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delineated by base

An efficient synthesis of 1,2,3,4-tetrahydroquinels withdonor and acceptor group has t

mediated ring transformation6-@iryl-4-substituted4a-pyran-2-one-3-

carbonitriles by N-boc-piperidone followed by consecutive deprotectiorBot group unde
acidic conditions. This reaction involves 2 new ddormations namely C4a-C5 and C88-ir
order to create the nucleus. Various donor andpocéunctional groups like aryl, heteroa
nitrile, methylsulfanyl and secondary amine werstatied in 1,2,3,4etrahydroquinolines. W

extended our approach to synthesize the fused ,4;&B8ahydroquinolines by using 2-

Keywords
1,2,3,4-tetrahydroquinolines
Quinolines

Base

deprotection

oxobenzofijchromenes as precursor. Further, we synthesizeddfiand isolated quinolir
through aromatization of 1,2,3,4-tetrahydroquineditoy DDQ in excellent yields. Single-cryst
X-ray analysis of the Boc protected tetrahydroisogline 6t showed the steric hinderai
between N-Boc and aryl group.

2009 Elsevier Ltd. All rights reserved

1. Introduction

1,2,3,4-Tetrahydroquinolines are extremely impdrtarotif
and present as main skelton or substructure obwarnatural
products and pharmaceutical agentetrahydroquinoline based
molecules exhibit diverse biological activitiescbuas antiHIV?
antifungal®  antimalaria!  antibacteriaf,  antidiabetic’
antialzheimef, antipsychoti¢, antidepressanfsantitumor® and
vasodillatof activities. They are also reported for control gen
expression in ecdysone responsive systdime compounds with
these skeleton are also used in preparation of qulale glasses,
pesticides, antioxidants, fluorescent dyes andsdyesitized solar
cells® Additionally, tetrahydroquinoline based scaffolds atso
used as chiral ligands in asymmetric synth&sBue to
remarkable significance of tetrahydroquinolinesjous research
groups are interested in the development of new hstiat
approach. The development of such fluorescenceaulele with
large stokes shift and photo-stability is much im@ot in
biological applications’ The organic dyes with high photo-
stability are beneficial for long term cellular igiag, which is of
great importance for biological processes, pathictggathways,
and therapeutic effects The molecules with large stokes shift

In general, tetrahydroquinolines can be achievedbyarov
reactior® and reductions of quinolinEsby using various
reducing agents. These methods have limited stbstcape and
required very harsh reaction condition. To overcorhés
problem, various research groups have reportedgyhthesis of
1,2,3,4-tetrahydroquinolines by inter- and intraecollar
cyclizations reaction in presence of palladiundium, gold,
rhodium and cobalt based catalytic systémApart from
transition metal catalyzed synthesis, acid catalyegclization
approach is also uséd. 1,2,3,4-Tetrahydroquinolines are
achieved by BEOEL mediated reaction of N-arylimines and
arylvinylidenecyclopropané.in another method, reaction of 2-
aminoarylaldehydes and alkenyltrifluoroborates fies
tetrahydroquinolines in the presence of TMSCI antNE
followed by hydrogenatioff Since, presence of functional
groups limits the scope of synthesis of tetrahydiogjine
nucleus, further modification could be required amdltiple
steps needed. Konishét.al. reported a site-selective C-H
borylation of tetrahydroquinoline at C-8 positidirdugh iridium
catalyzed reactiofi* which may be use as precursor for the
synthesis of 8-aryl-1,2,3,4-tetrahydroquinolines. heT
functionalized quinolines were also afforded by 4zetulaion

(typically, AA > 80) can minimize the signal to noise ratio reactiong®°

between excitation source and emission for celitaging’?

UCorresponding author. Tel/Fax: +91 27666646; Eaddress; ramendrapratap@gmail.com (Ramendra Pratap)
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The earlier reported approach for the synthesi4,®f3,4-
tetrahydroquinoline ring includes one or more béomhnation as
shown in retrosynthetic approach and possible baneN-C2,
C2-C3, C3-C4, C4-C4a, and C8a-NHerein, we have developed
a new approach, which involved 2 bond formation ngr&a-
C5 and C8a-C8 in the same pot to create the tetrafjnolines

Tetrahedron

Table 1: Optimization of reaction conditioi‘]s

_base, solvent DCM TFA CN
temp
Boc HN

(Figure 1).

s X, -9 Entry Base Solvent t(h) Yield
@fj (——— @\/j [ — @j Our strategy (%) 3
N N SN 1 EtN  DMSO rt 12 5

H H 8 I H 2 EGN DMF r.th 12 4

[ ) ) 3 EtN  DMSO 60 12 ¢

any of one or two Cda-Ce and CBa-C8 4 CsCO, DMSO  rtf 12 45
bond formation 5 CsCO;, DMF r.th 12 45
Figure 1. Synthesis of 1,2,3,4-tetrahydroquinolines throdigtonnection 6 CsCO; DMSO 90 12 42
approach (Earlier versus our approach) 7 LiOH DMSO r.t 8 45
8 KOH DMSO r.t 6 60

2. Result and discussion 9 KOH  DMF rt’ 6 60
10 KOH DMSO 90 5 58

To perform our synthetic approach 6-aryl-2-oxcség@amino)- 11 NaH  DMSO r.t 4 55
2H-pyran-3-carbonitrile€ and 2-oxo-4-$ecamino)-5,6-dihydro- ig K’\g’g" gl\'\/l"ssg %9 . 24 6517
2H-benzoh]chromene-3-carbonitriled were used as precursor 14 NaNHuZ DMSO rr'ti; 3 95
a_nd synth_esized in two  steps _from 2-cyano-3,3- 15 NaNH  DMF rth 6 90
bis(methylthio)acrylatd. The first step provide3 by reaction of 16  NaNH DMSO 90 8 70
1 and aryl methyl ketones and 2-tetralor®esespectively. The 17 NaNB  THF Reflux 12 70

aminated pyrand can be achieved by amination of synthesized ) All reactions were performed by stirring 2-ox@iéenyl-4-piperidin-1-yl-

compounds with various secondary amine under
conditions (Scheme J.

Once, we had precursor in our hand, we started thmiaption
of reaction conditions for the synthesis of tetddoguinolines.
During the optimization of reaction conditions, wefpemed the
ring transformation reaction followed by deprotestiof Boc
group of crude under acidic condition. To study, Wwave
selected 2-0x0-6-phenyl-4-piperidin-1-yH2pyran-3-carbonitrile
4 and 3-oxo-piperidine-1-carboxylic acid tert-buster5 as
model substrates. Deprotection of Boc group was padd by
literature procedure using TFA in dichloromethane radm

reflux 2H-pyran-3-carbonitrilet (0.5 mmol),5 (0.6 mmol) and base (1.0 mmol) in

solvent (5.0 mL) at different temperature and crotiained was treated
with TFA in dichloromethane at room temperature; Rmom temperature
was ranging between 25-3&, (c) Isolated yield was reported, (d) 2-
pyranone left unconsumed
yield of desired product was isolated (Table 1, ieat8-10).
However, used of sodium hydride in DMSO at room tentpesa
and 90°C provides 55 and 57% vyield respectively (Table 1,
entries 11-12). Then potassium tertiary butoxide wsedl as base
in DMSO and 61 % of tetrahydroquinoline was obtairnEab(e
1, entry 13), while sodamide in DMSO at room tempeeatu
provides 95 % of desired product in a shorter feactime

temperaturé? We started the assessment by using triethyl aminélable 1, entry 14). Then, we tested sodamide in [¥Foom

as a base in DMSO and DMF at r.t. and®°60 but no reaction
was observed (Table 1, entries 1, 2 and 3). Themsed cesium

temperature and afforded 90% of desired produchlérdl,
entries 15). On the other hand conducting the meadt higher

carbonate in DMSO and DMF at room temperature as wedta temperature in DMSO provided 70 % of the compoundi§ra,
90 °C and yield of desired product up to 45% was obthine €ntry 16). Then, we switched the solvent DMSO to THfe#itix
(Table 1, entries 4-6). Use of lithium hydroxide BMSO  temperature to affordg in a good yield (Table 1 entry 17). The
followed by deprotection of Boc group provides 45% Optimization of reaction condition shows that reastiof 2-
tetrahydroquinolines (Table 1, entry 7). Then, wevetbto Pyranone4 and5 in DMSO in presence of sodamide at room

potassium hydroxide in DMF and DMSO and 58-60 % temperature act as best reaction condition. Thelecrthus
obtained was treated with TFA in DCM to affordn excellent

yield.

SMe

We tried to isolate the Boc protected tetrahydmpisoolines but
proton NMR shows presence of some aliphatic impusitych

was difficult to remove, so we crystallized one commib and the
structure of the Boc protected product was confirrhgdX-ray

crystallographic analysis (Figure 2; Table 1 in.SJsing the
optimized reaction conditions, the scope and gérgalicability

of this methodology was investigated and a seriesighly

functionalized tetrahydroquinolines was synthesize65-95 %
yield. Further, we observed that various electronatiog and
withdrawing aryl group in pyran ring didn't affectethyield

significantly. The bulky aryl group like naphthylnd 2-

substituted aryl group in pyran ring significantgduce the yield
due to steric hindrance. Interestingly, 8-heterohf®,3,4-

tetrahydroquinolines was achieved in good yield.

Scheme 1: Synthesis of 6-aryl-2-oxo-4€camino)-H-pyran-3-carbonitriles
and 2-oxo-4-4ecamino)-5,6-tetrahydro#2-benzoh]chromene-3-
carbonitriles
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Scheme 2. Synthesis of various functionalized 1,2,3,4-tetdiby
quinolined®[a) All reactions were performed by stirridg0.5 mmol),5 (0.6
mmol) and sodamide (1.0 mmol) in DMSO (5.0 mL)aim temperature and
crude obtained was treated with TFA in dichlororaethat room temperature
(25-35°C), (b) Isolated yield was reported.]

We further investigated the scope of reaction ffier synthesis of
naphtho-fused quinolines; hexahydro-1-aza
benzof]phenanthrenes8. The ring transformation of 2-
oxobenzofijchromenes 4 with 5 wunder similar reaction
conditions afforded fused tetrahydroquinolines artdrestingly,
good yield of product was observed (Scheme 3).

To further investigate the scope of reaction, weehased
compound3 as a precursor to check the tolerance of reaction
functional group. Previously, we have observed grasence of
methylthio group provides some side reaction anébraf
complex mixture or low yield of produétinterestingly, reaction
of 3 with 5 in presence of NaNHn DMSO afforded the desired
product9 in the moderate yield 52-64% (Scheme 4).

A plausible mechanism for the formation 8fis shown in
scheme 5. The structural investigation of 2-pyranshows that
C2, C4 and C6 position is highly reactive towardsleophilic
attack and position C6 is more reactive due to relad
conjugation with electron withdrawing groups. The coonmd 5
can generate two different nucleophiles at posifilocand 4 and
their involvement in the reaction can provides qlime or

3

isoquinoline skeleton. Mechanistically, if reactifollows path
A, carbanion generated at position 2 of N-Boc-3-pgmne
attacks at C-6 of pyran via Michael addition follavby ring
opening and provides intermediatk. The intermediateA
undergoes decarboxylation and protonation and gesvi
intermediateB. In the presence of excess of base intermeBiate

Scheme 3. Scope of 2-oxobenzbfchromenes for the synthesis of fused
quinolineg® [All reactions were performed by stirring (0.5 mmol),5 (0.6
mmol) and sodamide (1.0 mmol) in DMSO (5.0 mL)aim temperature and
crude obtained was treated with TFA in dichlororaeghat room temperature
(25-35°C), (b) Isolated yield is reported.]

O
Figure 2. ORTEP diagram of tert-butyl 5-cyano-8-(4-methoxgpii)-6-
“morpholino-3,4-dihydroquinoline-1¢-carboxylatest

Scheme 4:

Synthesis of methylthio group containing 1,2,3,4-
tetrhydroquinoline®a,b.[ a)All reactions were performed by stirring 350.
mmol), 5 (0.6 mmol) and sodamide (1.0 mmol) in DM&® mL) at room
temperature and crude obtained w@sated withTFA in dichloromethane at
room temperature (25-3&), (b) Isolated yield was reported.
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Scheme 5. Plausible mechanism for the synthesis of 8-arylHestituted-
1,2,3,4-tetrahydroquinoline-5-carbonitriles
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Scheme 6. Synthesis of functionalized quinoliri¢Reaction was carried out
by refluxing tetrahydroquinolines (0.2 mmol), DD@4 mmol) in toulene
(3.0 mL) at 120C and isolated yield is reported.]

provides carbanion, which undergoes
cyclization by involving carbonyl carbon to affoittermediate
D. In addition, intermediat@& can also provides intermediafe
by decarboxylation, protonation and enolizatiortetmediatC
can undergo sGelectrocyclization to afford intermediat®,
which undergoes aromatization by loss of water to giveNhe
Boc-1,2,3,4-tetrahydroquinolines. At last, we perfednthe
deprotection of Boc group under acidic conditionafford the
functionalized 1,2,3,4-tetrahydroquinolines. If theeaction
follows another path B, reaction involves the caibbamgenerated
from position 4 of N-Boc-3-piperidone
tetrahydroisoquinoline can be achieved following thame
mechanistic pathways as reported for path A. Thetitac
provides exclusively 1,2,3,4-tetrahydroquinolinegich support
the formation of carbanion at position 2 of 3-pidene. Most
likely, presence of Boc group supports the fornmatiof
carbanion at C2 due to additional negative Indecteffect.

and

Further, we have aromatized the tetrahydroquinolimesising
DDQ (2,3-dichloro-5,6-dicyano-1,4-benzoquinone) iruésle to
afford the quinoline in excellent yield (Schemée%Jhis reaction
works smoothly and provides the functionalized glives in
excellent yield.

Alternatively, compound can also aromatized to produce 8-
aryl-6-(sec.amind-quinoline-5-carbonitriles in moderate yield in
presence PIDA using toluene as solvent. We trieddtfferent
ratio of 1,2,3,4-tetrahydroquinoline and DDQ and &torworks
perfectly for aromatization reaction. We have del@cboth
isolated and fused quinolines as substrate for atiaation and
isolated the product in excellent yield. Interegiyn in case of
fused tetrahydroquinolines the bridge ethylene grewas not
oxidized even in presence excess of DDQ.

3. Conclusions

In summary, we have developed an efficient transitietal
free approach for the synthesis of highly functiea 1,2,3,4-
tetrahydroquinoline, which can easily provides gliime simply
by oxidation in presence of DDQ. The amusing qualité the
synthetic chemistry include high regioselectiviégsily available
starting material and wide functional group toleend his
method provides new class of functionalized fused ianlated
1,2,3,4-tetrahydroquinolines and quinolines. Thithnd open a
new avenue for the construction of highly functidred 1,2,3,4-
tetrahydroquinolines and quinolines from easily essible
precursor under basic condition through C4a-C5 &8&-C8
bond formation reactions.

4. Experimental
4.1. General

All the required reagents and solvents were purché&sed
Sigma Aldrich, Spectrochem and Alfa Aesar. These camgs
were directly used without further purification. Thequired
precursors; B-pyran-2-one has been synthesized earlier by
various research grou3$®* and extensively used for ring
transformation reactions. Herein, we have synthesizeche
newly functionalized 2-pyranones along with reported
compounds and characterization data for new compounad
been provided in experimental section. IR spectotmheter was
used to study the stretching frequencies and data reported in
wave number (cif). The proton NMR (400 MHz) and carbon
NMR (100 MHz) spectra were recorded in CBGolution
(residual peaks of chloroform at 7.26 ppm ¥erand 77.0 ppm
for °C were used as reference) or in DMSGalution (residual
peaks of DMSO at 2.50 ppm fod and 39.5 ppm fot°C were
used as reference). The coupling consthate reported in Hz

intramolecula@nd signal patterns for proton NMR is reported asirglet; d,

doublet; br, broad signal; t, triplet; g, quartet; multiplet; dd,
double doublet etc. High-resolution mass spectra wexerded
on a quadrupole-time-of-flight mass spectrometer.

42. General Procedure for the synthesis of 8-
aryl/heteroaryl-1,2,3,4-tetrahydroquinolines 7. To a vacuum
dried RB flask a mixture of the appropriate 6-&ybxo0-4-
(secamino)-H-pyran-3-carbonitrile 4 (0.5 mmol), N-boc-3-
piperidone5 (0.6 mmol), NaNH (1.0 mmol) in DMSO (5.0 ml)
was stirred at r.t. for 3 h. When the compodngtas completely
consumed in the reaction as indicated by TLC, teée mixture
was poured slowly onto ice—water with constant stirrime
mixture was quenched with 10% aqueous HCI. The resgulti
precipitate was collected by filtration, washed withOH and
dried. Crude product was treated with TFA (10 mmolpiaM



(3.0 mL) at room temperature for 30-35 minutes #ieh poured
the reaction mixture onto crushed ice. Reactiontumé was

neutralized with NaHC@and extracted with DCM (25.0 mLx3).

The combined organic layer was dried over anhydfdasSO,
and than evaporated in vacuo. Crude prodéaetgre purified by
silica gel column chromatography using 10% ethydtaie in
hexane.

Tert-butyl  5-cyano-8-(4-methoxyphenyl)-6-(piperidin-1-
yl)-3,4-dihydroquinoline-1(2H)-car boxylate 6i

A mixture of 6-(4-methoxyphenyl)-2-oxo-4-(piperidiryl)-2H-
pyran-3-carbonitrile4 (0.5 mmol, 0.155 g), N-boc-3-piperidoize
(0.6 mmol, 0.119 g), sodamide (1.0 mmol, 0.039ngpMSO (5.0
mL) was stirred at r.t. for 3 hours. After compdetj the crude
mixture was poured drop-wise onto ice—water withstant stirring
and neutralized with 10% aq. HCI. The resulting mitate was
collected by filtration, washed with water and drieThe crude
products thus obtained was purified by column clatmgraphy on
neutral alumina using 5% ethyl acetate in hexanara®luent to
afford 6i as yellow solid; yield: 192 mg (86%); mp = 85-&7, °
IR (KBr): 3055, 2931, 2212, 1448-1665 ¢m'H NMR (400

5
collected by filtration, washed with water and dri@he obtained
crude product was treated with TFA (10.0 mmol, 0n7l% in DCM
(3.0 mL) at room temperature for 30-35 minutes. nThieaction
mixture was poured onto crushed ice. Reaction mextwas
neutralized with NaHC@and extracted with DCM (25.0 mLx3).
The combined organic layer was dried over anhydia$0O, and
excess of solvent was removed under vacuum. Theegpuoducts
thus obtained was purified by silica gel column ochatography
using 10% ethyl acetate in hexae as an eluentfoodafa yellow
solid; yield: 170 mg (89%); mp = 145-147 °C; IR (KB3401,
2926, 2206, 1441-1670 ¢ 'H NMR (400 MHz, CDCJ): ¢
1.94-2.00 (m, 6H), 2.95 (§ = 6.8 Hz, 2H), 3.15 (t) = 5.6 Hz,
2H), 3.46 (t,J = 6.8 Hz, 4H), 6.39 (s, 1H, ArH), 7.28 (@= 8
Hz, 2H, ArH), 7.56 (d,J = 8.8 Hz, 2H, ArH);**C NMR (100

MHz, CDCk): 6 21.8, 25.5, 26.4, 41.7, 50.5, 98.0, 114.5, 114.5

119.1, 122.0, 126.0, 130.6, 131.2, 131.8, 132.0,43HRMS
(ESI): m/z[M + H]" caled for GgH,,BrNs: 382.0913; found:
382.0907.

8-(2,4-Dichlor ophenyl)-6-(pyrrolidin-1-yl)-1,2,3,4-
tetrahydroquinoline-5-car bonitrile7b

MHz, CDCk): 6 0.974 (s, 9H), 1.78-1.88 (m, 6H), 3.00-3.14 (m, A mixture of 6-(2,4-dichlorophenyl)-2-oxo-4-(pyridin-1-yl)-2H-

8H), 3.82-3.85 (m, 5H), 6.81 (s, 1H, ArH), 6.95 (brm, &),
7.26-7.34 (brm2H, ArH); *C NMR (100 MHz, CDGJ): 6 23.8,
24.0, 26.0, 27.3, 28.2, 42.7, 53.3, 55.2, 80.2,7,0814.0, 117.0,
118.0, 128.8, 129.7, 130.7, 131.8, 140.1, 142.1.8,5159.2;
HRMS (ESI): m/z[M + H]" calcd for G;H3N3O4: 448.2595;
found: 448.2609.

Tert-butyl  5-cyano-8-(4-methoxyphenyl)-6-mor pholino-
3,4-dihydroquinoline-1(2H)-car boxylate 6t

A mixture of 6-(4-methoxyphenyl)-4-morpholino-2-c2éi-
pyran-3-carbonitrile4 (0.5 mmol, 0.156 g), N-boc-3-piperidoize
(0.6 mmol, 0.119 g), sodamide (1.0 mmol, 0.039gpMSO (5.0
mL) was stirred at r.t. for 3 hours. After compdetj the crude
mixture was poured drop-wise onto ice—water withstant stirring
and neutralized with 10% aq. HCI. The resulting mitate was
collected by filtration, washed with water and drieThe crude
products thus obtained was purified by column clatmgraphy on
neutral alumina using 5% ethyl acetate in hexanara®luent to

pyran-3-carbonitrile4 (0.5 mmol, 0.167 g), N-boc-3-piperidoize
(0.6 mmol, 0.119 g), sodamide (1.0 mmol, 0.039ngPpMSO (5.0
mL) was stirred at r.t. for 3.5 hours. When the poomd 4 was
completely consumed in the reaction as indicated@lly, the crude
mixture was poured drop-wise onto ice—water withstant stirring
and neutralized with 10% aq. HCI. The resulting jpitate was
collected by filtration, washed with water and dri’he obtained
crude product was treated with TFA (10.0 mmol, 0n7% in DCM
(3.0 mL) at room temperature for 30-35 minutes. nThieaction
mixture was poured onto crushed ice. Reaction mextwas
neutralized with NaHC@and extracted with DCM (25.0 mLx3).
The combined organic layer was dried over anhydia&$0O, and
excess of solvent was removed under vacuum. Theegpuoducts
thus obtained was purified by silica gel column ochatography
using 10% ethyl acetate in hexae as an eluentfoodafb yellow
solid; yield: 130 mg (70%); mp = 83-85 °C; IR (KBf396,
2924, 2216, 1439-1606 ¢ 'H NMR (400 MHz, CDCJ): &
1.85-1.91 (m, 6H), 2.88 (1] = 6.4 Hz, 2H), 3.08-3.12 (m, 2H),

afford 6t asYellow solid; yield: 200 mg (89%); mp = 76-78 °C; 3.37-3.40 (m, 4H), 6.24 (s, 1H, ArH), 7.15 (@7 8.2 Hz, 1H,

IR (KBr): 3053, 2959, 2217, 1450-1696 ¢m'H NMR (400

ArH), 7.26 (dd,J = 2.0 Hz, 8.0 Hz, 1H, ArH), 7.43 (d,= 1.6

MHz, CDCE): 6 0.979 (s, 9H), 1.87 (s, 1H), 2.26 (s, 1H), 3.09-Hz, 1H, ArH); °C NMR (100 MHz, CDGJ): § 21.8, 25.5, 26.4,
3.21 (m, 6H), 3.82 (s, 3HPMe), 3.86-3.91 (m, 6H), 6.82 (s, 1H, 41.7,50.5, 114.5, 119.1, 126.0, 127.5, 127.7 5, 229.8, 132.2,

ArH), 6.94-6.96 (m, 2H, ArH), 7.31-7.35 (n2H, ArH); *C

132.3, 134.0, 134.2, 134.6, 135.7; HRMS (ES#jz[M + H]"

NMR (100 MHz, DMSO-g): ¢ 23.4, 25.7, 28.1, 42.6, 51.8, 55.4, calcd for GoH,CloNs: 372.1029; found: 372.1014.

66.4, 79.7, 103.0, 114.0, 116.6, 118.0, 118.5,11,2%80.3, 131.3,
146.7, 153.0, 154.0, 159.2; HRMS (ESH{z[M + H]" calcd for
C,6H3:N30,: 450.2387; found: 450.2374.

8-(4-Bromophenyl)-6-(pyrrolidin-1-yl)-1,2,3,4-
tetrahydroquinoline-5-carbonitrile 7a

A mixture of 6-(4-bromophenyl)-2-oxo-4¢camino)-H-pyran-3-
carbonitrile4 (0.5 mmol, 0.172 g), N-boc-3-piperidoBg0.6 mmol,
0.119 g), sodamide (1.0 mmol, 0.039 g) in DMSO (D) was
stirred at r.t. for 3 hours. When the compouhdvas completely
consumed in the reaction as indicated by TLC, thdemixture was
poured drop-wise onto ice—water with constant istirr and
neutralized with 10% aq. HCI. The resulting pre@ig was

8-(Naphthalen-2-yl)-6-(pyrrolidin-1-yl)-1,2,3,4-
tetrahydroquinoline-5-car bonitrile 7c

A mixture of 6-(naphthalen-2-yl)-2-oxo-4-(pyrrolidil-yl)-2H-

pyran-3-carbonitrile4 (0.5 mmol, 0.158 g), N-boc-3-piperidoize
(0.6 mmol, 0.119 g), sodamide (1.0 mmol, 0.039ngPpMSO (5.0
mL) was stirred at r.t. for 3.5 hours. When the poomd 4 was

completely consumed in the reaction as indicated@lly, the crude
mixture was poured drop-wise onto ice—water withstant stirring
and neutralized with 10% aq. HCI. The resulting jpitate was
collected by filtration, washed with water and dri@he obtained 0
crude product was treated with TFA (10.0 mmol, 0n7% in DCM

(3.0 mL) at room temperature for 30-35 minutes. nThieaction
mixture was poured onto crushed ice. Reaction mextwas
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neutralized with NaHC®and extracted with DCM (25.0 mLx3).
The combined organic layer was dried over anhydida$0O, and
excess of solvent was removed under vacuum. Thiegouoducts
thus obtained was purified by silica gel column ochatography
using 10% ethyl acetate in hexae as an eluentfeodafc yellow
solid; yield: 115 mg (65%); mp = 86-88 °C; IR (KBA410,
2931, 2215, 1445-1601 ¢in '*H NMR (400 MHz, CDCJ): §
1.95-2.05 (m, 6H), 2.99 (4 = 6.6 Hz, 2H), 3.15 (1) = 5.2 Hz,
2H), 3.47-3.51 (m, 4H), 6.53 (s, 1H, ArH), 7.50-7.54 @Hi,
ArH), 7.85-7.92 (m, 4H, ArH)*C NMR (100 MHz, CDG)): §
22.0, 25.5, 26.4, 41.5, 50.5, 97.7, 115.4, 11925.2, 125.6,
125.7, 126.1, 126.5, 127.1, 128.3, 131.1, 131.6.613134.8,
136.0; HRMS (ESI)m/z[M + H]" calcd for GH,,N3: 354.1965;
found: 354.1974.

6-(Pyrrolidin-1-yl)-8-(thiophen-2-yl)-1,2,3,4-
tetrahydroquinoline-5-car bonitrile 7d

A mixture 2-oxo-4-(pyrrolidin-1-yl)-6-(thiophen-2hy2H-pyran-3-
carbonitrile4 (0.5 mmol, 0.136 g), N-boc-3-piperidosg0.6 mmol,
0.119 g), sodamide (1.0 mmol, 0.039 g) in DMSO (D) was
stirred at r.t. for 3 hours. When the compouhdvas completely
consumed in the reaction as indicated by TLC, thdemixture was
poured drop-wise onto ice—water with constant istyrr and
neutralized with 10% aq. HCI. The resulting prezig was
collected by filtration, washed with water and dri@he obtained
crude product was treated with TFA (10.0 mmol, 0n7lH in DCM
(3.0 mL) at room temperature for 30-35 minutes. nThieaction
mixture was poured onto crushed ice. Reaction mextuwas
neutralized with NaHC®and extracted with DCM (25.0 mLx3).
The combined organic layer was dried over anhydida$0O, and
excess of solvent was removed under vacuum. Thiegouoducts
thus obtained was purified by silica gel column ochatography
using 10% ethyl acetate in hexae as an eluentfoodafd yellow
solid; yield: 141 mg (91%); mp = 130-132 °C; IR (KB3397,
2923, 2201, 1439-1646 ¢in'H NMR (400 MHz, CDCJ): §
1.96-2.03 (m, 6H), 2.96 (8 = 6.4 Hz, 2H), 3.22 (brm, 2H), 3.48
(brm, 4H), 6.59 (s, 1H, ArH), 7.12 (dd,= 4.0 Hz, 5.2 Hz, 1H,
ArH), 7.23 (d,J = 3.2 Hz, 1H, ArH) 7.38 (dJ = 4.8 Hz, 1H,
ArH); *C NMR (100 MHz, DMSO-g): § 20.4, 25.0, 26.0, 41.4,
50.2, 115.0, 118.5, 120.6, 121.3, 123.6, 130.6,.a13131.1,
131.6, 132.6, 146.2; HRMS (ESIn/z [M + H]* calcd for
CigH20N3S: 310.1372; found: 310.1375.

6-(4-Benzylpiper azin-1-yl)-8-(4-methoxyphenyl)-1,2,3,4-
tetrahydroquinoline-5-carbonitrile 7e

A mixture of 4-(4-benzylpiperazin-1-yl)-6-(4-methgphenyl)-2-
0x0-2H-pyran-3-carbonitrile4 (0.5 mmol, 0.200 g), N-boc-3-
piperidone5 (0.6 mmol, 0.119 g), sodamide (1.0 mmol, 0.039g)
DMSO (5.0 mL) was stirred at r.t. for 3 hours. Whha compound
4 was completely consumed in the reaction as inglichy TLC, the
crude mixture was poured drop-wise onto ice—watith wonstant
stirring and neutralized with 10% aq. HCI. The rénegl precipitate
was collected by filtration, washed with water added. The
obtained crude product was treated with TFA (10r@ak 0.76 ml)
in DCM (3.0 mL) at room temperature for 30-35 mirsutdhen
reaction mixture was poured onto crushed ice. Reactiixture was
neutralized with NaHC®and extracted with DCM (25.0 mLx3).
The combined organic layer was dried over anhydida$0O, and
excess of solvent was removed under vacuum. Thiegouoducts
thus obtained was purified by silica gel column ochatography

using 10% ethyl acetate in hexae as an eluentfendafe yellow
solid; yield: 176 mg (80%); mp = 136-138 °C; IR (KB3407,
2924, 2215, 1447-1605 ¢ 'H NMR (400 MHz, CDC)): ¢
1.91 (quint,J = 8 Hz, 2H), 2.59-2.64 (m, 4H), 2.89 (§,= 6 Hz,
2H), 3.00-3.01 (brm, 4H), 3.12-3.15 (brm, 2H), 3.53 2H, -
CH,), 3.77 (s, 3H;OMe), 3.90 (br, 1H, NH), 6.59 (s, 1H, ArH),
6.91 (d,J = 14.4 Hz, 2H, ArH), 7.18-7.21 (n2H, ArH), 7.23-
7.27 (m, 5H);1‘°’C NMR (100 MHz, CDGJ): ¢ 21.3, 26.3, 41.4,
52.1, 53.2, 55.3, 62.7, 107.3, 114.4, 117.2, 11928.3, 127.3,
128.3, 129.2, 129.5, 130.0, 130.2 131.1, 138.2,414859.3;
HRMS (ESI): m/z [M + H]" calcd for GgHsN,O: 439.2492;
found: 439.2479.

6-(4-Benzylpiper azin-1-yl)-8-(4-bromophenyl)-1,2,3,4-
tetrahydroquinoline-5-car bonitrile 7f

A mixture of 4-(4-benzylpiperazin-1-yl)-6-(4-bromognyl)-2-oxo-
2H-pyran-3-carbonitrilel (0.5 mmol, 0.224 g), N-boc-3-piperidone
5 (0.6 mmol, 0.119 g), sodamide (1.0 mmol, 0.03hdPMSO (5.0
mL) was stirred at r.t. for 3 hours. When the commmb4 was
completely consumed in the reaction as indicated@ly, the crude
mixture was poured drop-wise onto ice—water withstant stirring
and neutralized with 10% aq. HCI. The resulting jpitate was
collected by filtration, washed with water and dri’he obtained
crude product was treated with TFA (10.0 mmol, 0n7% in DCM
(3.0 mL) at room temperature for 30-35 minutes. nThieaction
mixture was poured onto crushed ice. Reaction mextwas
neutralized with NaHC@and extracted with DCM (25.0 mLx3).
The combined organic layer was dried over anhydia&$0O, and
excess of solvent was removed under vacuum. Theegpuoducts
thus obtained was purified by silica gel column ochatography
using 10% ethyl acetate in hexae as an eluentftodaff yellow
solid; yield: 198 mg (81%); mp = 143-145 °C; IR (KB34113,
3028, 2217, 1446-1597 ¢in'H NMR (400 MHz, CDC)): ¢
1.86 (quintJd = 7.6 Hz, 2H), 2.59 (brm, 4H), 2.90 {t= 6.92 Hz,
2H), 2.99 (brm, 2H), 3.12-3.16 (m, 2H), 3.49-3.54 #H), 3.79
(s, 2H, -CH), 6.55 (s, 1H, ArH), 7.17-7.20 (m, 4H, ArH), 7.23-
7.28 (m, 3H, ArH), 7.50 (dJ = 7.6 Hz, 2H);"*C NMR (100
MHz, CDCk): § 21.1, 26.3, 41.3, 51.8, 53.1, 62.6, 108.0, 117.0,
119.0, 122.1, 125.8, 127.6, 128.3, 129.6, 129.8.513132.1,
136.8, 138.0, 146.2; HRMS (ESIm/z [M + 2H]" calcd for
C,7H,9BrN,: 489.1472; found: 489.1475.

8-Phenyl-6-(piperidin-1-yl)-1,2,3,4-tetrahydroquinoline-5-
carbonitrile 7g

A mixture of 2-oxo-6-phenyl-4-(piperidin-1-yl)-2Hypan-3-
carbonitrile4 (0.5 mmol, 0.140 g), N-boc-3-piperidoBg0.6 mmol,
0.119 g), sodamide (1.0 mmol, 0.039 g) in DMSO (D) was
stirred at r.t. for 3 hours. When the compouhdvas completely
consumed in the reaction as indicated by TLC, thdemixture was
poured drop-wise onto ice—water with constant isyr and
neutralized with 10% aq. HCI. The resulting pretig was
collected by filtration, washed with water and dri@he obtained
crude product was treated with TFA (10.0 mmol, 0n7lH in DCM
(3.0 mL) at room temperature for 30-35 minutes. rilieaction
mixture was poured onto crushed ice. Reaction mextwas
neutralized with NaHC@and extracted with DCM (25.0 mLx3).
The combined organic layer was dried over anhydi&$0O, and
excess of solvent was removed under vacuum. Thiegouoducts
thus obtained was purified by silica gel columnochatography



using 10% ethyl acetate in hexae as an eluentftodafg yellow
solid; yield: 150 mg (95%); mp = 113-115 °C; IR (KB3421,
2926, 2216, 1419-1489 ¢in'H NMR (400 MHz, DMSO-g): ¢
1.43-1.44 (m, 2H), 1.58-1.59 (m, 4H), 1.77-1.79 (H),2.78-
2.84 (m, 6H), 3.06 (brm, 2H), 4.80 (br, 1H, NH), 6.59 1Hl,
ArH), 7.34-7.44 (m, 5H, ArH)**C NMR (100 MHz, CDGJ): 6
21.4, 24.0, 26.3, 29.6, 41.4, 54.2, 107.7, 11719.Q, 125.4,
127.8, 128.8, 129.0, 131.2, 137.5, 138.3, 148.1; ISRMESI):
m/z[M + H]" calcd for G;H,,Nz 318.1965; found: 318.1961.

6-(Piperidin-1-yl)-8-(p-tolyl)-1,2,3,4-tetrahydr oquinoline-5-
carbonitrile 7h

A mixture of 2-oxo-4-(piperidin-1-yl)-6-(p-tolyl)4a-pyran-3-
carbonitrile4 (0.5 mmol, 0.147 g), N-boc-3-piperidoBg0.6 mmol,
0.119 g), sodamide (1.0 mmol, 0.039 g) in DMSO (BD) was
stirred at r.t. for 3 hours. When the compouhdvas completely
consumed in the reaction as indicated by TLC, thdemixture was
poured drop-wise onto ice—water with constant istyrr and
neutralized with 10% aq. HCI. The resulting pretig was
collected by filtration, washed with water and dri’he obtained
crude product was treated with TFA (10.0 mmol, 0n7% in DCM

(3.0 mL) at room temperature for 30-35 minutes. nThieaction
mixture was poured onto crushed ice. Reaction mextwas

neutralized with NaHC@and extracted with DCM (25.0 mLx3).

The combined organic layer was dried over anhydi&$0O, and
excess of solvent was removed under vacuum. Theegpuoducts
thus obtained was purified by silica gel column ochatography
using 10% ethyl acetate in hexae as an eluentfoodafh yellow

solid; yield: 157 mg (95%); mp = 140-142 °C; IR (KB3417,
2924, 2218, 1490-1650 ¢ 'H NMR (400 MHz, CDCJ): ¢

1.50 (quint,d = 6 Hz, 2H), 1.72-1.77 (m, 4H), 1.98 (quidtz 8

Hz, 2H), 2.39 (s, 3H), 2.96-2.99 (1), 3.18 (tJ = 5.3 Hz, 2H),
6.66 (s, 1H, ArH), 7.24-7.28 (m, 4H, ArHY'C NMR (100 MHz,
CDCly): ¢ 21.1, 21.4, 24.0, 26.3, 29.6, 41.4, 54.1, 107142,

119.0, 119.1, 125.2, 128.6, 129.6, 131.2, 135.27.6,3148.1;
HRMS (ESI):m/z[M + H]" calcd for G,H,¢N3: 332.2121; found:
332.2123.

8-(4-M ethoxyphenyl)-6-(piperidin-1-yl)-1,2,3,4-
tetrahydroquinoline-5-carbonitrile 7i

A mixture of 6-(4-methoxyphenyl)-2-oxo-4-(pipemdi-yl)-2H-

pyran-3-carbonitrile4 (0.5 mmol, 0.155 g), N-boc-3-piperidoize
(0.6 mmol, 0.119 g), sodamide (1.0 mmol, 0.039ngPpMSO (5.0
mL) was stirred at r.t. for 3 hours. When the commb4 was
completely consumed in the reaction as indicate@lly, the crude
mixture was poured drop-wise onto ice—water withstant stirring
and neutralized with 10% aq. HCI. The resulting jpitate was
collected by filtration, washed with water and dri’he obtained
crude product was treated with TFA (10.0 mmol, 0n7% in DCM

(3.0 mL) at room temperature for 30-35 minutes. nThieaction
mixture was poured onto crushed ice. Reaction mextwas

neutralized with NaHC@and extracted with DCM (25.0 mLx3).

The combined organic layer was dried over anhydi&$0O, and
excess of solvent was removed under vacuum. Theegpuoducts
thus obtained was purified by silica gel column ochatography
using 10% ethyl acetate in hexae as an eluentftodafi yellow

solid; yield: 139 mg (80%); mp = 80-82 °C; IR (KBf412,
2926, 2216, 1444-1606 ¢ 'H NMR (400 MHz, CDCJ): ¢

1.49-1.53 (m, 2H), 1.70-1.75 (m, 4H), 1.92 (quiht, 6 Hz, 2H),

7
2.94-2.97 (m, 6H), 3.17 (8= 5.6 Hz, 2H), 3.83 (s, 3H, -OMe),
6.63 (s, 1H, ArH), 6.93-6.98 (m, 2H, ArH), 7.27-7.31 (@H,
ArH); C NMR (100 MHz, CDCJ): 6 21.4, 24.0, 24.0, 26.3,
41.4, 54.2, 55.3, 107.4, 114.3, 117.2, 119.1, 12B88.4, 130.0,
130.4, 131.0, 148.3, 159.2; HRMS (ESh/z[M + H]" calcd for
CH26N,0: 348.2070; found: 348.2081.

8-(3,4-Dimethoxyphenyl)-6-(piperidin-1-yl)-1,2,3,4-
tetrahydroquinoline-5-carbonitrile 7j

A mixture of 6-(3,4-dimethoxyphenyl)-2-oxo-4-(pijin-1-yl)-2H-
pyran-3-carbonitrile4 (0.5 mmol, 0.170 g), N-boc-3-piperidoize
(0.6 mmol, 0.119 g), sodamide (1.0 mmol, 0.039ngPpMSO (5.0
mL) was stirred at r.t. for 3 hours. When the commmb4 was
completely consumed in the reaction as indicate@lly, the crude
mixture was poured drop-wise onto ice—water withstant stirring
and neutralized with 10% aq. HCI. The resulting jpitate was
collected by filtration, washed with water and dri’he obtained
crude product was treated with TFA (10.0 mmol, 0n7% in DCM
(3.0 mL) at room temperature for 30-35 minutes. nThieaction
mixture was poured onto crushed ice. Reaction mextwas
neutralized with NaHC®and extracted with DCM (25.0 mLx3).
The combined organic layer was dried over anhydia$0O, and
excess of solvent was removed under vacuum. Theegpuoducts
thus obtained was purified by silica gel column ochatography
using 10% ethyl acetate in hexae as an eluentftodafj yellow
solid; yield: 152 mg (80%); mp = 103-105 °C; IR (KB3403,
2926, 2214, 1459-1644 ¢in'H NMR (400 MHz, CDC)): ¢
1.44-1.48 (m, 2H), 1.65-1.73 (m, 4H), 1.93 (quihts 7.2 Hz,
2H), 2.90 (t,J = 6.4 Hz, 6H), 3.13 (tJ = 5.4 Hz, 2H), 3.82 (s,
3H, -OMe), 3.85 (s, 3H, -OMe), 6.59 (s, 1H, ArH), 6.8126(8,
1H, ArH), 6.85-6.86 (m, 2H, ArH)*C NMR (100 MHz,
CDCL): ¢ 21.4, 24.0, 26.3, 29.6, 41.4, 54.1, 55.9, 55.9,.40
111.4, 112.0, 117.2, 119.0, 121.1, 125.3, 130.2,.113137.6,
148.1, 148.6, 149.1;, HRMS (ESIn/z [M + H]* calcd for
C,3H,N50,: 378.2176; found: 378.2163.

8-(4-Fluor ophenyl)-6-(piperidin-1-yl)-1,2,3,4-
tetrahydroquinoline-5-car bonitrile 7k

A mixture of 6-(4-fluorophenyl)-2-oxo-4-(piperidib-yl)-2H-pyran-
3-carbonitrile4 (0.5 mmol, 0.149 g), N-boc-3-piperidore (0.6
mmol, 0.119 g), sodamide (1.0 mmol, 0.039 g) in BM&G.0 mL)
was stirred at r.t. for 4 hours. When the compodimeéas completely
consumed in the reaction as indicated by TLC, thdemixture was
poured drop-wise onto ice—water with constant istyr and
neutralized with 10% aq. HCI. The resulting pretig was
collected by filtration, washed with water and dri’he obtained
crude product was treated with TFA (10.0 mmol, 0n71% in DCM
(3.0 mL) at room temperature for 30-35 minutes. ririeaction
mixture was poured onto crushed ice. Reaction mextwas
neutralized with NaHC@and extracted with DCM (25.0 mLx3).
The combined organic layer was dried over anhydia&$0O, and
excess of solvent was removed under vacuum. Thiegouoducts
thus obtained was purified by silica gel columnochatography
using 10% ethyl acetate in hexane as an eluerffaark yellow
solid; yield: 149 mg (89%); mp = 125-127 °C; IR (KB3417,
2933, 2217, 1491-1653 ¢M'H NMR (400 MHz, CDCJ): 1.42-
1.48 (m, 2H), 1.66-1.69 (m, 4H), 1.91 (quidt= 6.4 Hz, 2H),
2.88-2.91 (m, 6H), 3.12 (1 = 5.6 Hz, 2H), 3.75 (br, 1H, NH),
6.55 (s, 1H, ArH), 7.03-7.08 (m, 2H, ArH), 7.25-7.29 (@,
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ArH); ®C NMR (100 MHz, CDC)): 6 21.4, 24.0, 26.3, 29.6,
41.5, 54.3, 108.0, 116.0 (d¢r = 20 Hz), 117.1, 119.1, 125.6,
130.2, 130.6 (dJc.r= 10 Hz), 134.2, 137.6, 148.2, 162.3 Jd¢
= 240 Hz);HRMS (ESI): m/z[M + H]" calcd for G;H,sFNs:
336.1871; found: 336.1870.

8-(4-Chlorophenyl)-6-(piperidin-1-yl)-1,2,3,4-
tetrahydroquinoline-5-carbonitrile 71

A mixture of 6-(4-chlorophenyl)-2-oxo-4-(piperidityl)-2H-pyran-
3-carbonitrile4 (0.5 mmol, 0.157 g), N-boc-3-piperidorte (0.6
mmol, 0.119 g), sodamide (1.0 mmol, 0.039 g) in OMG.0 mL)
was stirred at r.t. for 3 hours. When the compodineéas completely
consumed in the reaction as indicated by TLC, thdemixture was
poured drop-wise onto ice—water with constant istyrr and
neutralized with 10% aq. HCI. The resulting prezig was
collected by filtration, washed with water and dri@he obtained
crude product was treated with TFA (10.0 mmol, 0n7lH in DCM
(3.0 mL) at room temperature for 30-35 minutes. ririeaction
mixture was poured onto crushed ice. Reaction mextwas
neutralized with NaHC®and extracted with DCM (25.0 mLx3).
The combined organic layer was dried over anhydida$0O, and
excess of solvent was removed under vacuum. Thiegouoducts
thus obtained was purified by silica gel column ochatography
using 10% ethyl acetate in hexane as an eluenffaadarl yellow
solid; yield: 148 mg (84%); mp = 105-107 °C; IR (RB3413,
2930, 2216, 1488-1653 ¢in 'H NMR (400 MHz, CDCJ): §
1.49-1.55 (m, 2H), 1.74 (brm, 4H), 1.93 (quidts 6.4 Hz, 2H),
2.95-2.98 (m, 6H), 3.19 (§ = 5.4 Hz, 2H), 3.79 (br, 1H, NH),
6.61 (s, 1H, ArH), 7.30-7.33 (m, 2H, ArH), 7.39-7.42 (2&h,
ArH); C NMR (100 MHz, CDCJ)): ¢ 21.4, 24.1, 26.3, 29.6,
41.5, 54.2, 115.8, 116.0, 119.0, 119.1, 129.1,2,3(80.3, 130.6,
130.7, 136.7, 148.2; HRMS (ESIn/z [M + H]" calcd for
CxH2CINg: 352.1575; found: 352.1579.

6-(Piperidin-1-yl)-8-(thiophen-2-yl)-1,2,3,4-
tetrahydroquinoline-5-carbonitrile 7m

A mixture of 2-oxo0-4-(piperidin-1-yl)-6-(thiophen-g)-2H-pyran-3-
carbonitrile4 (0.5 mmol, 0.143 g), N-boc-3-piperidosg0.6 mmol,
0.119 g), sodamide (1.0 mmol, 0.039 g) in DMSO (D) was
stirred at r.t. for 4 hours. When the compouhdvas completely
consumed in the reaction as indicated by TLC, thdemixture was
poured drop-wise onto ice—water with constant istyrr and
neutralized with 10% aq. HCI. The resulting prezig was
collected by filtration, washed with water and dri@he obtained
crude product was treated with TFA (10.0 mmol, 0n7lH in DCM
(3.0 mL) at room temperature for 30-35 minutes. ririeaction
mixture was poured onto crushed ice. Reaction mextwas
neutralized with NaHC®and extracted with DCM (25.0 mLx3).
The combined organic layer was dried over anhydida$0O, and
excess of solvent was removed under vacuum. Thiegouoducts
thus obtained was purified by silica gel column ochatography
using 10% ethyl acetate in hexane as an eluerffdda’m yellow
solid; yield: 145 mg (90%); mp = 130-132 °C; IR (KB3408,
2925, 2215, 1435-1568 ¢in ‘H NMR (400 MHz, CDCJ): §
1.49-1.55 (m2H), 1.73-1.75 (m, 4H), 1.99 (quini,= 6.8 Hz,
2H), 2.95-2.98 (m, 6H), 3.24 @ = 5.4 Hz, 2H), 4.37 (br, 1H,
NH), 6.79 (s, 1H, ArH), 7.11 (ddl = 3.6 Hz,J = 5.2 Hz, 1H,
ArH), 7.19 (dd,J = 1.2 Hz,J = 3.6 Hz, 1H, ArH), 7.37 (dd] =
1.2 Hz,J = 5.2 Hz, 1H, ArH);"®*C NMR (100 MHz, CDCJ): ¢

21.3, 24.1, 26.4, 26.5, 41.6, 54.3, 108.4, 11719.7, 123.4,
126.0, 126.2, 126.7, 127.8, 138.1, 139.7, 148.0; ISR(ESI):
m/z[M + H]" calcd for GgH»N3S: 324.1529; found: 324.1520.

8-(Furan-2-yl)-6-(piperidin-1-yl)-1,2,3,4-tetrahydroquinoline-
5-carbonitrile 7n

A mixture of 6-(furan-2-yl)-2-oxo-4-(piperidin-1-yPH-pyran-3-
carbonitrile4 (0.5 mmol, 0.135 g), N-boc-3-piperidosg0.6 mmol,
0.119 g), sodamide (1.0 mmol, 0.039 g) in DMSO (BD) was
stirred at r.t. for 3 hours. When the compouhdvas completely
consumed in the reaction as indicated by TLC, thdemixture was
poured drop-wise onto ice—water with constant istyrr and
neutralized with 10% aq. HCI. The resulting pretig was
collected by filtration, washed with water and dri’he obtained
crude product was treated with TFA (10.0 mmol, 0n7% in DCM
(3.0 mL) at room temperature for 30-35 minutes. nThieaction
mixture was poured onto crushed ice. Reaction mextwas
neutralized with NaHC®and extracted with DCM (25.0 mLx3).
The combined organic layer was dried over anhydi&$0O, and
excess of solvent was removed under vacuum. Theegpuoducts
thus obtained was purified by silica gel column ochatography
using 10% ethyl acetate in hexane as an eluerffada/n yellow
solid; yield: 136 mg (88%); mp = 103-105 °C; IR (KB3451,
2928, 2215, 1450-1676 ¢ 'H NMR (400 MHz, CDCJ)): ¢
1.53-1.60 (m, 2H), 1.70-1.84 (m, 4H), 2.01 (quiht 6 Hz, 2H),
2.98 (t,J = 7.8 Hz, 6H), 3.34 (tJ = 6.6 Hz, 2H), 6.52-6.53 (m,
1H, ArH), 6.63-6.68 (m, 1H, ArH), 7.03 (8H, ArH), 7.50-7.52
(m, 1H, ArH);*C NMR (100 MHz, CDG)): 6 = 21.1, 24.0, 26.4,
29.0, 41.4, 54.0, 108.3, 111.0, 113.0, 116.8, 1126.1, 126.3,
127.7, 138.7, 139.3, 149.0; HRMS (ESH{z[M + H]" calcd for
CigH2,N30: 308.1757; found: 308.1744.

6-M or pholino-8-phenyl-1,2,3,4-tetr ahydroquinoline-5-
carbonitrile 70

A mixture of 4-morpholino-2-0x0-6-phenyl-2H-pyrarearbonitrile

4 (0.5 mmol, 0.141 g), N-boc-3-piperidoe(0.6 mmol, 0.119 g),
sodamide (1.0 mmol, 0.039 g) in DMSO (5.0 mL) wased at r.t.
for 3 hours. When the compouddvas completely consumed in the
reaction as indicated by TLC, the crude mixture waared drop-
wise onto ice—water with constant stirring and reized with 10%
ag. HCI. The resulting precipitate was collectedilisation, washed
with water and dried. The obtained crude producs waated with
TFA (10.0 mmol, 0.76 ml) in DCM (3.0 mL) at room tperature
for 30-35 minutes. Then reaction mixture was pouratb crushed
ice. Reaction mixture was neutralized with NaHCaihd extracted
with DCM (25.0 mLx3). The combined organic layersveaied over
anhydrous Nz50, and excess of solvent was removed under
vacuum. The crude products thus obtained was pdrbiy silica gel
column chromatography using 10% ethyl acetate ixahe as an
eluent to afford7o yellow solid; yield: 152 mg (95%); mp = 130—
132 °C; IR (KBr): 3417, 2922, 2217, 1420- 1576 tntH NMR
(400 MHz, CDC}): 6 1.98 (quintJ = 6.8 Hz, 2H), 2.97 (1 = 6.6
Hz, 2H), 3.02 (tJ = 4.2 Hz, 4H), 3.19 () = 5.6 Hz, 2H), 3.86 (t,

J = 4.6 Hz, 4H), 6.67 (s, 1H, ArH), 7.35-7.39 (m, 3H, ArH),
7.43-7.46 (m2H, ArH); *C NMR (100 MHz, DMSO-g): 6 =
20.4, 26.1, 41.0, 52.3, 66.4, 106.6, 116.7, 11925.3, 127.7,
128.7, 128.8, 130.6, 131.0, 138.0, 145.5; HRMS (BS8iz[M +
H]"* calcd for GgH,,N30: 320.1757; found: 320.1745.



6-M or pholino-8-(p-tolyl)-1,2,3,4-tetrahydroquinoline-5-
carbonitrile 7p

A mixture of  4-morpholino-2-0x0-6-(p-tolyl)-2H-pyna3-

carbonitrile4 (0.5 mmol, 0.148 g), N-boc-3-piperidosg0.6 mmol,
0.119 g), sodamide (1.0 mmol, 0.039 g) in DMSO (BD) was
stirred at r.t. for 3 hours. When the compouhdvas completely
consumed in the reaction as indicated by TLC, thdemixture was
poured drop-wise onto ice—water with constant istyrr and
neutralized with 10% aq. HCI. The resulting pre@ig was
collected by filtration, washed with water and dri’he obtained
crude product was treated with TFA (10.0 mmol, 0n7% in DCM

(3.0 mL) at room temperature for 30-35 minutes. nThieaction
mixture was poured onto crushed ice. Reaction mextwas

neutralized with NaHC®and extracted with DCM (25.0 mLx3).

The combined organic layer was dried over anhydi&$0O, and
excess of solvent was removed under vacuum. Theegpuoducts
thus obtained was purified by silica gel column ochatography
using 10% ethyl acetate in hexane as an eluerffaodé’o yellow
solid; yield: 159 mg (95%); mp = 130-132 °C; IR (KB3415,
2926, 2217, 1445-1665 ¢in 'H NMR (400 MHz, CDCJ): §
1.91 (quint,J = 8 Hz, 2H), 2.38 (s, 3H, -Cj} 2.96 (t,J = 8 Hz,
2H), 3.01-3.03 (m, 4H), 3.18 (§, = 12 Hz, 2H), 3.85-3.87 (m,
4H), 6.67 (s, 1H, ArH), 7.21-7.25 (m, 4H, ArHYC NMR (100

MHz, CDCk): 21.0, 21.2, 26.2, 41.5, 52.7, 67.0, 107.2, 117.0

119.1, 126.3, 128.7, 129.0, 129.7, 130.2, 132.0}.713138.0;
HRMS (ESI): m/z [M + H]* calcd for GH,N:O: 334.1914;
found: 334.1918.

8-(4-Fluor ophenyl)-6-mor pholino-1,2,3,4-
tetrahydroquinoline-5-car bonitrile7q

A mixture of 6-(4-fluorophenyl)-4-morpholino-2-oX2iH-pyran-3-
carbonitrile4 (0.5 mmol, 0.150 g), N-boc-3-piperidosg0.6 mmol,
0.119 g), sodamide (1.0 mmol, 0.039 g) in DMSO (BD) was
stirred at r.t. for 3 hours. When the compouhdvas completely
consumed in the reaction as indicated by TLC, thde& mixture was
poured drop-wise onto ice—water with constant istyrr and
neutralized with 10% aq. HCI. The resulting pre@ig was
collected by filtration, washed with water and dri’he obtained
crude product was treated with TFA (10.0 mmol, 0n7% in DCM

(3.0 mL) at room temperature for 30-35 minutes. nThieaction
mixture was poured onto crushed ice. Reaction mextwas

neutralized with NaHC®and extracted with DCM (25.0 mLx3).

The combined organic layer was dried over anhydi&$0O, and
excess of solvent was removed under vacuum. Theegpuoducts
thus obtained was purified by silica gel column ochatography
using 10% ethyl acetate in hexane as an eluerffaada’q yellow
solid; yield: 142 mg (84%); mp = 130-132 °C; IR (KB3400,
2922, 2216, 1441-1652 ¢in'*H NMR (400 MHz, CDCJ): §
2.01-2.05 (m,2H), 3.01 (quintJd = 6.4 Hz, 2H), 3.12-3.14 (m,
4H), 3.19-3.23 (m, 2H), 3.91-3.93 (m, 4H), 6.79 (s, BH),
7.13-7.18 (m, 2H, ArH), 7.37-7.40 (m, 2H, ArHYC NMR (100
MHz, CDCL): § 21.0, 26.3, 41.6, 52.7, 67.0, 107.7, 116.Q)g,
= 20 Hz), 116.7, 119.2, 126.4, 130.7 . = 10 Hz), 131.0,
133.6, 137.3, 146.4, 162.4 (@ = 250 Hz); HRMS (ESI)m/z
[M + H]" calcd for GoH,,FN;O: 338.1663; found: 338.1656.

8-(4-Chlorophenyl)-6-mor pholino-1,2,3,4-tetr ahydroquinline
-5-carbonitrile 7r

9
A mixture of 6-(4-chlorophenyl)-4-morpholino-2-0x@H-pyran-3-
carbonitrile4 (0.5 mmol, 0.158 g), N-boc-3-piperidosg0.6 mmol,
0.119 g), sodamide (1.0 mmol, 0.039 g) in DMSO (D) was
stirred at r.t. for 4 hours. When the compouhdvas completely
consumed in the reaction as indicated by TLC, thdemixture was
poured drop-wise onto ice—water with constant istyr and
neutralized with 10% aq. HCI. The resulting pretzig was
collected by filtration, washed with water and dri’he obtained
crude product was treated with TFA (10.0 mmol, 0n7% in DCM
(3.0 mL) at room temperature for 30-35 minutes. ririeaction
mixture was poured onto crushed ice. Reaction mextwas
neutralized with NaHC@and extracted with DCM (25.0 mLx3).
The combined organic layer was dried over anhydia$0O, and
excess of solvent was removed under vacuum. Theegpuoducts
thus obtained was purified by silica gel column ochatography
using 10% ethyl acetate in hexane as an eluerffdodarr yellow
solid; yield: 151 mg (85%); mp = 130-132 °C; IR (KB3395,
2926, 2217, 1452-1570 ¢in'H NMR (400 MHz, CDC)): ¢
1.98 (quint,J = 6.8 Hz, 2H), 2.96 (tJ = 6 Hz, 2H), 3.01-3.03 (m,
4H), 3.19 (t,J = 4.8 Hz, 2H), 3.86 (t) = 4.2 Hz, 4H), 6.63 (s,
1H, ArH), 7.29-7.32 (m, 2H, ArH), 7.40-7.42 (®H, ArH); °C
NMR (100 MHz, CDC)): ¢ 21.0, 26.3, 41.5, 52.7, 67.0, 108.0,
116.7, 116.8, 119.0, 126.4, 128.4, 129.2, 130.3,.613134.1,
136.2; HRMS (ESI):m/z [M + H]* calcd for GgH,,CIN;O:
354.1368; found: 354.1344.

8-(4-Bromophenyl)-6-mor pholino-1,2,3,4-tetrahydroquinolin
e-5-carbonitrile 7s

A mixture of 6-(4-bromophenyl)-4-morpholino-2-oxétyran-3-
carbonitrile4 (0.5 mmol, 0.249 g), N-boc-3-piperidosg0.6 mmol,
0.119 g), sodamide (1.0 mmol, 0.039 g) in DMSO (D) was
stirred at r.t. for 3 hours. When the compouhdvas completely
consumed in the reaction as indicated by TLC, thdemixture was
poured drop-wise onto ice—water with constant istyr and
neutralized with 10% aq. HCI. The resulting pretig was
collected by filtration, washed with water and dri’he obtained
crude product was treated with TFA (10.0 mmol, 0n7% in DCM
(4.0 mL) at room temperature for 30-35 minutes. rilieaction
mixture was poured onto crushed ice. Reaction mextwas
neutralized with NaHC@and extracted with DCM (25.0 mLx3).
The combined organic layer was dried over anhydi&$0O, and
excess of solvent was removed under vacuum. Theegpuoducts
thus obtained was purified by silica gel column ochatography
using 10% ethyl acetate in hexane as an eluerffdodars yellow
solid; yield: 162 mg (81%); mp = 145-147 °C; IR (KB3395,
2953, 2217, 1443-1677 ¢in'H NMR (400 MHz, CDCJ): ¢
1.99 (quint,J = 6.4 Hz, 2H), 2.96-2.98 (m, 2H), 3.00-3.03 (m,
4H), 3.22 (t,J = 5.6 Hz, 2H), 3.86 (tJ = 4.4 Hz, 4H), 6.63 (s,
1H, ArH), 7.25-7.28 (m, 2H, ArH), 7.52 (d) = 8.4 Hz, 2H,
ArH); °C NMR (100 MHz, CDG)): 6 21.1, 26.3, 41.4, 52.8,
67.1, 108.1, 116.8, 118.7, 122.1, 126.0, 130.0,.6,3032.2,
137.0, 138.0, 146.2; HRMS (ESln/z [M + H]* calcd for
C,0H»:BrN;0O: 398.0863; found: 398.0864.

8-(4-Methoxyphenyl)-6-morpholino-1,2,3,4-
tetrahydroquinoline-5-carbonitrile 7t

A mixture of 6-(4-methoxyphenyl)-4-morpholino-2-026i-
pyran-3-carbonitrile 4 (0.5 mmol, 0.156 g), N-bopiperidone 5
(0.6 mmol, 0.119 g), sodamide (1.0 mmol, 0.039ngPpMSO (5.0
mL) was stirred at r.t. for 4 hours. When the commb 4 was
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completely consumed in the reaction as indicatedTb§, the
crude mixture was poured drop-wise onto ice—watith wonstant
stirring and neutralized with 10% aq. HCI. The rénegl precipitate
was collected by filtration, washed with water added. The
obtained crude product was treated with TFA (10r@ak 0.76 ml)
in DCM (3.0 mL) at room temperature for 30-35 mirsutdhen
reaction mixture was poured onto crushed ice. Reactiixture was

neutralized with NaHC@and extracted with DCM (25.0 mLx3).

The combined organic layer was dried over anhydia&$0O, and
excess of solvent was removed under vacuum. Thiegouoducts
thus obtained was purified by silica gel column ochatography
using 10% ethyl acetate in hexane as an eluerffdodart Yellow
solid; yield: 154 mg (88%); mp = 123-125 °C; IR (KB3408,
2924, 2215, 1444-1606 ¢in'H NMR (400 MHz, CDCJ): §
1.97 (quint,J = 6.8 Hz, 2H), 2.95 (1) = 6.4 Hz, 2H), 2.99-3.01
(m, 4H), 3.19 (tJ = 5.2 Hz, 2H), 3.83 (3H, -OMe,), 3.84-3.86
(m, 4H), 6.63 (s, 1H, ArH), 6.96 (d,= 8.8 Hz, 2H, ArH), 7.29
(d, J = 8.4 Hz, 2H, ArH);*C NMR (100 MHz, CDCJ): § 21.2,
26.3, 41.4, 52.8, 55.3, 67.1, 107.3, 114.4, 1171®.0, 125.6,
130.0, 130.1, 131.2, 138.2, 146.2, 159.3; HRMS (BESBiz[M +
H]* calcd for G,H,4N30,: 350.1863; found: 350.1857.

43. General Procedure for 6-sec.amino-1,2,3,4,7,8-
hexahydro-1-aza-benzo[c]phenanthrene-5-carbonitriles 8: 2-
Oxobenzofijchromenegt (0.5 mmol), N-boc-3-piperidong (0.6

mmol), NaNH (1.0 mmol) and DMSO (5.0 ml) was added to RB

flask. The resulting solution was stirred at r.t. 3oh until the 2-

oxobenzolfijchromenes4 was completely consumed (monitored

by TLC). After completion of the reaction, the réantmixture
was poured onto crushed ice. The mixture was nezdrhhvith
10% aqg. HCI and resulting precipitate was collectgdiltration
and dried. Crude product treated with TFA (10 mniIPCM
(3mL) at room temperature for 30-35 min. After coetjn, the
reaction mixture was poured onto crushed ice withondgs
stirring followed by neutralization with NaHGGnd extracted
with dichlromethane (25.0 mLx3). The combined oigdayer

Tetrahedron

1.94 (quint,J = 6 Hz, 6H), 2.59 (brm, 4H), 2.91 d,= 6.4 Hz,
2H), 3.16-3.22 (m, 6H), 4.68 (br, 1H, NH), 7.13-7.24 @hi,

ArH), 7.97 (d,J = 7.6 Hz, 1H);**C NMR (100 MHz, DMSO-g):

5 20.6, 24.3, 25.7, 26.0, 28.7, 41.1, 51.3, 11017.2, 123.7,
125.4, 125.6, 126.1, 126.4, 127.1, 127.4, 127.8.313137.5,
139.3; HRMS (ESI)m/z[M + H]" calcd for G,H,,N5: 330.1965;
found: 330.1955.

6-(4-Methylpiperidin-1-yl)-1,2,3,4,7,8-hexahydronaphtho[2,1-
h]quinoline-5-carbonitrile 8b

A mixture of 4-(4-methylpiperazin-1-yl)-2-oxo-5,6hydro-2H-
benzo[h]chromene-3-carbonitrié (0.5 mmol, 0.160 g), N-boc-3-
piperidone5 (0.6 mmol, 0.119 g), sodamide (1.0 mmol, 0.039g)
DMSO (5.0 mL) was stirred at r.t. for 5 hours. Whha compound
4 was completely consumed in the reaction as inelichy TLC, the
crude mixture was poured drop-wise onto ice—watith wonstant
stirring and neutralized with 10% aqg. HCI. The résdl precipitate
was collected by filtration, washed with water added. The
obtained crude product was treated with TFA (10r@ak 0.76 ml)
in DCM (4.0 mL) at room temperature for 30-35 mirsutdhen
reaction mixture was poured onto crushed ice. Raactiixture was
neutralized with NaHC@and extracted with DCM (25.0 mLx3).
The combined organic layer was dried over anhydi&$0O, and
excess of solvent was removed under vacuum. Thiegouoducts
thus obtained was purified by silica gel column ochatography
using 13% ethyl acetate in hexane as an eluerffams8b yellow
solid; yield: 143 mg (80%); mp = 98-100 °C; IR (KBB395,
2951, 2214, 11422-1579 ¢n'H NMR (400 MHz, CDC)): ¢
2.07 (quint,J = 7.6 Hz, 2H), 2.63-2.66 (m, 2H), 2.73-2.76 (m,
2H), 2.97 (tJ = 5.6 Hz, 4H), 3.25 (tJ = 5.2 Hz, 2H), 3.38 (brm,
2H), 3.79-3.89 (m, 7H), 6.81 (dd,= 1.2 Hz,J = 8.4 Hz, 2H,
ArH), 6.86 (s, 1H, ArH), 7.99 ( dJ = 9.9 Hz, 1H);"*C NMR
(100 MHz, CDC}): ¢ 21.6, 23.8, 26.0, 30.5, 41.5, 46.4, 51.3,
57.5, 107.8, 118.2, 123.8, 125.4, 126.1, 127.4,.012832.5,

was dried over anhydrous p&O, and than solvent was removed 135 7 136.8, 139.1, 140.4, 143.3; HRMS (E8)z[M + H]"

under vacuum. The crude was purified by silica galumn
chromatography using mixture of hexane/ethyl aegf@b:15) to
obtain a pure
benzof]phenanthrene-5-carbonitril&s

6-(Pyrrolidin-1-yl)-1,2,3,4,7,8-hexahydr onaphtho[2,1-
h]quinoline-5-car bonitrile 8a

A mixture of 6-(4-bromophenyl)-4-morpholino-2-oxdétdyran-3-
carbonitrile4 (0.5 mmol, 0.146 g), N-boc-3-piperido6g0.6 mmol,
0.119 g), sodamide (1.0 mmol, 0.039 g) in DMSO (BD) was
stirred at r.t. for 5 hours. When the compouhdvas completely
consumed in the reaction as indicated by TLC, thdemixture was
poured drop-wise onto ice—water with constant istyrr and
neutralized with 10% aq. HCI. The resulting pretig was
collected by filtration, washed with water and dri’he obtained
crude product was treated with TFA (10.0 mmol, 0n7% in DCM

(4.0 mL) at room temperature for 30-35 minutes. nThieaction
mixture was poured onto crushed ice. Reaction mextuwas

neutralized with NaHC®and extracted with DCM (25.0 mLx3).

The combined organic layer was dried over anhydia&$0O, and
excess of solvent was removed under vacuum. Theegpuoducts
thus obtained was purified by silica gel column ochatography
using 15% ethyl acetate in hexane as an eluerffadode8a yellow
solid; yield: 124 mg (75%); mp = 130-132 °C; IR (KB3398,
2933, 2216, 1431-1698 ¢in'H NMR (400 MHz, CDCJ): &

calcd for G3H,/N,: 359.2230; found: 359.2234.

@ecamino-1,2,3,4,7,8-hexahydro-1-aza- 6-(Piperidin-1-yl)-1,2,3,4,7,8-hexahydronaphtho[2,1-

h]quinoline-5-carbonitrile 8c

A mixture 2-oxo-4-(piperidin-1-yl)-5,6-dihydro-2H-
benzo[h]chromene-3-carbonitrik (0.5 mmol, 0.153s g), N-boc-3-
piperidone5 (0.6 mmol, 0.119 g), sodamide (1.0 mmol, 0.039g)
DMSO (5.0 mL) was stirred at r.t. for 5 hours. Whha compound
4 was completely consumed in the reaction as inglichy TLC, the
crude mixture was poured drop-wise onto ice—watith wonstant
stirring and neutralized with 10% aq. HCI. The résegl precipitate
was collected by filtration, washed with water added. The
obtained crude product was treated with TFA (10r@ak 0.76 ml)

in DCM (4.0 mL) at room temperature for 30-35 mirsut&hen
reaction mixture was poured onto crushed ice. Reactiixture was
neutralized with NaHC®and extracted with DCM (25.0 mLx3).
The combined organic layer was dried over anhydida$0O, and
excess of solvent was removed under vacuum. Thiegouoducts
thus obtained was purified by silica gel columnochatography
using 15% ethyl acetate in hexane as an eluerffadodaBc yellow
solid; yield: 138 mg (80%); mp = 143-145 °C; IR (KB2924,
2225, 1606 cat; '"H NMR (400 MHz, CDCY)): § 1.41-1.62 (m,
6H), 1.96 (quintJ = 6 Hz, 2H), 2.55-2.58 (m, 2H), 2.65-2.69
(m, 2H), 2.89 (t,J = 6.8 Hz, 4H), 3.14-3.21 (m, 4H), 4.63 (br,



1H, NH), 7.14-7.23 (m, 3H, ArH), 7.96 (d= 7.6 Hz, 1H, ArH);
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67.8, 110.2, 117.7, 124.1, 125.0, 125.3, 126.2,5,2128.0,

%C NMR (100 MHz, CDGJ)): 6 21.4, 24.1, 24.6, 26.1, 26.8, 29.4, 132.5, 137.0, 139.9, 140.0, 141RRMS (ESI): m/z[M + H]"

41.6,52.2, 118.0, 121.2, 124.3, 125.5, 126.0,2,.2R7.2, 127.5,
128.0, 131.3, 132.6, 136.7, 140.2; HRMS (E®ijz[M + H]"
calcd for G3HogN5: 344.2121; found: 344.2141.

10-M ethoxy-6-(piperidin-1-yl)-1,2,3,4,7,8-
hexahydronaphtho[2,1-h]quinoline-5-car bonitrile 8d

A mixture 8-methoxy-2-oxo-4-(piperidin-1-yl)-5,6+didro-2H-
benzo[h]chromene-3-carbonitrilé (0.5 mmol, 0.168 g), N-boc-3-
piperidone5 (0.6 mmol, 0.119 g), sodamide (1.0 mmol, 0.039g)
DMSO (5.0 mL) was stirred at r.t. for 5 hours. Whha compound
4 was completely consumed in the reaction as inglichy TLC, the
crude mixture was poured drop-wise onto ice—watith wonstant
stirring and neutralized with 10% aq. HCI. The rénegl precipitate
was collected by filtration, washed with water added. The
obtained crude product was treated with TFA (10r@ak 0.76 ml)
in DCM (4.0 mL) at room temperature for 30-35 mirsutd&hen
reaction mixture was poured onto crushed ice. Reactiixture was
neutralized with NaHC®and extracted with DCM (25.0 mLx3).
The combined organic layer was dried over anhydida$0O, and
excess of solvent was removed under vacuum. Thiegouoducts
thus obtained was purified by silica gel column ochatography
using 12% ethyl acetate in hexane as an eluerffaode8d yellow
solid; yield: 146 mg (78%); mp = 130-132 °C; IR (KB3391,
2930, 2215, 1450-1650 ¢in ‘H NMR (400 MHz, CDCJ): §
1.54-1.64 (m, 6H), 1.99 (quing, = 5.2 Hz, 2H), 2.54-2.57 (m,
2H), 2.66-2.69 (m2H), 2.88 (tJ= 6.4 Hz, 4H), 3.16 (t)=5.2
Hz, 4H), 3.77 (s, 3H, -OMe), 6.71-6.74 (m, 1H, ArH), 66778
(m, 1H, ArH), 7.92 (d,J = 8.4 Hz, 1H, ArH);"*C NMR (100

calcd for G,H,4N3;0: 346.1914; found: 346.1915.

4.4, General Procedure for 6-(methylthio)-8-aryl-1,2,3,4-
tetrahydroquinoline-5-carbonitrile 9: A mixture of 4-
(methylthio)-2-oxo-6-aryl-Bl-pyran-3-carbonitriles 3 (0.5
mmol), N-boc-3-piperidoné& (0.6 mmol), NaNH (1.0 mmol) in
DMSO was stirred at room temp for 1 h. Then reactigxture
was poured in to crushed ice with vigorous stirringd a
neutralized with 10% aq. HCI. The resulting precigitavas
collected by filtration and dried. Crude produeatted with TFA
(10 mmol) in DCM (3.0 mL) at room temperature for-2%
minutes. Then mixture was poured onto crushed icd an
neutralized with saturated NaH@Osolution followed by
extraction with DCM (25.0 mLx3). The combined orgalayer
was dried over anhydrous pBD, and then evaporated the
solvent under reduced pressure. The crude was guitify silica
gel column chromatography using hexane/ethyl aeeata@kture
(90:10) as an eluent to obtain 6-(methylthio)-8Hdr2,3,4-
tetrahydroquinoline-5-carbonitrilés

6-(M ethylthio)-8-phenyl-1,2,3,4-tetr ahydroquinoline-5-
carbonitrile 9a

A mixture of 4-(methylthio)-2-oxo0-6-phenyl-2H-pyra&icarbonitrile
3 (0.5 mmol, 0.121 g), N-boc-3-piperidoe(0.6 mmol, 0.119 g),
sodamide (1.0 mmol, 0.039 g) in DMSO (5.0 mL) wased at r.t.
for 3 hours. When the compouBidvas completely consumed in the
reaction as indicated by TLC, the crude mixture waared drop-
wise onto ice—water with constant stirring and reized with 10%

MHz, CDCL): 6 21.2, 22.6, 24.0, 24.7, 26.0, 29.6, 42.0, 52.4,a9. HCI. The resulting precipitate was collectediltsation, washed

55.3, 111.3, 113.6, 113.7, 114.0, 118.0, 124.9,.9,2427.2,
135.8, 138.1, 139.2, 142.2, 159.0; HRMS (ES#jz[M + H]"
calcd for G4H,gN30: 374.2227; found: 374.2228.

6-Morpholino-1,2,3,4,7,8-hexahydronaphtho[2,1-
h]quinoline-5-carbonitrile 8e

A mixture of 4-morpholino-2-oxo-5,6-dihydro-2H-
benzo[h]chromene-3-carbonitrik (0.5 mmol, 0.154 g), N-boc-3-
piperidone5 (0.6 mmol, 0.119 g), sodamide (1.0 mmol, 0.039g)
DMSO (5.0 mL) was stirred at r.t. for 3 hours. Whha compound
4 was completely consumed in the reaction as inglichy TLC, the
crude mixture was poured drop-wise onto ice—watith wonstant
stirring and neutralized with 10% aqg. HCI. The résdl precipitate
was collected by filtration, washed with water added. The
obtained crude product was treated with TFA (10r@ak 0.76 ml)
in DCM (4.0 mL) at room temperature for 30-35 mirsutdhen
reaction mixture was poured onto crushed ice. Reactiixture was
neutralized with NaHC®and extracted with DCM (25.0 mLx3).
The combined organic layer was dried over anhydia&$0O, and
excess of solvent was removed under vacuum. Theegpuoducts
thus obtained was purified by silica gel column ochatography
using 15% ethyl acetate in hexane as an eluerffdodaBe yellow
solid; yield: 140 mg (81%)np = 150-152 °CJR (KBr): 3397,
2951, 2215, 1422-1558 ¢m'H NMR (400 MHz, CDC)): ¢

with water and dried. The obtained crude producs waated with
TFA (10.0 mmol, 0.76 ml) in DCM (4.0 mL) at room tperature
for 30-35 minutes. Then reaction mixture was pouratb crushed
ice. Reaction mixture was neutralized with NaHCAhd extracted
with DCM (25.0 mLx3). The combined organic layersveaied over
anhydrous Ng50, and excess of solvent was removed under
vacuum. The crude products thus obtained was pdrbiy silica gel
column chromatography using 10% ethyl acetate ixahe as an
eluent to affordda yellow solid; yield: 88 mg (62%); mp = 78-80
°C; IR (KBr): 3425, 2923, 2219, 1487-1559 ¢ntH NMR (400
MHz, CDCL): 6 1.98 (quintJ = 7.2 Hz, 2H), 2.45 (s, 3H, -SMe),
2.98 (t,J = 6.6 Hz, 2H), 3.22 (t) = 5.6 Hz, 2H), 7.05 (s, 1H,
ArH), 7.34-7.39 (m, 3H, ArH), 7.43-7.46 (m, 2H, ArH)’C
NMR (100 MHz, CDCJ)): ¢ = 19.1, 20.8, 26.4, 41.2, 115.1,
116.5, 125.5, 126.5, 128.1, 128.8, 129.1, 130.3,.213137.4,
141.3; HRMS (ESI:m/z [M + H]" caled for G/H;/N,S:
281.1107; found: 281.1092.

6-(M ethylthio)-8-(p-tolyl)-1,2,3,4-tetrahydroquinoline-5-
carbonitrile 9b

A mixture of 4-(methylthio)-2-ox0-6-(p-tolyl)-2H-pgn-3-
carbonitrile3 (0.5 mmol, 0.128 g), N-boc-3-piperidosg0.6 mmol,
0.119 g), sodamide (1.0 mmol, 0.039 g) in DMSO (D) was
stirred at r.t. for 3 hours. When the compouhdvas completely

1.97 (quint,J = 6.4 Hz, 2H), 2.56-2.59 (m, 2H), 2.65-2.68 (M, consumed in the reaction as indicated by TLC, thd&mixture was
2H), 2.89 (t,J = 6.8 Hz, 4H), 3.16-3.29 (m, 4H), 3.73-3.84 (m, poured drop-wise onto ice—water with constant isgrr and

4H), 7.13-7.24 (m, 3H, ArH), 7.95 (d,= 7.6 Hz, 1H, ArH);°C

neutralized with 10% aq. HCI. The resulting pre@ig was

NMR (100 MHz, CDC)): § 21.4, 24.7, 26.2, 29.3, 41.5, 51.0, collected by filtration, washed with water and dri@’he obtained

crude product was treated with TFA (10.0 mmol, 0n7lH in DCM
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(3.0 mL) at room temperature for 30-35 minutes. fiTheaction
mixture was poured onto crushed ice. Reaction mextwas
neutralized with NaHC®and extracted with DCM (25.0 mLx3).
The combined organic layer was dried over anhydia&$0O, and
excess of solvent was removed under vacuum. Theegpuoducts
thus obtained was purified by silica gel column ochatography
using 10% ethyl acetate in hexane as an eluerffaada®b yellow
solid; yield: 95 mg (64%); mp = 80-82 °C; IR (KBr3414,
2924, 2218, 1438- 1608 ¢cm'H NMR (400 MHz, CDC)): §

1.91 (quint,d = 6.8 Hz, 2H), 2.32 (s, 3H, -SMe), 2.38 (s, 3H, -

CHy), 2.92 (t,J = 6.4 Hz, 2H), 3.16 (t) = 5.6 Hz, 2H), 4.19 (br,
1H, NH), 6.98 (s, 1H, ArH), 7.16-7.18 (m, 4H, ArHJC NMR

(100 MHz, CDC}): ¢ 19.1, 20.8, 21.1, 26.4, 41.1, 115.0, 116.6,

125.3, 126.4, 128.6, 129.8, 130.6, 131.2, 134.8.013141.4;
HRMS (ESI):: m/z[M + H]* calcd for GgHioN,S: 295.1263;
found: 295.12609.

8-(4-M ethoxyphenyl)-6-(methylthio)-1,2,3,4-
tetrahydroquinoline-5-car bonitrile 9c

A mixture of 6-(4-methoxyphenyl)-4-(methylthio)-2@-2H-pyran-
3-carbonitrile 3 (0.5 mmol, 0.136 g), N-boc-3-piperidorte (0.6
mmol, 0.119 g), sodamide (1.0 mmol, 0.039 g) in OM&.0 mL)
was stirred at r.t. for 3 hours. When the compoBmehs completely
consumed in the reaction as indicated by TLC, thdemixture was
poured drop-wise onto ice—water with constant istyrr and
neutralized with 10% aq. HCI. The resulting prezig was
collected by filtration, washed with water and drie’he obtained
crude product was treated with TFA (10.0 mmol, 0n7% in DCM
(4.0 mL) at room temperature for 30-35 minutes. nThieaction
mixture was poured onto crushed ice. Reaction mextwas
neutralized with NaHC®and extracted with DCM (25.0 mLx3).
The combined organic layer was dried over anhydia&$0O, and
excess of solvent was removed under vacuum. Theegpuoducts
thus obtained was purified by silica gel column ochatography
using 10% ethyl acetate in hexane as an eluerffdodec yellow
solid; yield: 88 mg (56%); mp = 83-85°C; IR (KBB416, 2925,
2218, 1434-1607 cm 'H NMR (400 MHz, CDCJ): ¢ 1.92
(quint,J = 8 Hz, 2H), 2.38 (s, 3HSMe), 2.91 (tJ= 6.6 Hz, 2
H), 3.16 (t,J= 5.6 Hz, 2H), 3.77 (s, 3H, -OMe), 6.91 (5 7.6
Hz, 2H, ArH), 6.97 (s, 1H, ArH), 7.22 (d,= 8.8 Hz, 2H, ArH);
*C NMR (100 MHz, CDG): 6 19.1, 20.8, 26.3, 41.2, 55.3,
1145, 114.8, 116.6, 125.3, 126.4, 129.4, 130.@.413131.3,
141.5, 159.4; HRMS (ESIn/z[M + H]" calcd for GgH1oN,OS:
311.1213; found: 311.1219.

8-(Furan-2-yl)-6-(methylthio)-1,2,3,4-tetr ahydr oquinoline-
5-carbonitrile 9d

A  mixture of 6-(furan-2-yl)-4-(methylthio)-2-oxo-2dyran-3-
carbonitril 3 (0.5 mmol, 0.136 g), N-boc-3-piperidoBe(0.6 mmol,
0.119 g), sodamide (1.0 mmol, 0.039 g) in DMSO (BD) was
stirred at r.t. for 2 hours. When the compouhdvas completely
consumed in the reaction as indicated by TLC, thdemixture was
poured drop-wise onto ice—water with constant istyrr and
neutralized with 10% aq. HCI. The resulting pre@ig was
collected by filtration, washed with water and dri’he obtained
crude product was treated with TFA (10.0 mmol, 0n7% in DCM
(3.0 mL) at room temperature for 30-35 minutes. nThieaction
mixture was poured onto crushed ice. Reaction mextwas
neutralized with NaHC®and extracted with DCM (25.0 mLx3).
The combined organic layer was dried over anhydida$0O, and
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excess of solvent was removed under vacuum. Thaegouoducts
thus obtained was purified by silica gel column ochatography
using 10% ethyl acetate in hexane as an eluerffaode®d yellow

solid; yield: 71 mg (52%); mp = 90-92°C; IR (KBB418, 2926,
2216, 1450-1607 cm 'H NMR (400 MHz, CDC)): ¢ 2.02

(quint, J = 6.8 Hz, 2H), 2.48 (s, 3HSMe), 3.01 (tJ= 6.4 Hz,
2H), 3.39 (t,J = 5.4 Hz, 2H), 6.54 (dd] = 1.6 Hz,J = 3.2 Hz,
1H, ArH), 6.67 (dJ= 2.8 Hz, 1H, ArH), 7.44 (s, 1HrH), 7.53

(d, J = 1.6 Hz, 1H, ArH);*C NMR (100 MHz, CDCJ): ¢ 19.3,

20.5, 26.6, 41.2, 108.6, 111.6, 115.3, 116.5, 1188.0, 126.8,
129.0, 140.8, 142.2, 151.6; HRMS (ESH{z[M + H]" calcd for
CysH1sN,0S: 271.0900; found: 271.0903.

45. General Procedure for the synthesis of fused and
isolated quinolines 12: Compound12 were synthesized by
reaction of tetrahydroquinolineg,(8 and9) and (2,3-dichloro-
5,6-dicyano-1,4-benzoquinone) DDQ (0.4 mmol), in toluene
(3.0 mL) at 120C. The mixture was reflux for 1 hours until TLC
show complete consumption of tetrahydroquinolindse &xcess
of solvent was removed under reduced pressure ande cr
product was purified by column chromatography usBfp
ethylacetate in hexane.

6-(4-Benzylpiper azin-1-yl)-8-(4-methoxyphenyl)quinoline-
5-carbonitrile 12a

A mixture of 6-(4-benzylpiperazin-1-yl)-8-(4-methgphenyl)-
1,2,3,4-tetrahydroquinoline-5-carbonitrilee (0.2 mmol, 0.087 g),
(2,3-dichloro-5,6-dicyano-1,4-benzoquinone) DD (0.4 mmol,
0.090 @), in toluene (3.0 mL) was stirred at reffox 1 hours until
TLC show complete consumption of tetrahydroquindiiie. The
excess of solvent was removed under reduced peessut crude
product was purified bsilica gel column chromatgimausing 10%
ethylacetate in hexane as an eluent to aff@alyellow solid; yield:
72 mg (92%); mp = 138-140 °C; IR (KBr): 2925, 221450-
1606 cm’; 'H NMR (400 MHz, CDC)):  2.71 (t,J = 4.6 Hz,
4H), 3.56 (t,J = 4.6 Hz, 4H), 3.61 (s, 2H, -G}{ 3.88 (s, 3H, -
OMe), 7.04 (dJ = 8.4 Hz, 2H, ArH), 7.27-7.38 (m, 6H, ArH),
7.47 (dd,J= 3.6 Hz,J = 8.4 Hz, 1H, ArH), 7.61 (d) = 9.2 Hz,
2H, ArH), 8.42 (d,J = 8.4 Hz, 1H, ArH), 8.81 (dJ = 3.6 Hz,
1H, ArH); *C NMR (100 MHz, CDGJ): § 51.1, 53.0, 55.3, 62.8,
95.4, 113.6, 117.2, 122.1 123.0, 127.2, 128.3, 212930.5,
131.5, 131.6, 132.2, 137.4, 141.4, 146.5, 148.5.005159.8;
HRMS (ESI): m/z [M + H]" calcd for GgH,N,O: 435.2179;
found: 435.2175.

8-Phenyl-6-(piperidin-1-yl)quinoline-5-car bonitrile 12b

A mixture of 8-phenyl-6-(piperidin-1-yl)-1,2,3,4-
tetrahydroquinoline-5-carbonitrilég (0.2 mmol, 0.063 g), (2,3-
dichloro-5,6-dicyano-1,4-benzoquinone) DOQ (0.4 mmol, 0.090
g), in toluene (3.0 mL) was stirred at reflux forhturs until TLC
show complete consumption of tetrahydroquinolifigsThe excess
of solvent was removed under reduced pressure @t groduct
was purified bsilica gel column chromatography gsitt%
ethylacetate in hexane as an eluent to aff@flyellow solid; yield:
53 mg (85%); mp = 128-130 °C; IR (KBr): 2922, 222845-
1638 cm”; '"H NMR (400 MHz, CDCJ):  1.67-171 (m, 2H),
1.80-1.85 (m, 4H), 3.49-3.53 (m, 4H), 7.39-7.40 (H, ArH),
7.43-7.55 (m, 4H, ArH), 7.64 (d,= 12 Hz, 2H, ArH), 8.42-8.44
(m, 1H, ArH), 8.78-8.79 (m, 1H, ArH)**C NMR (100 MHz,
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CDCl): ¢ 24.0, 26.2, 52.6, 94.7, 117.4, 123.0, 128.0, 128.2(m, 2H, ArH), 8.37-8.39 (m, 1H, ArH), 8.76 (d@i= 0.8 Hz,J

128.8, 130.2, 130.3, 130.5, 132.1, 138.4, 141.8B.214155.6;
HRMS (ESI):m/z[M + H]" calcd for GH,Ng: 314.1652; found:
314.1670.

8-(4-Chlorophenyl)-6-(piperidin-1-yl)quinoline-5-car bonitrile
12c

A mixture of 8-(4-chlorophenyl)-6-(piperidin-1-yl);2,3,4-
tetrahydroquinoline-5-carbonitrilél (0.2 mmol, 0.070 g), (2,3-
dichloro-5,6-dicyano-1,4-benzoquinone) DOQ (0.4 mmol, 0.090
g), in toluene (3.0 mL) was stirred at reflux forhturs until TLC
show complete consumption of tetrahydroquinoli@esThe excess
of solvent was removed under reduced pressure ant groduct
was purified by silica gel column chromatographyings10%
ethylacetate in hexane as an eluent to aff@ayellow solid; yield:
65 mg (93%); mp = 143-145 °C; IR (KBr): 2927, 222841-
1606 cm”. 'H NMR (400 MHz, CDCJ): 6 = 1.58-1.64 (m, 2H),
1.71-1.77 (m, 4H), 3.43 (] = 5.4 Hz, 4H), 7.28 (s, 1H, ArH),
7.36-7.40 (m, 3H, ArH), 7.48-7.51 (m, 2H, ArH), 8.33 (dd=
1.2 Hz,J = 4 Hz, 1H), 8.68 (ddJ = 1.2 Hz,J = 8 Hz, 1H):*C
NMR (100 MHz, CDC})): § 24.0, 26.1, 52.6, 95.0, 117.2, 122.8,
123.0 128.3, 130.6, 131.6, 132.1, 134.4, 136.7,.(14145.2,
148.2, 155.5; HRMS (ESIn/z[M + H]" calcd for GH;4CIN3:
348.1262; found: 348.1280.

6-(Piperidin-1-yl)-8-(thiophen-2-yl)quinoline-5-car bonitrile
12d

A mixture of 6-(piperidin-1-yl)-8-(thiophen-2-yl);2,3,4-
tetrahydroquinoline-5-carbonitril@m (0.2 mmol, 0.064 g), (2,3-
dichloro-5,6-dicyano-1,4-benzoquinone) DOQ (0.4 mmol, 0.090
g), in toluene (3.0 mL) was stirred at reflux forhturs until TLC
show complete consumption of tetrahydroquinoliies The excess
of solvent was removed under reduced pressure arn® groduct
was purified by silica gel column chromatographyings 8%
ethylacetate in hexane as an eluent to aff@dlyellow solid; yield:
55 mg (87%); mp = 146-148 °C; IR (KBr): 2924, 221845-
1608 cm”; '"H NMR (400 MHz, CDCJ): § 1.65-170 (m, 2H),
1.79-1.82 (m, 4H), 3.44-3.51 (m, 4H), 7.37-7.38 (H, ArH),
7.42-7.50 (m, 3H, ArH), 7.62 (d,= 6.8 Hz, 1H, ArH), 8.40-8.42
(m, 1H, ArH), 8.76-8.77 (m, 1H, ArH)**C NMR (100 MHz,

= 3.6 Hz, 1H, ArH);"*C NMR (100 MHz, CDCJ): 6 51.4, 66.8,
96.6, 115.1 (dJc.r = 30 Hz), 116.8, 122.0, 123.2, 130.3, 132.0
(d, Jor = 10 Hz), 132.3, 134.0, 141.4, 146.0, 149.0, 15462,8

(d, Jor = 280 Hz); HRMS (ESI):m/z [M + H]* calcd for
CyoH17FN;O: 334.1350; found: 334.1352.

8-(4-Bromophenyl)-6-mor pholinoquinoline-5-car bonitrile
12f

A mixture of 8-(4-bromophenyl)-6-morpholino-1,2,3,4
tetrahydroquinoline-5-carbonitrilés (0.2 mmol, 0.079 g), (2,3-
dichloro-5,6-dicyano-1,4-benzoquinone) DOQ (0.4 mmol, 0.090
g), in toluene (3.0 mL) was stirred at reflux fothturs until TLC
show complete consumption of tetrahydroquinolidigsThe excess
of solvent was removed under reduced pressure @k groduct
was purified by silica gel column chromatographyings 8%
ethylacetate in hexane as an eluent to aff@fdyellow solid; yield:
71 mg (90%); mp = 145-147 °C; IR (KBr): 2923, 220850-
1584 cm’; 'H NMR (400 MHz, CDC)): J 3.52 (t,J = 4.6 Hz,
4H), 3.95 (t,J = 4.6 Hz, 4H), 7.38 (s, 1H, ArH), 7.51-7.54 (m,
3H, ArH), 7.64 (d,J = 7.6 Hz, 2H, ArH), 8.46 (dJ = 7.6 Hz,
1H), 8.83-8.85 (m, 1H)**C NMR (100 MHz, CDCJ): § 51.4,
67.0, 96.8, 116.7, 122.0, 123.0, 123.3, 130.4,3,3132.0, 132.4,
137.0, 141.2, 145.8, 149.1, 154.7; HRMS (E®W)z[M + H]"
calcd for GgH17BrN;O: 394.0550; found: 394.0542.

6-M or pholino-7,8-dihydronaphtho[2,1-h]quinoline-5-
carbonitrile 12g

A mixture of 6-morpholino-1,2,3,4,7,8-hexahydrontiuf2,1-
h]quinoline-5-carbonitrile8e (0.2 mmol, 0.069 g), (2,3-dichloro-5,6-
dicyano-1,4-benzoquinone) DD (0.4 mmol, 0.090 g), in toluene
(3.0 mL) was stirred at reflux for 1 hours until TLlshow complete
consumption of tetrahydroquinolin@e. The excess of solvent was
removed under reduced pressure and crude prodscpwiied by
silica gel column chromatography using 12% ethytkteein hexane
as an eluent to affortl2f yellow solid; yield: 55 mg (81%); mp =
163-165 °C; IR (KBr): 2924, 2211, 1443-1601¢tnH NMR
(400 MHz, CDC}): 6 2.81-2.84 (m, 2H), 2.97-3.01 (m, 2H),
3.47-3.52 (m, 4H), 3.92-3.96 (m, 4H), 7.33-7.35 (H, 2rH),
7.37-7.42 (m, 1H, ArH), 7.53 (dd,= 4 Hz,J = 8 Hz, 1H, ArH),

CDCly): 0 24.0, 26.2, 52.6, 94.7, 122.8, 128.0, 128.2, 128.88.50-8.54 (m, 2H, ArH), 8.95 (dd,= 1.6 Hz,J = 4.4 Hz, 1H,

130.2, 130.3, 130.5, 132.0, 135.5, 138.1, 138.4.614155.6;
HRMS (ESI): m/z [M + H]" calcd for GgHigNsS: 320.1216;
found: 320.1223.

8-(4-Fluor ophenyl)-6-mor pholinoquinoline-5-car bonitrile
12e

A mixture of  8-(4-fluorophenyl)-6-morpholino-1,243,
tetrahydroquinoline-5-carbonitrilé’g (0.2 mmol, 0.067 g), (2,3-
dichloro-5,6-dicyano-1,4-benzoquinone) DOQ (0.4 mmol, 0.090
g), in toluene (3.0 mL) was stirred at reflux fothturs until TLC
show complete consumption of tetrahydroquinolidigsThe excess
of solvent was removed under reduced pressure ar® groduct
was purified by silica gel column chromatographyings 8%
ethylacetate in hexane as an eluent to aff@elyellow solid; yield:
60 mg (90%); mp = 140-142 °C; IR (KBr): 2928, 221834-
1606 cm’; 'H NMR (400 MHz, CDC)): J 3.44 (t,J = 5.4 Hz,
4H), 3.87 (t,J = 4.6 Hz, 4H), 7.09-7.14 (m, 2H, ArH), 7.30 (s,
1H, ArH), 7.43 (ddJ = 4 Hz,J = 8.8 Hz, 1H, ArH), 7.53-7.58

ArH); *C NMR (100 MHz, CDG)): 6 25.2, 29.5, 51.5, 67.3,
100.5, 117.0, 122.2, 126.0, 126.8, 128.6, 128.7,.713132.1,
132.8, 138.9, 139.0, 139.2, 142.0, 149.2, 153.1; ISRMESI):
m/z[M + H]" calcd for G,H,N;O: 342.1601; found: 342.1605 .

6-(M ethylthio)-8-(p-tolyl)quinoline-5-car bonitrile 12h

A mixture of 6-(methylthio)-8-(p-tolyl)-1,2,3,4-
tetrahydroquinoline-5-carbonitril®b (0.2 mmol, 0.059 g), (2,3-
dichloro-5,6-dicyano-1,4-benzoquinone) DOQ (0.4 mmol, 0.090
g), in toluene (3.0 mL) was stirred at reflux forhturs until TLC
show complete consumption of tetrahydroquinoliflesThe excess
of solvent was removed under reduced pressure arnt groduct
was purified by silica gel column chromatographyings10%
ethylacetate in hexane as an eluent to aff@dwhite solid; yield:
56 mg (96%); mp = 138-140 °C; IR (KBr): 2921, 221336-
1652 cm’; 'H NMR (400 MHz, CDCJ): 6 2.44 (s, 3H, -SMe), 2.
69 (m, 3H, -CH), 7.33 (d,J = 8.0 Hz, 2H, ArH), 7.53-7.55 (m,
2H, ArH), 7.56 (dJ = 4.0 Hz, 1H, ArH), 7.62 (s, 1H, ArH), 8.46
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(dd,J = 1.6 Hz,J = 8.4 Hz, 1H, ArH), 8.93 (dd] = 1.6 Hz,J
= 4.0 Hz, 1H, ArH);"*C NMR (100 MHz, CDCJ): 6 16.0, 21.4,
105.8, 115.4, 123.4, 127.0, 129.1, 129.6, 130.2.713135.0,
138.8, 143.6, 145.2, 146.2, 150.2; HRMS (ES#jz[M + H]"
calcd for GgHygN,S: 295.1263; found: 295.1261.
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X-ray Crystallographic Data for compound 6t

Crystal data for gH31N3O4 (CCDC No01918629): A yellow crystal (0.220 x 0.200 x 0.180 mm
was mounted on a capillary tube for indexing artdrisity data collection at 298K on an Oxford
Xcalibur Sapphire3 CCD single-crystal diffractome{@loKa radiation, A = 0.71073 A)
Routine Lorentz and polarization corrections weppli@d, and an absorption correction was
performed using the ABSCALE 3 program [CrysAlis Foftware system, Version 171.34;
Oxford Diffraction Ltd., Oxford, U.K., 2011]. Dat reduction was performed with the
CrysAllis-PRO! The structure was solved by direct methods usiRg9® prograrf and refined
on F2 using all data by full matrix least-squarescpdures with SHELXL-2016/6 incorporated
in WINGX 1.8.05 crystallographic collective packagéhe hydrogen atoms were placed at the
calculated positions and included in the last cydkethe refinement. All calculations were done
using the WinGX software packafjg.Crystallographic data collection and structureusoh
parameters are summarized in Table S1. This databeaobtained free of charge from The

Cambridge Crystallographic Data Center via www.ccalm.uk/data_request/cif.
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Table 1. Crystal data and structure refinement@or

CCDC No. 1918629
Empirical formula Ge Hz1 N3 Oq4
Formula weight 449.54

Temperature/k 293
Crystal system triclinic
Space group P-1
alA 9.4402(4)
b/A 12.1551(7)
c/A 12.3895(7)
a/l° 98.825(5)
pl° 111.143(5)
y/° 104.139(4)
Volume/A® 1239.09(13)
Z 2
peaig/cn® 1.205
w/mm* 0.082
F(000) 480.0
20 range for data collection/° 2.854 to 25.000
Index ranges -11<=h<=11, -14<=k<=14, -20<=I<=20
Reflections collected 14950

Independent reflections 4350;{F 0.0281, Ryma= 0.0323]

Data/restraints/parameters 4350/304/354




Goodness-of-fit on ¥

1.064
Final R indexes [I>=2 (1)] R; =0.0539, wRR=0.1298
Final R indexes [all data] 1R 0.0753, wRR=0.1409
Largest diff. peak/hole / e A 0.21/-0.23
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343.

(3) Sheldrick, G. M. SHELXL-2014/7: Program for the @abn of crystal structures,
University of Gottingen, Gottingen, Germar214

(4) Sheldrick, G. M. Acta Crystallogr., Sect. A: Foul@tystallogr.,2008 64, 112.
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'HNMR and **C NMR spectrum of 6-(methylthio)-8-(p-tolyl)quinoline-5-carbonitrile
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