Accepted Manuscript =

EUROPEAN JOURNAL OF

Design, synthesis, and biological evaluation of 1,3-diarylisoquinolines as novel
topoisomerase | catalytic inhibitors A

Daulat Bikram Khadka, Seojeong Park, Yifeng Jin, Jinhe Han, Youngjoo Kwon, Won- 7
Jea Cho /2
PII: S0223-5234(17)30896-6

DOI: 10.1016/j.ejmech.2017.11.011

Reference: EJMECH 9886

To appearin:  European Journal of Medicinal Chemistry

Received Date: 20 July 2017
Revised Date: 3 November 2017
Accepted Date: 4 November 2017

Please cite this article as: D.B. Khadka, S. Park, Y. Jin, J. Han, Y. Kwon, W.-J. Cho, Design, synthesis,
and biological evaluation of 1,3-diarylisoquinolines as novel topoisomerase | catalytic inhibitors,
European Journal of Medicinal Chemistry (2017), doi: 10.1016/j.ejmech.2017.11.011.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.ejmech.2017.11.011

ACCEPTED MANUSCRIPT

Topo |

catalytic
inhibitor

IC 5o (UM):
0.74+0.05 (T47D)
5.06+£0.04 (HelLa)

2.77+0.38 (HCT-15)
Topo | inhibition > CPT




Design, synthesis, and biological evaluation of 1,3-diarylisoquinolines as novel

topoisomerase | catalytic inhibitors

Daulat Bikram Khadkd , Seojeong Park?, Yifeng Jin? Jinhe Harf, Youngjoo Kwon® ™, Won-
Jea Chd"”

@College of Pharmacy and Research Institute of DDeyelopment, Chonnam National University,
Gwangju 61186, Republic of Korea

P College of Pharmacy, Graduate School of PharmacaltBciences, Ewha Womans University,
Seoul 120-750, Republic of Korea

" Corresponding author.
" Corresponding author.

E-mail addressykwon@ewha.ac.kr (Y. Kwon), wjcho@chonnam.acWirJ. Cho).

! Both authors contributed equally to this work.



ABSTRACT

With a goal of identifying potent topoisomerasep(p inhibitor, the C4-aromatic ring of the
anticancer agent, 3,4-diarylisoquinolone, was agiatlly shifted to design 1,3-diarylisoquinoline.
Twenty-two target compounds were synthesized ieethsimple and efficient steps. The 1,3-
diarylisoquinolines exhibited potent anti-prolifeve effects on cancer cells but few compounds
spared non-cancerous cells. Inhibition of topaiiediated DNA relaxation by several derivatives
was greater than that by camptothecin (CPT)/etoosven at low concentration (20 uM). In
addition, these compounds had little or no effecpolymerization of tubulin. A series of biological
evaluations performed with the most potent denneaticc revealed that the compound is a non-
intercalative topo | catalytic inhibitor interaagirwith free topo I. Collectively, the potent cytrio
effect on cancer cells including the drug resistamges, absence of lethal effect on normal celd, a
different mechanism of action than topo | poisomggest that the 1,3-diarylisoquinolines might be a
promising class of anticancer agents worthy ofirrpursuit.

Keywords
Antitubulin activity, Topoisomerase catalytic inhdy, 1,3-Diarylisoquinoline, Suzuki coupling,
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1. I ntroduction

Deregulated cell proliferation and suppressed delth are two main characteristics of
cancer [1]. The factors that determine the efficatgn anticancer therapy include identification an
targeting of the molecular anatomy responsiblettierrelentless proliferation of tumor cells and the
compensatory mutations necessary for their surviMa® success of the anticancer drugs, etoposide,
doxorubicin (DOX), and the camptothecin (CPT) datives irinotecan and topotecan, is primarily
attributable to the exploitation of cancer cell im@aisms that differ from those of normal cells.
These anticancer agents interfere with the actiotya specialized class of enzymes called
topoisomerase (topo), which are overexpressednoetecells [2-6]. Topo is involved in resolving
the topological consequences of DNA like supercdit®ts, and catenation during cellular processes,
including transcription, recombination, and repdica of rapidly proliferating cells [7].

Six topos are expressed in human cells [8-10].H@rbasis of function they are classified as
type | and type Il. Type | topos cleave single stk@f DNA while type Il affect both strands during
their enzymatic activities. Topos are further deddinto A and B subtypes based on structure.
Among the type IA (topo Il and ), type IB (topo | and Imt), and type IIA (topoalland 1B)
enzymes, topo | and Il are established molecufgeta of anticancer drugs. The catalytic functibn o
topo I(I) involves transient DNA strand(s) cleaga@®NA swivel (strands passage), and resealing of
broken strand(s) [11]. Topo cleaves phosphodidsaekbone of DNA by nucleophilic attack from
catalytic tyrosine to form short-lived covalent ®ePNA complex, commonly referred as “topo-
DNA cleavage/cleavable complex” (topocc; Fig. 19p® | forms tyrosyl-DNA covalent link at the 3
end whereas topo Il at thé énds of broken strand(s) at the cleavage siteatRatof broken strand
around its intact complement and passage of iribdA duplex through double strand break of
another DNA duplex are the main events that ralaknot, and decatenate DNA.
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Fig. 1. Schematic diagram showing different stages of tbpmzymatic processes and inhibitors

involved in each stage.

The enzymatic activities of topo can be obstruaed/arious stages. Inhibition of DNA
break resealing and stabilization of topocc arenlost important mechanisms exploited for cancer
treatment. Topocc, when trapped during replicateomd transcription, causes permanent DNA
breakage due to collision with replication or tremtion machineries, eventually leading to DNA
damage, cell cycle arrest, or apoptotic cell dgE2h Anticancer drugs like irinotecan and topoteca
can interact and freeze topo Icc. These topo itdribthat permit topo I-mediated DNA cleavage but
prevent DNA resealing convert functional topo loira lethal component and are called topo |
poisons (Fig. 1).

Apart from preventing DNA resealing, anticancerragdike the vanadium compound, Van-
7 [13], intercalates between DNA bases to distad ehibit association of DNA with topo I. In
addition, betulinic acid [14] and isodiospyrin [1Bind with topo | and prevent interaction with
DNA; B-lapachone [16] interacts with topo | and allowseasbly of topo | and DNA but inhibits the
formation of topo Icc. The latter types of topanhibitors are collectively known as topo | catadyti
inhibitors/suppressors [17, 18] (Fig. 1). Similadgveral topo Il poisons and catalytic inhibitacs
at different points of the enzymatic reaction cydi@, 20].

The topo | poisons prescribed clinically, irinotecand topotecan, are chemically unstable
(the lactone ring of the drugs opens in physiolagreeutral pH into the inactive carboxylate form)
and are cross-resistant to cells expressing thg dffiux membrane transporters, ABCG2 and
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ABCB1 [8]. The topo Il poison, etoposide, is asatail with higher incidences of secondary
malignancies and most notably with the developneémhyeloid leukemia [21]. Etoposide-induced
carcinogenesis is linked with drug-related DNA deuftrand breaks and DNA sequence
rearrangements. It may be possible to overcomealtaebacks and limitations of these drugs by
eliminating chemically liable groups, using a nosebffold to avoid extrusion from the cell, and
developing drug candidates that affect a suitadniget with different mode of activity to avoid the
development of secondary malignancies. We therefegpert the design, synthesis, and biological
evaluation of cytotoxic 1,3-diarylisoquinolines,mmtercalative topo | catalytic inhibitors.

2. Results and discussion
2.1. Design of 1,3-diarylisoquinoline

Subtle changes in the bridge length and relativ@tipns between aromatic rings of multi-
arylated compound comprise the general stratedizedi during drug design. The inhibition of
tubulin polymerization by 2,3-diarylpyriding was restored with a comparable potency as that of
combretastatin A-4 (CA-4) when the bridge lengthween the two aromatic rings was increased to
3 atoms and the aromatic rings were placed betwgedine N, as in 2,6-diarylpyridin@ (Fig. 2A)
[22, 23]. Thus, it can be expected that the shifthe 4-aryl group of 3,4-diarylisoquinoloriz
(inhibitor of topo activity) [24] to the C1 positiao form the isomeric 1,3-diarylisoquinolidemay
be advantageous in terms of its pharmacologicalenties.
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Fig. 2. Design of 1,3-diarylisoquinoline. A) 2- and 3-attinked diaryls. B) Synthetic drawbacks of
3,4-diarylisoquinolones. C) Retrosynthesis of ligdisoquinolines. CA-4: combretastatin A-4.

Besides improving biological activity, synthesis bf3-diarylisoquinoline via an efficient
pathway is desirable; the synthetic pathway usedlitain 3,4-diarylisoquinolone has several
drawbacks and limitations (Fig. 2B). Free-radicalolgenation of 3-arylisoquinolon& lacks
selectivity. Dihalogenation occurs when an activatgroup (e.g. -OMe) is present in the C3-aryl
ring (Scheme S2, Supplementary data) [24]. Moreotee Suzuki reaction of 4-brominated
isoquinolin-1(2H)-one6 with aryl boronic acid is always accompanied learominated byproduct,



which interferes with isolation procedures and megguadditional protection and deprotection steps.
Meanwhile, 1,3-diarylisoquinolind can be obtained in two reaction steps via Suze&ction of
monohalogenated isoquinoliffe obtained simply by heating isoquinolobevith POC} (Fig. 2C).
Moreover, based on our previous experience, Suznlpling of 1-chloroisoquinoline and boronic
acid results in no detectable dehalogenated byptodine 1,3-diarylisoquinoline formed by the

reaction has a satisfactory solubility in orgaratvents, which eases purification and isolatiopste

2.2. Chemistry

Synthesis of 1,3-diarylisoquinolindsinvolved two steps, starting from 3-arylisoquinasn
5 (Scheme 1A, refer to Supplementary data for thehsgsis of 3-arylisoquinolones, Scheme S1).
Isoquinolonesb were converted to imine chlorid&son treatment with POgI The isoquinolinyl
chlorides thus obtained were coupled with aryl bar@cidsa-e under Suzuki reaction conditions to
form 1,3-diarylisoquinolines4 with high vyield (quantitative—-62%). Phenol suhggdd 1,3-
diarylisoquinolines 4aa, ca, anddd) and alkyl halide with amino terminal were furthreacted to
afford compounds8 with an amino alkyl tail (Scheme 1B). Free amiBesere converted t8-HCI
salts withc-HCI.
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Scheme 1. Synthesis of 1,3-diarylisoquinolinds(A) and 1,3-diarylisoquinolines with amino alkyl
chain 8 (B). Reagents and conditions: (i) PQCI5 °C; (ii) ArB(OH), Pd(PPB)4 (0), N&COs;,

(MeOCH,),, 90 °C. (iii) RCI, KCOs, DMF, 130 °C; (iv)c-HCI, acetone, room temperature (r.t.).

2.3. Cytotoxicity

Thein vitro cytotoxicity of the synthesized 1,3-diarylisoquines @ and8) was evaluated
using Adriamyciff (DOX-HCI) as positive control. The assay was penfed using non-cancerous
(human breast epithelial, MCF-10A) and tumor (hurdaaotal breast epithelial tumor, T47D; human
prostate cancer, DU145; human colorectal adenowara, HCT-15; and human cervical cancer,
HelLa) cells [25]. Cytotoxicity results are summadzs 1G, (concentration that inhibits 50% of cell
proliferation) values (Tables 1 and 2).

Initially, eight 1,3-diarylisoquinolines were tedtéo assess their toxicity in non-cancerous
(MCF-10A) and cancerous (T47D, DU145, and HCT-1d)sc(Table 1). Compound&ab, 4db, and
4de, with an anisole ring at C1, are significant, asytiwvere non-toxic to normal MCF-10A cells but

had potent cytotoxicity against cancerous T47Dsc@tig. 3). Moreover, these compounds had no
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effect on prostate cancer (DU145) cells. The hydaied derivativeglaa, 4da, 4dd and4fa were,
however, toxic to both MCF-10A and DU145 cells. Tgteenolic compoundad exhibited a unique
cytotoxicity profile; it selectively suppressed theliferation of T47D cells with no cytotoxic effe
on MCF-10A, DU145, and HCT-15 cells. Similarly, ggonoline4de had minimal anti-proliferative
effect on HCT-15 cells. Besiddsd and4de, the isoquinolines compiled in Table 1 exhibitedren
potent antitumor activity than the standard, Adiyam, in HCT-15 cells (IG: 0.37£0.02—-2.52+0.1

uM).

Table 1. Cytotoxicity (IGsq) of 1,3-diarylisoquinolined.

S.  Compound R* R? R ICso (uM)

No. MCF-10A® T47D° DU145° HCT-15¢

1.  Adriamycin / / / 0.93+0.03  0.84+0.04 4.88+0.12  3.76%0.12
2.  daa -H 4-OMe 3-OH 7.83+0.06  0.58+0.01  5.36x0.01  1.2+0.07
3. 4dab -H 4-OMe 3-OMe >50 0.86+0.01  >50 1.3+0.01
4.  4ad -H 4-OMe 4'-OH >50 1.22+0.03  >50 >50

5. 4da 6-Me 3,4-(OMe),  3"-OH 13.48+0.11 4.34+0.04  6.51+0.04  0.37+0.02
6. 4db 6-Me 3,4-(OMe), 3-OMe >50 7.86+0.15  >50 1.84+0.05
7.  4dd 6-Me 3,4-(OMe),  4"-OH 18.1+0.24  4.42+0.05 5.98+0.29  2.52+0.1
8.  4de 6-Me 3,4-(OMe), 4-OMe >50 3.34+0.18  >50 28.69+0.35
9. 4fa 6,7-(OMe) 3,5-(OMe),  3"-OH 5.9+0.15 3.92#0.16  8.12+0.08  0.54+0.03

Each value represents the mean + S.D. from thféereht experiments performed in triplicate.
& MCF-10A: non-cancerous human breast epithelids cel

® T47D: human ductal breast epithelial tumor cells.

¢ DU145: human prostate cancer cells.

4 HCT-15: human colorectal adenocarcinoma cells.

> R
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Fig. 3. Structure-activity relationship (SAR) of 1,3-dispquinolines.



The preliminary cytotoxicity profile of 1,3-diargloquinolines proves that this class of
compounds may be useful in the development of safdcancer drugs. Encouraged by the initial
results, newer derivatives of 1,3-diarylisoquinenwere synthesized and further tested for anti-
proliferative activity against MCF-10A, T47D, HelLand HCT-15 cells (Table 2). In accordance
with the earlier result, anisoldse and4bb of the second batch of compounds were not toxiote

cancerous MCF-10A cells. Similarly, anilindbc and4ec had no effect on these cells. However,

phenols and aminoalkyl substituted derivatives tianlimental effect on the proliferation of MCF-

10A cells at concentrations > 5 uM. On the otherdhd,3-Diarylisoquinolines of Table 2 exhibited

potent antitumor activity against T47D cells at éswconcentrations (l§g < 1 uM). The notable

difference in cytotoxicity of 1,3-diarylisoquinoks between MCF-10A and T47D confers that they

are safer anticancer agents. Cl-anisole substiti#edatives4ae and 4bb were inactive against

HeLa cells, while the remaining compounds exhibitgtbtoxicity at micromolar concentrations
(ICs0: 3.06+0.01-13.19+0.85M). Importantly, the diarylisoquinolines listed fable 2 exhibited
significant inhibitory effects on HCT-15 cell pridration (1Go: 0.84+0.01-4.08+0.11M). The

potent cytotoxicity of 1,3-diarylisoquinolines agsi

HCT-15

indicates that their cellular

concentration is not affected by overexpressedidnuty resistance protein 1 (MDR1; also known as
P-glycoprotein, P-gp, or as ATP-binding cassettefamily B member 1, ABCB1) [8, 26-28].

Table 2. Cytotoxicity (IGsp) of 1,3-diarylisoquinolined and8.

S.  Compound R! R? R ICso (uM)

No. MCF-10A* T47D° HelLa® HCT-15

1.  Adriamycin  / / / 0.72+0.06  1.15+0.01  1.51+0.22 .020.03

2. 4ac -H 4-OMe 3-NH, 18.76+1.12 0.95+0.04  8.61+0.68  2.35+0.16
3. 4ae -H 4-OMe 4'-OMe >50 0.85+0.06  >50 2.79+0.09
4.  4ba -H 3,5-(OMe), 3"-OH 6.77#0.24  0.76+0.03  3.87+0.01  0.84%0.01
5.  4bb -H 3,5-(OMe), 3-OMe >50 1.12+0.03  >50 1.17+0.10
6. 4bc -H 3,5-(OMe), 3"-NH, >50 0.98+0.04  13.19+0.85 4.08+0.11
7.  4bd -H 3,5-(OMe), 4"-OH 7.28+0.1 0.78+0.02  4.58+0.09  2.78+0.00
8. 4ca 6-Me 2-Me, 4-OMe  3-OH 5.05+0.06  0.56+0.1 5.51+0.06  1.75+0.06
9. 4cc 6-Me 2-Me, 4-OMe  3-NH, 5.74+0.15  0.74+0.05 5.06+0.04  2.77+0.38
10. 4dc 6-Me 3,4-(OMe), 3'-NH, 5.6+0.1 0.45+0.33  4.19+0.03  2.70+0.24
11.  4dec 7-NMe,  3,5-(OMe), 3"-NH, 42.04+0.15 3.59+0.39  7.33%0.34  2.53+0.02
12. 8a -H 4-OMe 3-O(CHy)sNMe,-HCl  10.15+0.03 0.16+0.03  6.86+0.46  1.75+0.09
13. 8b 6-Me 2-Me, 4-OMe  3-O(CH,),NMe,-HCl ~ 6.35+0.07  0.6+0.18 4.92+0.11  2.2+0.07
14. 8¢ 6-Me 2-Me, 4-OMe  3-O(CH,);NMe,-HCl  6.07+0.04  0.29+0.02  3.06+0.01  0.87+0.02
15. 8d 6-Me 3,4-(OMe), 4"-O(CH,),NMe,-HCl ~ 5.31+0.04  2.33+0.04  3.48+0.09  0.97+0.04
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Each value represents the mean + S.D. from thféereht experiments performed in triplicate.
& MCF-10A: non-cancerous human breast epithelids cel

P T47D: human ductal breast epithelial tumor cells.

¢ HelLa: human cervical cancer cells.

4 HCT-15: human colorectal adenocarcinoma cells.

2.4. Inhibition of topo-mediated DNA relaxation

Inhibition of topo activity is a principle mechamsof cell cytotoxicity of a huge library of
3-arylisoquinoline derivatives [24, 29-31], analo§’2-34], and compounds bearing the 3-
arylisoquinoline skeleton [10]. The inhibition afo activity by the 1,3-diarylisoquinolindsand8
was determined using the “DNA relaxation assay§(Hi) [25]. In the DNA relaxation assay, topo
relaxes supercoiled plasmid, which has a diffeed@ttrophoretic mobility from that of completely
relaxed DNA. Inhibition of topo activity by a cheral compound in the assay system is measured
by determining the extent of supercoiled plasmidt ttvas prevented from relaxing. The DNA
relaxation assay was conducted using human tope, PBR322 with CPT (as topo | positive
control), and etoposide (as topa positive control). The assay was performed wit 4ad 20uM
concentrations of positive controls and test complsu The inhibition of topo activity by the test
compounds has been represented as % inhibitiode@&1-S4). Furthermore, to ease the structure-
activity relationship (SAR) study, the relative tomhibition potency of various diarylisoquinolines
was determined as the ratio of topo inhibition bgividual compounds to that by CPT/etoposide
(Table 3).
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Table 3. Relative inhibition of topo activity by 1,3-diargbquinolinest and8.

S. Compound R? R? R Topo | Topolla

No. 100pM  20pM 100 pM 20 pM
4aa -H 4'-OMe 3-OH 0.12 g 1.07 0.0
4ab -H 4'-OMe 3-OMe 0.58 0.0 0.0 -

3. 4ac -H 4'-OMe 3'-NH, 0.0 - 0.12 -

12



4, 4ad -H 4-OMe 4'-OH 0.09 - 0.0

5. 4ae -H 4-OMe 4'-OMe 0.0 - 0.11

6. 4ba -H 3,5-(OMe), 3"-OH 0.0 - 0.59 0.9
7. 4bb -H 3,5-(OMe), 3"-OMe 0.0 - 0.26

8. 4bc -H 3,5-(OMe), 3"-NH, 0.0 - 0.37

9. 4bd -H 3,5-(OMe), 4"-OH 0.0 - 0.82 1.17
10. 4ca 6-Me 2-Me, 4-OMe  3-OH 1.13 2.46 0.2 -
11. 4cc 6-Me Z2-Me, 4-OMe  3'-NH; 1.22 2.53 0.06

12. 4da 6-Me 3,4-(OMe), 3"-OH 0.03 - 0.38 0.01
13. 4db 6-Me 3,4-(OMe), 3"-OMe 0.05 - 0.0

14. 4dc 6-Me 3,4-(OMe), 3"-NH, 0.11 7 0.11

15. 4dd 6-Me 3,4'-(OMe), 4"-OH 0.005 - 0.4 0.0
16. 4de 6-Me 3,4'-(OMe), 4"-OMe 0.04 - 0.0

17. dec 7-NMe, 3,5-(OMe), 3"-NH, 1.12 2.5 0.04

18. 4fa 6,7-(OMe} 3,5-(OMe), 3"-OH 0.06 - 0.0

19. 8a -H 4-OMe 3-O(CH;,)sNMe,- HCI 0.81 0.38 0.32

20. 8b 6-Me 2-Me, 4-OMe  3-O(CH,).NMe,: HCI 0.05 - 0.81 0.35
21. 8c 6-Me 2-Me, 4-OMe  3-O(CH,)sNMe,- HCI 0.6 0.0 0.67 0.28
22. 8d 6-Me 3,4'-(OMe), 4"-O(CH,),NMe,- HCI 1.22 0.0 1.24 0.41

Relative inhibition of topo activity = inhibitionfaopo activity by compound/inhibition of topo
activity by camptothecin (CPT) or etoposide.

 Not determined.

Semi quantitative representation: 0.0-0.25 (nommte 0.25-0.5 (low potency), 0.5-0.8 (moderate
potency), 0.8-1.0 (potency similar to CPT/etoposated >1.0 (greater potency than CPT/etoposide).

The inhibition of topo | activity by 1,3-diarylisogoline 4ec was slightly and about 2.5-
fold greater than that by CPT at 100 andu®@ respectively (Table 3). The potency was lost whe
7-Me, was removed as idbc (Fig. 3). Similar todec, diarylisoquinolinesAca and 4cc also had
strong interference on topo | activity. The effigaaf the derivatives was lost whefiMe, 4-OMe
groups were replaced by,8-(OMe), (4da and4dc). The potency of phenolic compoudAdd at 100
MM increased after substitution with amino alkykich(@d). In addition, amino alkyl substituted
compoundsBa and8c exhibited significant potency at 1Q01.

The phenolic derivativdaa had similar topo H inhibition potency as that of etoposide at
100 uM (Table 3). Likewise, phenokba and4bd had a considerable inhibitory effect on tope Il
activity at both 100 and 20M. Conversion of 30H (4aa and4ba) to 3'-OMe @ab and4bb) had
detrimental effect on potency to inhibit topo litiaity (Fig. 3). On the other hand, the potency of
phenoldca was elevated by aminoalkyl substituti@p @nd8c). Importantly, compoun@d inhibited
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DNA relaxation by both topo | andoll

A positive correlation was found between inhibitiohtopo I/lle activity and cytotoxicity
for 8 1,3-diarylisoquinolinestaa, 4bd, 4ca, 4cc, 4ec, 8a, 8b, and 8d. Furthermore, it can be
concluded that the cytotoxic effect of 3 compoudds, 4ba, and8c is partially due to inhibition of
topos. However, no obvious relationship betweelbitibn of enzyme activity and cytotoxicity was
observed with remaining diarylisoquinolines. Theégmb antiproliferative effect of these compounds

on cancer cells might be due to interference witiction of other biological targets.

2.5. Inhibition of tubulin polymerization

1,3-Diaryliosquinolines4 are structurally similar to 2,6-diarylpyriding, inhibitors of
tubulin polymerization. Thus, to investigate théeef of compoundd on microtubule dynamics the
tubulin polymerization assay was performed usingipe brain tubulin. 1,3-Diarylisoquinolinéba,
4bd, 4ca, 4cc and4ec that showed potent inhibition of topo activity evat low concentration (20
UM) were considered for the test (Table 3). PaaitgPTX) and DMSO were used as positive
control and vehicle, respectively. PTX has beendnto enhance tubulin polymerization and inhibit
dissociation of microtubules [35]. As shown in FiglbA, diarylisoquinolineglba, 4bd, 4ca, 4cc
and4ec at 10uM did not increase the absorbance unlike PTX, whitlects that compounds neither
enhanced nor stabilized tubulin polymerization. ld@er, compared to vehicldca appeared to
slightly inhibit tubulin polymerization. Similarlycompound4cc exhibited low potency at even
higher concertation (1M, Fig. 5B). The inhibition of tubulin polymerizath by 4ac and4cc is
very weak in comparison to CA-4 which nearly congle blocks tubulin polymerization at 10 uM
[23].

i
[==]

0.09 4

0.U6 4

0.03 4

Abssorbance (OD at 340 nm)
Abssorbance (OD at 340 nm)

Time (minu-e) Time (minute)
—=———=DM3s0U —8—PIX 10uM ====- 4ba 10 pM DMSO PTX 5 uM PTX 10 yM
—&—4bd 10 uM —&— 4ca 10 phl —e—dcr 10 uM _ B
—a—dce 5 M —e—dec 10 pM —&—4ce 15 pM

—¥—4ec 10 uM

Fig. 5. Effect of 3,4-diarylisoquinolines on microtubulgndmics (tubulin polymerization assay).
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(A) The absorbance of diarylisoquinolindisa, 4bd, 4ca, 4cc, and4ec- (10 uM), PTX- (10uM) and
DMSO-treated tubulin solution at 340 nm. (B) Theaiance of diarylisoquinolingcc- (5, 10, and
15uM) and PTX-treated solution (5 and M) at 340 nm. OD: optical density.

Among the tested 1,3-diarylisoquinolines, compouied had the most potent inhibitory
effect on topo | activity, was cytotoxic to cana&lls at low micromolar concentration, and had no
significant inhibitory effect on tubulin polymerizan. Thus, further tests were performed to
determine the mode of inhibition of topo | activity the compound.

2.6. Topo I-DNA cleavage complex assay

The well-known mechanism of topo | inhibition islsilization of topo Icc and prevention of
DNA break resealing by topo | poison. This mechangf topo | inhibition can be investigated via
the topo I-DNA cleavage complex assay. In the @egavcomplex assay, supercoiled plasmid
pBR322 was incubated with topo | and the test camgds, followed by treatment with sarcosyl and
proteinase K to remove any covalently bound topand electrophoresis in a system containing
ethidium bromide (DNA intercalator). Ethidium braiei inserts between DNA bases of relaxed
closed circular DNA, unwinds double-helical struetuand increases its electrophoretic mobility
[36]. In contrast, nicked-DNA is partially unaffect. Nicked-DNA is a consequence of inhibition of
DNA break resealing by the topo | poison, CPT.datfCPT increased nicked-DNA compared to the
negative control (treated with only DMSO, Fig. 6AJpon treatment with the isoquinolintec,
however, there was no change in the level of nidBBid\, even at a higher concentration (50@).

This observation indicates that compouied does not act as a topo | poison.
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Fig. 6. 1,3-diarylisoquinolinelcc is not a topo | poison. A) Topo I-DNA cleavage qex assay. B
& C) Assessment of DNA damage/repair by comet as€®1. camptothecin, Nck: nicked, Sc:

supercoiled, Rel: relaxed.

2.7. Comet assay
The comet assay confirms the degree of DNA damadeced by a chemical compound.
Debris (fragments) of broken or damaged DNA forrmebtails (tail DNA) [37]. DNA damage and

comet formation are characteristic properties pbtbpoison. The assay is therefore useful to study
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the mode of topo I inhibition. In this assay, ClRdated T47D cells showed severe DNA damage
with 8 times more tail DNA than untreated contelen at a low concentration of CPT (25.0£4.53%
at 5uM, Fig. 6B, C). However, isoquinolindcc induced less tail DNA (5.82.63% at 5uM and
9.43t1.74% at 1QuM), somewhat comparable to that of the untreatedrob(2.9%1.27%). This
result is consistent with that of cleavage comg@ssay and confirms that the 1,3-diarylisoquinoline

4cc is not a topo | poison.

2.8. DNA unwinding assay

Besides topo Icc stabilization and prevention ofAdiNeak resealing, DNA intercalation is
also a mode of inhibition of topo | activity. A DNiAtercalator unwinds relaxed plasmid DNA into a
compact form. The DNA unwinding assay, performedhwamsacrine ftAMSA), one of the
eminent intercalative topo Il poisons [38] and cawnnpd 4cc, shows thamAMSA recovered the
fully relaxed pHOT1 DNA to its supercoiled form, Wéhisoquinoline4cc failed to do so even at a

higher concentration (1 mM, Fig. 7A).

m-AMSA 4cc

D T 100 200 500 1000 100 200 500 1000 (uM)
Rel

Sc

B e e e Free Hoechst
200.0 A = dccOuM
====d4cc5puM
z 150.0 4 4cc 10 pM
g =—4cc 20 uM
£ 100.0 - eidcc 40 uM
.............. 4CC 100 ”M
50.0 4
0.0
400 420 440 460 480 500 520 540 560 580 600
Wavelength (nm)
Free Hoechst: Hoechst 33342
4cc 0-100 uM: Hoechst 33342 + ¢tDNA + 4¢c 0-100 pM
CPT (50 pM, 2 h) - + - +
4ee (50 uM, 2 h) . - +

+

G-HUDULD A ——
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Fig. 7. A) DNA unwinding assay. B) Hoechst assay. Fluoease spectra of Hoechst-ctDNA in
absence and presencedat. Free Hoechst 33342 (1 pg/mL) in 10 mM Tris-HGH(.2) showed
very weak emission intensity, while when Hoechgriacted with ctDNA, the fluorescence intensity
was strong. The addition of various concentratiohdcc (0-100 puM) to the pre-reacted Hoechst-
ctDNA did not cause change in the florescence sitgnC) Band depletion assay. Rel: relaxed, Sc:

supercoiled, CPT: camptothecin.

2.9. Hoechst Assay

Hoechst assay was further performed to investitjgteffect of compoundcc on DNA (Fig.
7B). Hoechst 33342 is a well-known DNA minor grodsieder and the Hoechst—DNA complex is
known to be excited at 361 nm [39, 40]. To deteamivhether compoundcc is a DNA minor
groove binder, Hoechst and circulating tumor DN#(¢A) were pre-reacted and then treated with
4cc in a series of concentrations (0—10@1). It was observed that fluorescence intensity i
decrease even when 10M of 4cc was treated. The results of DNA-related experimeonfirmed
that the compoundcc is neither a DNA intercalator nor a DNA ancillaggoove binder but may act
as topo | catalytic inhibitor (i.e. it may interagith free topo I, prevent association with supéecb
DNA and stop the consequent processes or may igtalpibn-covalent topo I-DNA complex and
prevent DNA break).

2.10. Band depletion assay

To further decipher the mechanism of topo | inldbitby diarylisoquinolinedcc, a band
depletion assay was performed. Following treatmetit CPT (50uM) for 2 h at 37°C, free topo |
in T47D cells decreased, indicating the formatidrntapo Icc (Fig. 7C). In contrast, free topo |
remained unaffected in presence of compodowl This result infers that the isoquinolidec binds
with topo | and inhibits the harbor of DNA. Furtheore, treatment with compouddc before CPT
treatments restored free topo | in T47D cells. Tingcates that compounttc binds with free topo |
and can competitively sequester topo | from bemgpiporated into the cleavage complex by co-
treated topo | poison. Taken together, 1,3-diangisnolinedcc functions as a non-intercalative topo

| catalytic inhibitor, interacting with free topo |

3. Conclusion
3,4-Diarylisoquinolone (with 2 Cs spacer betweernl aings) was modified to 1,3-

diarylisoquinoline (separated by two covalent bgradsl synthesized in three simple steps with high
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yield. It was found that most of the 1,3-diarylisatplines showed potent anti-proliferative effects
against cancer cells. The potent cytotoxic effaftsl,3-diarylisoquinoline against HCT-15 cells
suggest decreased risk of drug resistance duedexpressed drug efflux membrane transporters.
Several of the compounds tested had no effect emado(non-cancerous) cells. Furthermore, 1,3-
diarylisoquinolines inhibited topo Ifttmediated DNA relaxation. The inhibition of topdld/
activity by several compounds including the modepbderivativedcc, at 20uM was greater than
that of CPT and had weak or no antitubulin activitppo I-DNA cleavage complex, comet, DNA
unwinding, Hoechst, and band depletion assays levedhat the diarylisoquinolindcc acts as a
non-intercalative topo | catalytic inhibitor thahlds with free topo | to stop the downward steps an
prevent DNA damage. Altogether, this study mighbvidte valuable information for the further
research related to isoquinoline and topo | catalghibitor.

4, Experimental section
4.1. Chemistry

Solvents were distilled prior to use; THF was tlsti from sodium/benzophenone. The
reaction temperature mentioned, except for theiatighl toluamide-benzonitrile cycloaddition
reaction, is the set temperature of an oil batHu@a chromatography and medium performance
liquid chromatography (MPLC, flow rate: 10 mL/mimmake: Yamazen) were performed with Merck
silica gel 60 (70-230 mesh). Thin-layer chromatpbsa(TLC) was performed using plates coated
with silica gel 60 Es4 (Merck). Melting points were determined by the itapy method with a
MEL-TEMP® capillary melting point apparatus and were unate®. IR spectra were obtained on a
JASCO FT/IR 300E Fourier transform infrared speuieter using KBr pelletsH NMR, and*3C
NMR spectra were obtained on Varian Unity Plus 308z, Varian Unity Inova 500 MHz and
Bruker Ascend 400 spectrometers at the Korea B&sience Institute. The chemical shif) (s
reported in parts per million (ppm) downfield taréanethylsilaned = 0). The coupling constant,
is given in Hertz (Hz). The data are reported ia tbllowing order: chemical shift, multiplicity,
coupling constant, number of protons, and protaigasment where applicable. The multiplicity of
proton signals is reported as s: singlet, d: ddulbldriplet, q: quartet, m: multiplet, b: broabls:
broad singlet, and dd: doublet of doublets, dt:bdetuof triplets, ddd: doublet of doublet of doukle
Mass spectra were obtained on a Shimadzu LCMS-2BY0 liquid chromatograph mass
spectrometer and Quattro micro APl Tandem Quadeufgistem (Waters) using the electron spray
ionization (ESI) method.

4.1.1. 1-Chloro-3-(4-methoxyphenyl)isoquinolifia)(
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A solution of compoun®a (1.46 g, 5.83 mmol) and POZGPRO mL) was heated using an oil
bath set at 75 °C. Upon completion of the reactexgess POGland volatile substances were
evaporated by vacuum distillation. Saturated (94aHCQ solution (100 mL) was added to the
residue obtained and was extracted with,Cll The organic extract was further washed with water
dried over anhydrous N@O; and concentrated under reduced pressure. Theueesids then
purified by column chromatographg-fiexane:EtOAc = 5:1, 3:1) to obtain compoufadas a white
floppy solid (1.54 g, 98%). &= 0.45 (-hexane:EtOAc = 3:1)'H NMR (300 MHz, DMSOd6): &
8.41 (s, 1H, 4-H), 8.25 (dd, J = 8.4, 0.9 Hz, 8-811,5-8.07 (m, 3H,'®H'-(H),, Ar-H), 7.90-7.85 (m,
1H, Ar-H), 7.78-7.73 (m, 1H, Ar-H), 7.12-7.07 (nH,23,5"-(H)>), 3.32 (s, 3H, OC}}.

4.1.2. 1-Chloro-3-(3,5-dimethoxyphenyl)isoquinol{iie)

The procedures described foa were used wittbb (894 mg, 3.17 mmol) and POQ20
mL), followed by column chromatographg-fiexane:EtOAc = 5:1, EtOAc) to obtain compoufid
as a white solid (925 mg, 97%); R0.32 (-hexane:EtOAc = 4:1}H NMR (300 MHz, CDCJ): &
8.36-8.32 (m, 1H, 8-H), 7.97 (d,= 0.3 Hz, 1H, 4-H), 7.90-7.87 (m, 1H, 5-H), 7.77ZZ (m, 1H,
Ar-H), 7.69-7.63 (m, 1H, Ar-H), 7.27 (d,= 2.1 Hz, 2H, 26'-(H),), 6.54 (t,J = 2.4 Hz, 1H, 4H),
3.90 (s, 6H, 35'-(OCHg),). MS (ESI):m/z300 (M+H)'"

4.1.3. 1-Chloro-3-(4-methoxy-2-methylphenyl)-6-mietbquinoline {c)

The procedures described foa were used with a mixture &k, S3 and polar byproducts
(798 mg) and PO@I(20 mL), followed by column chromatography-l{exane:EtOAc = 5:1) to
obtain compoundc as a white solid (810 mg).tR 0.65 f-hexane:EtOAc = 4:1)'H NMR (300
MHz, DMSO-d6): § 8.16 (d,J = 8.4 Hz, 1H, Ar-H), 7.86 (s, 2H, Ar-H), 7.63 (db= 8.7, 1.5 Hz, 1H,
Ar-H), 7.47-7.44 (m, 1H, Ar-H), 6.91-6.87 (m, 2H;-H), 3.80 (s, 3H, OCH), 2.54 (s, 3H, Ar-Ch),
2.39 (s, 3H, Ar-CH).

4.1.4. 1-Chloro-3-(3,4-dimethoxyphenyl)-6-methyjisooline {d)

The procedures described fta were used witlbd (1.41 g, 4.8 mmol) and PO{120 mL),
followed by column chromatographg-fiexane:EtOAc = 5:1, 3:1) to obtain compoufidas an off-
white solid (1.45 g, 96%). (R= 0.38 (-hexane:EtOAc = 3:1)'H NMR (500 MHz, DMSOd6): &
8.33 (s, 1H, Ar-H), 8.13 (dl = 8.5 Hz, 1H, Ar-H), 7.83 (s, 1H, Ar-H), 7.75-7.{th, 2H, Ar-H), 7.58
(dd,J = 8.5, 1.5 Hz, 1H, Ar-H), 7.10 (d, = 9.0 Hz, 1H, Ar-H), 3.89 (s, 3H, OGH 3.83 (s, 3H,
OCH), 2.53 (s, 3H, 6-CH).
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4.1.5. 1-Chloro-3-(3,5-dimethoxyphenyl)-N,N-dimésoguinolin-7-amine {e)

The procedures described fta were used witlbe (800 mg, 2.46 mmol) and POGRO mL),
followed by column chromatographg-fiexane:EtOAc = 4:1, 2:1, EtOAc) to obtain compoudaés
a yellow solid (243 mg, 28%).tR 0.59 (-hexane:EtOAc = 2:1YH NMR (300 MHz, DMSOd6): &
8.33 (s, 1H, Ar-H), 7.93 (dl = 9.3 Hz, 1H, Ar-H), 7.57 (dd] = 9.3, 2.7 Hz, 1H, Ar-H), 7.25 (d,=
2.1 Hz, 2H, 26'-(H),), 7.04 (d,J = 2.4 Hz, 1H, Ar-H), 6.52 (1) = 2.4 Hz, 1H, 4H), 3.83 (s, 6H,
3',5-(0CH),), 3.11 (s, 6H, N(Ch)2). MS (ESI):m/z343 (M+HY)'.

4.1.6. 1-Chloro-3-(3,5-dimethoxyphenyl)-6,7-dimathsoquinoline Tf)

The procedures described & were used wittsf (607 mg, 1.77 mmol) and POCGRO mL),
followed by column chromatographp-fiexane:EtOAc = 3:1, EtOAc) to obtain compoufidas a
light yellow solid (627 mg, 98%). /= 0.23 @-hexane:EtOAc = 3:1)H NMR (300 MHz, DMSO-
de6): 6 8.36 (s, 1H, Ar-H), 7.51 (s, 1H, Ar-H), 7.45 (${,1Ar-H), 7.27 (d,J = 2.1 Hz, 2H, 26-(H),),
6.56 (t,J = 2.4 Hz, 1H, 4H), 3.98 (s, 3H, OC}J, 3.97 (s 3H, OC#), 3.33 (s, 6H, (OCH}>).

4.1.7. 3-(3-(4-Methoxyphenyl)isoquinolin-1-yl)phkb@aa)

A solution of 3-hydroxyphenylboronic acid (143 nig03 mmol) in MeOH (5 mL) was
added to a solution of compoufid (200 mg, 0.74 mmol) in 1,2-dimethoxyethane (5 rfdljowed
by Pd(PPh)4 (0) (43 mg, 0.03 mmol) and sat. X&) solution (2 mL). The reaction mixture was
heated using an oil bath set at 90 °C. Upon conopleif the reaction, water (150 mL) was added.
The resulting mixture was extracted with £Hp (100 mL x 8); the organic extract was washed with
water (100 mL) and concentrated under reduced yres$he residue thus obtained was purified by
column chromatography{hexane:EtOAc = 5:1) to obtain compoutah as an off-white solid (220
mg, 90%). R= 0.27 (-hexane:EtOAc = 3:1). Melting point (mp): 146—148. iR: 3236 crit. *H
NMR (300 MHz, DMSOd6): 6 9.68 (bs, 1H, OH), 8.32 (s, 1H, Ar-H), 8.21-8.18 @H, 2,6'-(H),),
8.07-8.02 (m, 2H, Ar-H), 7.79-7.74 (m, 1H, Ar-H)6Z-7.55 (m, 1H, Ar-H), 7.41-7.35 (m, 1H, Ar-
H), 7.15-7.12 (m, 2H, Ar-H), 7.10-7.06 (m, 2H, 3-(H),), 6.96—6.93 (m, 1H,"2H), 3.83 (s, 3H,
OCH). °C NMR (100 MHz, CDG)): § 160.4, 160.1, 155.8, 150.1, 140.5, 137.8, 1330,3, 129.3,
128.5, 127.7, 127.1, 126.7, 125.5, 122.4, 117.6,111115.5, 114.1, 55.3. MS (ESt/z 328.12
(M+H)", 329.50 (M+2Hj), 327.33 (M}, 325.97 (M-H).

4.1.8. 1-(3-Methoxyphenyl)-3-(4-methoxyphenyl)isogjine @ab)
The procedures described f#aa were used witlvya (200 mg, 0.74 mmol), a solution of 3-

methoxyphenylboronic acid (146 mg, 0.96 mmol) imB MeOH, Pd(PP$)4 (0) (43 mg, 0.03 mmol),
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sat. NaCGQ; solution (2 mL) and 1,2-dimethoxy ethane (5 mb)ldwed by column chromatography
(CH.CI,, n-hexane:EtOAc = 3:1) to obtain compouddb as a transparent semi-solid, which
solidified upon storage (260 mg, quantitative) =R0.33 (-hexane:EtOAc = 5:1). Mp: 117-120 °C.
'H NMR (300 MHz, DMSOd6): 5 8.34 (s, 1H, Ar-H), 8.22-8.19 (m, 2H,&-(H),), 8.07 (dJ = 8.1

Hz, 1H, Ar-H), 8.01 (dJ = 8.4 Hz, 1H, Ar-H), 7.08-7.74 (m, 1H, Ar-H), 7-:61.55 (m, 1H, Ar-H),
7.51 (t,J=7.8 Hz, 1H, Ar-H), 7.30-7.26 (m, 1H, Ar-H), 73411 (m, 1H, 2-H), 7.10-7.05 (m, 2H,
3',5-(H),), 3.85 (s, 3H, OCH, 3.83 (s, 3H, OCH). *C NMR (100 MHz, CDGJ): § 160.1, 160.0,
159.5, 149.8, 141.2, 137.9, 132.2, 129.9, 129.8.3,2127.5, 127.2, 126.5, 125.4, 122.7, 115.6,
114.6, 114.3, 114.0, 55.4, 55.3. MS (E®1)2343.37 (M+2H), 341.39 (M.

4.1.9. 3-(3-(4-Methoxyphenyl)isoquinolin-1-yl)anédi @ac)

The procedures described #aa were used witlva (200 mg, 0.74 mmol), a solution of 3-
aminophenylboronic acid monohydrate (161 mg, 1.@30fhin 3 mL MeOH, Pd(PRJy (0) (43 mg,
0.03 mmol), sat. N&O; solution (2 mL) and 1,2-dimethoxy ethane (8 mlgjjdwed by column
chromatography nthexane:EtOAc = 4:1) to obtain compouddc as a light yellow semi-solid,
which solidified upon prolonged heating and vacupmmping (193 mg, 79%). 1R= 0.61 (-
hexane:EtOAc = 1:1). Mp: 119-123 °# NMR (300 MHz, CDCJ):  8.18 (m, 3H, Ar-H), 7.97 (d,
J=0.9 Hz, 1H, 4-H), 7.88 (dl = 8.4 Hz, 1H, Ar-H), 7.67-7.61 (m, 1H, Ar-H), 74843 (m, 1H,
Ar-H), 7.34-7.29 (m, 1H, Ar-H), 7.16=7.11 (m, 2H-K), 7.04—6.99 (m, 2H,'35-(H),), 6.85-6.81
(m, 1H, 2-H), 3.87 (s, 3H, OCH), 3.81 (bs, 2H, Nb). **C NMR (100 MHz, CDGJ): & 160.4, 160.0,
149.8, 146.4, 140.9, 137.8, 132.3, 129.9, 129.@.312127.7, 127.1, 126.3, 125.4, 120.7, 116.8,
115.3, 114.5, 114.0, 55.3. MS (ESHv/z 327 (M+H)" MS (ESI): m/z 327.03 (M+H), 328.44
(M+2H)*, 326.41 (M.

4.1.10. 4-(3-(4-Methoxyphenyl)isoquinolin-1-yl)pbke(ad)

The procedures described f#aa were used witlvya (200 mg, 0.74 mmol), a solution of 4-
hydroxyphenylboronic acid (143 mg, 1.03 mmol) imB MeOH, Pd(PP¥)4 (0) (43 mg, 0.03 mmol),
sat. NaCG;s solution (2 mL) and 1,2-dimethoxy ethane (5 mb)ldwed by column chromatography
(n-hexane:EtOAc = 7:1) to obtain compousadd as a white solid (151 mg, 62%); R 0.48 (-
hexane:EtOAc = 3:1). Mp: 160 °GH NMR (300 MHz, DMSOd6): § 9.82 (bs, 1H, OH), 8.26 (s,
1H, 4-H), 8.22-8.18 (m, 2H, Ar-H), 8.09-8.02 (m,,2&-H), 7.77—7.72 (m, 1H, Ar-H), 7.62—7.54
(m, 3H, Ar-H), 7.10-7.06 (m, 2H, Ar-H), 6.99-6.9®,(2H, Ar-H), 3.83 (s, 3H, OCHL **C NMR
(100 MHz, DMSOd6): 6 160.3, 159.7, 158.5, 149.0, 138.1, 131.8, 13018D.64, 128.3, 127.9,

127.44, 127.41, 125.0, 115.6, 114.6, 114.0, 55.3. (EBSI):m/z327.98 (M+H), 329.50 (M+2Hj,
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327.37 (MJ, 326.00 (M-H).

4.1.11. 1,3-Bis(4-methoxyphenyl)isoquinolidas]

The procedures described #aa were used witlva (200 mg, 0.74 mmol), a solution of 4-
methoxyphenylboronic acid (146 mg, 0.96 mmol) imB MeOH, Pd(PP$)4 (0) (43 mg, 0.03 mmol),
sat. NaCOs; solution (2 mL) and 1,2-dimethoxy ethane (5 mLlldwed by MPLC ¢-
hexane:CHCI, = 3:1, 1:1) to obtain compournthe as a white solid (208 mg, 82%); R 0.5 -
hexane:EtOAc = 4:1). Mp: 131-133 °@&4 NMR (300 MHz, CDGJ): § 8.19-8.12 (m, 3H, Ar-H),
7.96 (d,J =0.9 Hz, 1H, 4-H), 7.88 (d,= 8.4 Hz, 1H, Ar-H), 7.80-7.75 (m, 2H, Ar-H), 7-6/7.62 (m,
1H, Ar-H), 7.50-7.44 (m, 1H, Ar-H), 7.11-7.06 (nH},2Ar-H), 7.04-6.99 (m, 2H, Ar-H), 3.91 (s, 3H,
OCHg), 3.87 (s, 3H, OCH. *C NMR (100 MHz, CDGJ): § 160.1, 160.0, 159.8, 149.8, 138.0, 132.5,
132.3, 131.6, 129.9, 128.3, 127.6, 127.3, 126.5,412114.2, 114.0, 113.7, 55.42, 55.36. MS (ESI):
m/z343.41 (M+2HjJ, 341.40 (MJ, 327.79 (M-CH+2H)".

4.1.12. 3-(3-(3,5-Dimethoxyphenyl)isoquinolin-1pyig¢nol dba)

The procedures described #aa were used witlrb (200 mg, 0.66 mmol), a solution of 3-
hydroxyphenylboronic acid (129 mg, 0.93 mmol) imB MeOH, Pd(PP¥)4 (0) (38 mg, 0.03 mmoal),
sat. NaCO; solution (2 mL) and 1,2-dimethoxy ethane (5 mLlldwed by MPLC ¢-
hexane:EtOAc = 7:1) to obtain compoudioa as a transparent semi-solid, which solidified iato
white solid upon prolonged heating (243 mg, quatitie). R = 0.68 (-hexane:EtOAc = 2:1). Mp:
140-142 °C. IR: 3265 cm *H NMR (300 MHz, DMSOd6): § 9.71 (bs, 1H, OH), 8.45 (s, 1H, 4-H),
8.11-8.05 (m, 2H, Ar-H), 7.82-7.77 (m, 1H, Ar-H)66-7.60 (m, 1H, Ar-H), 7.41-7.36 (m, 3H, Ar-
H), 7.17-7.14 (m, 2H, Ar), 6.97—6.93 (m, 1H;R), 6.58 (t,J = 2.2 Hz, 1H, 4H), 3.84 (s, 6H, 35'-
(OCHs),). 3C NMR (100 MHz, CDGJ): § 161.0, 160.6, 156.0, 150.1, 141.6, 140.1, 13736,4,
129.2,127.7, 127.3, 127.1, 126.0, 122.1, 117.3,011116.0, 105.4, 100.9 55.5. MS (ESH)/z358
(M+H)", 356 (M-H). MS (ESI):m/z355.91 (M-H).

4.1.13. 3-(3,5-Dimethoxyphenyl)-1-(3-methoxyph&ugduinoline 4bb)

The procedures described #aa were used wittyb (200 mg, 0.66 mmol), a solution of 3-
methoxyphenylboronic acid (142 mg, 0.93 mmol) imB MeOH, Pd(PP%)4 (0) (38 mg, 0.03 mmol),
sat. NaCO; solution (2 mL), and 1,2-dimethoxy ethane (5 mid/lowed by MPLC (-
hexane:EtOAc = 7:1) to obtain compoudidb as a transparent semi-solid, which solidified upon
storage (186 mg, 75%).tR 0.61 (-hexane:EtOAc = 3:1). Mp: 95-98 °éH NMR (300 MHz,
CDCl3): 6 8.14 (dd,J = 8.4, 0.9 Hz, 1H, Ar-H), 8.04 (s, 1H, 4-H), 7.68 J = 8.1 Hz, 1H, Ar-H),
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7.71-7.65 (m, 1H, Ar-H), 7.54-7.48 (m, 1H, Ar-H)}48-7.43 (m, 1H, Ar-H), 7.38-7.34 (m, 4H, Ar-
H), 7.08—7.04 (m, 1H,"2H), 6.53(t,J = 2.2 Hz, 1H, 4H), 3.89 (s, 9H, 35, 3'-(OCHs)3). °C NMR
(100 MHz, CDCY): & 161.1, 160.0, 159.5, 149.8, 141.7, 141.1, 1373011, 129.2, 127.5, 127.4,
127.0, 125.9, 122.7, 116.1, 115.6, 114.3, 105.2,71(5.5, 55.4. MS (ES)n/z372 (M+H). MS
(ESI):m/z373.26 (M+2HJ, 371.38 (M}, 357.93 (M-CH+2H)".

4.1.14. 3-(3-(3,5-Dimethoxyphenyl)isoquinolin-layljine @bc)

The procedures described #aa were used witlrb (200 mg, 0.66 mmol), a solution of 3-
aminophenylboronic acid monohydrate (145 mg, 0.830fhin 3 mL MeOH, Pd(PRJy (0) (38 mg,
0.03 mmol), sat. N&O; solution (2 mL) and 1,2-dimethoxy ethane (10 nfh)lowed by column
chromatographyrthexane:EtOAc = 5:1, 3:1) to obtain compoulit as a light yellow transparent
semi-solid, which solidified upon storage (212 r8§%). R = 0.22 (-hexane:EtOAc = 2:1). Mp:
58-62 °C*H NMR (300 MHz, CDCJ): § 8.16 (d,J = 8.4 Hz, 1H, Ar-H), 8.01 (s, 1H, 4-H), 7.91 (d,
J=8.4 Hz, 1H, Ar-H), 7.69-7.64 (m, 1H, Ar-H), 7-6247 (m, 1H, Ar-H), 7.36—-7.29 (m, 3H, Ar-H),
7.16-7.11 (m, 2H, Ar-H), 6.85-6.81 (m, 1H:-1), 6.52 (t,J = 2.2 Hz, 1H, 4H), 3.89 (s, 6H, 35~
(OCHg),), 3.81 (s, 2H, NB). **C NMR (100 MHz, CDGJ): § 161.1, 160.5, 149.8, 146.4, 141.9,
140.8, 137.6, 130.0, 129.0, 127.8, 127.4, 126.6,00220.7, 116.9, 116.0, 115.3, 105.3, 100.6,.55.5
MS (ESI):m/z357 (M+H)". MS (ESI):m/z356.93 (M+HJ.

4.1.15. 4-(3-(3,5-Dimethoxyphenyl)isoquinolin-1pyig¢nol 4bd)

The procedures described #aa were used wittyb (200 mg, 0.66 mmol), a solution of 4-
hydroxyphenylboronic acid (129 mg, 0.93 mmol) imB MeOH, Pd(PP§), (0) (38 mg, 0.03 mmol),
sat. NaCO; solution (2 mL) and 1,2-dimethoxy ethane (7 mLylldwed by MPLC (-
hexane:EtOAc = 7:1) to obtain compoudiod as a transparent semi-solid, which solidified iato
white solid upon prolonged heating and vacuum pag 9 mg, 28%). R= 0.62 (-hexane:EtOAc
= 2:1). Mp: 185-188 °C'H NMR (300 MHz, CDC}): § 8.14 (ddJ = 8.4, 0.9 Hz, 1H, Ar-H), 8.00 (s,
1H, 4-H), 7.91 (dJ = 8.1 Hz, 1H, Ar-H), 7.72-7.65 (m, 3H",8"-(H),, Ar-H), 7.54-7.48 (m, 1H,
Ar-H), 7.36 (d,J = 2.4 Hz, 2H, 26'-(H),), 6.99-6.95 (m, 2H,"35"-(H),), 6.53 (t,J = 2.2 Hz, 1H, 4
H), 5.34 (s, 1H, OH), 3.89 (s, 6H,3-(OCHs),). **C NMR (100 MHz, DMSOd6): § 161.3, 159.7,
158.6, 148.7, 141.5, 138.0, 131.8, 130.7, 130.B,22127.9, 127.4, 125.6, 115.68, 115.64, 105.1,
100.9, 55.8. MS (ESIm/z358 (M+HY), 356 (M-H). MS (ESI):m/z357.98 (M+H]J, 355.95 (M-H).

4.1.16. 3-(3-(4-Methoxy-2-methylphenyl)-6-methyjisoolin-1-yl)phenol 4ca)
The procedures described faa were used wittyc (350 mg, 1.17 mmol), a solution of 3-
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hydroxyphenylboronic acid (227 mg, 1.64 mmol) imk MeOH, Pd(PP§), (0) (68 mg, 0.05 mmoal),
sat. NaCO; solution (3 mL) and 1,2-dimethoxy ethane (10 mifpllowed by column
chromatographynthexane:EtOAc = 5:1) to obtain compouth as a transparent semi-solid, which
solidified into a white solid upon prolonged hegtend vacuum pumping (394 mg, 94%,).-R0.28
(n-hexane:EtOAc = 3:1). Mp: 104-107 °&4 NMR (300 MHz, DMSOd6): § 9.65 (s, 1H, OH),
7.97 (d,J =8.7 Hz, 1H, Ar-H), 7.82 (s, 1H, Ar-H), 7.79 (&, Ar-H), 7.50-7.44 (m, 2H, Ar-H), 7.35
(t, J = 8.1 Hz, 1H, Ar-H), 7.10-7.08 (m, 2H, Ar-H), 6:9886 (m, 3H, Ar-H), 3.80 (s, 3H, OGH
2.51 3H, Ar-CHs, overlapped with DMSO peaks), 2.42 (s, 3H, Ar{LHH NMR (300 MHz,
CDCl3): 6 7.99 (d,J = 8.7 Hz, 1H, Ar-H), 7.64 (s, 1H, Ar-H), 7.60 (&, Ar-H), 7.48-7.45 (m, 1H,
Ar), 7.35-7.28 (m, 2H, Ar-H), 7.22-7.19 (m, 1H, Aj; 7.12-7.11 (m, 1H, Ar-H), 6.86—6.80 (m, 3H,
Ar-H), 6.08 (bs, 1H, OH), 3.83 (s, 3H, OGH2.55 (s, 3H, Ar-Ch), 2.44 (s, 3H, Ar-Ch). **C NMR
(100 MHz, CDC}¥): 6 159.9, 159.3, 156.1, 152.2, 140.8, 139.9, 13738,11, 131.3, 129.2, 129.0,
127.7, 125.8, 123.7, 121.8, 119.4, 117.8, 116.6,111111.2, 55.2, 21.9, 20.8. MS (ESHiz 356
(M+H)", 354 (M-H). MS (ESI):m/z356.04 (M+H}, 353.95 (M-H).

4.1.17. 3-(3-(4-Methoxy-2-methylphenyl)-6-methyjisoolin-1-yl)aniline écc)

The procedures described faa were used wittyc (395 mg, 1.32 mmol), a solution of 3-
aminophenylboronic acid monohydrate (288 mg, 1.8%fhin 5 mL MeOH, Pd(PRy (0) (77 mg,
0.06 mmol), sat. N&O; solution (2 mL) and 1,2-dimethoxy ethane (8 mlgjJdwed by column
chromatographynthexane:EtOAc = 7:1) to obtain compouétt as a brown semi-solid (368 mg,
78%). R = 0.28 (-hexane:EtOAc = 3:1}H NMR (400 MHz, CDCJ): & 8.06 (d,J = 8.4 Hz, 1H,
Ar-H), 7.63 (s, 1H, Ar-H), 7.59 (s, 1H, Ar-H), 7.50.47 (m, 1H, Ar-H), 7.34-7.31 (m, 1H, Ar-H),
7.29-7.25 (m=1H. Ar-H, partially overlapped with CHgpeak), 7.09 (dt) = 7.6, 1.2 Hz, 1H, Ar-
H), 7.05 (t,J = 1.8 Hz, 1H, Ar-H), 6.83-6.81 (m, 2H, Ar-H), 6.7dd,J = 8, 2.4, 0.8 Hz, 1H, Ar-H),
3.83 (s, 3H, OCH), 3.30 (bs, 2H, Nb), 2.54 (s, 3H, Ar-Ch), 2.46 (s, 3H, Ar-Ch). *C NMR (100
MHz, CDCk): 6 159.7, 159.3, 152.4, 146.3, 140.7, 140.4, 13738,7, 133.5, 131.3, 129.0, 127.6,
125.9, 123.5, 120.7, 118.9, 116.8, 116.1, 115.8,2155.3, 21.8, 21.0. MS (ESH/z355 (M+H)'.
MS (ESI):m/z354.99 (M+HYJ, 356.54 (M+2H), 354.39 (MJ.

4.1.18. 3-(3-(3,4-Dimethoxyphenyl)-6-methylisoglima-yl)phenol dda)

The procedures described #ma were used wittvd (200 mg, 0.63 mmol), solution of 3-
hydroxyphenylboronic acid (132 mg, 0.95 mmol) imB MeOH, Pd(PP¥)4 (0) (37 mg, 0.03 mmol),
sat. NaCGQO; solution (3 mL) and 1,2-dimethoxy ethane (5 mb)ldwed by column chromatography

(n-hexane:EtOAc = 3:1, 1:1) to obtain compouttth as a light green semi-solid, which solidified
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upon prolonged heating and vacuum pumping (260quagntitative). R= 0.55 (-hexane:EtOAc =
1:1). Mp: 96-99 °C. IR: 3411 ¢l'H NMR (300 MHz, DMSOd6): § 9.66 (bs, 1H, OH), 8.25 (s,
1H, Ar-H), 7.93 (bJ = 8.7 Hz, 1H, Ar-H), 7.82—7.79 (m, 3H, Ar-H), 7-4435 (m, 2H, Ar-H), 7.14—
7.07 (m, 3H, Ar), 6.96-6.92 (m, 1H, Ar-H), 3.87 8, OCH), 3.82 (s, 3H, OCEHJ, 2.52 (s, 3H, 6-
CHs). °C NMR (100 MHz, CDGJ): & 160.4, 156.1, 150.3, 149.4, 149.0, 140.9, 14(86,0, 132.6,
129.2, 127.6, 125.9, 124.1, 121.8, 119.9, 117.6,111115.8, 111.1, 110.5, 55.9, 21.9. MS (EBl)k
371.93 (M+H]J.

4.1.19. 3-(3,4-Dimethoxyphenyl)-1-(3-methoxyphedyt)ethylisoquinolineddb)

The procedures described #aa were used wittyd (200 mg, 0.63 mmol), a solution of 3-
methoxyphenylboronic acid (145 mg, 0.95 mmol) imB MeOH, Pd(PP$)4 (0) (37 mg, 0.03 mmol),
sat. NaCG;s solution (3 mL) and 1,2-dimethoxy ethane (5 mb)ldwed by column chromatography
(CH.CI,, n-hexane:EtOAc = 5:1, 3:1) to obtain compoutdtb as a transparent semi-solid, which
solidified into a white solid upon storage (248 mgantitative). R= 0.23 (-hexane:EtOAc = 3:1).
Mp: 58—61 °CH NMR (300 MHz, DMSOd6): § 8.28 (s, 1H, Ar-H), 7.92 (dl = 8.7 Hz, 1H, Ar-H),
7.83-7.79 (m, 3H, Ar-H), 7.53-7.48 (m, 1H, Ar-H)4Z (dd,J = 8.7, 1.8 Hz, 1H, Ar-H), 7.30-7.26
(m, 2H, Ar-H), 7.14-7.07 (m, 2H, Ar-H), 3.87 (s, 3BCH;), 3.84 (s, 3H, OCH), 3.82 (s, 3H,
OCHy), 2.52 (s, 3H, 6-Ch. *C NMR (100 MHz, CDG)): & 159.6, 159.5, 149.9, 149.5, 149.1,
141.4, 140.3, 138.2, 132.7, 129.1, 128.9, 127.8,11223.9, 122.7, 119.5, 115.6, 114.5, 114.2,1111.
110.2, 56.0, 55.9, 55.4. MS (ESi)/z385.94 (M+HJ, 387.58 (M+2H), 385.37 (M.

4.1.20. 3-(3-(3,4-Dimethoxyphenyl)-6-methylisoglima-yl)aniline @dc)

The procedures described #aa were used witlrd (200 mg, 0.63 mmol), a solution of 3-
aminophenylboronic acid monohydrate (148 mg, 0.9%0thin 3 mL MeOH, Pd(PRJy (0) (37 mg,
0.03 mmol), sat. N&O; solution (2 mL) and 1,2-dimethoxy ethane (5 mbjldwed by MPLC (-
hexane:EtOAc = 5:1) to obtain compouddc as a yellow semi-solid, which solidified upon
prolonged heating and vacuum pumping (202 mg, 8% 0.51 (-hexane:EtOAc = 1:1). Mp:
122-126 °C'H NMR (300 MHz, DMSOd6): & 8.22 (s, 1H, Ar-H), 7.94 (d] = 9 Hz, 1H, Ar-H),
7.82—7.79 (m, 3H, Ar-H), 7.42—-7.38 (m, 1H, Ar-H)23-7.18 (m, 1H, Ar-H), 7.08 (d,= 9.3 Hz, 1H,
Ar-H), 6.92-6.91 (m, 1H, Ar-H), 6.83-6.79 (m, 1Hr-H), 6.74-6.70 (m, 1H,"2H), 5.27 (s, 2H,
NHy), 3.87 (s, 3H, OC}J, 3.82 (s, 3H, OCHJ, 2.51 &3H, Ar-CHg, overlapped with DMSO peaks).
'H NMR (300 MHz, CDCJ): 6 8.02 (dJ = 8.7 Hz, 1H, Ar-H), 7.89 (s, 1H, Ar-H), 7.78-7.{8, 2H,
Ar-H), 7.65 (s, 1H, Ar-H), 7.34-7.26 (m, 2H, Ar-Hj},16—7.10 (m, 2H, Ar-H), 6.98 (d,= 8.4 Hz,

1H, Ar-H), 6.85-6.81 (m, 1H,"2H), 4.01 (s, 3H, OCH), 3.94 (s, 3H, OCH), 3.79 (bs, 2H, Nb),
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2.54 (s, 3H, 6-Ch). **C NMR (100 MHz, CDGJ): & 160.1, 149.9, 149.5, 149.1, 146.3, 141.0, 140.2,
138.1, 132.8, 129.0, 128.8, 127.6, 126.0, 123.0,7,2119.6, 116.8, 115.2, 114.5, 111.1, 110.2,,56.0
55.9, 21.8. MS (ESI)m/z 371 (M+H). MS (ESI):m/z 371.01 (M+HJ, 372.42 (M+2H), 370.39
(M)™.

4.1.21. 4-(3-(3,4-Dimethoxyphenyl)-6-methylisoglima-yl)phenol 4dd)

The procedures described #aa were used wittyd (200 mg, 0.63 mmol), a solution of 4-
hydroxyphenylboronic acid (114 mg, 0.82 mmol) imB MeOH, Pd(PP¥), (0) (37 mg, 0.03 mmol),
sat. NaCGQ; solution (2 mL) and 1,2-dimethoxy ethane (5 mb)ldwed by column chromatography
(CH.CI,, n-hexane:EtOAc = 4:1) to obtain compouddld as a light hay-colored semi-solid, which
solidified upon storage (236 mg, 99%). R 0.22 (-hexane:EtOAc = 2:1). Mp: 190-193 °€H
NMR (300 MHz, DMSOd6): § 9.79 (bs, 1H, OH), 8.19 (s, 1H, Ar-H), 7.97 J&; 8.7 Hz, 1H, Ar-H),
7.81-7.78 (m, 3H, Ar-H), 7.61-7.58 (m, 2H,&-(H),), 7.42-7.39 (m, 1H, Ar-H), 7.08 (d,= 9 Hz,
1H, Ar-H), 6.98-6.95 (m, 2H,"3%"-(H),), 3.87 (s, 3H, OCHJ, 3.82 (s, 3H, OC}J, 2.51-2.48 (3H,
6-CHs, overlapped with DMSO peaksH NMR (400 MHz, CDCJ): 6 8.00 (d,J = 8.4 Hz, 1H, Ar-
H), 7.88 (s, 1H, Ar-H), 7.78 (dl = 2 Hz, 1H, Ar-H), 7.72 (dd] = 8.4, 2 Hz, 1H, Ar-H), 7.69-7.66
(m, 3H, 2,6"-(H),, Ar-H, overlapped), 7.32—-7.29 (m, 1H, Ar-H), 7.8085 (m, 3H, Ar-H, 35"-(H),,
overlapped), 5.35 (bs, 1H, OH), 4.01 (s, 3H, QGRB.95 (s, 3H, OCH), 2.55 (s, 3H, 6-CH. *C
NMR (100 MHz, DMSOd6): 6 159.3, 158.5, 149.9, 149.3, 149.2, 140.4, 1382,2, 131.8, 130.7,
129.5, 127.3, 126.7, 123.5, 119.7, 115.5, 113.2,211110.5, 56.06, 56.02, 21.8. MS (ESh/z
371.92 (M+HY, 369.93 (M-H).

4.1.22. 3-(3,4-Dimethoxyphenyl)-1-(4-methoxyphedyt)ethylisoquinolinedde)

The procedures described #aa were used wittyd (200 mg, 0.63 mmol), a solution of 4-
methoxyphenylboronic acid (126 mg, 0.82 mmol) imB MeOH, Pd(PP%)4 (0) (37 mg, 0.03 mmol),
sat. NaCGQ; solution (2 mL) and 1,2-dimethoxy ethane (5 mb)ldwed by column chromatography
(CH.CI,, n-hexane:EtOAc = 5:1) to obtain compoudde as a transparent semi-solid, which
solidified into an off-white solid upon storage 28g, 94%). R= 0.32 (-hexane:EtOAc = 3:1).
Mp: 84—-88 °C*H NMR (300 MHz, DMSOd6): § 8.22 (s, 1H, Ar-H), 7.95 (d} = 8.7 Hz, 1H, Ar-H),
7.82—7.79 (m, 3H, Ar-H), 7.73-7.69 (m, 2H,&-(H),), 7.42 (ddJ = 8.4, 1.5 Hz, 1H, Ar-H), 7.17—-
7.13 (m, 2H, 3,5"-(H),), 7.09 (d,J = 9.3 Hz, 1H, Ar-H), 3.87 (s, 6H, (OGH), 3.82 (s, 3H, OC}j,
2.52 (s, 3H, 6-Ch). *C NMR (100 MHz, CDGJ): & 160.0, 159.4, 149.9, 149.5, 149.1, 140.1, 138.3,
132.9, 132.6, 131.5, 128.8, 127.4, 126.3, 123.9,511114.0, 113.7, 111.2, 110.2, 56.03, 56.0, 55.4,

21.8. MS (ESI)m/z386.08 (M+HJ, 387.62 (M+2H], 385.34 (M.
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4.1.23. 1-(3-Aminophenyl)-3-(3,5-dimethoxyphenyN-dimethylisoquinolin-7-aminel€c)

The procedures described #aa were used witye (197 mg, 0.57 mmol), a solution of 3-
aminophenylboronic acid monohydrate (125 mg, 0.8@ihin 3 mL MeOH, Pd(PRJy (0) (33 mg,
0.02 mmol), sat. N&O; solution (2 mL) and 1,2-dimethoxy ethane (10 nib)owed by MPLC (-
hexane:EtOAc = 5:1) to obtain compouddc as a yellow semi-solid, which solidified upon
prolonged heating (157 mg, 68%). Mp: 101-103 °C.3&73 cnt. *H NMR (300 MHz, DMSO-
d6): § 8.21 (s, 1H, Ar-H), 7.91 (d, = 9 Hz, 1H, Ar-H), 7.51-7.47 (m, 1H, Ar-H), 7.34,( = 2.4 Hz,
2H, 2, 6-(H)2), 7.19 (tJ = 7.8 Hz, 1H, Ar-H), 7.13 (d] = 2.4 Hz, 1H, Ar-H), 6.99 ({ = 1.9 Hz, 1H,
Ar-H), 6.90-6.87 (m, 1H, Ar-H), 6.70-6.66 (m, 1H;:1), 6.51 (t,J = 2.2 Hz, 1H, 4H), 5.25 (s, 2H,
NH,), 3.82 (s, 6H, 35-(OCHs),), 2.97 (s, 6H, N(Ch),). *C NMR (100 MHz, CDGJ): 5 161.0,
158.0, 149.1, 146.4, 146.3, 142.3, 141.5, 130.8,814128.2, 127.5, 120.4, 119.9, 116.8, 115.9,415.
105.4, 104.8, 99.9, 55.5, 40.6. MS (E®Myz400 (M+H)". MS (ESI):m/z399.97 (M+HJ.

4.1.24. 3-(3-(3,5-Dimethoxyphenyl)-6,7-dimethoxyisnolin-1-yl)phenol 4fa)

The procedures described #aa were used wittyf (200 mg, 0.55 mmol), a solution of 3-
hydroxyphenylboronic acid (100 mg, 0.72 mmol) imB MeOH, Pd(PP§)4 (0) (32 mg, 0.02 mmol),
sat. NaCGQ; solution (2 mL) and 1,2-dimethoxy ethane (5 mb)ldwed by column chromatography
(n-hexane:EtOAc = 5:1, 3:1) to obtain compoulid as a semi-solid, which solidified into a white
solid upon prolonged heating and vacuum pumping (4, 63%). R= 0.46 (-hexane:EtOAc =
1:1). Mp: 174-176 °C. IR: 3302 ¢m'H NMR (300 MHz, DMSOd6): § 9.65 (bs, 1H, OH), 8.28 (s,
1H, Ar-H), 7.49 (s, 1H, Ar-H), 7.40-7.35 (m, 4H,-A), 7.21-7.19 (m, 2H, Ar-H), 6.93-6.89 (m, 1H,
2"-H), 6.55 (t,J = 2.1 Hz, 4H), 3.97 (s, 3H, OCH}, 3.83 (s, 6H, (OCH},), 3.79 (s, 3H, OCH). °C
NMR (100 MHz, CDCJ): 6 160.9, 158.4, 156.6, 153.1, 150.1, 149.4, 14149.21 134.5, 129.2,
121.9, 121.3, 117.7, 116.3, 116.1, 105.7, 105.8,204.00.8, 56.1, 55.9, 55.4. MS (ESH/z417.97
(M+H)", 419.38 (M+HJ, 417.33 (M), 415.88 (M-H).

4.1.25. 3-(3-(3-(4-Methoxyphenyl)isoquinolin-1-yigmoxy)-N,N-dimethylpropan-1-amirta)
Compound4aa (149 mg, 0.45 mmol) was dissolved MN-dimethylformamide (DMF, 7
mL). Potassium carbonate (378 mg, 2.73 mmol) anélb &-dimethylamino-1-propylchloride
hydrochloride (216 mg, 1.31 mmol) were added to dbkition. The reaction mixture was heated
using an oil bath set at 100 °C. Water (100 mL) wasred into the reaction mixture; the product
was extracted with Cil, (100 mL x 9), washed with water (100 mL) and coniced under

reduced pressure. The residue thus obtained wigeduyy MPLC (-hexane:EtOAc = 3:1, EtOAc,
28



MeOH) to obtain8a as a transparent semi-solid (71 mg, 37%). The dreme8a was dissolved in
acetone (5 mL)c-HCI (11 drops) was added, and the reaction mixivae stirred for several hours.
The solvent and volatile substances were evapolatecacuum distillation in presence of heat to
obtain 8a-HCI salt as a yellow semi-solid, which solidifieghon prolonged heating.; R 0.34
(MeOH).'H NMR (300 MHz, CDC}): & 8.19-8.14 (m, 2H,'®-(H)2), 8.10 (ddJ = 8.4, 0.9 Hz, 1H,
Ar-H), 7.99 (s, 1H, Ar-H), 7.89 (d] = 8.1 Hz, 1H, Ar-H), 7.68-7.62 (m, 1H, Ar-H), 7-4R41 (m,
2H, Ar-H), 7.35-7.32 (m, 2H, Ar-H), 7.07-6.99 (mH,33,5,2"-(H)s), 4.10 (t,J = 6.4 Hz, 2H,
OCH,), 3.88 (s, 3H, OCHJ, 2.47 (t,J = 7.3 Hz, 2H, CHKN), 2.25 (s, 6H, N(Ch),), 2.00 (quintet, 2H,
OCH,CHy).

4.1.26. 3-(3-(3-(4-Methoxyphenyl)isoquinolin-1-yigmoxy)-N,N-dimethylpropan-1-amine
hydrochloride 8a-HCI)

'H NMR (300 MHz, CDCY): 6 12.03 (bs, 1H, NH), 8.17-8.05 (m, 6H, Ar-H), 7.8227 (m,
1H, Ar-H), 7.57-7.49 (m, 2H, Ar-H), 7.26-7.21 (nH,2Ar-H, partially overlapped with CHgpeak),
7.08 (d,J= 6.7 Hz, 2H, Ar-H), 4.39 (s, 2H, OGH 3.88 (s, 3H, OC}J, 3.37 (s, 2H, CbkN), 2.86 (s,
6H, N(CH),), 2.45 (s, 2H, OCBCH,). °C NMR (100 MHz, DMSQd6): § 160.5, 159.3, 158.7,
148.3, 138.3, 131.7, 130.6, 130.0, 128.8, 128.8,11227.5, 125.1, 123.0, 116.5, 116.0, 115.7,6114.
65.6, 55.7, 54.4, 42.4, 24.3. MS (ES1)iz412.89 (M+H]J, 328.21 (M-(CH)3NMex+2H)".

4.1.27. 2-(3-(3-(4-Methoxy-2-methylphenyl)-6-metiogjuinolin-1-yl)phenoxy)-N,N-
dimethylethanamine3b)

The procedures described for compo@adwere used with compountta (143 mg, 0.41
mmol), 2-chloroN,N-dimethylamine hydrochloride (90 mg, 0.62 mmol)fgssium carbonate (174
mg, 1.25 mmol) and DMF (7 mL), followed by columhrematographyrthexane:EtOAc = 3:1,
EtOAc, MeOH) to obtain compourth as a transparent semi-solid (125 mg, 69%). The draine
8b was converted t8b- HCI salt, a yellow semi-solid, which solidified arp prolonged heating and
vacuum pumping. R= 0.39 (MeOH)H NMR (300 MHz, CDC}): § 8.03 (d,J = 8.7 Hz, 1H, Ar-H),
7.64 (s, 1H, Ar-H), 7.61 (d] = 0.9 Hz, 1H, Ar-H), 7.51-7.48 (m, 1H, Ar), 7.40J = 8.1 Hz, 1H,
Ar-H), 7.35-7.29 (m, 3H, Ar), 7.05-7.01 (m, 1H;R), 6.84-6.82 (m, 2H, Ar-H), 4.13 3,= 5.8 Hz,
2H, OCH,), 3.84 (s, 3H, OCH), 2.75 (t,J = 5.8 Hz, 2H, CHN), 2.55 (s, 3H, Ar-CH),2.48 (s, 3H,
Ar-CHy), 2.34 (s, 6H, N(Ck)). MS (ESI):m/z427 (M+H)'.

4.1.28. 2-(3-(3-(4-Methoxy-2-methylphenyl)-6-metiogjuinolin-1-yl)phenoxy)-N,N-
dimethylethanamine hydrochlorid&x(HCI)
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'H NMR (300 MHz, CDCY): & 12.44 (bs, 1H, NH), 8.18 (d,= 8.3 Hz, 1H, Ar-H), 7.87 (s,
2H, Ar-H), 7.69-7.53 (m, 4H, Ar-H), 7.28-7.26 (1AM-H, partially overlapped with CHgIpeak),
6.91-6.88 (m, 3H, Ar-H), 4.87 (s, 2H, OgH3.85 (s, 3H, OCEkj, 3.69 (s, 2H, ChkN), 2.96 (s, 6H,
N(CHs),), 2.70 (s, 3H, Ar-Ch), 2.45 (s, 3H, Ar-Ch). **C NMR (100 MHz, DMSQd6): § 160.6,
157.8, 157.5, 139.1, 138.7, 132.5, 132.4, 130.8,61226.9, 123.9, 123.4, 117.2, 116.3, 111.9,,63.2
55.8, 55.4, 43.1, 22.2, 20.7. MS (ES1)/z426.85 (M+H].

4.1.29. 3-(3-(3-(4-Methoxy-2-methylphenyl)-6-metiogjuinolin-1-yl)phenoxy)-N,N-
dimethylpropan-1-amines()

The procedures described for compo@adwere used with compountta (175 mg, 0.51
mmol), 96% 3-dimethylamino-1-propylchloride hydrémide (127 mg, 0.76 mmol), potassium
carbonate (212 mg, 1.53 mmol) and DMF (7 mL), fekd by column chromatographwn-(
hexane:EtOAc = 3:1, EtOAc, MeOH) to obtain compo@adas a transparent semi-solid (221 mg,
97%). The free amin8c was converted t8c- HCI salt, a semi-solid, which solidified into allgev
solid upon prolonged heatings R0.19 (MeOH)!H NMR (300 MHz, CDCJ): § 8.03 (d,J = 8.7 Hz,
1H, Ar-H), 7.64 (s, 1H, Ar-H), 7.61 (s, 1H, Ar-Hj,51-7.48 (m, 1H, Ar-H), 7.43-7.26 (m, 4H, Ar-H,
partially overlapped with CHGlpeak), 7.03-6.99 (m, 1H/-H), 6.84—-6.81 (m, 2H, Ar-H), 4.07 d,
= 6.4 Hz, 2H, OCH), 3.84 (s, 3H, OCEHJ, 2.55 (s, 3H, Ar-Ch), 2.48 (s, 3H, Ar-Chl overlapped),
2.45 (t,J = 7.8 Hz, 2H, CEN, overlapped), 2.24 (s, 6H, N(G}), 1.97 (quintet] = 6.8 Hz, 2H,
OCH,CH,). *C NMR (100 MHz, CDG)): § 159.3, 159.2, 158.6, 152.6, 141.3, 140.3, 13738,7
133.6, 131.3, 129.2, 129.1, 127.3, 126.0, 123.2,81219.0, 116.16, 116.12, 114.6, 111.2, 65.4,55.
55.3, 43.8, 25.9, 21.8, 21.0.

4.1.30. 3-(3-(3-(4-Methoxy-2-methylphenyl)-6-metiogjuinolin-1-yl)phenoxy)-N,N-
dimethylpropan-1-amine hydrochlorid8c{HCI)

'H NMR (300 MHz, CDCY): & 11.88 (bs, 1H, NH), 8.16 (d,= 8.1 Hz, 1H, Ar-H), 7.86 (s,
2H, Ar-H), 7.67 (d,J = 8.4 Hz, 1H, Ar-H), 7.57-7.50 (m, 3H, Ar-H), 7-2621 (m, 2H, Ar-H,
partially overlapped with CHGIpeak), 6.91-6.88 (m, 2H, Ar-H), 4.40 (s, 2H, O%HB.85 (s, 3H,
OCH), 3.37 (s, 2H, CbN), 2.83 (s, 3H, Ar-Ch), 2.70 (s, 3H, Ar-Ch), 2.45 (s, 6H, N(Ch)y), 2.12
(s, 2H, OCHCHy,). MS (ESI):m/z441.15 (M+HJ.

4.1.31. 2-(4-(3-(3,4-dimethoxyphenyl)-6-methylisnglin-1-yl)phenoxy)-N,N-dimethylethanamine
(8d)
The procedures described for compo@adwere used with compoungtld (123 mg, 0.33
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mmol), 2-chloroN,N-dimethylamine hydrochloride (72 mg, 0.49 mmol)tgssium carbonate (137
mg, 0.99 mmol) and DMF (7 mL), followed by MPL@-lexane:EtOAc = 5:1, 3:1, EtOAc, MeOH)
to obtain compoundd as a rust colored semi-solid (108 mg, 73%). Thee famine8d was
converted tdc- HCI salt, a yellow solid. R= 0.26 (MeOH)!H NMR (300 MHz, CDGJ): & 8.02 (d,

J = 8.7 Hz, 1H, Ar-H), 7.87 (s, 1H, Ar-H), 7.80 (@= 2.1 Hz, 1H, Ar), 7.76-7.72 (m, 3H, Ar-H),
7.66 (s, 1H, Ar-H), 7.30 (ddl = 8.7, 1.5 Hz, 1H, Ar-H), 7.12-7.07 (m, 2H,3'-(H),), 6.98 (d,J =
8.4 Hz, 1H, Ar-H), 4.18 (t) = 5.7 Hz, 2H, OCH), 4.01 (s, 3H, OCH), 3.95 (s, 3H, OCH), 2.79 (t,J

= 5.7 Hz, 2H, CHN), 2.54 (s, 3H, 6-CFk},2.38 (s, 6H, N(CHh),).

4.1.32. 2-(4-(3-(3,4-Dimethoxyphenyl)-6-methylisoqlin-1-yl)phenoxy)-N,N-dimethylethanamine
hydrochloride 8d-HCI)

'H NMR (300 MHz, CDGJ): § 12.70 (bs, 1H, NH), 12.70 (bs, 1H, NH), 8.04 (4, 2Ar-H),
7.84-7.55 (m, 6H, Ar-H), 7.20 (s, 2H, Ar-H), 7.02 (H, Ar-H), 4.67 (s, 2H, OCH 4.05 (s, 3H,
OCH,), 3.93 (s, 3H, OCH), 3.56 (s, H, ChN), 2.97 (s, 6H, N(Ch).), 2.66 (s, 3H, 6-Ch). *°C
NMR (100 MHz, DMSOd6): 6 159.1, 158.4, 150.4, 149.3, 139.0, 132.3, 13@9%,9, 126.9, 123.6,
120.6, 115.2, 112.3, 111.3, 63.1, 56.18, 56.15,%8.2, 22.0. MS (ESI)n/z443.05 (M+H].

4.2. Cytotoxicity

Five lines of cells, MCF-10A, T47D, DU145, HCT-1#&nd HelLa were cultured according to
the supplier’s instructions. The cells were sedde@b-well plates at a density of 2 x°16r 1 x 18
cells per well and incubated overnight in 0.1 mLnoédia supplemented with 10% fetal bovine
serum (FBS, Hyclone, USA) in a 5% g@cubator at 37 °C. After FBS starvation for 4the
culture medium in each well was replaced with 0.0 afiquots of medium containing graded
concentrations of the test compounds followed litamhal incubation for 72 h . On day 4ub cell
counting kit-8 solution (Dojindo, Japan) was adtie@ach well and incubated for an additional 4 h
under the same conditions. The absorbance of ealtiwas determined using an Automatic ELISA
Reader System (Bio-Rad3550) at a wavelength of @50 To determine the kg values, the
absorbance readings at 450 nm were fitted to agatameter logistic equation using Table Curve

2D (SPSS Inc., USA). The positive control, Adrianmyevas purchased from Sigma (USA).

4.3. Topo I-mediated DNA relaxation assay
A mixture of pBR322 (100 ng) and recombinant hurbébA topo | (0.4 units; Topo-GEN
Inc., USA) was incubated with and without the tesinpounds at 37 °C for 30 min in relaxation

buffer [10 mM Tris-HCI (pH 7.9), 150 mM NacCl, 0.1%0ovine serum albumin, 1 mM spermidine,
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5% glycerol]. The reaction was quenched by addidg.R of stop solution containing 5% sarcosyl,
0.0025% bromophenol blue and 25% glycerol in al fumdume of 10uL. The DNA samples were

electrophoresed on 1% agarose gel at 15V for 7th WAE (Tris-acetate-EDTA) as the running
buffer. The gels were stained for 30 min in an aggesolution of ethidium bromide (0.5 mg/mL).
The DNA bands were visualized by transilluminatieith UV light, and the supercoiled DNA was
quantified using Alphalmag®f (Alpha Innotech Corporation).

4.4. Topo lk-mediated DNA relaxation assay

A mixture of supercoiled plasmid DNA pBR322 (200 ragd human DNA topo dl (1 unit;
Usb Corp., USA) was incubated with and without tist compounds in assay buffer [10 mM Tris-
HCI (pH 7.9) containing 50 mM NaCl, 50 mM KCI, 5 mMgCl,, 1 mM EDTA, 1 mM ATP, and 15
mg/mL bovine serum albumin] for 30 min at 30 °CeTreaction was quenched by adding 3 mL of 7
mM EDTA in a final volume of 20 mL. The DNA samphegre electrophoresed on 1% agarose gel
at 25 V for 4 h with TAE as the running buffer. Thels were stained for 30 min in an agueous
solution of ethidium bromide (0.5 mg/mL). The DNAras were visualized by transillumination
with UV light; the supercoiled DNA was quantified ing Alphalmagel® (Alpha Innotech

Corporation).

4.5. Tubulin polymerization assay

Purified porcine brain tubulin and PEM buffer [B0MNa-PIPES (pH 6.9), 1 mM Mggl 30 %
glycerol and 1 mM EGTA], PTX and GTP required forvitro tubulin polymerization assay were
purchased from Cytoskeleton (Denver, CO). The asseyperformed according to the protocol by
manufacturer and previously published method [#Drcine brain tubulin (final concentration 1.5
mg/mL) was dissolved in cold PEM buffer containihgnM GTP (G-PEM buffer). Each compound
and PTX were dissolved in DMSO and diluted by PEMFdr to attain desired concentration. Each
diluted compound solution was placed in pre-war®@@dvell plate and incubated at 37 °C for 2 min
before addition of tubulin solution. DMSO- and PTi¥ated tubulin solutions (1.5 mg/mL) were
used as vehicle and tubulin polymerization controdspectively. The degree of tubulin
polymerization was evaluated spectroscopically. dienge in absorbance at 340 nm was measured
every kinetic cycle (per minute) for 61 min at 3C Uusing a multimode microplate reader
(TECAN™, Switzerland).

4.6. Topo I-DNA cleavage complex assay

Cleavage complex assay was carried out accordiniget@reviously reported methods[42]
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with minor modifications. Supercoiled DNA (pBR32)0 ng; Thermo, USA) was reacted with 3
units topo | (TopoGen, USA) for 10 min before adtgitof the test compounds. The reaction mixture
was incubated at 37C for 20 min; the reaction was stopped by the @mdibf 0.5% sarcosyl,
followed by digestion with proteinase K at 46 for 30 min. After the addition of loading bufféine
reaction mixture was heated for 2 min at°fD and electrophoresed on a 1.5% agarose gel in TAE
buffer containing 0.mg/mL ethidium bromide, followed by destaining thed gith water for 20 min.

The gel was visualized using an Alphalmager™ (Alpireotech Corporation).

4.7. Comet assay

To evaluate DNA damage, the comet assay was pegtbrmsing single-cell gel
electrophoresis with a Trevigen kit (Gaithersbut$A) according to the method previously
reported[43]. Briefly, T47D cells, seeded at a dtgrsf 1 x 10 cells per well in six-well plates, were
treated with CPT and compouddc at 5uM and 10uM, respectively, for 24 h and harvested by
trypsinization, followed by resuspension of ceiisli mL of ice-cold PBS. Then, 8 mL resuspended
cells were mixed with 8QL low melting agarose at 37C, spread on slides and solidified in the
dark for 40 min at 4 C. Slides were lysed in ice-cold lysis solutiorthie dark for 30 min at 4C
and then submerged in a fresh alkaline solution ¥pE3) at room temperature (r.t.) for 30 min to
allow alkaline unwinding. Electrophoresis was parfed under alkaline conditions for 20 min at 15
V. Slides were rinsed twice with distilled watence with 70% ethanol and stained with SYBR
Green (Trevigen INC., USA) in TE buffer for 5 min the dark at £ C. Comet images were
obtained using an inverted fluorescence microsa@fmess, Axiovert 200) at 10 magnification;
percent DNA in tail was analyzed by Komet 5.0 saftsv(Kinetic imaging Ltd, UK). Data were
represented both by imaging and graphically by oamg selecting comet lengths of T47D cells.

4.8. DNA unwinding assay

The DNA unwinding capacity of compourdidc was analyzed using a DNA unwinding kit
(TopoGEN, Port Orange, FL, USA) according to thenafacturer's instructions. Briefly, 100 ng
pHOTL1 plasmid DNA was treated with 3 units topdalégoGEN) in 20 mL of reaction buffer (10
mM Tris-HCI, pH 7.5, 1 mM EDTA) for 30 min at 37C. Relaxed plasmids were then incubated in
the presence of compouddc at 37° C for an additional 30 min. Amsacrine (100, 2000,58nd
1000 uM) was used as a positive control. The reaction teasiinated by adding 1% SDS and
loading dye at the end of the incubation; the lieagbroduct was resolved on 1% agarose gels at 15

V/cm for 12-15 h. After electrophoresis, the getyavstained in TAE buffer with ethidium bromide
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for 30 min and visualized using an Alphalmager™p{#e Innotech Corporation).

4.9. Competitive Hoechst assay
ctDNA (30 uM) was mixed with Hoechst 33342 (iy/mL) in final concentrations in the 10

mM tris buffer solution (pH 7.2), followed by incation for 30 min at r.t. with shaking. Diverse
concentration of compoundcc was added to the white 96 well plate (NuncTM, Darkh
containing the mixture of ctDNA and Hoechst 3334khtreated control was treated with same
amount of DMSO instead of compound and the final¥Mamount was equally 1% for all samples.
After addition of compound, the plate was continglguncubated for 30 min at r.t. The fluorescence
intensity was measured by multimode microplate eea@ECAN™, Switzerland) at 361 nm

excitation. The emission spectrum was collectetDat-600 nm.

4.10. Band depletion assay

The transient covalent adduct of topo | with DNAcklls were evaluated in the absence and
presence of compounds (CPT atud) according to the previously reported method[44]7D cells
were seeded in a 60-mm cell culture plate at aiyeos2 x 17 cells per well. On day 2, cells were
treated with the test compounds for 2 h at@7The cells were then harvested by trypsinizatiod
suspended in 1 mL phosphate-buffered saline (PBi&¢d with the same concentration of each test
compound to prevent rapid dissociation of the cider complex. The suspended cells were
centrifuged, and cell pellets were lysed in denagubuffer (62.5 mM Tris-HCI (pH 6.8), 1 mM
EDTA and 2% SDS) with sonication (20 bursts, 2 sach) followed by centrifuge at 4 and
12,000 rpm for 30 min. The lysate was added toR%$ $ading buffer (1 M Tris-HCI (pH 6.8), 10%
SDS, 0.04% bromophenol blue, 20% glycerol, 18%hercaptoethanol) and then separated on 8%
SDS-PAGE gels for Western blot analysis. @0of protein per sample was resolved by SDS-PAGE
and transferred to a PVDF membrane (Millipore, USR)e membranes were blocked with 5% skim
milk or BSA in Tris buffered saline containing 0.18teen 20 (TBST) and probed with primary
antibodies in a dilution ratio of 1:1000 for 3 hrdt The blots were washed, exposed to HRP-
conjugated anti-rabbit or mouse IgG (Cell Signalifechnology Inc. USA) in a dilution ratio of
1:5000 for 1 h, and detected with ECL western bigttietection reagent (GE healthcare, Denmark).
Western blot images were taken by LAS-3000 (FuptBlFilm Co., Ltd, Japan) and analyzed using
Multi-Gauge Software (Fuji Photo Film Co. Ltd., aap.
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Highlights

1,3-Diarylisoquinoline was designed based on structure of 3,4-diarylisoquinoline.
1,3-Diarylisoquinolines were cytotoxic against cancer cells.

Severa derivatives inhibited topo I/11a activity even at low concentration.
1,3-Diarylisoquinolines had weak or no antitubulin activity.
1,3-Diarylisoquinoline 4cc is a non-intercalative topo | catalytic inhibitor.



