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1. Introduction

Quinoline is one of the most privileged structurabtifs o o W —
because of its existence in many natural profitjcteugd?, and cl N o S
pesticide¥. There have been a large number of reports on HN HON S M al
quinolines not only as pharmaceuti¢4ldut also as a ligand for o Ny N N
various organic synthe$ls Moreover, some reports suggested . © o Ho |
the therapeutic effects of quinoline-based denwesfl. In recent O NH NS

years halogenated quinolines have been Constikmtlyd in Antimyloidogenic agents Ammosamide A KDM4 inhibitot

many natural products and bioactive molecules, witigh be

used as intermediates in the synthesis of sulmditgtinolines. ©\ o N

Therefore, halogenation of quinolines, especiaflipgenation at s

the C5 position, has been becoming an intensivearel focus °0° Br

on synthetic chemisty. Some important bioactive molecules

Wlth halogenated quinoline unit are ShOWn in FfFé 1 Ubiquitination inhibitor Topoisomersa | inhibitor

In 2013, Stahl and co-workers firstly reported Cuedalyzed  Figure 1. Representative natural products and bioactive rtgsc
C5 chlorination of 8-aminoquinoline using LiCl akl@rination

reagent and molecular,@s an oxidaf. Following this work,

tremendous interest focused on C5 functionalizatafn 8- visible light irradiation in which NXS(X= CI, Br, 1) wer of
aminoquinplines. The .first gxa(nple Qf transitiontatdree C5 halogen source. Nevertheless, in most cases, thetiora
halogenation P& 8-aminoquinoline with NaX (X=Cl, Br) was empjoyed transition-metal and/or oxidant (or ade#), which
reported by Li%. However, a certain amount of oxone andnakes the reactions uneconomical and environmgntall
excess loading of NaX were used in this method. MedawMu rtriendly, limiting the practicality for large-sea use. The
developed a protocol of transition-metal couplinigoferedox  eactions also involved unfavorable stoichiometimounts of
catalyst catalyzed C5 halogenaﬁé]n In 2018, S. C. Gho8fl ;0 halogen source and high temperature. Thereferemethod
disclosed CS halogenation by heterogeneous Cu-Mmi@run with high regioselectivity by using green reagentdemthe mild

conditions is still thirsted.
OCorresponding author. Tel/fax: +86 411 84986295.
OCorresponding author.
Email: ymli@dlut.edu.cn (Y. Li); cyduan@dlut.edu.D. Duan).
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Visible-light catalyzed reactiofd and continuous flow vyield of 90% (Table 1, entries 9, 10). Keeping tesidence time
reactionS* have captured much attention of academia becduse at 30 min at a flow rate of 53 pimin™, and increasing the
their safety and sustainability. Studies have shovikdt
economic savings can be reached in some casesgthrou
transforming batch reaction into a continuous pssc&appé™ Optimization of the bromination reaction conditidhs
reported a scalable procedure for light-induced zhkm
brominations showing the advantages of continuaws.fHerein, /% soven__ o o
we report a mild and environmental-friendly method Visible d @H ‘
light induced halogenation of 8-aminoquinolinesusyng easy- Teeieo NS
available 1,3-dibromo-5,5-dimethylhydantoin (DBDMHB1
dibromo-5,5-dimethylhydantoin (DCDMH) in continuouew, Entry Solvent DBDMH/equiv.  Time/min _ Yielt¥o
in which outstanding regioselectivity and higher Igse were

Table 1

2a

. . . . 1 1,4-dioxane 0.5 240 11
obtained in a short period of time. 2 THF 05 240 9
Previous work 3 CH;OH 0.5 240 92

o 20 mol% CuCl 4 DMF 0.5 240 18
©)k” | 1amo,2eqlicl O)\ Stahl, 2013 5 CHCN 0.5 240 94

Ny ACOH, 100 C, 17 h 6 CHCl, 0.5 240 95
7 CH,Cl, 0.5 240 45
X e emeased g Ui 2016 g CH.Cl, 05 240 95
RN I bcE 10h RO N \ o° CH,Cl, 05 30 90
NN (4 eq) N\
R? R 10° CH.Cl, 0.5 50 90
5 mol% alizarin red S 1r° CHCl, 0.55 30 94
o 15 mol% FeCls o X 12 CH,Cl, 0.6 30 92
LN 2oakadOp 2o, M Wu, 2017 1? CHLCl, 0.55 20 76
H N ‘ H,0, rlosu;e:old light H N ‘ 14b CH2C|2 0.55 40 92
o U A o X #Conditions:1a, (0.2 mmol), solvent (2 mL) at r.t. under irradiat of 15
u-MnQO, Air, hv . . .

N £ NS ——— R)kN Ghosh, 2018 W blue-LED in a batch in aifla, (0.2 mmol), solvent (2 mL) at r.t. under

LN (x=clBr,) LN ! irradiation of 15 W blue LED in continuous flow iair. °GC yield.“Dark. °Ar

Household CFL atmosphere_
@ Br
O/\R + NBS % O)\R Kappe, 2014

amount of DBDMH to 0.55 equivalent, the yield 24 reached
up to 94% (Table 1, entry 11). Further increasimg lbading of
N o N o DBDMH, however, the yield of brominated product jushains
@\/j mﬂ : Q\/j { ﬂm } unchanged (Table 1, entry 12). Either prolongedsborten
TBHP, 60 min, rt 30 min, t resident time did not lead to the higher yield (€ab, entries 13-

et e 14). Thus optimized reaction conditions in contiasidlow were

achieved using 0.55 equivalent of DBDMH in &H, at ambient
temperature for 30 min under irradiation of blueELH air.

This work

O
450 nmLED 450 nmLED

Scheme 1 Remote halogenation of quinoline at C5 position.

Having identified the optimal reaction conditionsr fo
2. Results and discussion bromination ofla with DBDMH, the substrate scope were then
examined in continuous flow (Table 2). Both the ctlen-
Initially, the bromination ofN-8-quinolinyl-benzamide &)  donating (CH, OCH) (2b—26 and electron-withdrawing (F, CI)
with DBDMH (2) was selected as a model to screen the react|0(2f 2h) substituted benzamides exhibited good reactivity
parameters in batch. When the reaction was caru¢dboroom  affording the desired products in good to excellgietds. The
temperature for 4 h under irradiation of blue-LEDONgs1,4-  yjelds of benzamides bearing electron-donating gsaare higher
dioxane as solvent, only 11% yield of C5 brominapedduct  than those bearing electron-withdrawing groups. Meeeothe
(28) was obtained (Table 1, entry 1). Solvents were seeen glkyl amides could also provide the desired bromeidaroducts
firstly since solvent plays an important role inopftinduced iy good vyields 2i-2l). Furthermore, the heteroaromatic amide
reactions. Either tetrahydrofuran (THF) d¥, N-dimethyl  \was also compatible in this process and deliveretesponding
formamide (DMF) used as the solvent, resulted iorpemote  product in good yield2m). Surprisingly,1n, which is not easy to
C5-brominated conversions (Table 1, entries ZOIUf)er solvents halogenate under metal Cata@%f] or transition metal free
such as methanol (GBH), acetonitrile (CHCN), and  conditiond“™"), served well under the optimal conditiorn)
dichloromethane (C4€l;), however, gave the desired prodBat  This methodology was successfully applied to sulfoida

in excellent yields of 92-95% (Table 1, entries B, 6).  giving the target products in moderate to gooddge20-2q).
Considering of the poor solubility &a in CH;OH and CHCN,

the CHCI, was selected as solvent in the following reactifos.

the control_ experiments, the reactions were cawigdn the dark Gram-scale up reaction

and the yield of2a was drastically reduced to 45% (Table 1,

entry 7), and with Ar instead of open-air atmosphkege was no One of the advantages of the continuous flow systethat
significant improvement of the2a yield. Transitioning to the reaction can be scaled up easily in contrast atch, where
continuous flow using C}€l, as solvent, the residence time anda larger scale requires a corresponding new reacfor.
the amount of DBDMH were tested. To our delight, evethiwi  demonstrate the utility of the protoctl8-quinolinyl-benzamide
30 minutes of residence time in flow, the reactiomw® end (5 mmol, 1.240 g) was used under the optimized i@act
and the C5-brominated produa was obtained in a satisfactory conditions at 53.3 pk min’ ! flow rate in continuous flow where
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the desired produ@a was obtained in 85% yield (1.390 g) after reaction was also amenable to heteroaromatic an3fjea(d

purification on silica gel.

Table 2
Substrate scope of the C5 bromination of quinoﬁﬁes
450 nm LED
X
N/ + N\\<N Br
NHR
la-q 2 (055 equw) 2a-q
o Br o) Br o /@\/jBr
N N N
seasBEcsaoReane
2a90% 2b92% 2c90%

Br
[e]
N \
N

2f 81%

ool

2d 93% 2e 84%

Br
o Br c o r o Br
N \ N \ ~y \
a H N N H Nx

2991% 2h 87%
o Br o Br @
SOy Y
Nx Nx
2j 85% 2k 87% 2| 83%
o Br o Br O o
G#“ | g Y
N\s " nNg YN N
2m 86% 2n 84% 2087%

Br Br
0\ L0 (eN //
SN ‘ C(
H N;\j \_s

2p 79% 2q55%

“ConditionsSubstituted quinolines (0.2 mmol), DBDMH (0.55 aqiDCM
(2 mL) under irradiation of 15 W blue-LED in contious flow for 30 min in
air. "Isolated yields on silica gel column chromatography

C5 chlorination of 8-aminoquinolines

Encouraged by the good results of bromination reacthis
reaction system was applied to the correspondingriciation of
8-aminoquinoline derivatives using DCDMR)( Unfortunately,
trace C5 chlorination product was detected (Tabl&r8ry 17).
However, adding 2.1 equivalents &drt-butyl hydroperoxide

(TBHP), 13% yield of3a quinoline chlorination at the C5

position was observed. Then the reaction conditweare further

optimized as follows: 1.1 equivalent of DCDMH and 3.5

equivalent of TBHP under irradiation of blue-LED iontinuous
flow for 1 h in air (Table 3, entry 15).

With the optimized reaction conditions in hand, ve¢ aut to
investigate the applicability of the present proldor the scope
of acyl motif. A broad range of quinoline substrateadily
participated in this mild chlorination with greafiefency (Table
4). Both electron-donatin@b) and electron-withdrawin@¢-36
benzamides were well tolerated in the current reactigstem
and the desired products were obtained in good teliext
yields. The reactants with electron-donating sulmstits afforded
the desired products in higher yields relative tmse with
electron-withdrawing groups. In addition to good tatee of
different kinds of carboxamide with aromatic sulsiiins, this

alkyl amides 8g-i), giving the target products in good yields.

Table 3
Optimization of the chlorination reaction conditf

o) o] c
N MN cl ©)\N
Ho N \ v
la 3a

__Time TBHP _
DCM Blue LED

Entry Solvent = DCDMH/equiv TBHP/equiv.  Time/h  Yiél§o
1 CH,CI; 0.55 2.1 4 13
2 CHCI, 1.1 2.1 4 18
3 CHCI, 0.55 35 4 27
4 CH,Cl; 1.1 35 4 48
5 CHCI, 0.55 2.1 8 19
6 CHCI, 1.1 2.1 8 51
7 CH,Cl; 0.55 35 8 44
8 CH,Cl; 1.1 35 8 65
9 CHCI, 0.55 2.1 12 25
10 CHCl, 1.1 2.1 12 55
11 CHCl, 0.55 35 12 50
12 CHCI, 1.1 35 12 97
1¥  CHJCl 1.1 35 12 42
14°  CH.Cl, 1.1 35 05 55
15  CH.CL 1.1 35 1 92
16° CH.Cl 1.1 35 15 90
17 CHCl, 0.55 4 Trace
18 CHCl, 1.1 12 35

#Conditions:1a, (0.2 mmol), TBHP 70 % in water, solvent (2 mL)den
irradiation of 15 W blue-LED at r.t. in a batchair. "1a, (0.2 mmol), TBHP
(70 % in water), solvent (2 mL) under irradiationl® W blue LED at room
temperature in continuous flow in dibark. ‘GC yields.

Table 4
Substrate scope of the C5 chlorination of quinofifies
450 nm LED
(;,\/\/' N al TBHP (3.5 equiv) Hﬂﬂ (;,\/U
NHR NHR
la-i 3 (11 equlv) 3a-i
o cl o /@jcl o c
% josasoaRs
©/‘LH N Hico N Ny
3a91% 3b87% 3c80%
o /@SI cl o cl o /@SI
N N @AN
CI@H N ! @H NY ! Ls H Ny !
3d 75% 30 86% 3f 89%
o Cl o Cl ©\i Cl
%H ) Y N
N Ny Ny
3g 80% 3h 85% 3i 84%

#Conditions: Substituted quinolines (0.2 mmol), DCBNL.1 equiv.), TBHP
(70 % in water, 3.5 equiv.), DCM (2 mL) under inaibn of 15 W blue-LED
in continuous flow for 1 h in airlsolated yields on silica gel column
chromatography.

Mechanism studies

To gain more insight into the reaction mechanisexiaal
capturing experiments were put into effect. WhenejOivalents
of 2,2,6,6-tetramethyl-1-piperidinyloxy (TEMPO) wemdded
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into either bromination or chlorination reactionstgm, the
yield of the desired product decreased sharply5% hnd 13%
respectively, implying that the reaction followsaalical pathway.

Based on our experiment and the previous ot possible
reaction mechanism was outlined in Scheme 2. Ihitighe
active bromine and complex A radical species weratetefrom
DBDMH under blue-LED irradiation. In following propagaii
process, Br radical or A radical react with stabldetalesla to
form radical intermediat€C and HBr or compleX. Next, C
could tautomerize to stable intermediatBs and E. Br, was
generated through combining of HBr and compdexwvhich then
underwent a bromination process with intermediater E to
give the C5 brominated produz4. Beside this proces&a could
also be obtained through bromine radical and inteliatesC or
E.

TBHP could liberate tert-butoxy radical (t-BuO-) unthéue-
LED irradiation which may promote the formation oflarine
radical or intermediatesC-E. The following chlorination
procedure is similar to the bromination process.

Br H
N !
N,
o]
pus P
Br Br TN
2 M B
o
o N
A

hv

| |
5 e S B B
o o : :
A<t - oD oD
1a N c s £ z i

B AN / o

i:ﬁo i o " :

N - @A 1
D

Scheme 2Proposed mechanism for the bromination of quiredli

Br

N,
=0

N

H

3. Conclusion

In summary, an efficient visible-light induced, C5
halogenation of 8-aminoquinolines in continuouswflovas
developed, in which, a smaller amount of low-costl @asy
available DBDMH and DCDMH were used as halogenatio
reagents. The reaction condition of chlorinatioffieds from that
of bromination due to the less reactivity of DCDMH. tBo
chlorination and bromination reaction reveals gduodctional
group tolerance and high reactivity (short reactiome and high
yields) under open-air conditions. Gram-scale of thesired
product can easily be obtained simply in continuftus.

4. Experiment
4.1.General information

All the chemicals unless otherwise noted, were obdaine
commercially and used without further purificatiél products
were isolated by column chromatography on a silelg200-300
mesh). Continuous flow reactor from Syrris Ltd andrriing
were used for the continuous flow procéssNMR spectra were
determined on Bruker instruments with operating desgries of
400 or 500 MHz spectrometer as solutions in GDChemical
shifts were expressed in parts per millighgnd the signals were
reported as s (singlet), d (doublet), dd (doubledaoublet), t
(triplet), m (multiplet), and coupling constant3 (Jere given in
Hz.®*C NMR spectra were recorded at 101 or 125 MHz in GDCI
solution. Chemical shifts as internal standard weferenced to

Tetrahedron

CDCl (5 = 7.26 for'H ands = 77.16 for*C NMR) as internal
standard. GC chromatography with FID detector from il
and GC-MS from Thermo were used to record data. High-
resolution mass spectrometry data were also recandie ESI-
TOF.

4.2.General procedure for synthesis of starting amides

The synthesis of starting amides was according ewipusly
reported literatufé”. 5 mmol of 8-aminoquinoline, and 6 mmol
of triethylamine were dissolved in 20 mL of g, stirred in
100 mL single neck flask at room temperature fonibutes, the
reaction solution was cooled in an ice bath afteraafthe acid
chloride (6 mmol) was added dropwise (if the acidodbe is
solid, it was dissolved with 5 mL CBI,). The reaction solution
was allowed to stir overnight at room temperaturee Tdaction
mixture was washed with CBl,, and the organic layer with 1M
NaHCGQG; (3x15 mL). The organic layer was dried over anhydro
N&SQ,, subsequently. The solvent was removed over rotary
evaporator. The product was purified by silica gelumn
chromatography with PE/EtOAc (10 : 1).

4.3.General procedure for synthesis of N-methyl-N-
(quinolin-8-yl)benzamide

The synthesis oN-methyl-N-(quinolin-8-yl)benzamide was
according to previously reported literatdfe To a suspension of
sodium hydride (2.0 mmol) in 5 mL of dry dimethyificamide,
was added a solution 6f8-quinolinyl-benzamide (1.0 mmol) in
5 mL of dry dimethylformamide in an ice bath. Tleaction was
warmed to room temperature and stirred for anothar.tMethyl
iodide (1.0 mmol) was added and the reaction mixtae stirred
for a further half hour, subsequently. Then thectiea mixture
was washed with 30 mL of GBI, and the organic layer was
washed with water (3x15 mL). The organic layer wasddoieer
anhydrous Nz50O,, and the solvent removed roto-evaporated.
The product was purified by column chromatographyngis
CH,CI, as eluent.

4.4.General procedure for the synthesis of brominated
quinolines in continuous flow

0.2 mmol of substituted quinolines and 0.11 mmol of

pPBDMH in CH.CI, (2 mL) was injected into the pump, then the

reaction mixture entered into the fluorinated ethg propylene
(FEP) tubing convection flow coil reactor (1/32 inmBameter,
1.6 ml inner volume, 53.3 pk min? flow rate), which was
maintained at room temperature (residence time =m8Q and
under the irradiation of blue-LED. The reaction rangt was
collected at a test tube and then concentratedrwaadeium. The
residue was purified by column chromatography oitasibel
(200-300 mesh) with PE/EtOAc (10 : 1) to give the fipducts.

4.4.1.N-(5-bromoquinolin-8-yl)benzamide (2a):

Obtained as a white solid in 90%H NMR (500 MHz,
CDCly) § 10.54 (s, 1H), 8.71 (dd,= 5.0, 3.4 Hz, 2H), 8.35 (dd,
=8.5, 1.6 Hz, 1H), 8.00 (dd,= 5.2, 3.3 Hz, 2H), 7.69 (d,= 8.4
Hz, 1H), 7.56-7.45 (m, 3H), 7.42 (dd,= 8.5, 4.2 Hz, 1H)°C
NMR (126 MHz, CDCJ) 6 165.13 , 148.67, 139.19 , 135.79 ,
134.71 , 134.36 , 131.99 , 130.81 , 128.82 , 127.227.04 ,
122.65, 116.85 , 114.36. GC-MS (El, m/z): 328 M

4.4.2.N-(5-bromoquinolin-8-yl)-2-
methylbenzamide (2b):

Obtained as a white solid in 929§ NMR (400 MHz, CDCJ)
5 10.19 (s, 1H), 8.84 (d,= 8.4 Hz, 1H), 8.79 (ddl = 4.2, 1.6 Hz,
1H), 8.54 (ddJ = 8.5, 1.5 Hz, 1H), 7.85 (d,= 8.4 Hz, 1H), 7.67
(d,J=7.7 Hz, 1H), 7.55 (dt] = 7.5, 3.7 Hz, 1H), 7.44 — 7.38 (m,
1H), 7.32 (tJ = 7.6 Hz, 2H), 2.60 (s, 3H}*C NMR (101 MHz,



CDCly) § 168.14, 148.77, 139.32, 136.82, 136.33, 136.02,613
131.48, 130.96, 130.52, 127.26, 126.08, 122.74,0P171114.51,
20.25. HRMS (ESI) m/z: [M+H] Calcd For GHyBrN,O

343.0191; found 343.0292.

4.4.3.N-(5-bromoquinolin-8-yl)-3-
methylbenzamide (2c):

Obtained as a white solid in 90%t NMR (400 MHz, CDC))
§10.64 (s, 1H), 8.84 (d,= 4.1 Hz, 1H), 8.81 (d] = 8.4 Hz, 1H),
8.51 (d,J = 8.5 Hz, 1H), 7.83 (dd] = 14.0, 7.1 Hz, 3H), 7.55 (dd,
J=8.5, 4.2 Hz, 1H), 7.45 — 7.36 (m, 2H), 2.47 (s, 3f0.NMR
(101 MHz, CDC}) 5 165.61, 148.76, 139.42, 138.75, 135.99,
134.85, 134.57, 132.80, 130.98, 128.70, 128.06,2827124.21,
122.72, 117.02, 114.35, 21.51. HRMS (ESI) m/z: [M*Bhlcd
For C,H,,BrN,O 343.0191; found 343.0295.

4.4.4.N-(5-bromoquinolin-8-yl)-4-
methylbenzamide (2d):

Obtained as a white solid in 93%t NMR (500 MHz, CDCJ)
5 10.58 (s, 1H), 8.77 (dd,= 4.1, 1.3 Hz, 1H), 8.74 (d,= 8.4 Hz,
1H), 8.44 (ddJ = 8.5, 1.3 Hz, 1H), 7.88 (d,= 8.1 Hz, 2H), 7.75
(d,J = 8.4 Hz, 1H), 7.49 (dd] = 8.5, 4.2 Hz, 1H), 7.26 (d,=
7.9 Hz, 2H), 2.37(s, 3HJC NMR (126 MHz, CDG)) 5 164.34,
147.68, 141.53, 138.41, 134.96, 133.60, 131.01,962928.47,
126.26, 121.66, 115.92, 113.19, 20.53. HRMS (ESlg: m/
[M+H] " Calcd For GH1,BrN,O 343.0191; found 343.0279.

4.4.5.N-(5-bromoquinolin-8-yl)-4-
methoxybenzamide (2e):

Obtained as a white solid in 84% NMR (500 MHz, CDC}))
8 10.65 (s, 1H), 8.88 (dd, J = 4.2, 1.5 Hz, 1H), 8&3)(= 8.4 Hz,
1H), 8.56 (dd, J = 8.5, 1.5 Hz, 1H), 8.07 — 8.03 (), .85 (d,
J = 8.4 Hz, 1H), 7.60 (dd, J = 8.5, 4.2 Hz, 1H), 7.07.62 (m,
2H), 3.90 (s, 3H)**C NMR (126 MHz, CDCJ) 5 164.93, 162.67,
148.67, 139.43, 136.01, 134.71, 131.02, 129.19,2627127.14,
122.68, 116.87, 114.05, 55.48. GC-MS (El, m/z): 888).

4.4.6.N-(5-bromoquinolin-8-yl)-4-
fluorobenzamide (2f):

Obtained as a white solid in 81% NMR (500 MHz, CDC))
5 10.64 (s, 1H), 8.86 (dd,= 4.2, 1.5 Hz, 1H), 8.79 (d,= 8.4 Hz,
1H), 8.54 (ddJ = 8.5, 1.5 Hz, 1H), 8.11 — 8.04 (m, 2H), 7.83 (d,
J=8.4 Hz, 1H), 7.59 (dd] = 8.5, 4.2 Hz, 1H), 7.25 — 7.19 (m,
2H). ®C NMR (126 MHz, CDCJ)  166.10 (d, & = 252.9 Hz),
164.26, 148.78, 139.35, 136.12, 134.34, 131.04¢d+ B.1 Hz),
130.98, 129.72(d, 8 = 9.1 Hz), 127.28, 122.78, 117.06
116.02(d, g = 22.0 Hz), 114.56. GC-MS (El, m/z): 346 M

4.4.7.N-(5-bromoquinolin-8-yl)-4-
chlorobenzamide (29g):

Obtained as a white solid in 91%H NMR (500 MHz,
CDCl) § 10.64 (s, 1H), 8.85 (dd,= 4.2, 1.4 Hz, 1H), 8.77 (d,
= 8.4 Hz, 1H), 8.53 (dd] = 8.5, 1.4 Hz, 1H), 7.99 (d,= 8.5 Hz,
2H), 7.82 (dJ = 8.4 Hz, 1H), 7.58 (dd] = 8.5, 4.2 Hz, 1H), 7.51
(d, J = 8.5 Hz, 2H)*C NMR (126 MHz, CDGJ) § 164.18 ,
148.81 , 139.31 , 138.34 , 136.05 , 134.22 , 133.130.93 ,
129.11, 128.69 , 127.23 , 122.79 , 117.04 , 114BB-MS (ElI,
m/z): 362 (M).

4.4.8.N-(5-bromoquinolin-8-yl)-2-
chlorobenzamide (2h):

Obtained as a white solid in 879 NMR (500 MHz, CDC}))
3 10.50 (s, 1H), 8.88 — 8.79 (m, 2H), 8.54 (d, J =18% 1H),
7.86 (d, J = 8.4 Hz, 1H), 7.82 (dd, J = 7.4, 1.7 H#), .57 (dd,
J = 8.5, 4.2 Hz, 1H), 7.52 — 7.49 (m, 1H), 7.43 (tdid 14.9,
10.5, 4.5 Hz, 2H)'*C NMR (126 MHz, CDGC)) 5 164.79, 148.87,
139.30, 135.93, 135.48, 134.36, 131.70, 131.16,8830.30.58,

5
130.20, 127.23, 127.21, 122.77, 117.37, 114.92. GC{HI,
m/z): 362 (M).

4.4.9.N-(5-bromoquinolin-8-yl)acetamide (2i):
Obtained as a white solid in 829 NMR (500 MHz,
CDCly) 8 9.71 (s, 1H), 8.76 (dd, J = 4.1, 1.6 Hz, 1H), 8.61)(d
8.4 Hz, 1H), 8.45 (dd, J = 8.5, 1.6 Hz, 1H), 7.73 (&,8.4 Hz,
1H), 7.51 (dd, J = 8.5, 4.2 Hz, 1H), 2.34 (s, 3% NMR (126
MHz, CDC}L) & 168.60, 148.52, 138.80, 135.87, 134.38, 130.83,
127.04, 122.59, 116.81, 114.06, 25.14. GC-MS (Ek)1266
(M").
4.4.10.N-(5-bromoquinolin-8-yl)pivalamide (2j):
Obtained as a white solid in 85%H NMR (500 MHz,
CDCl,) § 10.21 (s, 1H), 8.80 (d, = 2.9 Hz, 1H), 8.68 (d] = 8.4
Hz, 1H), 8.47 (dJ) = 8.4 Hz, 1H), 7.76 (d] = 8.4 Hz, 1H), 7.52
(dd, J = 8.4, 4.1 Hz, 1H), 1.42 (s, 9HY’C NMR (126 MHz,
CDCl) & 177.22, 148.66, 139.42, 135.85, 134.62, 130.89,
127.10, 122.55, 116.69, 113.86, 40.38, 27.69. HRES)(m/z:
[M+H] " Calcd For GH,;sBrN,ONa 329.0368; found 329.0266.

4.4.11.N-(5-bromoquinolin-8-yl)butyramide (2k):

Obtained as a white solid in 879§ NMR (500 MHz, CDCJ)
5 9.66 (s, 1H), 8.69 (dl = 3.6 Hz, 1H), 8.57 (d] = 8.4 Hz, 1H),
8.38 (d,J = 8.5 Hz, 1H), 7.66 (d] = 8.4 Hz, 1H), 7.43 (dd] =
8.4, 4.1 Hz, 1H), 2.45 (f] = 7.5 Hz, 2H), 1.81 — 1.71 (m, 2H),
0.97 (t,J = 7.4 Hz, 3H).°C NMR (126 MHz, CDG)) $ 171.70,
148.54, 138.96, 135.87, 134.45, 130.89, 127.09,572216.83,
113.93, 40.12, 19.04, 13.81. HRMS (ESI) m/z: [M+Halcd
For C;3H14BrN,O 293.0211; found 293.0446.

4.4.12.N-(5-bromoquinolin-8-yl)-2-
phenylacetamide (2I):

Obtained as a white solid in 83%H NMR (500 MHz,
CDCly) 5 9.82 (s, 1H), 8.62 (dd) = 11.3, 6.1 Hz, 2H), 8.39 (d,
= 8.4 Hz, 1H), 7.70 (d] = 8.4 Hz, 1H), 7.45 — 7.37 (m, 5H), 7.33
(t, J = 6.7 Hz, 1H), 3.86 (s, 2H}*C NMR (126 MHz, CDCJ) §
169.49, 148.60, 139.03, 135.75, 134.48, 134.27,7831.29.56,
129.04, 127.45, 127.02, 122.55, 116.77, 114.273431RMS
(ESI) m/z: [M+H] Calcd For GH.BrN,O 343.0191; found
343.0454.

4.4.13.N-(5-bromoquinolin-8-yl)thiophene-2-
carboxamide (2m):

Obtained as a white solid in 869§ NMR (500 MHz, CDCJ)
5 10.47 (s, 1H), 8.79 (dd, J = 4.2, 1.4 Hz, 1H), 8d56)(= 8.4 Hz,
1H), 8.46 (dd, J = 8.5, 1.4 Hz, 1H), 7.77 — 7.73 (), Z.56 —
7.48 (m, 2H), 7.14 — 7.09 (m, 1HYC NMR (126 MHz, CDG))
5 159.95, 148.80, 139.78, 139.19, 136.03, 134.27,163 130.99,
128.59, 127.91, 127.27, 122.77, 116.99, 114.43. HRHESI)
m/z: [M-H] Calcd For GHgBrN,OS 332.9598; found 332.9536.

4.4.14.N-(5-bromoquinolin-8-yl)-N-
methylbenzamide (2n):

Obtained as a white solid in 84%H NMR (500 MHz,
CDCly) § 8.99 (dd, J = 4.1, 1.5 Hz, 1H), 8.47 (dd, J = 8.5 Hz,
1H), 7.65 (d, J = 8.0 Hz, 1H), 7.52 (dd, J = 8.5,HMz] 1H), 7.29
(dd, J = 7.7, 3.0 Hz, 3H), 7.11 (t, J = 7.4 Hz, 1HQ17t, J = 7.6
Hz, 2H), 3.57 (s, 3H)**C NMR (126 MHz, CDGCJ) § 172.04,
151.11, 144.54, 142.52, 136.53, 135.82, 129.96,472929.28,
128.49, 127.92, 127.53, 122.80, 120.98, 38.59. HREES) m/z:
[M+H] " Calcd For GH,BrN,O 343.0191; found 343.0261.

4.4.15.N-(5-bromoquinolin-8-yl)-4-
methylbenzenesulfonamide (20):

Obtained as a white solid in 879§ NMR (500 MHz, CDCJ)
5 9.12 (s, 1H), 8.69 (dd, J = 4.2, 1.5 Hz, 1H), 8.3, @= 8.5,
1.5 Hz, 1H), 7.71 (d, J = 8.3 Hz, 2H), 7.62 (d, J 3 |z, 2H),
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7.44 (dd, J = 8.5, 4.2 Hz, 1H), 7.09 (d, J = 8.1 H4), 2.22 (s,
3H). ®*C NMR (126 MHz, CDG)) & 149.19, 143.99, 139.10,
136.22, 135.89, 133.85, 130.35, 129.63, 127.49,2R27.23.02,
115.24, 114.88, 21.47. HRMS (ESI) m/z: [M:HTalcd For

C16H12BrN,O,S 376.9861; found 376.9792.

4.4.16.N-(5-bromoquinolin-8-yl)-1-
phenylmethanesulfonamide (2p):

Obtained as a white solid in 79% NMR (500 MHz, CDC}))
8 8.83 (s, 1H), 8.70 (dd, J = 4.2, 1.4 Hz, 1H), 8.48 (= 8.5,
1.4 Hz, 1H), 7.68 (t, J = 9.9 Hz, 1H), 7.61 (d, J =188 1H),
7.55 (dd, J = 8.5, 4.2 Hz, 1H), 7.24 (t, J = 5.4 H4), .13 (t, J
= 7.6 Hz, 2H), 7.08 (d, J = 7.5 Hz, 2H), 4.39 (s, ZF. NMR
(126 MHz, CDC}) & 149.15, 138.71, 135.95, 134.33, 130.72
130.46, 128.81, 128.66, 128.12, 127.53, 123.18,9714.14.86,
58.04. HRMS (ESI) m/z: [M-H] Calcd For GgH;,BrN,O,S
376.9861; found 376.9795.

4.4.17.N-(5-bromoquinolin-8-yl)thiophene-2-
sulfonamide (2q):

Obtained as a white solid in 55%H NMR (500 MHz,
CDCly) & 9.21 (s, 1H), 8.71 (d, J = 3.9 Hz, 1H), 8.40 (d,8.5
Hz, 1H), 7.71 (dd, J = 20.2, 8.3 Hz, 2H), 7.59 — 7.54 {H),
7.47 (dd, J = 8.5, 4.2 Hz, 1H), 7.38 (d, J = 4.9 H4), B.87 (t, J
= 4.4 Hz, 1H)."*C NMR (126 MHz, CDGJ) 5 149.32, 139.60,
139.26, 135.97, 133.47, 132.84, 132.42, 130.36,5827.27.19,
123.11, 115.81, 115.50. HRMS (ESI) m/z: [M-HJalcd For
C,3HsBrN,O,S, 368.9268; found 368.9196.

4.5.General procedure for the synthesis of chlorinated
quinolines in continuous flow

A solution of substituted quinolines (0.2 mmol), DCDMH
(0.22 mmol) and TBHP (70% in water, 0.7 mmol) in DC® (
mL) was injected into the pump, then the reactioixtune
entered into the fluorinated ethylene propyleneRJFEonvection
flow coil reactor (1/32 inner diameter, 1.6 ml innlume, 26.7
pL « min™ flow rate), which was maintained at room temperatur
(residence time = 60 min) and under the irradiatibblue-LED.
The reaction mixture was collected at a test tubd Hren
concentrated under vacuum. The residue was pulifjecblumn
chromatography on silica gel (200-300 mesh) withBRBAc to
give the final products.

4.5.1.N-(5-chloroquinolin-8-yl)benzamide (3a):

Obtained as a white solid in 91%H NMR (500 MHz,
CDCly) § 10.53 (s, 1H), 8.75 (dd, J = 5.0, 3.5 Hz, 2H), 8ct®, (
=8.5, 1.5 Hz, 1H), 7.97 — 7.92 (m, 2H), 7.53 — 7@] §H)."°C
NMR (126 MHz, CDCJ) & 164.24, 147.85, 138.17, 133.78
132.77, 132.31, 130.93, 127.77, 126.38, 126.20,8724123.38,
121.32, 115.34. HRMS (ESI) m/z: [M+Na]Calcd For
C,6H1:CIN,ONa 307.0428; found 307.0419.

4.5.2.N-(5-chloroquinolin-8-yl)-4-
methoxybenzamide (3b):

Obtained as a white solid in 87%H NMR (500 MHz,
CDCl,) & 10.61 (s, 1H), 8.91 — 8.82 (m, 2H), 8.58 (dd, J5; 8.
1.5 Hz, 1H), 8.09 — 7.99 (m, 2H), 7.64 (d, J = 8.4 H4), 7.58
(dd, J = 8.5, 4.2 Hz, 1H), 7.03 (d, J = 8.8 Hz, 2HY03s, 3H).
¥C NMR (126 MHz, CDG)) & 164.94, 162.65, 148.67, 139.31
134.08, 133.44, 129.18, 127.36, 127.17, 126.00,152422.36,
116.28, 114.04, 55.49. HRMS (ESI) m/z: [M+Nafalcd For
C17H15CIN,O,Na 337.0534; found 337.0530.

4.5.3.N-(5-chloroquinolin-8-yl)-4-
fluorobenzamide (3c):

Obtained as a white solid in 80%H NMR (500 MHz,
CDCl,) 5 10.50 (s, 1H), 8.77 (dd, J = 4.1, 1.3 Hz, 1H), 8d3)(

edron

= 8.4 Hz, 1H), 8.47 (dd, J = 8.5, 1.3 Hz, 1H), 8.00.937(m,
2H), 7.53 (d, J = 8.4 Hz, 1H), 7.48 (dd, J = 8.5,Mz2 1H), 7.12
(t, J = 8.5 Hz, 2H)**C NMR (126 MHz, CDGJ) & 166.08(d, g

= 252.9 Hz), 164.18, 148.76, 139.21, 134.65, 133163.46,
131.04(d, - = 3.1 Hz), 129.69(d,d = 9.0 Hz), 127.26, 125.97,
124,58, 116.42, 115.99(dce)= 21.9 Hz). HRMS (ESI) m/z:
[M+Na]* Caled For GgH,,CIFN,ONa 325.0334; found 325.0331.

4.5.4.4-chloro-N-(5-chloroquinolin-8-
yl)benzamide (3d):

Obtained as a white solid in 75%H NMR (500 MHz,
CDCl,) 5 10.51 (s, 1H), 8.79 — 8.75 (m, 1H), 8.72 (d, J =H&z4
1H), 8.48 — 8.44 (m, 1H), 7.89 (d, J = 8.4 Hz, 2H)27(&, J =
,8.4 Hz, 1H), 7.48 (dd, J = 8.5, 4.2 Hz, 1H), 7.41 (¢,8.4 Hz,
2H). ®C NMR (126 MHz, CDGC)) & 164.16, 148.79, 139.19,
138.31, 133.58, 133.47, 133.19, 129.09, 128.67,2527125.97,
124.70, 122.44, 116.48. HRMS (ESI) m/z: [M+Naalcd For
C.1H1ClLN,ONa 341.0039; found 341.0033.

4.5.5.2-chloro-N-(5-chloroquinolin-8-
yl)benzamide (3e):

Obtained as a white solid in 86%H NMR (500 MHz,
CDCl) 5 10.48 (s, 1H), 8.90 (d, J = 8.4 Hz, 1H), 8.84 (dd, J
4.2,1.5 Hz, 1H), 8.59 (dd, J = 8.5, 1.5 Hz, 1H), (&2 J = 7.4,
1.9 Hz, 1H), 7.67 (d, J = 8.4 Hz, 1H), 7.58 (dd, J5; 8.2 Hz,
1H), 7.51 (dd, J = 7.8, 1.3 Hz, 1H), 7.43 (dtd, J 317.4, 1.6
Hz, 2H).**C NMR (126 MHz, CDCJ) § 164.82, 148.85, 139.21,
135.53, 133.72, 133.44, 131.69, 131.18, 130.58,2030.27.26,
127.21, 126.02, 124.97, 122.44, 116.89. HRMS (ESIz: m
[M+Na]* Caled For GgH;,Cl,N,ONa 341.0039; found 341.0041.

4.5.6.N-(5-chloroquinolin-8-yl)thiophene-2-
carboxamide (3f):

Obtained as a white solid in 89%H NMR (500 MHz,
CDCl;) & 10.58 — 10.45 (s, 1H), 8.87 (dd, J = 4.2, 1.5 H#),1
8.76 (d, J = 8.4 Hz, 1H), 8.61 — 8.51 (m, 1H), 7.84, @= 3.7,
0.8 Hz, 1H), 7.59 (ddd, J = 12.7, 11.0, 6.3 Hz, 3H)87dd, J =
€4.8, 3.8 Hz, 1H)**C NMR (126 MHz, CDCJ) § 159.93, 148.78,
139.77, 139.01, 133.59, 133.43, 131.14, 128.56,9127127.29,
125.97, 124.49, 122.43, 116.39. HRMS (ESI) m/z: [MFNa
Calcd For GHsCIN,OSNa 312.9993; found 312.9988.

4.5.7.N-(5-chloroquinolin-8-yl)pivalamide (39):

Obtained as a white solid in 80%H NMR (400 MHz,
CDCl) § 10.21 (s, 1H), 8.84 (d, = 4.1 Hz, 1H), 8.74 (d] = 8.4
Hz, 1H), 8.53 (dJ = 8.5 Hz, 1H), 7.59 — 7.52 (m, 2H), 1.43 (s,
9H). 3C NMR (101 MHz, CDC)) & 177.26, 148.68, 139.31,
133.99, 133.33, 127.25, 125.88, 123.96, 122.25,171640.37,
27.71. HRMS (ESI) m/z: [M+N4&]Calcd For GH;sCIN,ONa
285.0873; found 285.0771.

4.5.8.N-(5-chloroquinolin-8-yl)butyramide (3h):

Obtained as a white solid in 85%H NMR (500 MHz,
CDCly) 5 9.65 (s, 1H), 8.74 — 8.70 (m, 1H), 8.62 Jd; 8.4 Hz,
1H), 8.43 (dJ = 8.4 Hz, 1H), 7.49 — 7.42 (m, 2H), 2.45Jtz
7.5 Hz, 2H), 1.81 — 1.72 (m, 2H), 0.97 Jt= 7.4 Hz, 3H).°C
NMR (126 MHz, CDCJ) & 171.76, 148.52, 138.80, 133.77,
133.33, 127.22, 125.84, 124.04, 122.25, 116.31104019.06,
13.81. HRMS (ESI) m/z: [M+N4]Calcd For GH;sCIN,ONa
271.0716; found 271.0743.

4.5.9.N-(5-chloroquinolin-8-yl)-2-
phenylacetamide (3i):

Obtained as a white solid in 84%H NMR (500 MHz,
CDCl,) 6 9.81 (s, 1H), 8.66 (dl = 7.7 Hz, 2H), 8.43 (d] = 8.5
Hz, 1H), 7.50 (dJ = 8.4 Hz, 1H), 7.45 — 7.38 (m, 5H), 7.33]t,
= 6.8 Hz, 1H), 3.87 (s, 2H)°)C NMR (126 MHz, CDG)
169.49, 148.59, 138.89, 134.51, 133.62, 133.19,562929.04,



127.44, 127.11, 125.75, 124.32, 122.22, 116.213A51RMS
(ESI) m/z: [M+H] Calcd For GH,.CIN,O 297.0716; found
279.0742.

4.6.Procedure for scale-up bromination reaction of N-8-
quinolinyl-benzamide

A test tube was filled with 10 mL of GBl,, in which N-8-
quinolinyl-benzamide (5 mmol, 1.240 g), DBDMH (2.75 oim
786.5 mg) were dissolved. The reagent solutions waraped
into PTFE-FEP tubes (1/32 inner diameter) througimg (Syrris
Ltd) at a flow rate of 53.3 pl+ min’. The solution then
immediately entered a 1.6 mL convection flow coiF() reactor
(1/32 inner diameter) at a flow rate of 53.3 uiin™, which
was maintained at ambient temperature (residen@e=iB0 min).
The flow process was run continuously for 210 mire Pphoduct
stream exiting the reactor was collected in a taisé tand then
concentrated under vacuum. After evaporation, tise@ue was
purified by column chromatography on silica gel@2800 mesh
size) using petroleum ether/EtOAc as the eluentue $i39 g of
the pr?duct. This flow process gave a product outgfuB897
mg -« h™.
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