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Abstract — A convenient and efficient one-pot synthesis of 2,4-diarylquinolines is
described by using Fe(CF;CO,); as a catalyst for the first time. In this method,
three-component coupling of arylaldehydes, arylamines and arylacetylenes
furnished the corresponding products in good to excellent yields. The work
features the use of cheap and eco-friendly catalyst, excellent functional group
tolerance and solvent-free conditions. A variety of new products were afforded

effectively.

INTRODUCTION

2,4-Diarylquinolines constitute a significant important class of heterocyclic compounds found in
numerous bioactive compounds' and polymer materials.” Additionally, 2-arylquinolines may serve as
versatile building blocks for the synthesis of highly conjugated molecular devices via direct C-H bond
functonalization,” or valuable ligands for the preparation of cyclometalated photosensitisers and liquid
crystal materials.* Generally, 2,4-diarylquinolines can be prepared by well-established name reactions (i.e.
Skraup,” Friedlinder,’ Combes,” etc). And recently developed approaches® also showed alternative
pathways to achieve related goals. However, some of the methods to complete the assembly of desired
products involve either the use of volatile organic solvents or the requirement of prefunctionalized
reagents which would lead to tedious work-up procedures. Notably, more recently established domino

reatctions from arylaldehydes, arylamines and arylacetylenes provided a direct and versatile pathway to
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synthesize substituted quinolines.’ In spite of these significant contributions, the development of efficient
catalysis for such an important transformation with the merit of good functional tolerance and
eco-compatibility still remains an interesting goal.

As a continuation of our research interest in the synthesis of functionalized quinolines'® and finding their
applications in organometallic chemistry,'' we became interested in developing an efficient and general
protocol for the construction of 2,4-diarylquinolines. During our work on the synthesis of befa-amino
ketones by employing iron(III) trifluoroacetate catalyzed multicomponent reactions,'* the replacement of
ketones with arylacetylenes resulted in 2,4-diarylquinolines exclusively (Scheme 1). Considering iron
catalysis appeared as rising star has attracted considerable attention in recent years owing to its significant
advantages such as high abundance in nature, easy availability, environmentally benign, economic
attractiveness, etc.”® And iron(III) trifluoroacetate is a cost-effective, non-corrosive, crystalline catalyst
with outstanding physical s‘[ability.14 We are therefore interested in further studying its catalytic
application in 2,4-diarylquinoline syntheses. To the best of our knowledge, such a protocol has not been
reported yet. Herein, we present a direct and efficient Fe(CF;CO,)s-catalyzed syntheses of

2,4-diarylquinolines.

(o) =

Scheme 1. 2,4-Diarylquinoline formation versus Fe(CF;CO,)s-catalyzed beta-amino ketone syntheses

RESULTS AND DISCUSSION

In order to formulate an efficient iron catalytic system, the synthesis of
6-methyl-2-(3-nitrophenyl)-4-phenylquinoline (4a) from 3-nitrobenzaldehyde 1a, p-toluidine 2a, and
phenylacetylene 3a was chosen as a model reaction to evaluate the influence of different iron catalysts
and solvents. Initially, the reactions were conducted at 100 °C for 5 hours by using 10 mol% of catalyst
and THF as the reaction solvent. Among the catalysts tested (Table 1, entries 1-5), Fe(CF3;CO,); showed
the best reactivity and resulted in desired product in 56% yield (Table 1, entry 5). Gratifyingly, the
product yield was increased to 67% under solvent free conditions (Table 1, entry 6). Further
investigations showed that 10 mol% of Fe(CF3CO,); catalyst and 7 hours of reaction time are sufficient to
give the best result (Table 1, entry 7). Employing the optimized reaction conditions also other polar or

less polar solvents can be used, but the prodcut yields were somewhat lower (Table 1, entries 8-10).
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Table 1. Screening of optimized system for the synthesis of 4a*

Ph

/@\ +\©\ R iron catalyst (10 mol%) X

O,N CHO NH, AN solvent, 100 °C ) N/
a

i

1a 2a 3a
Entry Iron catalyst Solvent Yield%"
1 FeCl, THF <10
2 Fe(acac); THF 12
3 Fe(ClO4)3 THF 30
4
FeCl; THF 31
5
Fe(CF3CO»); THF 56
6
FG(CF3C02)3 - 67
7 C
FG(CF3C02)3 - 90
8
Fe(CF5COy); toluene 72
9
FG(CF3C02)3 (CHzCl)z 66
10
Fe(CF;COy); DMF <10

* Reaction conditions: unless otherwise stated, the mixture of 1a (1 mmol, 151 mg), 2a (1.05 mmol, 112
mg), 3a (1.5 mmol, 153 mg) along with catalyst (0.1 mmol) were stirred at 100 °C for 5 h in open system.
® GC yields of 4a with hexadecane as internal standard.

¢ The reaction was carried out for 7 h.

With the best reaction conditions in hand, we then tested the substrate scope of this iron-catalyzed
protocol. As shown in Scheme 2, all the reactions proceeded smoothly and gave the 2,4-diarylquinoline
derivatives in good to excellent isolated yields. Electro-withdrawing and -donating groups on the aryl ring
of different substrates are well tolerated. Specifically, substituents on arylaldehydes and anilines have
significant influence on the product yields, while the ones on phenylacetylenes have only little influence
on the reaction efficiency. Generally, the reactions using electron-deficient aldehydes (Scheme 2, see
4a-4t) or electron-rich anilines (Scheme 2, entries 4¢ and 4h) could result in higher product yields, which
are associated with the easier formation of imines and subsequent generation of more reactive
propargyglic amine intermediates in the presence of phenylacetylenes and iron catalyst. And the results

are well consistent with the proposed mechanism in reported literatures.” Interestingly, nitrobenzaldehyde
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could result in high product yields under our catalytic system (Scheme 2, see 4a, 4r and 4s), it is in
marked contrast to early reported system.9b Reactions from o-chlorobenzadehydes gave relatively lower
yields, and which are attributed to the effect of steric hindrance (Scheme 2, see 4b, 4f, 4i-4j, 41, 40 and
4p). Notably, the product bearing a halogenated group has the potential for further manipulation of
products (Table 2, see 4b, 4e, 4f, 4i-4j and 41-4t).

X X X 0
il e e ol Fe(CFsCOz)a (10 mol%)
pZ R
) CHO , NH, , XX solventfree, 100 °C, 7 h N

42 yield%®

1a: R11 3-NOz; 2a:R2=4-Me; 3a:R3=H:
1b:R'=2-Cl 2b: R?=4-NOy; 3b: R® = 4--Bu;
1¢:R' = H; 2c:R2=4-Cl; 3c:R3=4-F;
1d:R"=4-OMe; 24:RR? = 4-F:

1e:R'=2,4-2C|;

-3 fU

Ph 4b, 62 4c,%® 91 4d %2 g2

Ph 4a, 90

4ij,78 t-Bu

4q, 86
Scheme 2. Iron-catalyzed synthesis of 2,4-diarylquinolines®

* Analytical spectra of known compounds are identical with the ones in reported references.

®solated yield with respect to aldehyde used.

“Reaction conditions: unless otherwise stated, the mixture of 1 (1 mmol), 2 (1.05 mmol), 3 (1.5 mmol)
along with catalyst (0.1 mmol) were stirred at 100 °C for 7 h in an open system.
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In addition to investigate the regioselectivity of this synthetic protocol by using unsymmetrical
m-anisidine 2e, which could lead to two possible regioisomers 4u and 4u’ (Scheme 3). However, the
results indicated that product 4u was obtained exclusively, and the cyclization process occurs at less steric
hindered position of the aniline. It clearly demonstrates that the steric factor is a major contributor to site
the regioselectivity in the reaction. And 2,4,7-trisubstituted quinoline 4u was obtained in 81% isolated

yield.

Cl MeO :Ze NH2
+ . Fe(CF3C0,)3 (10 mol%)

A
CHO 100 °C, 7 h, solvent-free O 7
1f MeO N
N Cl 4u: 0% cl

Scheme 3. Regioselective synthesis of 2,4,7-trisubstituted quinoline

In conclusion, a convenient and efficient one-pot synthesis of 2,4-diarylquinolines is demonstrated by
using Fe(CF3;CO;); as a catalyst for the first time. A wide range of arylaldehydes, arylamines and
arylacetylenes could be transformed into expected products in good to excellent yields in an efficient
manner. Compared to the reported procedures, iron(Ill) trifluoroacetate is comparably inexpensive,
eco-compatible and easily accessible,' and the assembly of quinoline products occurs at lower
temperature or in shorter reaction time with good functional tolerance and solvent-free conditions.
Considering the significant advantages of this work, we are convinced it is and will be of practical value

for the synthesis of 2,4-diarylquinolines.

EXPERIMENTAL

All the obtained compounds (except 4¢, 4d and 4e, all other products are new ones) were characterized by
melting points (mp), 'H-NMR, "C-NMR, infrared spectra (IR), Low mass spectra (MS) and
high-resolution mass spectra (HRMS). Melting points were measured on an Electrothemal SGW-X4
microscopy digital melting point apparatus and are uncorrected. IR spectra were recorded on a FTLA2000
spectrometer; 'H-NMR and >C-NMR spectra were obtained on Bruker Avance-300. Chemical shifts
were reported in parts per million (ppm, 8) downfield from tetramethylsilane. Proton coupling patterns of
NMR are described as singlet (s), doublet (d), triplet (t), quartet (q), multiplet (m), and broad (br). LRMS
were measured on an Agilent Technologies 6210 TOF LC/MS using H,O + 0.1% formic acid (10%) and

methanol (90%) as eluent.

General procedure for synthesis of the 2,4-diarylquinolines
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A schlenk tube equipped with a magnetic stirrer bar and also with a provision of circulating cool water
was used in the experimentation, catalyst Fe(CF;CO,); (0.1 mmol), arylamine (1.05 mmol), arylaldehyde
(1.0 mmol), alkyne (1.5 mmol) were introduced successively, and the resulting mixture was stirred in an
open system at 100 °C for 7 h. TLC was used to detect the completion of the reaction. After cooling down
to room temperature, the product was purified by flash column chromatography on silica, eluting with

petroleum ether, ethyl acetate in the ratio of 20: 1, to provide desired quinoline products.

Analytical Data of all obtained new compounds

6-Methyl-2-(3-nitrophenyl)-4-phenylquinoline (4a)

Yield: 90%; Light yellow solid; mp 133-134 °C; "H NMR (300 MHz, CDCls) & 8.99 (t, J = 1.8 Hz, 1H),
8.50 (m, 1H), 8.23 (m, 1H), 8.08 (d, J = 8.4 Hz, 1H), 7.75 (s, 1H), 7.67-7.43 (m, 8H), 2.43 (s, 3H); °C
NMR (75 MHz, CDCl;): 6 148.0, 144.4, 141.4, 133.7, 132.4, 129.6, 128.8, 124.3, 123.5, 121.8, 117.7,
113.6, 112.5, 21.5; IR (KBr, cm™) vimax = 3005, 2974, 1619, 1556, 1529, 1486, 1341, 755, 701; MS (EI,
m/z): 340 [M]"; HRMS (EI): Calcd. for C2,H 6N,O, [M]': 340.12; Found: 340.12116.

2-(2-Chlorophenyl)-6-nitro-4-phenylquinoine (4b)

Yield: 62%; Light yellow solid; mp 127-132 °C; '"H NMR (300 MHz, CDCls) & 8.85 (d, J = 2.7 Hz, 1H),
8.43 (dd, J = 9.3 Hz, 1H), 8.27 (d, J = 9.0 Hz, 1H), 7.81 (s, 1H), 7.73-7.65 (m, 1H), 7.56-7.44 (m, 6H),
7.40-7.33 (m, 2H); °C NMR (75 MHz, CDCl;): & 160.4, 150.8, 150.2, 145.9, 138.7, 136.6, 132.4, 131.9,
130.7, 129.6, 129.4, 127.4, 124.8, 123.1, 122.9; IR (KBr, cm™) vmex = 3037, 2912, 1594, 1555, 1485,
1340, 845, 755, 743; MS (EI, m/z): 360 [M]"; HRMS (EI): Calcd. for CH;3CIN,O, [M]™: 360.07;
Found: 360.06638.

6-Methyl-2,4-diphenylquinoline (4¢)
Yield: 91%; White solid; mp 123-125 °C; 'H NMR (300 MHz, CDCl3): & 8.04-8.10 (m,3H), 7.56 (s, 1H),
7.35-7.49 (m, 10H), 2.38 (s, 3H).

2-(4-Methoxyphenyl)-6-methyl-4-phenylquinoline (4d)
Yield: 82%; White solid; mp 143-147 °C; '"H NMR (300 MHz, CDCl): & 8.02- 8.09 (m, 3H), 7.65 (s, 1H),
7.18-7.54 (m, 7H), 6.94-6.98 (d, J = 8.7 Hz, 2H), 3.81 (s,3H), 2.39 (s, 3H).

6-Chloro-2-(4-methoxyphenyl)-4-phenylquinoline (4e)
Yield: 76%; White solid; mp 138-141 °C; "H NMR (300 MHz, CDCl;): § 8.02-8.08 (m, 3H), 7.70-7.74 (d,
J=28.7 Hz, 2H), 7.43-7.56 (m, 6H), 6.94-6.96 (d, 2H), 3.79 (s, 3H).
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6-Chloro-2-(2-chlorophenyl)-4-phenylquinoline (4f)

Yield: 73%; White solid; mp 138-141 °C; '"H NMR (300 MHz, CDCl3) & 8.10 (d, J= 9.0 Hz, 1H), 7.87 (d,
J=2.4Hz, 1H), 7.68-7.59 (m, 3H), 7.50-7.31 (m, 8H); *C NMR (50 MHz, CDCls): & 157.6, 147.4, 139.9,
137.4, 132.9, 131.8, 131.7, 130.2, 129.6, 128.9, 128.8, 127.3, 124.6, 123.8; IR (KBr, cm™") vipay = 3037,
3005, 1588, 1542, 1480, 1435, 1397, 1154, 1042, 890, 830, 785, 753, 700; MS (EI, m/z): 349 [M]";
HRMS (EI): Caled. for Co Hi3CILN [M]™: 349.04; Found: 349.04247.

4-(4-tert-Butylphenyl)-6-methyl-2-phenylquinoline (4g)

Yield: 85%; White solid; mp 153-157 °C; 'H NMR (300 MHz, CDCls): 6 8.11-8.05 (m, 3H), 7.70 (s, 1H),
7.65 (s, 1H) 7.52-7.34 (m, 8H), 2.41 (s, 3H), 1.36 (s, 9H); °C NMR (75 MHz, CDCl;): & 156.1, 151.4,
149.0, 139.5, 135.8, 131.8, 129.9, 128.7, 124.6, 126.0, 119.5, 34.6, 31.4, 32.8, 21.9; IR (KBr, cm™) Vipay =
3025, 2975, 1590, 1533, 1405, 1381, 972, 899, 745, 705; MS (EI, m/z): 351 [M]"; HRMS (EI): Calcd. for
Ca6HasN [M]': 351.20; Found: 351.19858.

4-(4-tert-Butylphenyl)-2-(4-methoxyphenyl)-6-methylquinoline (4h)

Yield: 90%; White solid; mp 137-143 °C; '"H NMR (300 MHz, CDCls): & 8.08-8.00 (m, 3H), 7.65 (s, 1H),
7.62 (s, 1H), 7.51-7.40 (m, 5H), 6.97-6.94 (m, 2H), 3.80 (s, 3H), 2.40 (s, 3H), 1.36 (s, 9H); °C NMR (75
MHz, CDCls): 8 160.8, 155.8, 151.1, 148.2, 146.9, 135.7, 131.6, 129.6, 129.3, 128.8, 125.6, 128.8, 125.6,
124.6, 119.1, 114.3, 55.4, 34.8, 31.4, 21.8; IR (KBr, cm™) vmay = 3050, 2961, 2904, 2865, 2835, 1606,
1588, 1514, 1359, 1251, 1173, 1034, 832, 737; MS (EI, m/z): 381 [M]; HRMS (EI): Calcd. for
Cy7H27NO [M]: 381.21; Found: 381.20925.

2-(2-Chlorophenyl)-6-methyl-4-phenylquinoline (4i)

Yield: 78%; White solid, mp 123-130 °C; "H NMR (300 MHz, CDCls): & 8.06 (d, J = 8.7 Hz, 1H),
7.68-7.64 (m, 2H), 7.58 (s, 1H), 7.52-7.23 (m, 9H), 2.41 (s, 3H); °C NMR (75 MHz, CDCl3): & 156.1,
147.4, 147.3, 139.8, 136.9, 132.5, 131.8, 130.1, 129.9, 129.8, 129.7, 128.6, 128.4, 128.3, 127.2, 125.6,
124.5,123.1, 21.9; IR (KBr, cm™") vimax = 3055, 3007, 2987, 1587, 1548, 1489, 1437, 1357, 1262, 1085,
1042, 826, 755, 701; MS (EL, m/z): 329 [M]"; HRMS (EI): Calcd. for C2,H;sCIN [M]": 329.10; Found:
329.09701.

4-(4-tert-Butylphenyl)-2-(2-chlorophenyl)-6-methyl quinoline (4j)

Yield: 75%; White solid, mp 127-130 °C; 'H NMR (300 MHz, CDCLs): & 8.04 (d, J = 8.4 Hz, 1H), 7.70 (s,
1H), 7.64 (dd, J = 7.2 Hz, 1H), 7.57 (s, 1H), 7.54-7.38 (m, 6H), 7.33-7.23(m, 2H), 2.41 (s, 3H), 1.32 (s,
9H); >C NMR (75 MHz, CDCl3): § 156.1, 147.4, 147.3, 139.8, 136.9, 132.5, 131.8, 130.1, 129.9, 129.8,
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129.7, 128.6, 128.4, 128.3, 127.2, 125.6, 124.5,123.1, 21.9; IR (KBr, cm™) vinax = 3055, 2962, 2865, 1586,
1546, 1493, 1439, 1042, 839, 826, 751, 599; MS (EI, m/z): 385 [M]"; HRMS (EI): Calcd. for CysH4CIN
[M]": 385.16; Found: 385.15972.

4-(4-tert-Butylphenyl)-6-methyl-2-phenylquinoline (4k)

Yield: 85%; Faint yellow solid; mp 147-150 °C; "H NMR (300 MHz, CDCl3): 6 8.26-8.12 (m, 3H), 7.85
(s, 1H), 7.80 (s, 1H), 7.66-7.47 (m, 8H), 2.55 (s, 3H), 1.50 (s, 9H); >C NMR (75 MHz, CDCls): § 156.1,
151.4, 148.5, 147.5, 139.9, 136.2, 135.7, 131.8, 129.9, 129.3, 129.1, 128.8, 127.5, 125.8, 125.6, 124.6,
119.5,34.8, 31.5, 21.9; IR (KBr, cm™) vimax = 3105, 2987, 2935, 2876, 1574, 1535, 1510, 1042, 879, 785,
814, 771; MS (EL m/z): 351 [M]"; HRMS (EI): Calcd. for C,6HysN [M]: 351.20; Found: 351.19866.

4-(4-tert-Butylphenyl)-6-chloro-2-(2-chlorophenyl) quinoline (41)

Yield: 80%; White solid; mp 157-159 °C; "H NMR (300 MHz, CDCls): 6 8.09 (d, /= 8.7 Hz, 1H), 7.93 (s,
1H), 7.90-6.88 (m, 10H), 1.33 (s, 9H); °C NMR (75 MHz, CDCl;): & 157.2, 151.9, 147.1, 134.5, 132.7,
132.4, 131.7, 130.4, 130.2, 35.1, 31.2; IR (KBr, cm™) vmax = 3110, 3007, 2935, 2806, 1674, 1603, 1575,
1487, 823, 767, 703, 691; MS (EI, m/z): 405 [M]"; HRMS (EI): Calcd. for C,sH, CLLN [M]": 405.11;
Found: 405.10509.

4-(4-tert-Butylphenyl)-6-fiuoro-2-phenylquinoline (4m)

Yield: 90%; Light yellow solid; mp 157-159 °C; '"H NMR (300 MHz, CDCl;): & 8.18 -8.07 (m, 3H), 7.77
(s, 1H), 7.53-7.34 (m, 9H), 1.35 (s, 9H); >C NMR (75 MHz, CDCl3): & 151.9, 148.5, 145.9, 129.4, 128.9,
127.5,125.8, 119.9, 34.8, 31.4; IR (KBr, cm™) vina, = 3007, 2984, 2875, 1593, 1473, 1435, 880, 845, 798,
655; MS (EI, m/z): 355 [M]+; HRMS (EI): Calcd. for CysHoFN [M]+: 355.17; Found: 355.17362.

6-Fluoro-2-(4-methoxyphenyl)-4-phenylquinoline (4n)

Yield: 87%; Faint yellow solid; mp 133-135 °C; 'H NMR (300 MHz, CDCls): 6 8.12-8.03 (m, 2H),
7.77-7.69 (m, 2H), 7.50-7.35 (m, 4H), 7.12-6.76 (m, 5H), 3.79 (s, 3H); °C NMR (75 MHz, CDCl;): &
190.8, 160.9, 159.5, 132.3, 132.0, 131.9, 129.4, 128.8, 122.3, 119.7, 119.4, 115.9, 115.7, 114.4, 114.3,
109.5, 108.9, 55.6, 55.4; IR (KBr, cm™) vinax = 2977, 2856, 2814, 1603, 1383, 1290, 910, 878, 754, 725,
580; MS (EI, m/z): 329 [M]"; HRMS (EI): Calcd. for C»oH FNO [M]": 329.12; Found: 329.12159.

4-(4-tert-Butylphenyl)-2-(2,4-dichlorophenyl)-6-methylquinoline (40)
Yield: 77%; Gray solid; mp 149-154 °C; '"H NMR (300 MHz, CDCls): & 8.12 (s, 1H), 7.87-7.91 (m, 2H),
7.75 (s, 1H), 7.24-7.47 (m, 7H), 2.35 (s, 3H), 1.34 (s, 9H); °C NMR (75 MHz, CDCl;): & 154.8, 151.5,
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151.0, 148.9, 129.9, 129.7, 129.4, 127.7, 125.6, 121.1, 31.4, 21.4, 21.1; IR (KBr, cm™) vy = 3087, 3006,
2890, 2860, 990, 956, 874, 838, 771, 666; MS (EI, m/z): 419 [M]"; HRMS (EI): Caled. for CH3CIoN
[M]": 419.12; Found: 419.12071.

2-(2,4-Dichlorophenyl)-6-fluoro-4-phenylquinoline (4p)

Yield: 73%; Light yellow solid; mp 129-133 °C; '"H NMR (300 MHz, CDCl3): & 8.18-8.09 (m, 1H),
7.75-6.98 (m, 11H); *C NMR (75 MHz, CDCls): § 153.0, 149.2, 135.0, 132.7, 130.4, 129.4, 128.4, 127.3,
125.5, 124.7, 123.5; IR (KBr, cm™) vinax = 2977, 1804, 1573, 1498, 1005, 878, 820, 835, 779, 629, 575;
MS (EI, m/z): 367 [M]"; HRMS (EI): Calcd. for C;;H;2CL,FN [M]": 367.03; Found: 367.03308.

4-(4-tert-Butylphenyl)-6-fluoro-2-(4-methoxy phenyl) quinoline (4q)

Yield: 86%; White solid; mp 149-151 °C; 'H NMR (300 MHz, CDCl5): 6 8.13-8.03 (m, 3H), 7.71 (s, 1H),
7.52-7.35 (m, 6H), 6.98-6.93 (m, 2H), 3.80 (s, 3H), 1.34 (s, 9H); *C NMR (75 MHz, CDCl3): 5 160.8,
158.9, 156.4, 151.8, 148.6, 146.1, 145.6, 135.5, 135.0, 132.0, 129.1, 128.8, 125.8, 119.5, 114.2, 109.3,
108.6, 55.4, 34.8, 31.4; IR (KBr, cm™) vinax = 3110, 3008, 2988, 2876, 1600, 1577, 1386, 1275, 1075, 898,
774, 698; MS (EI, m/z): 385 [M]"; HRMS (EI): Calcd. for C,6H2sFNO [M]": 385.18; Found: 385.18418.

4-(4-tert-Butylphenyl)-6-fluoro-2-(3-nitrophenyl)quinoline (4r)

Yield: 70%; Gray solid; mp 151-154 °C; "H NMR (300 MHz, CDCls): & 8.96 (s, 1H), 8.47 (d, J = 7.5 Hz,
1H), 8.23-8.13 (m, 2H), 7.79 (s, 1H), 7.63-7.42 (m, 7H), 1.35 (s, 9H); °C NMR (75 MHz, CDCl;): &
162.7, 160.6, 159.0, 152.2, 148.6, 145.9, 140.9, 134.6, 133.2, 129.9, 129.1, 125.9, 123.9, 122.3, 119.2,
110.8, 109.0, 34.9, 31.4; IR (KBr, cm™) vinax = 2985, 2964, 2877, 1640, 1574, 897, 793, 753, 711, 632;
MS (EI, m/z): 400 [M]+; HRMS (EI): Calcd. for C,5H,;FN,0, [M]+: 400.16; Found: 400.15889.

4-(4-tert-Butylphenyl)-6-chloro-2-(3-nitrophenyl)quinoline (4s)

Yield: 93%; Gray solid; mp 157-161 °C; 'H NMR (300 MHz, CDCl5): 6 8.98 (s, 1H), 8.49 (d, ] = 7.8 Hz,
1H), 8.24 (d, J = 7.2 Hz, 1H), 8.11 (d, J = 8.7 Hz, 1H), 7.88 (d, J = 1.9 Hz, 1H), 7.80 (s, 1H), 7.64-7.40
(m, 6H), 1.44 (s, 9H); °C NMR (75 MHz, CDCl3): & 154.3, 152.2, 149.3, 148.8, 147.2, 140.9, 133.3,
130.9, 129.9, 129.2, 126.0, 124.8, 122.4, 122.3, 119.4, 34.8, 31.4; IR (KBr, cm™) vy = 2968, 2933, 2813,
1747, 1656, 863, 743, 733, 701, 621. MS (EI, m/z): 416 [M]"; HRMS (EI): Calcd. for C,5H, CIN,O,
[M]": 416.13; Found: 416.12902.
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