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(Trifluoromethyl)zinc complexes have been widely used in metal-mediated trifluoromethylation re-
actions. However, direct nucleophilic addition with a (trifluoromethyl)zinc complex is rare. In this article,
we describe an unprecedented trifluoromethylation of azinium salts using Zn(CFs),-bpy as CF; source,
giving 1-(4-methoxybenzyl)-2-(trifluoromethyl)-1,2-dihydroquinolines as products. The latter species
were further transformed to 2-trifluoromethylquinolines under oxidative conditions. This work also

shows that ligands play an important role in tuning the reactivity of (trifluoromethyl)zinc complexes.
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1. Introduction

Trifluoromethylated compounds have been widely used in ma-
terials and pharmaceuticals due to the unique properties of the
trifluoromethyl group [1,2]. Various methods including nucleo-
philic trifluoromethylation [3], radical trifluoromethylation [4] and
metal-catalyzed cross-couplings [5], have been developed for the
introduction of CF3 group into target molecules. Among them,
nucleophilic addition of trifluoromethyl anion or its equivalent is a
straightforward and efficient method. The commonly used nucle-
ophilic trifluoromethylation reagents include TMSCF3; [3a-d],
ArSO,CF3 [3e-h], and HCFj3 [3i-1], among others (Scheme 1a). These
reagents can release trifluoromethyl anion to participate many
kinds of reactions under the activation with bases or reductants.
However, the use of these reagents suffers from some limitations:
1) requirement of basic initiators; 2) poor chemoselectivity towards
common reactive functionalities such as aldehydes [6]; 3) opera-
tional difficulty in handling gaseous reagents such as HCFs.
Therefore, it is of great interest to develop operationally simple and
highly selective nucleophilic trifluoromethylation method for the
efficient synthesis of functionalized trifluoromethyl-containing
compounds.

Zn(CF3),-Ly has been widely used as a trifluoromethyl source in
various trifluoromethylation reactions [7—9]. At present, different
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ligand-coordinated trifluoromethyl zinc complexes, such as
Zn(CF3);-DMPU [7], Zn(CF3);-TMEDA [8], and Zn(CF3),-bpy [9],
have been developed and employed in copper-catalyzed radical
trifluoromethylation reactions [7,9] (Scheme 1b). However, the
application of Zn(CF3);-L, as trifluoromethyl anion sources in
nucleophilic addition reactions was rarely investigated, probably
due to the difficulty in activation of the Zn—CF; bond. As an
exception, Mikami and co-workers reported the nucleophilic
addition of Zn(CF3),-TMEDA to aryl aldehydes by using nBusNOAc
as an additive [8]. Inspired by this result, we envisioned that tuning
the ligand of the zinc complex may be a useful strategy to activate
the Zn—CF; bond [8]. Herein, we describe the nucleophilic tri-
fluoromethylation of azinium salts with Zn(CFs),-bpy in the
absence of any additive (Scheme 1c). This method tolerates a wide
range of functionalities including halogens, cyano, nitro, methyl
ester and formyl groups. The compatibility with methyl ester and
formyl groups further proved the high chemoselectivity of the
Zn(CF3),-bpy reagent used in this transformation. Moreover, we
found the important influence of the ligands derived from
Zn(CF3)3-Ly in tuning their reactivities.

2. Results and discussion
2.1. Optimization of reaction conditions
At the onset of our exploration, we selected 1a as the model

substrate and Zn(CF3)2-bpy (2) as the trifluoromethylation reagent.
Initially, catalytic amount of CuF, (as the copper source) and 1,1’-
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Scheme 1. Trifluoromethylation reactions. TBAT = tetrabutylammonium difluoro-
triphenylsilicate; bpy = 2,2’-bipyridine.

bis(diphenylphosphino)ferrocene (as the ligand) were added,
affording the trifluoromethylation product 3a in 69% yield (entry 1).
To our surprise, we found that this reaction could proceed smoothly
without the addition of CuF; and ligand, implying that 2 possesses
enough nucleophilicity to attack 1a to give the desired product
(entry 2). Therefore, the direct nucleophilic trifluoromethylation
reaction of 1a and 2 was further evaluated in the absence of copper
catalyst. A series of solvents including CH3CN, THF, DMA, DMF and
DMSO were screened (entries 2—6). A low yield (13%) of 3a was
observed in THF, probably owing to the low solubility of 1a in the
THF (entry 3). However, the reaction proceeded well in DMF, CH3CN
and DMSO, among which DMSO gave the best result, with product
3a being formed in 78% yield (entry 6). Subsequently, the influence
of the amount of 2 and the reaction temperature was examined.
Increasing the amount of 2 to 2 or 2.5 equivalents led to no obvious
improvement of the yield (entries 7—8). Meanwhile, raising tem-
perature to 60 °C gave 3a in 80% yield (entry 11), while the yield of
the 3a decreased to 67% when conducting the reaction at 70 °C.
Finally, adjusting the concentration of the reaction in DMSO from
0.05 M to 0.1 M provided the highest yield (Table 1, entry 13).
Finally, we could isolated the 3a of 0.6 mmol scale in 71% yield
(entry 13). Based on these results, we suggest that this reaction may
proceed through a nucleophilic trifluoromethylation process using
Zn(CF3),-bpy (2) as a trifluoromethy anion equivalent.

2.2. Scope and limitation

With the optimized conditions in hand (Table 1, entry 13), we
then investigated the substrate scope of the present tri-
fluoromethylation reaction. The results are summarized in Table 2.
The introduction of an electron-poor functional group (such as
nitro group) afforded the target product 3b in 62% yield, while the
product with the electron-donating group (such as methoxyl
group) could be isolated in 69% yield (31). Furthermore azinium
salts with halogen substituents at 6-position gave the target
products 3c-3f in 46—67% yields. The steric effect was demon-
strated by the comparison of halogens incorporated into aromatic
ring at different positions. The substitution of chlorine atom at the
7-position gave the highest yield (3k) as compared with the sub-
stitution at 5-position (3d) and 4-position (3g). Interestingly, the
methyl ester and formyl groups, which can be attacked by
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Table 1
The optimization of reaction conditions for the trifluoromethylation of azinium salts
1a with Zn(CFs),-bpy (2). °.

X X
©\/+j B+ Zn(CFyybpy —oventT @\/j\
N 12h N™ "CFs
PMB PMB
1a (0.10 mmol) 2 3a
Entry equiv. (2) Solvent T (°C) Yield (%)
1° 1.5 CH5;CN 50 69
2 1.5 CH3CN 50 76
3 1.5 THF 50 13
4 1.5 DMA 50 33
5 1.5 DMF 50 60
6 1.5 DMSO 50 78
7 2.0 DMSO 50 76
8 2.5 DMSO 50 76
9 1.5 DMSO 25 17
10 1.5 DMSO 40 62
11 1.5 DMSO 60 80
12 1.5 DMSO 70 67
13¢ 15 DMSO 60 81 (71)¢

2 The yield of 3a was determined by'°F NMR analysis of the reaction mixture
using PhCF3 as an internal standard.

b 0.2 equiv. of CuF, and 0.2 equiv. of 1,1’-bis(diphenylphosphino)ferrocene were
added.

¢ 1.0 mL DMSO was used. PMB = 4-methoxybenzyl.

9 Isolated yield of a reaction in 0.60-mmol scale.

trifluoromethyl anions from TMSCF; [2c], were both tolerated un-
der the current reaction conditions. Moreover, the formyl group,
which has been known to be attacked by Zn(CF3),-TMEDA in
moderate to good yields [8], remained untouched in our reactions.
This result implies that the trifluoromethylzinc complexes
(Zn(CF3),-L,) bearing different ligands can exhibit very different
reactivities. In addition to quinolinium salts, isoquinolinium salts
are also amenable to this trifluoromethylation reaction (3m-p). We
also attempted the trifluoromethylation of pyridinium salts; how-
ever, the corresponding product was not stable enough to be iso-
lated by flash column chromatography.

To evaluate the synthetic potential of this method, the oxidation
of the in-situ formed 3 by ceric ammonium nitrate (CAN) in
methanol/H,O to obtain the 2-trifluoromethylquinoline was
examined (Table 3) [10]. As expected, the target products 4a-4g
could be obtained in moderate yields. In this oxidation process,
halogen substituents (such as Br and I) were well tolerated, which
are active reaction sites in metal-catalyzed cross-coupling reactions
and potentially useful for further elaboration. One-pot tri-
fluoromethylation and subsequent oxidation of isoquinolinium
salts 1q and 1r were also examined. However, corresponding
products 4h and 4i decomposed into complex mixtures during the
oxidation process [11].

3. Conclusion

In summary, we have succeeded in the nucleophilic tri-
fluoromethylation of azinium salts with Zn(CF3),-bpy under
additive-free conditions. The reaction is amenable with a series of
azinium salts bearing different functional groups. The tri-
fluoromethylated products were able to be oxidized to remove the
protection group 4-methoxybenzyl (PMB), which provided a new
access to 2-trifluoromethylquinoline. Moreover, Zn(CFs);-bpy
exhibited higher compatibility towards aldehydes and methyl es-
ters than Zn(CF3),-TMEDA, which provides a new insight into the
important role of ligand on the nucleophilic reactivity of the
Zn(CF3);-L, complexes.
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Table 2

Trifluoromethylation of azinium salts with Zn(CFs),-bpy. ¢.

Table 3
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One-pot trifluoromethylation and subsequent oxidation. ¢

1) DMSO, 60 °C,

+ Zn(CF3),-bpy

2) CAN, MeOH/H,0

25°C,24h

12h

49, 35%

Me. N
P
N~ "CF3

4b, 57%

Br D
P>
CFs N"CF,

4e, 40%

X
N

CF3 CF3

4h, trace”

N
R—— P
N7 CF,
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N CF;
4c, 58%
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Pz
N7 CF,
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N
CF3
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¢ Reaction conditions: 1 (0.50 mmol), 2 (0.75 mmol), CAN (2.20 mmol),
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“Reaction parameters: 1 (0.20 mmol), 2 (0.30 mmol), DMSO (2.0 mL).
b 1a (0.60 mmol) and 2 (0.90 mmol) were used.
¢ 2 (0.40 mmol) was used.

4. Experimental section
4.1. General procedure for the synthesis of Zn(CF3)»-bpy

The typical procedures for the synthesis of Zn(CF3),-bpy are as
follows [9b]: To an oven-dried 150-mL three-neck round-bottomed
flask were added dry hexane (30 mL) and dry DMF (3.0 mL,
40 mmol) under N, atmosphere. At —78 °C, ICF3 (ca. 19.6 g,
100 mmol) was bubbled into the solution. Diethylzinc (1.0 M in
hexanes, 20 mL, 20 mmol) was then added dropwise with a syringe
at —78 °C. With the addition of diethylzinc, white solid appeared
gradually. After the addition, the reaction mixture was stirred
at —20 °C for 24 h. The resulting mixture was filtered quickly, and
the precipitate was washed with Et;0 (50—100 mL) and then dried
under reduced pressure. Then the complex Zn(CF3)(DMF), was
obtained as a light yellow solid. Yield: 4.68 g (67%).

Zn(CF3)(DMF); (4.68 g, 13.4 mmol) was added to an oven-dried
flask under N; atmosphere. Anhydrous DMF (14 mL) was added and
stirred for 10—15 min to dissolve the Zn(CF3),(DMF),. 2,2'-

DMSO (5.0 mL), MeOH (2.5 mL), H,O (1.0 mL).
b The yield was determined by '"F NMR analysis of the reaction mixture
using PhOCF; as an internal standard.

Bipyridine (2.50 g, 16.0 mmol, 1.2 equiv) was then added. After the
addition of 2,2’-bipyridine, the solution turned yellow quickly and
the mixture was stirred for another 30—45 min. Dry Et;0 (150 mL)
was then added into the reaction mixture and the mixture was
stirred for another 15 min. The resulting mixture was filtered
quickly, and the precipitate was washed with Et,0 (20 mL x 3) and
dried under reduced pressure to afford Zn(CFs3),-bpy as a light
yellow solid. Yield: 2.76 g (58%).

4.2. General procedure for synthesis of azinium salts

The typical procedures for the synthesis of azinium salts are as
follows: Into a 25 mL round-bottom flask were added quinoline
(5.0—10.0 mmol), 4-methoxybenzyl bromide (1.0 equiv) and actone
(5.0—10.0 mL). The reaction stirred at room temperature overnight.
When the reaction was completed, the reaction mixture was fil-
trated. After drying under the reduced pressure, the product 1
could be afforded as solid.

4.2.1. 1-(4-methoxybenzyl)quinolin-1-ium bromide (1a)

Green solid. '"H NMR (400 MHz, DMSO-dg) 6 9.82 (d, ] = 5.2 Hz,
1H), 9.40 (d, J = 8.2 Hz, 1H), 8.66 (d, ] = 8.9 Hz, 1H), 8.54 (d,
J=8.0Hz,1H), 8.28 (dt, ] = 20.6, 7.1 Hz, 2H), 8.04 (t,] = 7.5 Hz, 1H),
7.46 (d,] = 8.2 Hz, 2H), 6.97 (d, ] = 8.2 Hz, 2H), 6.35 (s, 2H), 3.74 (s,
3H). The characterization data are consistent with previous report
[10].

4.2.2. 1-(4-methoxybenzyl)-5-nitroquinolin-1-ium bromide (1b)

Brown solid. 'TH NMR (400 MHz, DMSO-ds) 6 9.91 (s, 1H), 9.58 (d,
J = 8.3 Hz, 1H), 9.03 (d, ] = 8.4 Hz, 1H), 8.74 (d, ] = 7.5 Hz, 1H),
8.51-8.31 (m, 2H), 7.46 (d, ] = 7.6 Hz, 2H), 6.97 (d, ] = 7.3 Hz, 2H),
6.41 (s, 2H), 3.74 (s, 3H). 13C NMR (101 MHz, DMSO-dg) 5 159.69,
151.44, 146.59, 143.06, 137.57, 134.08, 129.64, 127.09, 125.39, 124.96,
124.92, 122.49, 114.49, 60.72, 55.24. IR (film): 3016, 2989, 2978,
2949, 2835, 1610, 1596, 1512, 1336, 1242, 1023, 863, 839, 805 cm ™.
MS (EI) m/z [M — Br]*: 295.1. HRMS (EI) m/z calcd. for C17H5N20%
[M — Br]*: 295.1077, found 295.1078.
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4.2.3. 6-Fluoro-1-(4-methoxybenzyl)quinolin-1-ium bromide (1c)

Light yellow solid. 'TH NMR (400 MHz, DMSO-dg) ¢ 9.78 (d,
J=5.7Hz,1H), 9.34(d, ] = 8.4 Hz, 1H), 8.75 (dd, ] = 9.8, 4.4 Hz, 1H),
8.46—8.38 (m, 1H), 8.38—8.30 (m, 1H), 8.27—8.16 (m, 1H), 7.45 (d,
J = 8.3 Hz, 2H), 6.97 (d, ] = 8.6 Hz, 2H), 6.36 (s, 2H), 3.74 (s, 3H). '°F
NMR (376 MHz, DMSO-dg) & —108.08 (td, J = 8.5, 4.5 Hz). 13C NMR
(101 MHz, DMSO-dg) 3 160.62 (d, ] = 252.0 Hz), 159.51, 149.67,147.15
(d,J = 5.1 Hz), 134.60, 13141 (d, ] = 11.1 Hz), 129.49, 125.29, 125.18
(d, ] = 26.3 Hz), 123.42, 122.88 (d, ] = 9.7 Hz), 114.38, 114.15 (d,
J = 23.1 Hz), 59.74, 55.20. IR (film): 3088, 2986, 2928, 2834, 1596,
1535, 1514, 1481, 1387, 1306, 1269, 1159, 969, 887, 857, 838,
814 cm~L. MS (EI) m/z [M — Br]*: 268.1. HRMS (EI) m/z calcd. for
C17H1sFNO™ [M — Br]*: 268.1132, found 268.1132.

4.2.4. 6-Chloro-1-(4-methoxybenzyl)quinolin-1-ium bromide (1d)

Light yellow solid. 'H NMR (400 MHz, DMSO-dg) ¢ 9.70 (dd,
J=5.9,14 Hz, 1H), 9.27 (d, ] = 8.4 Hz, 1H), 8.69 (d, ] = 2.4 Hz, 1H),
8.64 (d, ] = 9.5 Hz, 1H), 8.34—8.24 (m, 2H), 7.41 (d, ] = 8.7 Hz, 2H),
6.96 (d, ] = 8.7 Hz, 2H), 6.28 (s, 2H), 3.73 (s, 3H). >*C NMR (101 MHz,
DMSO0-dg) & 159.59, 150.37, 147.01, 136.20, 135.50, 134.44, 130.79,
129.47,129.25,125.19, 123.66, 121.67, 114.45, 59.73, 55.21. IR (film):
3067, 2981, 2932, 2903, 2832, 1607, 1588, 1515, 1360, 1247, 1091,
1017, 981, 855, 840, 810 cm™ . MS (EI) m/z [M — Br]*: 284.1. HRMS
(EI) m/z caled. for Ci7HisCINOT [M — Br]*: 284.0837, found
284.0837.

4.2.5. 6-Bromo-1-(4-methoxybenzyl)quinolin-1-ium bromide (1e)

Yellow solid. 'H NMR (400 MHz, CDCl3) §9.71 (dd, J = 5.9, 1.4 Hz,
1H), 9.26 (d, ] = 8.4 Hz, 1H), 8.84 (d, ] = 2.3 Hz, 1H), 8.55 (d,
J=9.5Hz,1H), 8.38 (dd,] = 9.4, 2.3 Hz, 1H), 8.31 (dd, ] = 8.4, 5.8 Hz,
1H), 7.40 (d,] = 8.7 Hz, 2H), 6.96 (d, ] = 8.7 Hz, 2H), 6.28 (s, 2H), 3.73
(s, 3H). 13C NMR (101 MHz, DMSO-dg) 5 159.58, 150.41, 146.90,
138.04, 136.44, 132.53, 131.10, 129.46, 125.23, 123.62, 123.11, 121.57,
114.45, 59.67, 55.22. IR (film): 3048, 3008, 2952, 2933, 2834, 1610,
1585, 1513, 1375, 1300, 1251, 1179, 1026, 879, 803, 754 cm ™ 1. MS (EI)
m/z [M — Br]™: 328.0. HRMS (EI) m/z calcd. for Cy;7H{sBrNO*
[M — Br]*: 328.0332, found 328.0333.

4.2.6. 6-lodo-1-(4-methoxybenzyl)quinolin-1-ium bromide (1f)

Light yellow solid. 'TH NMR (400 MHz, DMSO-dg) & 9.76 (d,
J=5.2Hz,1H),9.25(d, J = 8.3 Hz, 1H), 9.00 (d, ] = 1.7 Hz, 1H), 8.47
(dd, J = 9.3, 1.8 Hz, 1H), 8.39 (d, ] = 9.3 Hz, 1H), 8.29 (dd, ] = 8.4,
5.8 Hz, 1H), 7.41 (d, ] = 8.7 Hz, 2H), 6.96 (d, J = 8.7 Hz, 2H), 6.29 (s,
2H), 3.73 (s, 3H). >C NMR (101 MHz, DMSO-dg) & 159.56, 150.21,
146.60, 143.29, 138.77,136.75, 131.25, 129.40, 125.30, 123.31, 120.88,
114.44, 97.53, 59.50, 55.21. IR (film): 2991, 2937, 2834, 1610, 1583,
1513, 1462, 1368, 1297, 1252, 1181, 1089, 1023, 808, 771, 746 cm ™.
MS (EI) m/z [M — Br]*: 376.0. HRMS (EI) m/z calcd. for Ci7H5INO™
[M — Br]*: 376.0193, found 376.0191.

4.2.7. 5-Chloro-1-(4-methoxybenzyl)quinolin-1-ium bromide (1g)
Yellow solid. "TH NMR (400 MHz, CDCl3) 6 9.77 (d, ] = 5.8 Hz, TH),
9.30(d, J = 8.4 Hz, 1H), 8.71 (d, ] = 2.3 Hz, 1H), 8.66 (d, ] = 9.5 Hz,
1H), 8.39—8.23 (m, 2H), 743 (d, ] = 8.6 Hz, 2H), 6.97 (d, ] = 8.7 Hz,
2H), 6.32 (s, 2H), 3.74 (s, 3H). 3C NMR (101 MHz, DMSO-dg)
0 159.59, 150.37, 147.01, 136.19, 135.50, 134.44, 130.79, 129.48,
129.25,125.20, 123.66, 121.68, 114.45, 59.73, 55.22. IR (film): 3003,
2981, 2933, 2903, 1607, 1588, 1515, 1360, 1305, 1247, 1183, 1017, 890,
839, 809, 763 cm™~ . MS (EI) m/z [M — Br]": 284.1. HRMS (El) m/z
calcd. for C17H15CINO™ [M — Br]™: 284.0837, found 284.0836.

4.2.8. 5-Bromo-1-(4-methoxybenzyl)quinolin-1-ium bromide (1h)
Yellow solid. '"H NMR (400 MHz, DMSO-dg) 6 9.79 (d, ] = 5.7 Hz,

1H), 9.42 (d, ] = 8.6 Hz, 1H), 8.65 (d, ] = 8.9 Hz, 1H), 8.43—8.32 (m,

2H), 8.21-8.05 (m, 1H), 7.41 (d, J = 8.6 Hz, 2H), 6.96 (d, ] = 8.7 Hz,
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2H), 6.33 (s, 2H), 3.74 (s, 3H). 3C NMR (101 MHz, DMSO-dg)
3 159.56, 150.85, 146.48, 138.74, 135.75, 134.01, 129.48, 128.76,
125.22, 123.89 (d, J = 2.3 Hz), 119.61, 114.41, 60.05, 55.21. IR (film):
3062, 2988, 2957, 2932, 2835, 1607, 1577, 1513, 1361, 1253, 1181,
1047,1022, 798, 755 cm™ . MS (EI) m/z [M — Br]*: 328.0. HRMS (EI)
my/z calcd. for C;7H15BrNO™ [M — Br]™: 328.0332, found 328.0332.

4.2.9. 1-(4-methoxybenzyl)-6-(methoxycarbonyl)quinolin-1-ium
bromide (1i)

Light yellow solid. 'TH NMR (400 MHz, CDCl3) ¢ 9.83 (d,
J=5.2Hz,1H),9.56 (d,] = 8.4 Hz,1H),9.17 (s,1H), 8.75(d,J = 9.2 Hz,
1H), 8.59 (d, J = 9.1 Hz, 1H), 8.42—8.33 (m, 1H), 7.45 (d, ] = 8.2 Hz,
2H), 6.97 (d,] = 8.1 Hz, 2H), 6.33 (s, 2H), 3.98 (s, 3H), 3.74 (s, 3H). °C
NMR (101 MHz, DMSO-dg) & 164.51, 159.61, 151.74, 149.20, 139.29,
133.94,132.73,130.23,129.61,129.59, 125.12, 123.45, 120.33, 114.45,
59.73, 55.21, 53.00. IR (film): 3020, 2987, 2941, 2837, 1727, 1612,
1586, 1512, 1464, 1367, 1284, 1250, 1233, 1110, 979, 819, 792 cm ™.
MS (EI) m/z [M — Br]*: 308.1. HRMS (EI) m/z calcd. for C1gH1gNO%
[M — Br]": 308.1281, found 308.1281.

4.2.10. 6-Formyl-1-(4-methoxybenzyl)quinolin-1-ium bromide (1j)

Yellow solid. 'TH NMR (400 MHz, DMSO-dg) 6 10.28 (s, 1H), 9.84
(d,J = 5.5 Hz, 1H), 9.56 (d, J = 8.3 Hz, 1H), 9.10 (d, J = 1.4 Hz, 1H),
8.79(d,J = 9.2 Hz, 1H), 8.56 (dd, ] = 9.2, 1.6 Hz, 1H), 8.39 (dd, ] = 8.3,
5.9 Hz, 1H), 7.45 (d, ] = 8.7 Hz, 2H), 6.97 (d, ] = 8.7 Hz, 2H), 6.35 (s,
2H), 3.73 (s, 3H). 3C NMR (101 MHz, DMSO-dg) & 191.71, 159.62,
151.91, 149.38,139.84, 135.63, 134.29, 132.63, 129.84, 129.56, 125.16,
123.62, 120.65, 114.48, 59.87, 55.22. IR (film): 2965, 2931, 2901,
2832, 1695, 1593, 1515, 1465, 1249, 1180, 1024, 862, 838,
802 761 cm~ L. MS (EI) m/z [M — Br]*: 278.1. HRMS (EI) m/z calcd. for
C1gH16NO3 [M — Br]*: 278.1176, found 278.1177.

4.2.11. 7-Chloro-1-(4-methoxybenzyl)quinolin-1-ium bromide (1k)

Light yellow solid. 'TH NMR (400 MHz, CDCl3) 6 9.76 (d, ] = 5.8 Hz,
1H),9.41 (d,J = 8.0 Hz, 1H), 8.82 (s, 1H), 8.59 (d, ] = 8.8 Hz, 1H), 8.30
(dd, J = 8.3, 5.9 Hz, 1H), 812 (dd, J = 8.8, 1.6 Hz, 1H), 7.46 (d,
J = 8.7 Hz, 2H), 6.99 (d, ] = 8.7 Hz, 2H), 6.34 (s, 2H), 3.75 (s, 3H). 13C
NMR (101 MHz, DMSO-dg) & 159.62, 150.58, 147.75, 140.56, 137.99,
132.70, 130.71, 129.66, 128.60, 125.07, 122.79, 118.82, 114.50, 59.35,
55.21. IR (film): 3047, 3007, 2963, 2837, 1713, 1611, 1585, 1512, 1355,
1251, 1181, 1148, 1086, 1026, 848, 819, 746 cm~ L. MS (El) m/z
[M — Br]": 284.1. HRMS (EI) m/z calcd. for C;7H15CINO™ [M — Br]™*:
284.0837, found 284.0838.

4.2.12. 5-Methoxy-1-(4-methoxybenzyl)quinolin-1-ium bromide
(1)

Yellow solid. 'TH NMR (400 MHz, CDCl3) 6 9.78 (d, ] = 5.3 Hz, 1H),
9.38 (d, ] = 8.3 Hz, 1H), 8.16 (dt, ] = 28.2, 8.5 Hz, 3H), 748 (d,
J=7.7Hz,1H), 742 (d,] = 8.2 Hz, 2H), 6.96 (d, ] = 8.1 Hz, 2H), 6.29
(s, 2H), 412 (s, 3H), 3.74 (s, 3H). The characterization data are
consistent with previous report [11].

4.2.13. 5-Cyano-2-(4-methoxybenzyl)isoquinolin-2-ium bromide
(1m)

Light yellow solid. "TH NMR (400 MHz, DMSO-dg) 6 10.49 (s, 1H),
9.01(d,J=7.0Hz,1H), 8.88 (t,] = 7.8 Hz, 2H), 8.65 (d, ] = 6.9 Hz, 1H),
8.23(t,J=7.9Hz,1H),7.61(d,] = 8.4 Hz, 2H), 7.02 (d,] = 8.3 Hz, 2H),
5.99 (s, 2H), 3.76 (s, 3H). 13C NMR (101 MHz, DMSO-dg) 5 160.06,
151.11, 143.01, 137.12, 136.45, 135.94, 130.95, 130.92, 127.34, 125.69,
123.49, 115.42, 114.52, 109.29, 63.22, 55.28. IR (film): 3077, 2938,
2890, 2835, 2223, 1648, 1609, 1580, 1511, 1339, 1304, 1254, 1209,
928, 854, 831,805 cm~ . MS (EI) m/z [M — Br]*: 275.1. HRMS (EI) m/
z calcd. for C1gH15N20" [M — Br]*: 275.1179, found 275.1179.
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4.2.14. 5-lodo-2-(4-methoxybenzyl)isoquinolin-2-ium bromide
(In)

Light yellow solid. "TH NMR (400 MHz, CDCl5) 6 10.33 (s, 1H), 8.87
(d,J = 7.0 Hz, 1H), 8.82 (d, | = 7.4 Hz, 1H), 8.57 (d, ] = 8.3 Hz, 1H),
8.48(d,J = 7.0 Hz, 1H), 7.82 (t,] = 7.9 Hz, 1H), 7.61 (d, ] = 8.7 Hz, 2H),
7.02 (d, ] = 8.7 Hz, 2H), 5.98 (s, 2H), 3.77 (s, 3H). >*C NMR (101 MHz,
DMSO-dg) & 160.01, 150.61, 147.36, 138.53, 136.20, 132.31, 131.29,
130.82, 129.70, 128.15, 125.86, 114.53, 98.71, 62.81, 55.28. IR (film):
3035, 2994, 2932, 2878, 2834, 1638, 1606, 1512, 1355, 1334, 1248,
961, 852, 826, 793 cm™ . MS (EI) m/z [M — Br]*: 376.0. HRMS (EI) m/
z calcd. for C7HisINO™ [M — Br]™: 376.0193, found 376.0195.

4.2.15. 6-Chloro-2-(4-methoxybenzyl)isoquinolin-2-ium bromide
(10)

Light yellow solid. 'H NMR (400 MHz, DMSO-dg) 6 10.40 (s, 1H),
8.92 (d,]J = 6.8 Hz, 1H), 8.61-8.49 (m, 3H), 8.12 (dd, J = 8.9, 2.0 Hz,
1H), 7.63 (d, ] = 8.7 Hz, 2H), 7.02 (d, ] = 8.7 Hz, 2H), 5.94 (s, 2H), 3.77
(s, 3H). 3C NMR (101 MHz, DMSO-dg) & 159.99, 149.89, 141.97,
137.82,135.68,132.69, 131.92, 130.82, 126.36, 125.91, 125.87, 125.34,
114.51, 62.96, 55.26. IR (film): 3072, 3010, 2976, 2949, 2833, 1641,
1608, 1512, 1446, 1397, 1357, 1250, 1180, 1024, 892, 857 cm™L. MS
(EI) m/z [M — Br]*: 284.1. HRMS (EI) m/z calcd. for C17H;5CINO™
[M — Br]*: 284.0837, found 284.0837.

4.2.16. 4-Bromo-2-(4-methoxybenzyl)isoquinolin-2-ium bromide
(1p)

White solid. 'H NMR (400 MHz, CDCl3) 6 10.39 (s, 1H), 9.41 (s,
1H), 8.63 (d, ] = 8.2 Hz, 1H), 8.49—8.30 (m, 2H), 8.18 (t, ] = 7.5 Hz,
1H), 7.67 (d, ] = 8.6 Hz, 2H), 7.02 (d, ] = 8.7 Hz, 2H), 5.90 (s, 2H), 3.77
(s, 3H). 3C NMR (101 MHz, DMSO-dg) 5 159.06, 148.73, 137.76,
134.81,134.74,131.09, 130.71, 129.96, 126.50, 124.93, 124.66, 120.89,
113.49, 61.97, 54.26. IR (film): 3026, 2988, 2973, 2877, 1629, 1606,
1513, 1366, 1249, 1210, 1151, 1021, 898, 851, 822, 761 cm™ L. MS (ED)
m/z [M — Br]™: 328.0. HRMS (EI) m/z calcd. for Cy;7H;5BrNO*
[M — Br]*: 328.0332, found 328.0333.

4.2.17. 2-(4-methoxybenzyl)isoquinolin-2-ium bromide (1q)

White solid. "H NMR (400 MHz, DMSO-dg) 6 10.31 (s, 1H), 8.84
(d,J = 6.9 Hz, 1H), 8.60 (d, ] = 6.8 Hz, 1H), 8.54 (d, ] = 8.3 Hz, 1H),
8.36(d,J=8.3Hz,1H), 8.27 (t,J = 7.6 Hz, 1H), 8.09 (t,] = 7.5 Hz, 1H),
7.61 (d, J = 8.6 Hz, 2H), 7.01 (d, J = 8.6 Hz, 2H), 5.92 (s, 2H), 3.76 (s,
3H). The characterization data are consistent with previous report
[12].

4.2.18. 2-(4-methoxybenzyl)-6-methylisoquinolin-2-ium bromide
(1r)

Light yellow solid. 'TH NMR (400 MHz, DMSO-dg) 6 10.32 (s, 1H),
8.84 (d, ] = 6.8 Hz, 1H), 8.46 (dd, J = 13.0, 7.7 Hz, 2H), 8.13 (s, 1H),
7.93 (d, ] = 8.4 Hz, 1H), 7.64 (d, ] = 8.6 Hz, 2H), 7.01 (d, ] = 8.6 Hz,
2H), 5.93 (s, 2H), 3.77 (s, 3H), 2.66 (s, 3H). The characterization data
are consistent with previous report [12].

4.3. General procedure for trifluoromethylation of azinium salts

The typical procedures for the trifluoromethylation of azinium
salts are as follows: Under N atmosphere, into an oven-dried
sealed tube were added azinium salts (1, 0.2 mmol), Zn(CF3),-bpy
(2,107.9 mg, 0.3 mmol) and DMSO (2.0 mL). The reaction tube was
put into an oil bath at 60 °C and stirred for 12 h. When the reaction
was completed, the reaction mixture was cooled to room temper-
ature and added water (20 mL), extracted with dichloromethane
(DCM) (3 x 20 mL). The organic layers were washed with water
(3 x 30 mL), dried over Na;SO4, and concentrated under vacuum.
The crude product was purified by fast column chromatography to
afford product 3.
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4.3.1. 1-(4-Methoxybenzyl)-2-(trifluoromethyl)-1,2-
dihydroquinoline (3a)

Light yellow liquid. 'TH NMR (400 MHz, CDCl3): 6 7.19 (d,
J = 8.4 Hz, 2H), 7.09 (td, ] = 8.2, 1.2 Hz, 1H), 7.04—7.00 (m, 1H), 6.85
(d,J = 8.6 Hz, 2H), 6.76—6.66 (m, 3H), 5.60 (dd, J = 9.7, 6.0 Hz, 1H),
4.83(d,J = 15.3 Hz, 1H), 4.50—4.42 (m, 1H), 4.38 (d, ] = 15.4 Hz, 1H),
3.79 (s, 3H). 13C NMR (100 MHz, CDCls): 6 159.14, 143.36, 131.09,
129.60, 128.78, 128.73, 127.78, 125.36 (q, ] = 291.2 Hz), 121.69,
118.19, 114.65, 114.25, 112.89, 58.32 (q, | = 29.8 Hz), 55.29, 53.99. 19F
NMR (376 MHz, CDCl3): 6 —77.49 (d, J = 7.0 Hz, 3F). MS (DART) m/z
[M+H]": 320.1. HRMS (DART) m/z calcd. for C1gH{7FsNO™ [M+H]":
320.1257, found 320.1255.

4.3.2. 1-(4-Methoxybenzyl)-5-nitro-2-(trifluoromethyl)-1,2-
dihydroquinoline (3b)

Yellow liquid. 'TH NMR (400 MHz, CDCl3) 6 7.33—7.24 (m, 2H),
7.20—7.12 (m, 3H), 6.93 (d, J = 8.3 Hz, 1H), 6.86 (d, J = 8.5 Hz, 2H),
5.85 (dd,J = 9.8, 6.5 Hz, 1H), 4.85 (d, ] = 15.4 Hz, 1H), 4.58—4.40 (m,
2H), 3.79 (s, 3H). 13C NMR (100 MHz, CDCl3) 6 159.44, 147.67,144.31,
128.94, 128.74, 127.32, 125.59, 124.89 (q, ] = 291.9 Hz), 118.32,
117.83, 115.64, 114.50, 114.14, 57.71 (q, ] = 30.6 Hz), 55.41, 55.08. 1°F
NMR (376 MHz, CDCl3) 6 —77.28 (d, ] = 6.8 Hz, 3F). IR (film): 3002,
2933, 2838, 1644, 1609, 1558, 1422, 1346, 1205, 894, 837, 818, 801,
760 cm~ . MS (DART) m/z [M+H]*: 365.1. HRMS (DART) m/z calcd.
for C1gH16F3N20% [M+H]*: 365.1108, found 365.1101.

4.3.3. 6-Fluoro-1-(4-methoxybenzyl)-2-(trifluoromethyl)-1,2-
dihydroquinoline (3c)

Light yellow liquid. '"H NMR (400 MHz, CDCl3) 6 7.17 (d,
J=8.2 Hz, 2H), 6.85 (d, ] = 8.2 Hz, 2H), 6.82—6.72 (m, 2H), 6.65 (d,
J=9.7Hz,1H), 6.58 (dd, ] = 8.9, 4.4 Hz, 1H), 5.68 (dd, ] = 9.7, 6.1 Hz,
1H),4.75(d,J = 15.3 Hz, 1H), 4.45—4.40 (m, 1H), 4.36 (d, ] = 15.4 Hz,
1H), 3.78 (d, J = 1.2 Hz, 3H). 3C NMR (100 MHz, CDCl3) § 159.25,
157.09, 154.74, 139.55, 130.35 (d, ] = 2.2 Hz), 128.82, 128.56, 125.27
(q, J] = 290.9 Hz), 122.79 (d, ] = 8.0 Hz), 116.63, 115.68 (d,
J = 22.4 Hz), 11433, 113.95 (dd, J = 15.3, 7.7 Hz), 58.38 (q,
J = 30.2 Hz), 55.38, 54.58. 1F NMR (376 MHz, CDCl3) 6 —77.41 (d,
J =6.9Hz, 3F), —127.77 (td, | = 8.6, 4.5 Hz, 1F). IR (film): 3049, 3001,
2935, 2837, 1648, 1611, 1582, 1512, 1495, 1398, 1248, 946, 923,
829 cm~ . MS (DART) m/z [M+H]": 338.1. HRMS (DART) m/z calcd.
for C1gH16F4NO™ [M+-H]": 338.1163, found 338.1158.

4.3.4. 6-Chloro-1-(4-methoxybenzyl)-2-(trifluoromethyl)-1,2-
dihydroquinoline (3d)

Light yellow liquid. 'TH NMR (400 MHz, CDCl3) 6 715 (d,
J = 8.2 Hz, 2H), 7.08—6.96 (m, 2H), 6.85 (d, ] = 8.3 Hz, 2H), 6.65 (d,
J=9.7Hz,1H), 6.58 (d, ] = 8.6 Hz, 1H), 5.65 (dd, ] = 9.7, 6.0 Hz, 1H),
4.77 (d,] = 15.4 Hz, 1H), 445 (p,] = 6.7 Hz, 1H), 4.37 (d, ] = 15.4 Hz,
1H), 3.78 (s, 3H). 3C NMR (100 MHz, CDCl3) 6 159.27, 141.82, 130.18,
129.13, 128.74, 128.23, 127.27, 125.16 (q, ] = 290.7 Hz), 123.08,
123.04, 116.19, 114.37, 114.24, 58.47 (q, ] = 30.4 Hz), 55.39, 54.25. '9F
NMR (376 MHz, CDCl3) 6 —77.50 (d, J = 7.0 Hz). IR (film): 2984, 2967,
2933, 2833,1612,1512, 1489, 1463, 1303, 1248, 1208, 1035, 883, 855,
806 cm 1. MS (DART) m/z [M+H]*: 354.1. HRMS (DART) m/z calcd.
for C1gH16CIF3sNO™ [M+H]™: 354.0867, found 354.0865.

4.3.5. 6-Bromo-1-(4-methoxybenzyl)-2-(trifluoromethyl)-1,2-
dihydroquinoline (3e)

Light yellow liquid. "H NMR (400 MHz, CDCls) 6 7.18—7.11 (m,
4H), 6.85 (d, ] = 8.3 Hz, 2H), 6.64 (d, ] = 9.7 Hz, 1H), 6.53 (d,
J=8.6 Hz, 1H), 5.64 (dd, ] = 9.7, 6.1 Hz, 1H), 4.76 (d, ] = 15.4 Hz, 1H),
4.48-4.42 (m, 1H), 4.36 (d, ] = 15.5 Hz, 1H), 3.78 (s, 3H). 3C NMR
(100 MHz, CDCl3) 6 159.29, 142.28, 132.03, 130.11, 128.82, 128.73,
128.17,125.13 (q, ] = 290.6 Hz), 123.57,116.11, 114.72, 114.38, 110.18,
58.48 (q, J = 30.0 Hz), 55.40, 54.21. '°F NMR (376 MHz, CDCl3)
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6 —77.51 (d, ] = 6.9 Hz, 3F). IR (film): 3006, 2963, 2928, 2842, 1611,
1512, 1463, 1399, 1303, 1172, 1125, 875, 850, 804, 765 cm™~'. MS
(DART) mjz [M+H]": 398.0. HRMS (DART) mjz calcd. for
C18H16BrFsNO* [M+H]": 398.0362, found 398.0360.

4.3.6. 6-lodo-1-(4-methoxybenzyl)-2-(trifluoromethyl)-1,2-
dihydroquinoline (3f)

Light yellow liquid. "H NMR (400 MHz, CDCl3) § 7.36—7.27 (m,
2H), 7.15 (d, J = 8.3 Hz, 2H), 6.84 (d, ] = 8.4 Hz, 2H), 6.63 (d,
J = 9.6 Hz, 1H), 6.44 (d, ] = 8.6 Hz, 1H), 5.62 (dd, ] = 9.4, 6.2 Hz, 1H),
4.76 (d,J = 15.5 Hz, 1H), 4.50—4.41 (m, 1H), 4.35 (d, ] = 15.5 Hz, 1H),
3.78 (s, 3H). °C NMR (100 MHz, CDCl3) § 159.28, 142.94, 137.96,
135.91,129.96,128.71,128.11,125.14 (q, = 290.5 Hz), 124.11,115.82,
115.27, 114.38, 79.49, 58.46 (q, ] = 29.7 Hz), 55.40, 54.07. 'F NMR
(376 MHz, CDCl3) 6 —77.52 (d, J = 6.8 Hz, 3F). IR (film): 3000, 2931,
2835, 1645, 1611, 1585, 1511, 1462, 1398, 1359, 1274, 1205, 871, 845,
802 cm~!. MS (FI) m/z [M]*: 445. HRMS (FI) m/z calcd. for
C1gH1s5IF3NO™ [M]*: 445.0145, found 445.0148.

4.3.7. 5-Chloro-1-(4-methoxybenzyl)-2-(trifluoromethyl)-1,2-
dihydroquinoline (3g)

Light yellow liquid. 'TH NMR (400 MHz, CDCl3) 6 7.16 (d,
J = 8.2 Hz, 2H), 7.05—6.98 (m, 2H), 6.85 (d, ] = 8.2 Hz, 2H), 6.65 (d,
J=9.7 Hz, 1H), 6.58 (d, ] = 8.6 Hz, 1H), 5.66 (dd, ] = 9.7, 6.0 Hz, 1H),
4.77(d,] = 15.4 Hz, 1H), 4.48—4.42 (m, 1H), 4.37 (d, ] = 15.4 Hz, 1H),
3.78 (s, 3H). 13C NMR (100 MHz, CDCl3) 6 159.28, 141.83, 130.19,
129.14, 128.74, 128.24, 127.28, 125.16 (q, ] = 290.7 Hz), 123.08,
123.05,116.20, 114.37,114.25, 58.48 (q, ] = 29.6 Hz), 55.40, 54.26. 19g
NMR (376 MHz, CDCl3) 6 —77.50 (d, ] = 6.8 Hz). IR (film): 3006,
2958, 2933, 2838, 1611, 1512, 1489, 1463, 1303, 1248, 1125, 883, 855,
806, 722 689 cm ™. MS (DART) m/z [M+H]*: 354.1. HRMS (DART)
m|z calcd. for C1gH16CIF3sNO™ [M+H]": 354.0867, found 354.0864.

4.3.8. 5-Bromo-1-(4-methoxybenzyl)-2-(trifluoromethyl)-1,2-
dihydroquinoline (3h)

Light yellow liquid. '"H NMR (400 MHz, CDCl3) 6 7.18—7.12 (m,
3H), 6.96—6.89 (m, 2H), 6.85 (d, ] = 8.4 Hz, 2H), 6.64 (d, ] = 7.2 Hz,
1H), 5.69(dd,J=9.7,6.3 Hz,1H), 4.81 (d,] = 15.3 Hz, 1H), 4.48—4.43
(m, 1H), 4.39 (d, J = 15.4 Hz, 1H), 3.78 (s, 3H). 3C NMR (126 MHz,
CDCl3) 6 159.30, 144.79, 130.03, 129.85, 128.80, 128.14, 125.06 (q,
J=290.8 Hz), 123.05, 122.44,120.97,116.22,114.38, 112.54, 58.05 (q,
J = 30.3 Hz), 55.40, 54.47. °F NMR (376 MHz, CDCl3) 6 —77.38 (d,
J = 7.2 Hz, 3F). IR (film): 2955, 2931, 2836, 1643, 1611, 1586, 1359,
1250, 1037, 957, 923, 867, 837, 820 cm™ . MS (DART) m/z [M+H]*:
398.0. HRMS (DART) m/z caled. for CigHigBrFsNO' [M-++H]*:
398.0362, found 398.0356.

4.3.9. Methyl 1-(4-methoxybenzyl)-2-(trifluoromethyl)-1,2-
dihydroquinoline-6-carboxylate (3i)

White solid. "H NMR (400 MHz, CDCl3) 6 7.78 (d, ] = 8.4 Hz, 1H),
7.71 (s, 1H), 7.16 (d, ] = 8.3 Hz, 2H), 6.85 (d, ] = 8.4 Hz, 2H), 6.76 (d,
J=9.6 Hz, 1H), 6.69 (d, ] = 8.7 Hz, 1H), 5.64 (dd, ] = 9.7, 5.9 Hz, 1H),
4.89(d, ] = 15.5 Hz, 1H), 4.52 (m, 1H), 4.43 (d,J = 15.5 Hz, 1H), 3.84
(s, 3H), 3.78 (s, 3H). 3C NMR (100 MHz, CDCl3) ¢ 166.99, 159.35,
147.14,131.57,130.86, 129.50, 128.71,127.74,125.01 (q, ] = 290.2 Hz),
121.02, 119.75, 115.06, 114.43, 112.33, 58.63 (q, /] = 30.2 Hz), 55.38,
54.05, 51.81. '°F NMR (376 MHz, CDCl3) 6 —77.53 (d, ] = 6.5 Hz, 3F).
IR (film): 3032, 2954, 2838, 2721, 1711, 1648, 1605, 1433, 1328, 1250,
1172, 1034, 859, 825, 763 cm™ L. MS (DART) m/z [M+H]*: 378.1.
HRMS (DART) m/z calcd. for CogH19F3sNO3 [M+H]": 378.1312, found
378.1306.

4.3.10. 1-(4-Methoxybenzyl)-2-(trifluoromethyl)-1,2-
dihydroquinoline-6-carbaldehyde (3j)
Light yellow liquid. '"H NMR (400 MHz, CDCls) 6 9.76 (s, 1H),
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7.69—7.52 (m, 2H), 7.17 (t,] = 6.6 Hz, 2H), 6.87 (q, ] = 6.7, 5.3 Hz, 2H),
6.78 (dd, J = 9.1, 4.4 Hz, 2H), 5.74—5.66 (m, 1H), 4.93 (dt, J = 11.5,
5.8 Hz, 1H), 4.58 (q, ] = 6.5 Hz, 2H), 4.53—4.42 (m, 1H), 3.79 (s, 3H).
13C NMR (126 MHz, CDCl3) ¢ 190.46, 159.46, 148.54, 132.60, 130.71,
129.28, 128.70, 127.52, 127.32, 124.86 (q, ] = 289.8 Hz), 121.49,
115.59, 114.53, 112.74, 58.76 (q, | = 30.3 Hz), 55.41, 54.20. IR (film):
2931, 2837, 1682, 1650, 1600, 1513, 1406, 1329, 1248, 1036, 860, 813,
778, 761 cm~ L. MS (DART) m/z [M+H]": 348.1. HRMS (DART) m/z
calcd. for C1gH17F3NO3 [M-+H]*: 348.1206, found 348.1198.

4.3.11. 7-Chloro-1-(4-methoxybenzyl)-2-(trifluoromethyl)-1,2-
dihydroquinoline (3k)

Light yellow liquid. 'TH NMR (400 MHz, CDCl3) ¢ 7.17 (d,
J=8.1Hz, 2H),6.92(d,] = 7.8 Hz, 1H), 6.86 (d, ] = 8.2 Hz, 2H), 6.67
(d,J=11.0 Hz, 3H), 5.59 (dd, ] = 9.6, 6.0 Hz, 1H), 4.77 (d, ] = 15.2 Hz,
1H), 4.48—4.31 (m, 2H), 3.78 (s, 3H). >°C NMR (100 MHz, CDCl3)
0 159.30, 144.39, 135.05, 130.31, 128.96, 128.61, 127.88, 125.18 (q,
J = 290.6 Hz), 120.26, 118.24, 114.89, 114.38, 113.02, 57.66 (q,
J = 29.9 Hz), 55.38, 53.86. '°F NMR (376 MHz, CDCl3) 6 —77.36 (d,
J = 6.8 Hz, 3F). IR (film): 2933, 2837, 1646, 1611, 1595, 1491, 1463,
1357, 1249, 1095, 956, 868, 838, 809 cm ™. MS (DART) m/z [M+H]*:
354.1. HRMS (DART) mj/z calcd. for CigHigCIFsNO™ [M+H]™:
354.0867, found 354.0860.

4.3.12. 5-Methoxy-1-(4-methoxybenzyl)-2-(trifluoromethyl)-1,2-
dihydroquinoline (31)

Orange liquid. TH NMR (400 MHz, CDCl3) § 7.16 (t, ] = 8.8 Hz, 3H),
7.03 (t,J = 8.2 Hz, 1H), 6.84 (d,] = 8.1 Hz, 2H), 6.37 (d, ] = 8.2 Hz, 1H),
6.29 (d, ] = 8.2 Hz, 1H), 5.56—5.48 (m, 1H), 4.84 (d, ] = 15.5 Hz, 1H),
4.49—4.26 (m, 2H), 3.81 (s, 3H), 3.77 (s, 3H). 13C NMR (126 MHz,
Chloroform-d) & 159.08, 155.80, 144.22, 129.69, 128.97, 128.70,
12545 (q, | = 290.8 Hz), 125.11, 114.23, 112.46, 110.63, 106.39,
100.72, 57.97 (q, ] = 30.0 Hz), 55.62, 55.37, 54.31. '°F NMR (376 MHz,
Chloroform-d) 3 —77.63 (d, ] = 7.0 Hz). The characterization data are
consistent with previous report [10].

4.3.13. 2-(4-Methoxybenzyl)-1-(trifluoromethyl)-1,2-
dihydroisoquinoline-5-carbonitrile (3m)

Brown solid. "H NMR (400 MHz, CDCl3) 6 7.51 (d, ] = 7.5 Hz, 1H),
713 (d,J =8.0 Hz,2H), 7.07 (t,] = 7.5 Hz, 2H), 6.86 (d, ] = 8.1 Hz, 2H),
6.55 (d, ] = 7.5 Hz, 1H), 5.76 (d, ] = 7.5 Hz, 1H), 4.85 (q, ] = 7.3 Hz, 1H),
4.49 (s, 2H), 3.79 (s, 3H). '3C NMR (100 MHz, CDCl3) ¢ 159.65,
139.25, 13744, 13344, 132.62, 129.03, 12815, 125.26 (q,
J=291.5 Hz), 124.80, 120.16, 117.92, 114.52, 105.55, 95.00, 60.08 (q,
J = 30.5 Hz), 58.32, 55.43. 1F NMR (376 MHz, CDCl3) 6 —77.01 (d,
J =73 Hz, 3F). IR (film): 2933, 2838, 2219, 1618, 1586, 1565, 1458,
1376, 1321,1251,1009, 835, 795, 765 cm™~ . MS (DART) m/z [M+H]*:
345.1. HRMS (DART) mfz calcd. for Cq9HigFsN,O" [M+H]':
345.1209, found 345.1203.

4.3.14. 5-lodo-2-(4-methoxybenzyl)-1-(trifluoromethyl)-1,2-
dihydroisoquinoline (3n)

Light red liquid. "H NMR (400 MHz, CDCl3) 6 7.75 (d, | = 7.9 Hz,
1H), 713 (d, ] = 8.1 Hz, 2H), 6.92 (d, J = 7.5 Hz, 1H), 6.84 (d,
J=82Hz,2H),6.75(t,J=7.7Hz,1H),6.37(d,J = 7.6 Hz, 1H), 5.62 (d,
J=76Hz, 1H), 474 (q, ] = 7.5 Hz, 1H), 4.54—4.39 (m, 2H), 3.78 (s,
3H). 13C NMR (100 MHz, CDCl3) & 159.54, 140.05, 137.65, 136.61,
129.03, 128.70, 128.66, 126.28, 125.63 (q, ] = 292.9 Hz), 120.45,
114.44, 102.18, 95.00, 60.78 (q, J = 30.1 Hz), 57.97, 55.42. °F NMR
(376 MHz, CDCl3) 6 —76.58 (d, ] = 7.4 Hz, 3F). IR (film): 3006, 2958,
2933, 2846, 1609, 1585, 1512, 1441, 1374, 1303, 1170, 1033, 962, 757,
689 cm™~'. MS (DART) m/z [M+H]*: 446.0. HRMS (DART) m/z calcd.
for C1gH16F3INO™ [M+H]': 446.0223, found 446.0219.
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4.3.15. 6-Chloro-2-(4-methoxybenzyl)-1-(trifluoromethyl)-1,2-
dihydroisoquinoline (30)

Light vyellow liquid. 'H NMR (400 MHz, CDCl5) 6 7.12 (d,
J = 8.2 Hz, 2H), 7.05-6.97 (m, 2H), 6.90—6.83 (m, 3H), 6.34 (d,
] = 74 Hz, 1H), 536 (d, ] = 7.5 Hz, 1H), 479 (q, ] = 74 Hz, 1H),
4.50—4.37 (m, 2H), 3.78 (s, 3H). 13C NMR (100 MHz, CDCl3) § 159.53,
136.64, 135.82, 135.21, 129.53, 12897, 128.90, 125.65 (q,
J = 2915 Hz), 125.02, 123.32, 118.00, 114.45, 97.53, 60.26 (q,
J = 30.2 Hz), 58.20, 55.43. '%F NMR (376 MHz, CDCl3) 6 —76.97 (d,
J = 7.4 Hz, 3F). IR (film): 3001, 2963, 2930, 2838, 1688, 1621, 1593,
1512, 1487, 1362, 1321, 1251, 1034, 899, 806 cm~ L MS (DART) m/z
[M+H]*: 354.1. HRMS (DART) m/z caled. for CygHigCIFsNO™
[M+H]": 354.0867, found 354.0865.

4.3.16. 4-Bromo-2-(4-methoxybenzyl)-1-(trifluoromethyl)-1,2-
dihydroisoquinoline (3p)

Light yellow liquid. '"H NMR (400 MHz, CDCl3) 6 7.42 (d,
J = 7.7 Hz, 1H), 7.36 (t, ] = 7.6 Hz, 1H), 717—7.12 (m, 3H), 6.97 (d,
J = 74 Hz, 1H), 6.84 (d, J = 8.2 Hz, 2H), 6.60 (s, 1H), 4.81 (q,
J = 7.2 Hz, 1H), 4.50—4.35 (m, 2H), 3.78 (s, 3H). 3C NMR (100 MHz,
CDCl3) 6 159.61, 135.88, 132.46, 129.72, 129.13, 128.37, 128.13,
126.66, 125.35 (q, ] = 291.5 Hz), 123.48, 120.36, 114.48, 92.15, 60.89
(q,] = 29.7 Hz), 58.23, 55.42. 9F NMR (376 MHz, CDCl3) 6 —76.86 (d,
J = 7.3 Hz, 3F). IR (film): 2963, 2941, 2842, 1614, 1512, 1484, 1453,
1304, 1250, 1173, 1034, 983, 878, 758, 689 cm~ L. MS (DART) m/z
[M+H]™: 398.0. HRMS (DART) mj/z calcd. for CigH1gBrFsNO™
[M+H]": 398.0362, found 398.0360.

4.4. General procedure for synthesis of 2-trifluoromethylquinoline/
2-trifluoromethylisoquinoline

The typical procedures for the synthesis of 2-
trifluoromethylquinoline are as follows: Under N, atmosphere,
into an oven-dried sealed tube were added azinium salts (1)
(0.50 mmol), Zn(CF3),-bpy (2) (269.7 mg, 0.75 mmol) and DMSO
(5.0 mL). The sealed tube was immersed into 60 °C oil bath and
stirred for 12 h. After completing the reaction, the reaction mixture
was cooled to room temperature and added with 20 mL water,
extracted with DCM (3 x 20 mL). The organic phase was washed
with H,0 (3 x 30 mL), dried over NaySOyg4, then concentrated under
vacuum. The crude was then dissolved in MeOH (2.5 mL), and a
solution of CAN (1.21 g, 2.20 mmol) in water (1.0 mL) was added
dropwise at room temperature when stirring. After 24 h, the re-
action mixture was then diluted with H,0 (10 mL), and the product
was extracted with ether (3 x 10 mL). The combined organic phases
were washed with H0, dried over Na;SOy4, then concentrated un-
der vacuum. Then the product 4 was purified by column
chromatography.

4.4.1. 2-(Trifluoromethyl)quinoline (4a)

White solid. "H NMR (400 MHz, CDCl5) 6 8.36 (d, ] = 8.5 Hz, 1H),
8.24 (d, ] = 8.6 Hz, 1H), 7.91 (d, J = 8.1 Hz, 1H), 7.85—7.81 (m, 1H),
7.74 (d, ] = 8.5 Hz, 1H), 7.72—7.65 (m, 1H). °C NMR (100 MHz,
CDCl3) ¢ 148.04 (q, J = 34.6 Hz), 147.29, 138.23, 130.93, 130.22,
128.97,128.71,127.80,121.72 (q, ] = 274.4 Hz), 116.88 (q, ] = 2.3 Hz).
19F NMR (376 MHz, CDCl3) 6 —67.99 (s, 3F). The characterization
data are consistent with previous report [13].

4.4.2. 6-Methyl-2-(trifluoromethyl)quinoline (4b)

White solid. "H NMR (400 MHz, CDCl3) 6 8.23 (d, ] = 8.5 Hz, 1H),
8.1 (d, ] = 9.1 Hz, 1H), 7.68 (d, ] = 8.5 Hz, 1H), 7.66—7.62 (m, 2H),
2.57 (s, 3H). 3C NMR (100 MHz, CDCl3) é 147.15 (q, | = 34.5 Hz),
145.92, 139.00, 137.39, 133.31, 129.83, 129.07, 126.54, 121.82 (q,
J=275.1Hz),116.89 (q,] = 2.3 Hz), 21.85. '9F NMR (376 MHz, CDCl3)
0 —67.38 (s, 3F). The characterization data are consistent with
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previous report [13].

4.4.3. 6-Fluoro-2-(trifluoromethyl)quinoline (4c)

White solid. '"H NMR (400 MHz, CDCl3) 6 8.32 (d, ] = 8.6 Hz, 1H),
8.25 (dd, J = 9.3, 5.3 Hz, 1H), 7.76 (d, J = 8.6 Hz, 1H), 7.65—7.57 (m,
1H), 7.53 (dd, J = 8.6, 2.8 Hz, 1H). '>*C NMR (100 MHz, CDCl3) 6 161.68
(d, ] = 252.0 Hz), 14746 (qd, | = 34.9, 3.2 Hz), 144.35, 137.54 (d,
J=5.7Hz),132.90 (d, ] = 9.5 Hz), 129.80 (d, J = 10.4 Hz), 121.60 (q,
J =274.4Hz),121.46 (d,] = 26.1 Hz), 117.64 (d, ] = 3.8 Hz), 110.81 (d,
J=22.0 Hz). ”F NMR (376 MHz, CDCl5) 6 —68.00 (s, 3F), —110.04 (td,
J = 8.5, 5.3 Hz). The characterization data are consistent with pre-
vious report [13].

4.4.4. 6-Chloro-2-(trifluoromethyl)quinoline (4d)

White solid. "H NMR (400 MHz, CDCl3) 6 8.27 (d, ] = 8.6 Hz, 1H),
8.16 (d, ] = 9.0 Hz, 1H), 7.89 (d, J = 2.3 Hz, 1H), 7.76 (dd, ] = 8.7,
3.0 Hz, 2H). 13C NMR (100 MHz, CDCl3) 6 148.26 (q, J = 35.2 Hz),
145.63, 137.33, 134.78, 132.03, 131.80, 129.49, 126.45, 121.51 (q,
J = 275.4Hz),117.85. °F NMR (376 MHz, CDCl3) 6 —68.05 (s, 3F). The
characterization data are consistent with previous report [13].

4.4.5. 6-Bromo-2-(trifluoromethyl)quinoline (4e)

White solid. 'H NMR (400 MHz, CDCl3) 6 8.27 (d, J = 8.7 Hz, 1H),
8.13—8.03 (m, 2H), 7.90—7.87 (m, 1H), 7.76 (d, J = 8.6 Hz, 1H). 3C
NMR (100 MHz, CDCl5) é 148.37 (q, J = 34.9 Hz), 145.83, 137.25,
134.57, 131.85, 129.93, 129.86, 123.06, 121.51 (q, ] = 275.5 Hz),
117.85. °F NMR (376 MHz, CDCl3) 6 —68.11 (s, 3F). The character-
ization data are consistent with previous report [13].

4.4.6. 6-lodo-2-(trifluoromethyl)quinoline (4f)

Red solid. "H NMR (400 MHz, CDCl5) 6 8.30 (d, J = 2.0 Hz, 1H),
8.23 (d, ] = 8.6 Hz, 1H), 8.05 (dd, ] = 8.9, 2.0 Hz, 1H), 7.93 (d,
J = 8.9 Hz, 1H), 7.74 (d, J = 8.5 Hz, 1H). >C NMR (100 MHz, CDCl3)
0148.46 (q,J = 34.5 Hz), 146.15,139.77,137.00, 136.57,131.67,130.37,
121.50 (q, J = 275.6 Hz), 117.68, 95.00. '°F NMR (376 MHz, CDCl3)
0 —68.09 (s, 3F). The characterization data are consistent with
previous report [13].

4.4.7. 5-Chloro-2-(trifluoromethyl)quinoline (4g)

White solid. "H NMR (400 MHz, CDCls) 6 8.27 (d, ] = 8.6 Hz, 1H),
816 (d,J = 9.0 Hz, 1H), 7.88 (s, 1H), 7.76 (d, ] = 8.5 Hz, 2H). '*C NMR
(100 MHz, CDCl3) 6 148.26 (q, ] = 34.6 Hz), 145.63, 137.34, 134.78,
132.04, 131.81, 129.49, 126.45, 121.50 (q, J = 275.1 Hz), 117.86. 1F
NMR (376 MHz, CDCl3) 6 —67.61 (s, 3F). The characterization data
are consistent with previous report [14].
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