitions
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WKY-H-F-1ad

Pulse Sequence: s2pul

Mercury-400BB "Mercury4noo"
Date: Sep 25 2012

Solvent: CDC13

Ambient temperature

Total 32000 repetitions
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WKY-F-F-18e

s2pul
"Mercuryd4oo”

Pulse Sequence:
Mercury-400B6

cocia

Sep 25 2012
G4 repetitions

Solvent
Ambient temperature

Date:
Total
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CTC-4334

Mercury-400BB "Mercuryplus400"

Date: Feb 22 2012
Solvent: COC13

Total 32 repetitions
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ACCEPTED MANUSCRIPT

FMEI LU VY IUSHUY

Feb 22 zol2
cocis

FEI LUl yT4UVDD
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Total 3744 repetitions
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CTC-4337

Mercury-400B8 “Mercuryplus4oo” g
Date: Feb 22 2012 -
Solvent: COC13 OCH3 -
Ambient temperature
Total 64 repetitions OCH n
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OCH,

CTC=-4337

OCHs

"Mercuryplusaoo”

Mercury=-400BB
Feb 2z 2012

Date:

coci3

Solvent:

Ambient temperature

OCH,

\

Total 6352 repetitions
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/-',-- Sy
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Mercury=-400BB "Mercuryplusd00"

Date: Apr 20 2011
solvent: CDCI3
Ambient temperature
Total 64 repetitions
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ACCEPTED MANUSCRIPT
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Mercury-40088 "Mercuryplus400"
Date: Apr 20 2011

Solvent: CDCI3

Ambient temperature

Total 1424 repetitions
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CTC-4329

Pulse Sequence: s2pul

UNITYplus=400 ‘“unitydo0”

Date: Jan 2 2012
Solvent: COCI3

Ambient temperature
Total 80 repetitions
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CTC-4329
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cpc3

Date:

OCHj

Solvent:

Ambient temperature

Total 4160 repetitions
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CTC=4336

Pulse Sequence: s2pul

UNITYplus=400 "unityaoo®

pate: Feb 22 2012 OH
Solvent: OMSO

Ambient temperature

Total 68 repetitions
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CTC-43386

s2pul

Pulse Sequence:
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CTC-4327

Pulse Sequence: s2pul

UNITYplus-400 “unitydoo”
Date: Sep 29 2011
Solvent: CDC13

Ambient temperature

Total 80 repetitions
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CTC-4327

Pulse Sequence: sZpul

UNITYplus-400 “unityago"
Date: Sep 29 2011
Solvent: CDC13

Ambient temperature

Total 16000 repetitions
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CTC-4338

Pulse Seqguence: sZpul 2 =
UNITYplus-400 “unitydno” I =
Date: Mar 13 2012 L] =
Solvent: CDC13 O '
Ambient temperature
Total 240 repetitions \/\N
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OH

18b

N

szpul
"unityd00”

Mar 13 2012

Solvent:

Pulse Seguence:
UNITYplus=400

DMS0
Ambient temperature
Total 7168 repetitions
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CTC-4328

Pulse Seguence: s2pul
UNITYplus-400 ‘“unityd0o"

Date: Oct i3 20ii
solvent: CDC13
Ambient temperature

Total 48 repetitions
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CTC-4328

Pulse Seguence: s2pul
UNITYplus-400 “unityd0o0"

date: Oct i3 Z0i1

Solvent: COC13 O _~
ambient temperature N
Total 1872 repetitions
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CTC-4323

Pulse Sequence: sZpul

Date: Dct 13 20
Solvent: CDC13
Ambient temperature

Total B0 repetitions
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CTC-4323

Pulse Seguence: sZpul

UNITYplus=400 “unitydno"
Date: Oct 13 2011

Solvent: CDC13 |
Ambient temperature

Total 5888 repetitions CD\\\///”\\\V/,PQ ~
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STANDARD 1H OBSERVE
CTC et
Mercury=d400B8 "Mercuryplusd400"

date: Aug 4 2011
solvent: COC13
Ambient temperature
Total 80 repetitions
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"Mercuryplus400"

4 2011

coci3
Ambient temperature

Total

1728 repetitions

CTC-4321
Mercury-400BB
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CTC-4319

Pulse Sequence: sZpul
UNITYplus-400 “unityd0n"”

Date: Jul 11 2011
Solvent: CDC13
Ambient temperature
Total 160 repetitions
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CTC-4318

Pulse Sequence: sZpul

NITYplus= "unity400"
gate:%ﬁ? $g0291ll: Y O\/\
Solvent: COC13 Pd

Ambient temperature
Total 32000 repetitions
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