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1. Introduction

Developments in the synthesis of new quinoline déviea are progressing and expanding hugely duéed pharmaceutical
importance. Applications of quinoline derivativesr@decome widespread from anticancer drugs to alewasy branch of medicinal
chemistry-® A variety of heterocyclic ring systems for anticaneetivity have been widely reported by a numberesearchers to
develop new approaches to a variety of heterocyiclicsystems, especially including 3-substitutethgline derivatives.

Several methods for the synthesis of haloquinolimeese been reported, including direct halogenatidrich always suffers from
poor regioselectivity and overhalogenatfobut only a few methods for the regioselective sgsih of 3-haloquinolines are known.
The development of a new synthetic method for piagahalogen-containing quinolines would enable tletlsesis of diverse
quinoline frameworks because the halogen atom centihnce biological activity in many cases6 anddalso be used for further
functionalization in preparing other moleculés.

There has been enormous interest in developingiaifi methods for the synthesis of quinoline déives considering their
significant applications in the field of bioorganiodustrial, and synthetic organic chemistry. Bieaup, Friedlander, Doebner—von
Miller, and Combes synthe$éof quinoline derivatives are important classicaitbetic approaches. Almost all synthetic strategres
based on metal catalyzed cyclizations or acid yz¢al cycloadditionS.However, quinoline synthesis has important disachges,
such as harsh reaction conditions and highly acisidlia;’ that make it tedious to isolate the product from thude mixture. For
instance, the Skraup procedure includes reactiomaeta or 3,4-disubstituted anilines normally giving axtare of regioisomers
difficult to isolate. Most of these methods are fudly satisfactory with respect to yield;*reaction conditions'** generality****and
practical usé***These synthetic problems have encouraged researtheevelop a practical efficient procedure fa fynthesis of
these important heterocycl&s.

It is interesting that despite the considerablettsstic and biological interest in quinoline derivas, very few general synthetic
routes are available starting from quinoline oraeydroquinoline cores themselves. Recently, we Hauad that the bromination
reaction of substituted 1,2,3,4-tetrahydroquindirea good starting point for functionalizing boiihgs. In our previous publications,
brominated tetrahydroquinolines were transformedtheir respective derivativés® Bromination of 6-bromo-8-cyano-1,2,3,4-
tetrahydroquinoline gave corresponding 3-brominateiholine derivatives (Scheme ). This methodology uses neither metal
catalyzed cyclizations nor acid catalyzed cycloadds. The process constitutes a rapid and conmeniethod for obtaining selective
brominated aromatic compounds as the sole prodlutigh yields.
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This work presented herein is a continuation of @ugoing research and focuses on the synthesislgiupotional quinolines,
starting from methoxy 1,2,3,4-tetrahydroquinolinéhich provides an efficient synthesis of brominatedivatives at C-3 and C-5
(Scheme 1). We are also interested in investigaifaime biological activity and structure—activigiationship (SAR) results because
the synthesized quinoline derivatives exhibitechiiging anticancer activities and interesting SARshé®ne 2):*"°
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Scheme 1. Preparation of 3-bromo quinolines franalgdroquinolines.
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Scheme 2. Structure-Activity Relationship for compds?, 3 and4.

2. Results and Discussion

The starting compounds were synthesized accordingoio procedures reported previously starting fron2,34-
tetrahydroquinoline 1) (Scheme 3y?**First we studied bromination of methoxy quinolir@snd9 with different equivalents of
bromine. The product ratios and conversions arepdedhin Scheme 4. While bromination 8fwith three equivalents of bromine

afforded compoundO, bromination with four equivalents of bromine gasibromide11 (Scheme 4).

N
H
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1 92% 8, 14% 9, 48%

Scheme 3. Preparation of starting materials.
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Scheme 4. Bromination reaction of 6-bromo-8-meyhtidQ 8 and synthesis of dibromid® and tribromidell.

Dimethoxide9 was brominated with 3 equivalents of bromine, anddibeomide12 was obtained as the sole product in high
yield (80%) in reaction conditions similar to thoge compound8. On the other hand, bromination &fwith four equivalents of
bromine gave dibromidd3 in 78% yield. The dibromidd3 was also achieved by the bromination of compo@dusing one
equivalents of bromine in 85% yield (Scheme 5).
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Scheme 5. Bromination of 6,8-dimethoxi@le

The 'H NMR spectra of compoundt, 11, 12, and13 exhibit simple aromatic signals, which are estéieiis easily by their
vicinal coupling patterns. TheH NMR spectra ofl0 consisted of four characteristic aryl signals witktacouplings {J = 1.6 Hz),
indicating the positions of the bromine groups. Bheervation ofnetacouplings and a singlet signal4.1) in the'H NMR spectrum
of 10 is consistent with the methoxy group at C-8 and bramines bound to the C-3 and C-5 positions (Tabldn the®*C NMR
spectrum ofL0, methoxy §c 55.6) and aryl signals also support the suggestedture.

Compoundl1 was unambiguously assigned on the basis oHt&NMR spectrum due to the three CH signals, whichoare
singlet (7.31 ppm, H-7) and two doublets witletacoupling (,,= 2.0 Hz) a,,8.92 and 8.75, belonging to H-2 and H-4, respelgtive
The presence of six quaternary and three CH cartwmsain the*C NMR spectrum confirms two bromine atoms at the &8 C-5
positions in the structure (Table 1).

The NMR spectroscopy clearly identifighat the expected product® and 13 are formed. ThéH NMR spectrum of 3,6-
dibromide 12 exhibits four metacoupled aryl signalss 8.65 and 8.513Js;= 1.8 Hz;8y 7.02 and 6.56}J,,= 2.0 Hz) appearing
downfield in comparison with starting materéa! However, theH NMR of 13 consists of twanetacoupled doublets of H-4,(8.68,
*J,4= 2.0 Hz) and H-2&,8.78), one singlet of H-B 6.89), and two methoxide signats, @.08 and 4.14).

Table 1."H-NMR data of brominated methoxy quinolifi@-13.

Compounds Protons Coupling constants (Hz)
H2 H3 H4 H5 H6  H7 H8
10 8.91d - 8.21d 7.51d - 7.16d - Jo4=1.6 Hz
‘]5.7= 1.6 Hz
4.10 s,OCHs
11 8.92d - 8.75d - - 7.31s - Jo4= 2 .0Hz
4.10 s,0CH;
12 8.65d - 8.51d 7.02d - 6.56 d Jo4=2.0Hz
J5,7: 1.8 Hz
4.00, 3.94 sPCHs
13 8.78d - 8.68d - - 6.89s Jo4=2.0 Hz

4.08, 4.14 sOCHs
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Scheme 6. Synthesis of starting compouliti49

The synthesis of1 and13 from 10 and 12, respectively, prompted us to study the brominatibmethoxyquinolined7, 18, and
19 (Schemes 7 and 8) to show whether the selectititheaC-5 position can be generalized to other metlguinolones or not. For
this purpose, 6-methox7 and 6,8-dimethoxid&9 were prepared from corresponditig bromoquinolin€s (3, 15) according to our
previously reported methods (Schem@ B)ditionally, we developed a new methodology for fitvenation of 3,6-dimethoxyquinoline
(18) from its corresponding bromo derivati¥6é (Scheme 6). In this context, dibromo derivathtéewas treated with sodium methoxide
in DMF in the presence of copper iodide. Copperséadinucleophilic substitution afforded correspagds,6-dimethoxidd8 as the
sole product in a yield of 78%. Kobayasfial. (2003§° obtained 3,6-dimethoxid&8 using the Friedlander quinoline synthesis in a
five-step cyclization of 1-isocyano-2-(2-lithio-2etthoxyethenyl)benzene. Therefore, our method sebimter and more practical than
the method in the literature.

Bromination of 6-methoxyt7 and 6,8-dimethoxyquinolingd produced selectively the compourizfsand21 as the sole products
(vields 88%, 83%, respectively). Compourids and 18 were also treated with excess bromine (two or morévabpnts), but no
formation of dibrominated quinoline€4 and23) was observed (Scheme 7).

5-Bromo-6-methoxyquinolin€0 was generated from 6-methoxyquinolitieby bromination in acetic acid in low yield (52% a
a patent procedufé.Another patefit described the same procedure, but was slightly fieddand gave a lower yield (36%). Our
synthetic procedure involves simple reaction caods; for example, using a common solvent (CHEICH,CI,), in high yield (88%),
at room temperature, with no extraction required.
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Scheme 7. Bromination of methoxy quinolir{8s13 and14) and preparation of 5-bromo quinolin@-24).

Bromination of dimethoxidel8 surprisingly resulted in dibromination, contrary @ther methoxyquinolinesl{, 19). Direct
bromination of dimethoxyl8 with 2 equivalents of brominproduced 2,5-dibromo-3,6-dimethoxy quinolia¢ in good vyield (78%)
(Scheme 8). Monobrominated compou®sl was also obtained after bromination with one eqeivalof bromine in 82% vyield.
Actually, dibromination ofL8 can lead to a multiplicity of isomers such asftrenation of 4,5-, 2,5-, 5,7-, and 5,8-dibromoquines.
No formation of other isomers may be attributedn® drientation of the methyl group in methoxy sitbenhts of18 (Scheme 8). This
also explains the origin of selectivity in which brimation of 6-methoxy quinolines does not occuthat C-7 position. Furthermore,
the fact that dibromid@4 was obtained, instead of dibromi@@, can also be attributed to having enormous steaiergy (46.83
kcal/mol) due to steric compression of the brommugs in})/—gauche positions (Figure 1).
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Scheme 8. Bromination of dimethoxid@ and preparation of dibromid

Thus, we have developled a new way to obtain 2-substitquinolines with a bromo group at C-2. Our stsidie the preparation
of C2-substituted quinoline derivatives are going liecause quinolines substituted at C-2 on theotjom scaffold have shown
interesting anticancer activity in a number of eaicer assays.

In the literature, studies on the bromination oftho&y quinolines using molecular bromine were regarin one of the papers,
the Eisch bromination of 7,8-dimethoxyquinolineutésd in the formation of a product mixture of 3hbro-, 5-bromo, and 3,5-dibromo
analogues in low yield€.It is well known that quinoline itself and bromoquiines are not brominated with molecular bromine but
rather, form arN-bromine compleX:*® The Eisch brominatidf*®requiresN-bromine complex formation in the first step. Tredaet
al. reported that treatment of 7,8-dimethoxyquinoliith bromine involved complex formatidiHowever, in our studies, we did not
observe any complex formation during the bromimattbmethoxy quinolines under our reaction condgio

In the '"H NMR spectrum 0f20, the characteristic doublet for H-2 of the quineliscaffold was observed &; 8.81 ppm.
Moreover, the protons of the benzene ring2@fgave AB signal systemsly(; = 9.2 Hz), assigning bromine to C-5. In th¢ NMR
spectrum of 5-bromo-6,8-dimethoxi@&, four aromatic signals were observed. The doublet$-2, H-3, and especially H-4 @fl (54
8.78, 7.47 and 8.46, respectively) appeared momenfield compared with its starting materia®® (5,, 8.57, 7.14, and 7.75,
respectively). Furthermore, the signal of H-5 dsegared and the signal of H-7 was observed as asisighal ab, 6.86.

In the™H NMR spectrum of monobrominated 3,6-dimethoxy commit25, protons of the benzene ring 28 (J; ;= 8.7 Hz) gave
AB signal systems, assigning bromine to C-5. Sinyilahe'H NMR spectrum oR4 consisted of two doublet and one singlet signals as
expected. It was seen that after bromination, idyeas of H-2 disappeared, which is evidence forgkistence of bromination of the C-
2 position. Furthermore, the signals for aromatimtgns H-7 and H-88( 7.35 and 8.06 ppm, respectivelly;= 8.0 Hz) were shifted
downfield when compared with signals of the startiragerial 18 (H-7 and H-88y 7.22 and 7.95 ppm, respectively) in Table 2. The
signal of H-4 is a singlet &t; 7.73 ppm as expected. The characteristic methaigieals §c55.1 and 55.7) and six quaternary carbons
in the™C NMR spectra helped to confirm the structur@4f

Table 2. ThéH-NMR values of methoxy quinoline derivativé8-21 and24-25

Compounds Proton Coupling constants (Hz)
H-2 H-3 H-4 H-5 H-6 H-7 H-8
18 8.54d - 7.32d 7.03d : 7.22d 7.95d Jo4=2.4Hz
J3,7: 9.2 Hz
J7,5= 2.8 Hz
3.96, 3.94 s OMe

19 8.57d 7.14 dd 7.75d 6.50 d i 6.4d | Jo3= 4.0 Hz
J4,3: 8.2 Hz
J5,7= 1.6 Hz

3.68, 3.85 OMe

20 8.81 dd 7.46 dd 8.52 dd 3 3 7.51d 8.10d J3= 3.2 Hz,
J4,3: 8.8 Hz
J3,7: 9.2 Hz
4.06 s OMe
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21 878d  7.47dd  846d L ! 6.86 s g Jo3= 4 Hz,
J4,3= 8.4 Hz
4.06 s OMe

24 - - 7.73s - - 7.35d 8.06 d Js7= 8.0 Hz
4.02, 4.07 s OMe
25 8.60d 3 7.52d 3 3 7.32d 8.00d Jo4=2.2Hz
J3,7= 8.7 Hz
4.06, 3.96 s OMe

3. Conclusion

Two regioselective routes are described for the enient preparation of 3- and 5-brominated methaxip@jines. Quinoline cores
are selectively functionalized at both the C-3 @n#l positions under mild reaction conditions.

We found that methoxy 1,2,3,4-tetrahydroquinolifiestly were brominated at the C-3 and C-5 posititmgive corresponding
bromoquinolines. Bromination of 6-bromo-8-methox®;3,4-tetrahydroquinoliné) under different equivalents of molecular bromine
selectively gave dibromi0 and11 using three and four equivalents of bromine, repely. Similarly, bromination of 6,8-dimethoxy-
1,2,3,4-tetrahydroquinoline8) gave dibromol2 (with three equivalents of Brand tribromo13 (with four equivalents of By
methoxyquinolines. Selectivity at C-5 was also conéid by separate bromination reactiondtnd19 to give 5-brom@®0 and21 as
the sole products in high yields.

In the literature, functionalized 3-substitutedrglines were prepared by the condensation of suketi anilines in the presence of
some metals or Lewis acids used as catdlyBue to general protocols to obtain 3-functionalizpdnoline derivatives based on
cyclization or cycloaddition of substituted anilioesubstituted benzene, the preparation of naveladine derivatives substituted at C-
3 or other positions was restricted. On the othedhtive bromine group is a good starting point foir anly nucleophilic/electrophilic
substitution but also palladium catalyzed crosspting reactions described in our ongoing reseafé¢d.are currently working on the
nitration of bromo and methoxy derivatives of guines subsequently their nucleophilic substitutaord palladium catalyzed cross
coupling reactions, especially Suzuki coupling viitbminated tetrahydroquinolines and quinolines.

On the other hand, the reaction of 3,6-dimethoxyojuie @) with two equivalents of bromine resulted in dibroation @4) at C-5
and C-2. Thus, we not only opened up functionlizata® C-3 and C-5 but also at the C-2 position dhgline due to the bromine
group. Therefore, simple synthetic methods wereridest for the valuable polyfunctional methoxyquinek 10, 11, 13, 18, 20, 21,
24, and25, which can be converted to corresponding substitguinolines, otherwise difficult to obtain (Sche®e

We found that both the methoxy derivatives of 1£&{8trahydroquinolines and methoxy quinolines waghly reactive towards
bromination and investigations are ongoing regardime generality and application of this approaztother substituted quinoline
derivatives. The reactivity difference of bromineras on the heterocyclic ring facilitates the caunsige substitution, leading to the
series of polysubstituted analogues. In summaryhaxe developed three selective routes for the sgighof quinoline compounds
containing bromine substituents at the C-2, C-8, @b positions that along with other bromo methegidould be important starting
materials for the synthesis of polyfunctionalizedngline derivatives (Scheme 9). The experimentathods are simple, require cheap
starting materialsl( 2, 14), promise large-scale synthesis with high yields] @mvolve easy isolation of the final products.
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4, Experimental section

General Methods. Thin layer chromatography was carried out on Mesitka F254 0.255 mm plates, and spots were vizeglby
UV at 254 nm. Flash column chromatography was perfdrasing Merck 60 (70—-230 mesh) silica gel. Meltaints were determined
on a Thomas-Hoover capillary melting point apparaBgvents were concentrated at reduced pressurgpdBtra were recorded on a
Jasco 430 FT/IR instrument. Elemental analyses vea@ded on an Elementar Vario MICRO Cube. NMR sperénie recorded on a
Bruker spectrometer at 400 MHz fo4 NMR and at 100 MHz fol*C NMR.

4.1. Synthesis of 3,6-dibromo-8-methoxyquinolit®. (To a solution of 6-bromo-8-methoxy-1,2,3,4-tetrafoggiinoline 8, 241 mg,
1.0 mmol, 1 eq) in CHGI(20 mL), was added a solution of brom{B27 mg, 3.3 mmol, 3.3 eq) in CHGBb mL) over 10 min in the
dark at rt. After completion of the reaction (bromicompletely consumed, 2 days), the resulting méxivas washed with a solution of
5% aq NaHCQ(3 x 20 mL) and dried over BRO,. After evaporation of the solvent, the crude matg@253 mg) was passed through a
silica column eluting with AcOEt/hexane (1:3, 100 mLhe crude product was recrystalized in Ci@xane (1:3) to give 3,6-
dibromo-8-methoxyquinolinel(). White powder solid (242 mg, 77% yield): mp 134-188'H NMR (400 MHz, CDC}) & 8.91 (d,J4

= 1.6 Hz, 1H, H), 8.21 (d,J;,= 2.0 Hz, 1H, H), 7.51 (dJs; = 1.6 Hz, 1H, H), 7.16 (d,J;s = 1.2 Hz, 1H, H), 4.10 (s, 3HOCH,); °C
NMR (100 MHz, CDCY)) § 156.1 (q), 150.4, 137.1 (q), 136.1, 130.9 (q),.92), 120.7, 119.2 (q), 112.2, 566BGH,); IR (KBr, cm)

v 3047, 2925, 1727, 1592, 1558, 1482, 1371, 134651202, 858, 829, 788, 748; Anal. Calcd fasHGBr,NO: C, 37.89%; H, 2.23%;
N, 4.42%. Found: C, 36.90%; H, 2.32%; N, 4.48%.

4.2. Synthesis of 3,5,6-tribromo-8-methoxyquinolit®. (The same procedure was applied in synthesiB0dfut 4.2 equivalents of
bromine(671 mg, 4.2 mmol) was used in CHQRO mL). The crude product was passed throughieasiiolumn eluting with
CHCls/hexane (1:3) to give 3,5,6-tribromo-8-methoxyquime (11) in 72% yield (282 mg) as yellow powder solid.

3,5,6-Tribromo-8-methoxyquinolind {) was synthesized by treating of 3,6-dibromo-8-meghainoline (L0) with 1 equivalent of
bromine for 1 day at rt. The reaction proceduresisiilar to the above process. This reaction affdrdg5,6-tribromo-8-
methoxyquinoline 11). Yellow powder solid (282 mg, 76% yield): mp 164-1€5'H NMR (400 MHz, CDC}) & 8.92 (d,J,,= 2.0 Hz,
1H, Hy), 8.75 (d,Js2= 2.0 Hz, 1H, H), 7.31 (s, 1H, K, 4.10 (s, 3HOCH,); **C NMR (100 MHz, CDC}) § 155.2 (q), 150.7, 138.0,
132.5 (), 132.2 (q), 128.3 (q), 125.6 (q), 12@Y, 113.2, 56.6@QCH,); IR (KBr, cm’) v 2960, 2925, 2852, 2360, 2337, 1731, 1641,
1562, 1487, 1461, 1280, 1147, 1132, 1024, 943, 324, Anal. Calcd for GHBrsNO: C, 30.34%; H, 1.53%; N, 3.54%. Found: C,
30.40%; H, 1.49%; N, 3.77%.

4.3. Synthesis of 3-bromo-6,8-dimethoxyquinoli®}. (To a solution of 6,8-dimethoxy-1,2,3,4-tetrahydrioapline 9, 193 mg, 1.0
mmol, 1 eq) in CHGI(15 mL), was added a solution of brom{#@5 mg, 3.1 mmol, 3.1 eq) in CHZb mL) over 5 min in the dark at
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rt. After completion of the reaction (bromine contplg consumed, 3 days), the resulting mixture washed@swith a solution of 5%
ag NaHCQ (3 x 20 mL) and dried over DNaQ,. After evaporation of the solvent, the crude matg220 mg) was passed through a
silica column eluting with AcOEt/hexane (1:3, 100 mIhe crude product was recrystalized in CHt@xane (1:3) to give 3-bromo-
6,8-dimethoxyquinolinel®). White powder solid (213 mg, 80% yield): mp 1262Z;'H NMR (400 MHz, CDC}) & 8.65 (d,J;,= 2.0
Hz, 1H, H), 8.51 (d,J;,= 2.0 Hz, 1H, H), 7.02 (d Js;= 1.8 Hz, 1H, H), 6.56 (d,J;s= 1.8 Hz, 1H, H), 4.00 (s, 3HOCH;), 3.94 (s, 3H,
OCHg); °C NMR (100 MHz, CDCJ) & 154.3 (q), 152.6 (q), 138.3, 134.2, 131.3 (q),.02®)), 122.3, 100.6, 98.3 (q), 56.8, 54.4
(OCHy); IR (KBr, cmi') v 3016, 2973, 2792, 1741, 1638, 1454, 1422, 13642 1861, 1297, 1238, 1110, 983, 912, 828, 689; Anal.
Calcd for GH;BrNO,: C, 49.28%,; H, 3.76%; N, 5.22%. Found: C, 49.45%3.82%; N, 5.16%.

4.4. Synthesis of 3,5-dibromo-6,8-dimethoxyquindl#®. The same procedure was applied in synthesEdjut 4.2 equivalents of
bromine(671 mg, 4.2 mmol) in CHE(20 mL) was used and the reaction was carried ariagof 5 days at rt. The crude product was
recrystalizedn CHCl/hexane (1:3) to give 3,5-dibromo-6,8-dimethoxyapliime (13) in 78% yield (269 mg) as white powder solid.

3,5-Dibromo-6,8-dimethoxyquinolinedl8) was synthesized by treating of 3-bromo-6,8-dimeylyainoline (2) with 1 equivalents
of bromine in CHCJ (20 mL) for 2 day at rt. The reaction procedursiiilar to the above precess. This reaction wasrdéd 3,5-
dibromo-6,8-dimethoxyquinolinel8) in 85% yield. White powder solid (269 mg, 85% sgilelmp 133-135 °C'H NMR (400 MHz,
CDCly) 6 8.78 (d,J,4= 2.0 Hz, 1H, H), 8.68 (d,Js»= 2.0 Hz, 1H, H), 6.89 (s, 1H, H), 4.10 (s, 3HOCH), 4.14 (s, 3HOCH); °C
NMR (100 MHz, CDC}) 5 156.5 (q), 155.3 (q), 148.3, 135.8, 134.6 (q),.03@), 120.3 (q), 97.3, 97.1 (q), 57.1, 56QCH); IR
(KBr, cm) v 2956, 2923, 2852, 1731, 1608, 1554, 1482, 14667,13311, 1207, 1138, 1090, 993, 923, 808, 777; Adalcd for
C1iHgBroNO,: C, 38.07%; H, 2.61%; N, 4.04%. Found: C, 37.40%2.42%; N, 4.09%.

4.5. Synthesis of 3,6-dibromoquinolif®), In the reported proceduté?’ 3,6-dibromoquinoline was synthesized by Eisch bration
of 6-bromoquinoline in yield of 82%.

4.6. Synthesis of 3,6-dimethoxyquinoli8)( Freshly cut sodium (0.7 g, 30 mmol) was addedryontethanol (25 mL) under nitrogen
gas atmosphere. When dissolution was complete, the walution was diluted with dry dimethylformamid bgdition of vacuum
dried cuprous iodide (1.0 g, 0.51 mmol). After dlasion, 3,6-dibromoquinolinelp) (450 mg, 1.05 mmol) into dry DMF (30 mL) was
added. The reaction mixture was stirred magneyiaatider a nitrogen gas atmosphere at reflux (ca°COfor 6 h. The reaction’s
progress was monitored by TLC until the startingeriat was all consumed. After cooling to r;H(25 mL) and CHGI(50 mL) were
added to the reaction mixture. The organic layenewgeparated, washed with® (2 x 20 mL), and dried over D8O,. The solvent
was removed and the crude product was passed theosigbrt silica gel (3g) column eluting with AcOEt/heag1:3, 100 mL). After
filtration and purification, the resultant prodweas 3,6-dimethoxyquinolinel8). Pale yellow powder solid (156 mg, 78% vyield): mp
84-86 °C:'H NMR (400 MHz, CDCY) & 8.54 (d,J,4= 2.4 Hz, 1H, H), 7.95 (d,Js;= 9.2 Hz, 1H, H), 7.32 (d,Js»= 2.4 Hz, 1H, H),
7.22 (dd,Jzs= 9.2 Hz,J75= 2.8 Hz, 1H, H), 7.03 (d,Js; = 2.4 Hz, 1H, H), 3.96 (s, 3HOCH;), 3.94 (s, 3HOCH;); *C NMR (100
MHz, CDCk) 4 158.4 (q), 153.7 (q), 141.7, 139.4 (q), 130.6,.139), 119.0, 111.8, 104.8, 556CH;), 55.4 OCH,). All data were
identical to that reported in the literatife.

4.7. Synthesis of 5-bromo-6-methoxyquinol2®.(To a solution of 6-methoxyquinolind4, 160 mg, 1.0 mmol, 1 eq) in GAl, (15
mL) was added a solution of bromifi&’6 mg, 1.1 mmol, 1.1 eq) in GEl, (15 mL) over 10 min in the dark at rt. After conte of
the reaction (bromine completely consumed, 2 dalis)resulting mixture was washed with a solutiob%f aq NaHCQ (3 x 20 mL)
and dried over N&O,. After evaporation of the solvent, the crude matg215 mg) was passed through a silica columnrejutiith
AcOEt/hexane (1:4, 150 mL). The crude product wasystalized in CHGJhexane (1:4) to give 5-bromo-6-methoxyquinoli28)(
Brown cubic crystal (208 mg, 88% yield): mp 79-8% @ NMR (400 MHz, CDCY)): & 8.81 (d,J,s= 3.2 Hz, 1H, H), 8.52 (d,J;s= 8.8
Hz, 1H, H,), 8.10 (d,Jg;= 9.2 Hz, 1H, ), 7.51 (d,J;g= 9.2 Hz, 1H, H), 7.46 (dd,Js,= 4.0 Hz,J3,= 8.4 Hz, 1H, H), 4.06 (s, 3H,
OCH;); ®C NMR (100 MHz, CDCJ): 8 154.0, 148.8, 144.3, 134.5, 130.3, 128.6, 12214,5, 107.4, 57.1-QCH;); IR (KBr, cmi') v
2925, 1612, 1587, 1552, 1496, 1321, 1261, 1064, 984, 822, 806, 584; Anal. Calcd for8gBrNO: C, 50.45%; H, 3.39%; N,
5.88%. Found: C, 50.40%; H, 3.32%; N, 5.98%.

4.8. Synthesis of 5-bromo-6,8-dimethoxyquinol#ig. (To a solution of 6,8-dimethoxyquinolin&y, 190 mg, 1.0 mmol, 1 eq) in CHCI
(15 mL) was added a solution of brom{da&6 mg, 1.1 mmol, 1.1 eq) in CHGL5 mL) over 10 min in the dark at rt. After contjpa

of the reaction (bromine completely consumed, X}jahe resulting mixture was washed with a solutbt% aq NaHCQ@ (3 x 20
mL) and dried over N&Q,. After evaporation of the solvent, the crude matg230 mg) was passed through a silica columnrejuti
with AcOEt/hexane (1:4, 150 mL). The crude product wasrystalized in CHGlhexane (1:4) to give 5-bromo-6,8-
dimethoxyquinoline Z1). Brown powder solid (221 mg, 83%yield): mp 58-89 ‘H NMR (400 MHz, CDC}) § 8.80 (d,J,s= 4.0 Hz,
1H, H,), 8.49 (d,J;3= 8.4 Hz, 1H, H), 7.48 (ddJs,= 4.0 Hz,J3, = 8.4 Hz, 1H, H), 6.86 (s, 1H, B, 4.12 (s, 3HOCH;), 4.05 (s, 3H,
OCHg); **C NMR (100 MHz, CDCJ) § 156.2 (q), 154.3 (q), 136.5 (q), 128.8 (q), 9B (47.4, 134.4, 123.1, 97.0, 57QCH;,), 56.2
(OCHy); IR (KBr, cmi') v 2931, 2848, 1722, 1610, 1587, 1500, 1471, 1368712213, 1124, 1084, 898, 809, 781; Anal. Calad fo
C11H10BrNO,: C, 49.28%; H, 3.76%; N, 5.22%. Found: C, 49.25%3.M4%, N, 5.15%.

4.9. Synthesis of 2,5-dibromo-3,6-dimethoxyquind®4¢. To a solution of 3,6-dimethoxyquinolin&ég) (190 mg, 1.0 mmol, 1 eq) in
CH,CI, (15 mL), was added a solution of brom{882 mg, 2.2 mmol, 2.2 eq) in CHQb mL) over 10 min in the dark at rt. After
completion of the reaction (bromine completely aoned, 3 days), the resulting mixture was washed wilolation of 5% aq
NaHCG; (3 x 25 mL) and dried over MaQ,. After evaporation of the solvent, the crude matg280 mg) was passed through a silica
column eluting with AcOEt/hexane (1:3, 100 mL) Thed=zryproduct was recrystalized in CH@Eexane (1:4) to give 2,5-dibromo-3,6-
dimethoxyquinoline Z4). White powder solid (269 mg, 78% yield): mp 13®2€; 'H NMR (400 MHz, CDC}) & 8.06 (d,Js;= 8.0
Hz, 1H, H), 7.73 (s, 1H, b, 7.35 (d,J;s= 8.0 Hz, 1H, H), 4.07 (s, 3HOCH;), 4.02 (s, 3HOCH,); *C NMR (100 MHz, CDC}) &
158.6 (q), 154.3 (q), 140.4 (q), 130.7, 130.2 {@9.0 (q), 125.6, 107.4, 99.8 (q), 550QH;), 55.1 OCHy); IR (KBr, cmi') v 2928,
1618, 993; Anal. Calcd forgHgBr,NO,: C, 38.07%; H, 2.61%; N, 4.04%. Found: C, 38.40%2H42%; N, 4.13%.
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4.10. Synthesis of 5-bromo-3,6-dimethoxyquinol@®. (The same procedure was applied in the synthes4 béit 1.1 equivalent of
broming(176 mg, 1.1 mmol) was used and the reaction waedasn a period of 2 days at rt. The crude prodvas recrystalized in
CHCly/hexane (1:4) to give 5-bromo-3,6-dimethoxyquinel{®5). White powder solid (219 mg, yield 82%): mp 11BTC;'H NMR
(400 MHz, CDCY}) 5 8.60 (d,Jo4= 2.2 Hz, 1H, H), 8.00 (dJg;= 8.7 Hz, 1H, H), 7.52 (d,J;,= 2.2 Hz, 1H, H), 7.32 (dd J,s= 8.7 Hz,
1H, H,), 4.06 (s, 3HOCH;), 3.96 (s, 3HOCH;); *C NMR (100 MHz, CDCY) § 158.2 (q), 153.9 (q), 140.6 (q), 139.4 (q), 130.5%5.6
(9), 122.4, 110.3, 104.8, 55.8CH,), 55.2 OCH,); IR (KBr, cmi') v 2965, 1603, 1023; Anal. Calcd for8,;,BrNO,: C, 49.28%; H,
3.76%; N, 5.22%. Found: C, 49.13%,; H, 3.82%; N, 5.29%.

Acknowledgments

The study was supported by grants from the Scieratifd Technological Research Council of Turkey (TUAK, Project number:
112T394).

Refer ences and notes

Solomon, R. V.; Lee, HCurr. Med. Chem2011, 18, 1488.

Ryckebusch, A.; Garcin, D.; Lansiaux, A.; Goosséns;.; Baldeyrou, B.; Houssin, R.; Bailly, C.; kgrart, J. PJ. Med. Chen008, 51, 3617.
Jain, S.; Chandra, V.; Jain, P. K.; Pathak, K.h&&tD.; Vaidya, AArab. J. Chem2016, doi: 10.1016/j.arabjc.2016.10.008 press.
Kumar, L.; Mahajan, T.; Agarwal, D. Bsreen Chen2011, 13, 2187-2196.

Tummatorn, J.; Poonsilp, P.; Nimnual, P.; JanprdsifThongsornkleeb, C.; RuchirawatJSOrg. Chem2015, 80, 4516.

Whittella, L. R.; Battya, K. T.; Wongc, R. P. M.pithoa, E. M.; Foxa, S. A.; Davisc, T. M. E.; May, P. EBioorg. Med. Chen2011, 19, 7519.
Klumphu, P.; Lipshutz, B. Hl. Org. Chem2014, 79, 888.

Sahin, A.; Cakmak, O.; Demirtas, |.; Okten, S.;afufA\. Tetrahedror2008, 64, 10068—10074

Okten, S.; Cakmak, O.; Erenler, R.; Teky, Yiice, O.Turk. J. Chem2013, 37, 896.

10. Yadav, D. K. T.; Bhanage, B. NRSC Adv2015, 5, 51570.

11. Cho, C. S;; Oh, B. H.; Shim, S. Qetrahedron Lett1999, 40, 1499.

12. Larock, R. C.; Kero, M. Y.Tetrahedron Lett1991, 32, 569.

13. Kiran, B. M.; Mahadevan, K. Mdeterocycl. Commur2006, 12, 481.

14. Zhou, L.; Zhang, YJ. Chem. Soc., Perkin Trans1D98, 2899.

15. Ucar, S;; Essiz, S.; Dastan, Petrahedror2017, 73, 1618.

16. Okten, S.; Cakmak, Oetrahedron Lett2015, 56, 5337.

17. Sahin, O. Y.; Okten, S.; Tekir$.; Cakmak, OJ. Biotech2012, Supplement 1624.

18. Okten, S.Sahin, O. Y.; TekinS.; Cakmak, OJ. Biotech 2014, Supplement 183.06,

19. Koprili, T. K.; TekinS.; Okten, S.; Cinar, M.; Duman, S.; Cakmak JOBiotech 2014, Supplement 1893.

20. Okten, S.; Cakmak, O.; Tekif, Turk. J. Clin. Lab2017, doi:10.18663/tjcl.292058n press

21. Okten, S.; Eyigiin, D.; Cakmak, Sigma J. Eng. Nat. S&@015, 33, 8.

22. Lindley, J.Tetrahedronl984, 40, 1433.

23. Kobayashi, K.; Yoneda, K.; Mizumoto, T.; UmakodHi; Morikawa, O.; Konishi, HTetrahedron Lett2003. 44, 4733.

24. Mewshaw, R. E.; Zhou, P.; Zhou, D.; Meagher, K.Asselin, M.; Evrard, D. A. U.S. Patent PCT/US20Q0@223, 2000.

25.  Bounaud, P. Y.; Smith, C. R.; Jefferson, E. A. IR&tent PCT/US2007/081841, 2008.

26. Gopaul, K.; Shintre, S. A.; Koorbanally, N. Anticancer Agents Med. Che915, 15, 631.

27. Trecourt, F.; Mongin. F.; Mallet, M.; Queguiner, Synth. Commuri995, 25, 4011.

28. Eisch, J. JJ. Org. Chem1962, 27,1318.

29. Tom, N. J.; Ruel, E. MSynthesis2001, 1351.

CoNoA~AONE

Supplementary Material
Supplementary material that may be helpful in #heaw process should be prepared and provided egaaae electronic file. That

file can then be transformed into PDF format andngttbd along with the manuscript and graphic fileshe appropriate editorial
office.

Click here to remove instruction text...




