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ABSTRACT: Herein we report a method for in situ generation of N-aryliminium ions via reactions of N, N-dimethylanilines with
diiodomethane. We used the method to prepare tetrahydroquinolines via one-pot three-component reactions between N,N-
dimethylanilines, dilodomethane, and olefins. This transformation involves initial reaction of the aniline with diiodomethane to form
an iodomethylammonium salt, which undergoes fragmentation accompanied by elimination of methyl iodide to give an N-
aryliminium ion, which is trapped by the olefin via a [4+2] cycloaddition to give the final product. This method for generating N-
aryliminium ions requires neither a catalyst nor a strong oxidant, suggesting that it can be expected to find broad utility, especially
for substrates that are sensitive to Lewis acids, transition metals, or strong oxidants.

INTRODUCTION

N-Aryliminium ions are useful building blocks in organic
syntheses.! Because these electrophiles are highly reactive, they are
commonly prepared in situ by methods such as o-elimination
reactions of N,N-dialkylanilines bearing a leaving group attached
to the a-carbon of one of the alkyl substituents (Scheme 1a)? and
direct oxidation of N, N-dialkylanilines via transition metal
catalysis® or oxidative photoredox catalysis* (Scheme 1b).>¢
Although many interesting and useful transformations have been
accomplished with these methods, they have some disadvantages.
The a-elimination method usually requires more than one
equivalent of a Lewis acid to facilitate elimination of the leaving
group, and attaching the leaving group to the substrate in the first
place requires additional synthetic steps. As for the oxidation
method, strong oxidants such as tert-butyl hydroperoxide and di-
tert-butyl peroxide are often used, which limits the compatible
substrates to those that are not sensitive to strong oxidants.

Therefore, it would be useful to develop an alternative approach
for generating N-aryliminium ions without the need for Lewis acids,
transition metals, or strong oxidants. Our work in this area was
inspired by the chemistry of Eschenmoser’s salt,” a powerful
dimethylaminomethylating reagent, which is frequently used in the
total synthesis of natural products.® This salt is generated via a two-
step process (Scheme 1c): first, trimethylamine reacts with
diiodomethane (CH,l,) to give (iodomethyl)trimethylammonium
iodide; and second, elimination of methyl iodide via thermal
fragmentation produces the desired iminium ion. We speculated
that N-aryliminium ions could be prepared in a similar fashion via
reactions between N,N-dialkylanilines and CH,l,. Although
various trialkylamines have been shown to react with CH,I, to give
the corresponding iminium ions,’ N,N-dialkylanilines have never
been used as amine precursors for such reactions, probably because
of the challenges presented by the substantially weaker
nucleophilicity and basicity of N,N-dialkylanilines relative to
trialkylamines, which inhibit both the amine quaternization

reaction with CH,l, and elimination of the alkyl halide. Indeed,
there are no reports describing the quaternization of an N,N-
dialkylaniline with CH,l,. In 1985, Isaacs et al. reported that
heating N, N-dimethylaniline and CH,Br, for over five days gave a
mixture of quaternary ammonium salt [PhMe,N(CH,Br)]Br (44%
yield) and bisammonium salt [(PhMe,N),CH,|Br; (56% yield),!”
but subsequent transformations of these ammonium bromides were
not explored. Herein, we report our discovery that reactions of
anilines with CH,l, generate N-aryliminium ions, which can
undergo [4+2] cycloaddition reactions with olefins to provide
tetrahydroquinolines (Scheme 1d).

Scheme 1. Methods for Generation of Iminium Ions
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RESULTS AND DISCUSSION

We began by studying the reaction of p-methyl-N,N-
dimethylaniline (1a) with CH,l, at 80 °C (Scheme 2). When
cyclohexane or toluene was used as the solvent, no reaction was
observed, and 1a could be recovered unchanged. However, when
more polar solvents, i.e., acetonitrile and methanol, were tested,

inium salts (this work):
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two compounds derived from la were observed. One of the
compounds, 2a, was determined to be the product of dimerization
of the desired N-aryliminium ion, and the other product, 3a, was
formed by quaternization of la with methyl iodide, which is a
byproduct of N-aryliminium ion formation. The dimerization
reaction is very similar to the chemistry in the preparation of
Troger’s base'! via electrophilic aromatic substitution of N-
aryliminium ions. The formation of 2a and 3a demonstrated that
our proposed reaction pathway for formation of N-aryliminium
ions was feasible, at least in polar media. In addition, the 64% yield
of 2a in acetonitrile suggested that the iminium formation was quite
effective in this solvent.

Scheme 2. Reaction of Aniline 1a with CH,I,

N ‘
N NN 7
CHyl, \N N @
(1.25 equiv)
A eV +
solvent
80°C, 16 h N
1a 2a 3a
l + CHylp dimerization‘ -HI

‘ solvent yield (2a) | vyield (3a)

l\‘lé\,-l\v I‘\l§ cyclohexane 0 0
/©/® ) _— /©/® toluene 0 0

o - Mel o CH4CN 64% 34%

| | MeOH 34% 30%

To demonstrate the utility of the reaction, we sought to
develop a method for trapping the N-aryliminium ion in situ. We
speculated that a concerted or stepwise [4+2] cycloaddition
reaction with an olefin (the Povarov reaction!>!3) would be ideal
because it would involve both the iminium ion and the aromatic
ring in a process that is unique to N-aryliminium ions. In addition,
N-aryliminium ions are more reactive than the N-arylimines that
are commonly used in Povarov reactions, because the lower
electron density of the former decreases the energy of the lowest
unoccupied molecular orbital of the diene in this inverse-electron-
demand aza-Diels—Alder reaction. However, iminium ions are not
commonly used for Povarov reactions, and most of the reported
reactions use a Lewis or Bronsted acid to activate the N-arylimine
so that its reactivity is adequate.!>!> The poor accessibility of N-
aryliminium ions or the incompatibility of the reaction conditions
for generating these reactive species with the subsequent
cycloaddition may be the main reason that N-aryliminium ions are
rarely used in Povarov reactions.

To explore this possibility, we investigated the three-
component reaction of la (4 equiv), CH,l, (5 equiv), and -
methylstyrene (4a, 1 equiv) (Table 1). We chose a-methylstyrene
as the starting material because the resulting tetrahydroquinoline
would contain a quaternary carbon center; such compounds are
difficult to access via other synthetic methods (e.g., hydrogenations
of quinolines). When the reaction was run in acetonitrile at 80 °C
for 16 h, the desired cycloaddition occurred regioselectively to give
tetrahydroquinoline Sa in 92% yield (entry 1). Consistent with the
results shown in Scheme 2, the yield was higher in polar solvents
than in less polar ones (entries 2—5). Decreasing the reaction
temperature to 60 °C or raising it to 100 °C decreased the yield
(entries 6 and 7). CH,Br, could be used in place of CH,I,, but the
yield dropped to 40% (entry 8). However, switching to CH,Cl,
resulted in only a trace of the desired product (entry 9).

Table 1. Optimization of Conditions for the Three-
component Reaction®

N7 Y
+ CHoXp + » oot Ph
T,16h
1a 4a 5a

entry CH,X, solvent T(°C) yield (%)°
1 CH,l, CH,CN 80 92 (87°)
2 CHl, MeOH 80 73
3 CHl, DMF 80 61
4 CHo,l, CHCl, 80 33
5 CHa,l, toluene 80 trace
6 CHol, CH,CN 60 57
7 CHol, CH,CN 100 64
8 CH,Br, CH5CN 80 409
9 CH.Cl, CH5CN 80 trace

@ Unless otherwise specified, all reactions were performed with 1a (0.4 mmol),
CH,X; (0.5 mmol), and 4a (0.1 mmol) in 0.5 mL of solvent under N,. ? Yields
were determined by 'H NMR with CH,Br, as the internal standard. ¢ Isolated
yield. ? NMR yield with PhOMe as the internal standard.

With the optimal conditions in hand, we explored the scope of
this three-component reaction by testing various anilines in
reactions with 4a (Table 2). para-Alkyl-N,N-dimethylanilines
produced the corresponding tetrahydroquinolines (5a—5e) in good
yields. When the aniline was substituted with an electron-donating
methoxy group (1f), the reaction temperature could be lowered to
60 °C, and 5f was obtained in 94% yield. For anilines with weakly
electron-withdrawing groups (phenyl, F, and Cl), the best yields of
the corresponding products (5g—5i) were obtained at 100 °C;
whereas anilines with strongly electron-withdrawing groups
(nitrile, acetyl, and ethoxylcarbonyl) required a much higher
temperature (140 °C) for the formation of 5j—51. Theoretically, the
[4+2] cycloaddition of electron-deficient aryls should be favorable
because electron-deficient aryls decrease the energy of the lowest
unoccupied molecular orbital of the aza-diene moiety (for the
concerted mechanism) or make the iminium more electrophilic (for
the stepwise mechanism). However, the relationship between the
optimal reaction temperatures for the substrates with electron-
donating and electron-withdrawing groups was the opposite of
what would be expected on the basis of this reasoning. We reasoned
that the decrease in the electron density on the aryl ring was
accompanied by a decrease in the nucleophilicity of the amine,
making it less reactive toward diiodomethane in the amine
quaternization step, which should be the rate-determining step of
the overall process.

The cycloaddition reaction of N,N-dimethyl-2-naphthalenamine
with 4a occurred at the o position of the naphthyl ring to give
cycloaddition product Sm in 46% yield. With a meta-t-butyl-
substituted aniline, the reaction occurred at the less hindered of the
two ortho positions to give 5n, and the yield of the reaction with a
3,5-dimethyl-substituted aniline was low (50, 20%), indicating that
steric hindrance inhibited the reaction. Under the same conditions,
reactions of a 4-methylaniline with only one N-methyl group (1p)
and a 4-methylaniline with no N-alkyl groups at all (1q) generated
corresponding tetrahydroquinolines 5a and 5q in 71% and 35%
yields, respectively. In both reactions, HI instead of methyl iodide
was eliminated during iminium formation. We found that the
reaction was limited to aniline substrates with a para substituent or

2
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a bulky meta substituent because other anilines, including
unsubstituted and ortho-substituted anilines, tended to undergo
electrophilic substitution reactions with diiodomethane at the para
position to give products such as (p-Me,NCgH4),CH,. We also
tested 4-methylphenol for the reaction, but obtained a complex
mixture from decompositions.

Table 2. Scope of the Three-component Reaction with
Respect to the Aniline?

~Na ~

N N
R A +  CHylp, + >: - = rI A Ph
T Ph MeCN T
80°C, 16 h
1a-1q 4a 5a-5q
>N R =Me (5a), 87% (67%") N >N
R = Et (5b), 84%
: Ph
Ph R=iPr (5¢), 67% Ph
R =Bu (5d), 67%
R R = Bn (5e), 86% OCH, Ph
5f, 94%° 59, 76%
~N
Y Y Y N
Ph Ph Ph Ph
F cl CN o
5h, 60% 5i, 81%¢ 5§, 50%° 5k, 57%°
~N
N
Ph \N \N
Ph
1
COLEt Bu
51, 59%¢ 5m, 46%¢ 5n, 70% 50, 20%
i ONH Y NH, HN 1
3 @ Ph @ — Ph !
3 1p 5a, 71% 1q 5q,35% |

4 Reaction conditions, unless otherwise noted: 1a—1q (0.4 mmol), CH,I, (0.5
mmol), and 4a (0.1 mmol) in 0.5 mL of MeCN at 80 °C for 16 h under Ny;
isolated yields are reported. ? Yield of the gram-scale reaction. ¢ Reaction
temperature: 60 °C. ¢ Reaction temperature: 100 °C. ¢Reaction temperature: 140
°C.

We next investigated the scope of the three-component
reaction with respect to the olefin (Table 3). a-Alkylstyrenes were
reactive, and the corresponding products (6b—6e) were obtained in
moderate to high yields. Two substrates with terminal olefins
attached to a benzene-fused cycloalkane were also suitable and
generated tetrahydroquinolines with spiro bicyclic structures (6f
and 6g). The reaction was compatible with other aromatic rings: 1-
naphthyl (6h), 2-naphthyl (6i), 2-thienyl (6j), 3-thienyl- (6k), and
2-furyl (61). Monoaryl-substituted olefins (6m—60), 1,1-diaryl-
substituted olefins (6p—6r),'* a monoalkyl-substituted olefin (6s),
and dialkyl-substituted olefins (6t—6v) were also reactive.

Table 3. Scope of the Three-component Reaction with
Respect to the Olefin”

Ny ~

N N ,
R
+ CHyly + 2
RWJLR2 MeCN R
80°C, 16 h
1a 4b-4v 6b-6v
SN SN SN SN
"pPr Bn
SACWUSAS P P
cl
6b, 95% 6c, 69% 6d, 58% 6e, 56%
D 0 Diox
6f, 53% 69, 54% 6h, 45% 6i, 69%
\N \N \N
S o)
Ph
W, W
6j, 57% 6k, 61% 6l,41% 6m, 53%
R
L 0L D
R =H (6p), 55%
saslens
F O R = F (6r), 46%
R
6n, 77% 60, 51%
Y Y Y Y
™!
S "Bu
6s, 32% 6t, 40% 6u, 43% 6v, 34%

@ Reaction conditions: 1a (0.4 mmol), CH,l; (0.5 mmol), and 4b—4v (0.1
mmol) in 0.5 mL of MeCN at 80 °C for 16 h under N,; isolated yields are reported.

We performed a series of control experiments to elucidate the
mechanism of the reaction and to test its limits (Scheme 3). When
CD,I, was used instead of CH,l, under the standard conditions,
deuterium was incorporated exclusively on the methylene carbon
connected to the nitrogen atom in the cycloaddition product (5a-
D); and when an aniline with two fully deuterated N-methyl groups
(1a-D) was subjected to the standard conditions, the resulting
product contained only a single deuterated N-methyl group (5a-D’).
These results are consistent with the proposed mechanism
(Schemes 1 and 2). Furthermore, when an aniline with both
deuterated and non-deuterated N-methyl groups (1a-D’) was tested,
5a and Sa-D’ were obtained in similar yields, suggesting that the
elimination step does not distinguish the two methyl groups. N-
ethyl-V,4-dimethylaniline (7) gave N-methyl- and N-ethyl-
substituted products (Sa and 8) in 41% and 37% yields, respectively.
This result indicates that the elimination of methyl iodide and ethyl
iodide occurred at similar rates. However, when we used N,N-
diethyl-4-methylaniline (9) as a substrate, no cycloaddition
occurred, and the starting material could be recovered. This result
again suggests that amine quaternization with diiodomethane was
the rate-limiting step and that the steric bulk of the two N-ethyl
groups effectively shut down the reaction.
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Scheme 3. Control Experiments

- DD
N N
a + CDyly + >: _—
) 22 PH MeCN Ph
80°C, 16 h

5a-D, 88% vyield

DsC.-CDs Dy,
b) + CHlp + >: _— Ph
PH MeCN
80°C, 16 h

5a-D*, 82% yield

DaCey~ ~n DiCy,
c) + CHyly + >: _ Ph Ph
22 7 oy MeCN *
80°C,16h

1a-D* 4a 5a, 30% yield

d) + CHylp + >: Ph Ph
Ph MeCN
80°C,16h

5a-D", 33% yield

7 4a 5a, 41% yield 8, 37% yield
SN
e) + CHalp + F'h>: Tweon trace cycloaddition product
80°C,16h
9 4a
CONCLUSIONS

In summary, we have developed a new method for generation of
N-aryliminium ions that does not require the use of Lewis acids,
transition metals, or strong oxidants. We used this method to
synthesize a number of tetrahydroquinolines bearing quaternary
carbon centers via one-pot three-component reactions of olefins,
diiodomethane, and N,N-dimethylanilines. Such
tetrahydroquinolines are difficult to synthesize via conventional
methods, and most of the tetrahydroquinolines were synthesized
here for the first time. Work on the development of new
transformations that involve trapping the N-aryliminium ions is
underway in our laboratory.

EXPERIMENTAL SECTION

General Information : Unless otherwise noted, all materials
were used as received from commercial sources without further
purification. Solvents were freshly distilled from drying reagents.
Analytical thin layer chromatography (TLC) was performed on
Huanghai precoated (0.25 mm thickness) silica gel plates with
F254 indicator. Visualization was accomplished with UV light (254
nm) or the potassium permanganate stain solution. Flash
chromatography was performed with silica gel (32-63 um)
supplied by Shanghai Titan Scientific. 'H NMR spectra were
recorded on a Bruker DRX-400 (400 MHz) spectrometer and
chemical shifts were reported in ppm. The peak information was
described as: br = broad, s = singlet, d = doublet, t = triplet, q =
quartet, m = multiplet; coupling constants in Hz. 13C NMR spectra
were recorded on a Bruker DRX-400 (101 MHz) spectrometer with
complete proton decoupling. Chemical shifts of the NMR spectra
were calibrated by the literature values of the solvent residual peaks.
High-resolution mass spectra (HRMS) were obtained on a Thermo
Scientific LTQ Orbitrap XL mass spectrometer. N,N-
Dimethylanilines 1b'5, 1¢!5, 1d'5, 1el6, 115, 1g'7, 1h'5, 1i'3, 1j'5,
1n'8 and olefins 4d'°, 4e%°, 4121, 4g2!, 4h?2, 4i22, 4j22, 4k?3, 4174, 4¢?!,

4r?!, 4t>, 4u®® were prepared according to previously reported
procedures.

The Reaction of 1a with CH,l,: In a glovebox, p-methyl-N,N-
dimethylaniline 1a (54.1 mg, 0.4 mmol) and diiodomethane (133.9
mg, 0.5 mmol) were dissolved in a solvent (0.5 mL) in a 10 ml vial.
The vial was capped and closed tightly. The solution was stirred at
80 °C (heating block) for 16 h. After being allowed to cool to room
temperature, the reaction mixture was concentrated under reduced
pressure. The obtained residue was purified by preparative HPLC
(C18 column with water/acetonitrile as the eluent) to afford
compounds 2a and 3a.

2,5,8,11-Tetramethyl-5,6,11,12-
tetrahydrodibenzo[b,f][1,5]diazocine (2a).>” A white solid. 34.0
mg, 64 % yield (MeCN as solvent). 'H NMR (400 MHz, CDCl3) 8
7.01 (d,J= 8.0 Hz, 2H), 6.93 (s, 2H), 6.79 (d, J = 8.0 Hz, 2H), 4.23
(s, 4H), 2.81 (s, 6H), 2.28 (s, 6H). '>C {'H} NMR (101 MHz, CDCI;)
§147.5,130.9, 130.4, 127.4, 126.1, 114.5, 57.7, 38.3, 19.3. HRMS
(ESI) caled. for C1gHpsN,* (M+H)*: 267.1856, found: 267.1859.

N,N,N,4-Tetramethylbenzenaminium iodide (3a).”® A white
solid. 37.7 mg, 34% yield (MeCN as solvent). 33.2 mg, 30% yield
(MeOH as solvent). 'H NMR (400 MHz, CD;0D) & 7.87 (d, J =
8.8 Hz, 2H), 7.49 (d, J = 8.8 Hz, 2H), 3.73 (s, 9H), 2.45 (s, 3H).
13C{TH} NMR (101 MHz, CD;OD) & 146.3, 142.3, 132.1, 121.0,
58.1,20.9.

General Procedure of the Three-Component Synthesis of
Tetrahydroquinolines: In a glovebox, aniline (0.4 mmol, 4.0
equiv), dilodomethane (0.5 mmol, 5.0 equiv) and alkene (0.1 mmol,
1.0 equiv) were dissolved in 0.5 mL MeCN in a 10 ml vial. The vial
was capped and closed tightly. The solution was stirred at 80 °C
(heating block) for 16 h. After being allowed to cool to room
temperature, the reaction mixture was concentrated under reduced
pressure. Purification by column chromatography over silica gel
using ethyl acetate/petroleum ether (1/10) as eluent afforded the
product.

1,4,6-Trimethyl-4-phenyl-1,2,3,4-tetrahydroquinoline (5a). A
colorless oil, 21.8 mg, 87% yield. '"H NMR (400 MHz, CDCl;) 8
7.28-7.21 (m, 2H), 7.19-7.10 (m, 3H), 6.95 (d, J=8.2 Hz, 1H), 6.76
(s, 1H), 6.60 (d, J= 8.2 Hz, 1H), 3.12-3.05 (m, 1H), 2.98-2.90 (m,
1H), 2.86 (s, 3H), 2.23-2.14 (m, 4H), 2.06-1.97 (m, 1H), 1.72 (s,
3H). BC{'H} NMR (101 MHz, CDCl;) & 150.8, 144.4, 129.7,
129.2, 128.0, 127.9, 127.4, 125.6, 125.2, 111.4, 47.9, 41.1, 39.7,
39.3, 29.9, 20.5. HRMS (ESI): calcd. for CigHpN* (M+H)*:
252.1747, found: 252.1750.

6-Ethyl-1,4-dimethyl-4-phenyl-1,2,3,4-tetrahydroquinoline
(5b). A colorless oil, 22.3 mg, 84% yield. 'H NMR (400 MHz,
CDCl3) 6 7.28-7.21 (m, 2H), 7.19-7.10 (m, 3H), 6.99 (dd, J = 8.3,
2.0 Hz, 1H), 6.80 (d, /=2.0 Hz, 1H), 6.84 (d,/=8.3 Hz, 1H), 3.14-
3.06 (m, 1H), 2.99-2.91 (m, 1H), 2.86 (s, 3H), 2.48 (q, J= 7.6 Hz,
2H), 2.24-2.16 (m, 1H), 2.07-1.98 (m, 1H), 1.72 (s, 3H), 1.13 (t,J
= 7.6 Hz, 3H). 3C{'H} NMR (101 MHz, CDCl;) & 150.7, 144.5,
131.9, 129.6, 128.1, 127.9, 127.4, 126.5, 125.6, 111.2, 47.8, 41.1,
39.6, 39.2, 29.9, 28.0, 16.0. HRMS (ESI): calcd. for C;oH4N*
(M+H)™: 266.1903, found: 266.1907.

6-Isopropyl-1,4-dimethyl-4-phenyl-1,2,3,4-
tetrahydroquinoline (5¢). A colorless oil, 18.7 mg, 67% yield. 'H
NMR (400 MHz, CDCl;) § 7.28-7.20 (m, 2H), 7.19-7.09 (m, 3H),
7.02 (d, J = 8.4 Hz, 1H), 6.83 (s, 1H), 6.63 (d, J = 8.4 Hz, 1H),
3.14-3.05 (m, 1H), 2.98-2.89 (m, 1H), 2.86 (s, 3H), 2.80-2.68 (m.
1H), 2.24-2.15 (m, 1H), 2.08-1.98 (m, 1H), 1.73 (s, 3H), 1.15 (dd,
J=6.9, 1.8 Hz, 6H). 3C{'H} NMR (101 MHz, CDCl;) & 150.8,
144.6, 136.5, 129.4, 127.9, 127.4, 126.9, 125.6, 124.9, 111.1, 47.8,
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41.2,39.6,39.2,33.2,29.9, 24.3. HRMS (ESI): calcd. for CooH,6N*
(M+H)": 280.2060, found: 280.2060.
6-(Tert-butyl)-1,4-dimethyl-4-phenyl-1,2,3,4-
tetrahydroquinoline (5d). A white solid, 19.6 mg, 67% yield. 'H
NMR (400 MHz, CDCl3) 8 7.27-7.20 (m, 2H), 7.19-7.10 (m, 4H),
7.00 (d, J = 2.4 Hz, 1H), 6.61 (d, J = 8.6 Hz, 1H), 3.13-3.04 (m,
1H), 2.97-2.88 (m, 1H), 2.86 (s, 3H), 2.25-2.16 (m, 1H), 2.08-1.98
(m, 1H), 1.73 (s, 3H), 1.22 (s, 9H). BC{'H} NMR (101 MHz,
CDCly) 6 150.7, 144.2, 138.6, 129.0, 127.9, 127.3, 125.7, 125.6,
123.9,110.6,47.8,41.4,39.4,39.2,33.9,31.5,29.9. HRMS (ESI):
caled. for Cy HogN* (M+H)*: 294.2216, found: 294.2219.
6-Benzyl-1,4-dimethyl-4-phenyl-1,2,3,4-tetrahydroquinoline
(5e). A colorless oil, 28.1 mg, 86% yield. '"H NMR (400 MHz,
CDCl;) 6 7.28-7.19 (m, 4H), 7.18-7.08 (m, 6H), 6.91 (d, /= 8.3 Hz,
1H), 6.83 (s, 1H), 6.58 (d, J = 8.3 Hz, 1H), 3.81 (s, 2H), 3.14-3.04
(m, 1H), 2.98-2.89 (m, 1H), 2.83 (s, 3H), 2.24-2.14 (m, 1H), 2.07-
1.96 (m, 1H), 1.69 (s, 3H). BC{'H} NMR (101 MHz, CDCI;) &
150.6, 144.7,142.3,129.5,129.3, 128.7, 128.4, 128.3, 127.9, 127.8,
127.3, 125.7, 125.6, 111.3, 47.7, 41.1, 39.5, 39.0, 29.8. HRMS
(ESI): caled. for CyyHpgN* (M+H)*: 328.2060, found: 328.2061.

6-Methoxy-1,4-dimethyl-4-phenyl-1,2,3,4-tetrahydroquinoline
(5. A colorless oil, 24.6 mg, 92% yield. '"H NMR (400 MHz,
CDCl3) 6 7.25-7.18 (m, 2H), 7.16-7.08 (m, 3H), 6.72 (dd, J = 8.9,
2.9 Hz, 1H), 6.63 (d, /= 8.4 Hz, 1H), 6.54 (d, J=2.9 Hz, 1H), 3.68
(s, 3H), 3.09-3.00 (m, 1H), 2.94-2.85 (m, 1H), 2.86 (s, 3H), 2.23-
2.15 (m, 1H), 2.04-1.95 (m, 1H), 1.72 (s, 3H). BC{'H} NMR (101
MHz, CDCl;) & 151.1, 150.5, 141.3, 131.4, 127.9, 127.3, 125.7,
115.2,112.5,112.3,55.8, 48.0,41.5,40.1, 39.3, 30.0. HRMS (ESI):
caled. for CigH,NO* (M+H)*: 268.1696, found: 268.1697.

1,4-Dimethyl-4,6-diphenyl-1,2,3,4-tetrahydroquinoline (5g). A
colorless oil, 23.8 mg, 76% yield. '"H NMR (400 MHz, CDCls) 8
7.47 (d,J="1.7Hz, 2H), 7.41 (dd, J=8.5,2.1 Hz, 1H), 7.33 (t,J=
7.6 Hz, 2H), 7.29-7.13 (m, 7TH), 6.73 (d, J = 8.5 Hz, 1H), 3.20-3.12
(m, 1H), 3.05-2.97 (m, 1H), 2.93 (s, 3H), 2.28-2.20 (m, 1H), 2.10-
2.01 (m, 1H), 1.78 (s, 3H). BC{'H} NMR (101 MHz, CDCIl;) &
150.1, 145.6, 141.5, 129.6, 128.5, 128.0, 127.3, 127.1, 126.2, 126.0,
125.8, 125.7, 111.3, 47.6, 41.2, 39.3, 38.6, 29.8. HRMS (ESI):
calcd. for Co3HyyN* (M+H)*: 314.1903, found: 314.1902.

6-Fluoro-1,4-dimethyl-4-phenyl-1,2,3,4-tetrahydroquinoline
(5h). A colorless oil, 15.3 mg, 60% yield. "H NMR (400 MHz,
CDCl3) 6 7.38-7.31 (m, 2H), 7.29-7.18 (m, 3H), 6.97-6.89 (m, 1H),
6.78 (dd, J=10.1, 3.0 Hz, 1H), 6.66 (dd, J=9.0, 4.8 Hz, 1H), 3.23-
3.15 (m, 1H), 3.08-3.00 (m, 1H), 2.86 (s, 3H), 2.35-2.27 (m, 1H),
2.14-2.04 (m, 1H), 1.70 (s, 3H). *C{'H} NMR (101 MHz, CDCl;)
8 155.1(d,J=245.4Hz), 149.9, 142.9,131.1 (d,/=6.1 Hz), 128.1,
127.2,125.9, 115.1 (d, J=22.2 Hz), 113.6 (d, J=22.2 Hz), 111.7
(d, J = 8.1 Hz), 47.7, 41.4, 39.8, 38.8, 29.7. HRMS (ESI): calcd.
for C7HoFN* (M+H)*: 256.1496, found: 256.1498.

6-Chloro-1,4-dimethyl-4-phenyl-1,2,3,4-tetrahydroquinoline
(5i). A colorless oil, 22.0 mg, 81% yield. 'H NMR (400 MHz,
CDCl5) 6 7.27-7.21 (m, 2H), 7.19-7.12 (m, 1H), 7.11-7.02 (m, 3H),
6.90 (d, J = 2.4 Hz, 1H), 6.53 (d, J = 8.8 Hz, 1H), 3.14-3.06 (m,
1H), 2.99-2.90 (m, 1H), 2.84 (s, 3H), 2.22-2.14 (m, 1H), 2.01-1.92
(m, 1H), 1.68 (s, 3H). *C{'H} NMR (101 MHz, CDCl;) 3 149.5,
144.8,131.0, 128.1, 128.0, 127.2, 127.1, 125.9, 120.7, 112.0, 47.5,
41.2,39.3, 38.3,29.6. HRMS (ESI): caled. for C,7H;yCIN* (M+H)":
272.1201, found: 272.1204.

1,4-Dimethyl-4-phenyl-1,2,3,4-tetrahydroquinoline-6-
carbonitrile (5j). A colorless oil, 13.1 mg, 50% yield. '"H NMR
(400 MHz, CDCl;) 6 7.39 (dd, J = 8.6, 2.0 Hz, 1H), 7.31-7.16 (m,
4H), 7.08-7.01 (m, 2H), 6.56 (d, J = 8.7 Hz, 1H), 3.28-3.19 (m,
1H), 3.11-3.02 (m, 1H), 2.95 (s, 3H), 2.27-2.19 (m, 1H), 2.00-1.91

(m, 1H), 1.70 (s, 3H). *C{'H} NMR (101 MHz, CDCl;) & 148.8,
148.2,132.0,131.8, 129.2, 128.4, 126.9, 126.3, 121.1, 110.2, 96.8,
47.4, 40.8, 38.8, 37.0, 29.1. HRMS (ESI): calcd. for CigHoN,*
(M+H)*: 263.1543, found: 263.1545.
1-(1,4-Dimethyl-4-phenyl-1,2,3,4-tetrahydroquinolin-6-

ylethanone (5k). A colorless oil, 15.9 mg, 57% yield. 'H NMR
(400 MHz, CDCl3) 6 7.71 (dd, J= 8.7, 2.2 Hz, 1H), 7.63 (d, /= 2.2
Hz, 1H), 7.19-7.12 (m, 2H), 7.11-7.04 (m, 1H), 6.99-6.93 (m, 2H),
6.50 (d,/=8.7 Hz, 1H), 3.14-3.07 (m, 1H), 3.00-2.90 (m, 1H), 2.87
(s, 3H), 2.37 (s, 3H), 2.18-2.09 (m, 1H), 1.97-1.86 (m, 1H), 1.67 (s,
3H). BC{'H} NMR (101 MHz, CDCl;) & 196.4, 149.7, 148.8,
129.4, 128.7, 128.2, 127.8, 127.0, 126.0, 125.0, 109.3, 47.5, 40.8,
38.9,37.3,29.4,25.9. HRMS (ESI): calcd. for C,gH,pNO* (M+H)™:
280.1696, found: 280.1696.

Ethyl  1,4-dimethyl-4-phenyl-1,2,3,4-tetrahydroquinoline-6-
carboxylate (51). A colorless oil, 18.2 mg, 59% yield. 'H NMR
(400 MHz, CDCl3) 6 7.85 (dd, J=8.7, 1.9 Hz, 1H), 7.77 (d, /= 1.9
Hz, 1H), 7.28-7.20 (m, 2H), 7.19-7.12 (m, 1H), 7.08-7.00 (m, 2H),
6.58 (d, J = 8.7 Hz, 1H), 4.28 (q, J = 7.1 Hz, 2H), 3.19-3.11 (m,
1H), 3.05-2.97 (m, 1H), 2.93 (s, 3H), 2.24-2.16 (m, 1H), 2.05-1.96
(m, 1H), 1.75 (s, 3H), 1.33 (t,J= 7.1 Hz, 3H). BC{'H} NMR (101
MHz, CDCl;) 6 167.2, 149.4, 149.0, 129.8, 129.6, 128.2, 127.7,
127.0, 125.9, 116.9, 109.5, 60.0, 47.5, 40.8, 38.9, 37.5, 29.5, 14.5.
HRMS (ESI): calcd. for CyHuNO,* (M+H)*: 310.1802, found:
310.1805.

1,4-Dimethyl-1-phenyl-1,2,3,4-tetrahydrobenzo[f[quinoline
(5m). A white solid, 13.2 mg, 46% yield. '"H NMR (400 MHz, C4Ds)
8 7.64-7.56 (m, 2H), 7.50 (d, J = 8.5 Hz, 1H), 7.33-7.21 (m, 2H),
7.11-6.91 (m, 6H), 2.88-2.80 (m, 1H), 2.79-2.72 (m, 1H), 2.62 (s,
3H), 2.10-2.00 (m, 1H), 1.91-1.82 (m, 4H). BC{'H} NMR (101
MHz, DMSO-d¢) 8 151.8, 145.4, 131.7, 128.4, 128.2, 128.2, 127.8,
126.1, 125.4, 125.2, 124.5, 120.4, 119.4, 115.8, 46.8, 43.9, 40.8,
40.4, 27.8. HRMS (ESI): calcd. for Cy HpoN' (M+H)*™ @ 288.1747,
found: 288.1749.

7-(tert-Butyl)-1,4-dimethyl-4-phenyl-1,2,3,4-
tetrahydroquinoline (5n). A colorless oil, 20.5 mg, 70% yield. 'H
NMR (400 MHz, CDCls) 8 7.28-7.21 (m, 2H), 7.18-7.10 (m, 3H),
6.88 (d, J = 7.7 Hz, 1H), 6.67-6.63 (m, 2H), 3.16-3.07 (m, 1H),
3.01-2.92 (m, 1H), 2.91 (s, 3H), 2.24-2.15 (m, 1H), 2.08-1.96 (m,
1H), 1.71 (s, 3H), 1.33 (s, 9H). 3C{'H} NMR (101 MHz, CDCl;)
6 150.7, 150.1, 145.8, 128.0, 127.9, 127.4, 126.6, 125.6, 113.5,
108.3, 48.0, 40.8, 39.5, 39.0, 34.6, 31.5, 29.8. HRMS (ESI): calcd.
for Cy HpgN* (M+H)*: 294.2216, found: 294.2218.

1,4,5,7-Tetramethyl-4-phenyl-1,2,3,4-tetrahydroquinoline (50).
A white solid, 5.3 mg, 20% yield. "H NMR (400 MHz, CDCl;) &
7.21-7.13 (m, 4H), 7.11-7.04 (m, 1H), 6.36 (s, 1H), 6.21 (s, 1H),
3.19-3.09 (m, 1H), 2.99-2.91 (m, 1H), 2.87 (s, 3H), 2.19 (s, 3H),
2.11-2.00 (m, 1H), 1.88-1.78 (m, 1H), 1.70 (s, 3H), 1.60 (s, 3H).
BC{'H} NMR (101 MHz, CDCls) & 152.0, 147.7, 137.6, 136.3,
128.1,126.3,125.8,125.2,122.2,110.9,47.8, 44.0,41.2,40.9, 27.0,
22.3, 21.3. HRMS (ESI): calcd. for C;gHyN* (M+H)*: 266.1903,
found: 266.1910.

4,6-Dimethyl-4-phenyl-1,2,3,4-tetrahydroquinoline (5¢q). A
pale yellow oil, 8.3 mg, 35% yield. 'H NMR (400 MHz, CDCl;) &
7.33-7.24 (m, 2H), 7.23-7.13 (m, 3H), 6.87 (d, /= 8.0 Hz, 1H), 6.81
(s, IH), 6.49 (d, J = 8.0 Hz, 1H), 3.75 (s, 1H), 3.27-3.15 (m, 1H),
3.10-2.95 (m, 1H), 2.28-2.11 (m, 4H), 2.08-1.95 (m, 1H), 1.77 (s,
3H); BC{'H} NMR (101 MHz, CDCl;) & 150.6, 142.0, 129.2,
128.1, 127.9, 127.8, 127.3, 126.0, 125.6, 114.4, 40.6, 39.3, 38.5,
29.4,20.6. HRMS (ESI): calcd. for C;7HyoN* (M+H)" : 238.1590,
found: 238.1596.
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1,4,6-Trimethyl-4-(p-tolyl)-1,2,3,4-tetrahydroquinoline (6b). A
colorless oil, 25.2 mg, 95% yield. '"H NMR (400 MHz, CDCl;) 8
7.11-7.02 (m, 4H), 6.96 (dd, J = 8.3, 1.6 Hz, 1H), 6.79 (d, /= 1.6
Hz, 1H), 6.61 (d, /= 8.3 Hz, 1H), 3.13-3.06 (m, 1H), 3.00-2.93 (m,
1H), 2.85 (s, 3H), 2.30 (s, 3H), 2.22-2.14 (m, 4H), 2.06-1.97 (m,
1H), 1.70 (s, 3H). 3C{'H} NMR (101 MHz, CDCls) 5 147.8, 144.3,
135.0, 129.9, 129.1, 128.6, 127.8, 127.2, 125.2, 111.3, 47.8, 40.7,
39.6, 39.3, 29.9, 20.9, 20.4. HRMS (ESI): calcd. for CjgHyN*
(M+H)™: 266.1903, found: 266.1907.

4-(4-Chlorophenyl)-1,4,6-trimethyl-1,2,3,4-
tetrahydroquinoline (6¢). A colorless oil, 19.7 mg, 69% yield. 'H
NMR (400 MHz, CDCl3) § 7.25-7.19 (m, 2H), 7.11-7.06 (m, 2H),
6.97 (dd, J=8.3, 1.8 Hz, 1H), 6.74 (d, J = 1.8 Hz, 1H), 6.61 (d, J
= 8.3 Hz, 1H), 3.15-3.07 (m, 1H), 2.99-2.90 (m, 1H), 2.85 (s, 3H),
2.20-2.12 (m, 4H), 2.06-1.97 (m, 1H), 1.69 (s, 3H). *C{'H} NMR
(101 MHz, CDCl3) & 149.2, 144.2, 131.4, 129.1, 128.9, 128.8,
128.1, 128.0, 125.3, 111.4, 47.7, 40.8, 39.5, 39.1, 29.8, 20.4.
HRMS (ESI): calcd. for CigHp;CIN* (M+H)*: 286.1357, found:
286.1359.

1,6-Dimethyl-4-phenyl-4-propyl-1,2,3,4-tetrahydroquinoline
(6d). A colorless oil, 16.2 mg, 58% yield. 'H NMR (400 MHz,
CDCl3) 6 7.30-7.22 (m, 2H), 7.20-7.10 (m, 3H), 6.97 (d, J= 8.2 Hz,
1H), 6.80 (s, 1H), 6.61 (d, J= 8.2 Hz, 1H), 3.10-3.02 (m, 1H), 2.99-
2.90 (m, 1H), 2.84 (s, 3H), 2.29-2.19 (m, 4H), 2.15-2.03 (m, 3H),
1.40-1.25 (m, 2H), 0.94 (t, J = 7.3 Hz, 3H); BC{'H} NMR (101
MHz, CDCl;) & 150.6, 145.1, 129.4, 127.9, 127.7, 127.6, 127.0,
125.5, 124.8, 111.5, 47.6, 44.8, 43.5, 39.6, 34.8, 20.6, 17.9, 14.8.
HRMS (ESI): caled. for CyHygN* (M+H)*: 280.2060, found:
280.2059.

4-Benzyl-1,6-dimethyl-4-phenyl-1,2,3,4-tetrahydroquinoline
(6e). A colorless oil, 18.3 mg, 56% yield. '"H NMR (400 MHz,
CDCl3) 6 7.18-7.02 (m, 7H), 7.01-6.95 (m, 2H), 6.94-6.87 (m, 1H),
6.81-6.71 (m, 2H), 6.45 (d, J = 8.3 Hz, 1H), 3.39-3.27 (m, 2H),
2.85-2.73 (m, 2H), 2.60 (s, 3H), 2.22 (s, 3H), 2.19-2.11 (m, 1H),
2.07-1.95 (m, 1H). BC{'H} NMR (101 MHz, CDCl3) & 148.0,
144.8,138.3,131.2,129.3, 128.0, 127.8, 127.5, 127.3, 126.1, 125.8,
124.4,119.1,111.6,47.9,47.5,45.2,39.3, 33.4,20.7. HRMS (ESI):
caled. for CogHpeN* (M+H)*: 328.2060, found: 328.2062.

1',6'-Dimethyl-2,2',3,3 '-tetrahydro-1'H-spirofindene-1,4'-
quinoline] (6f). A colorless oil, 13.9 mg, 53% yield. "H NMR (400
MHz, CDCl;) 8 7.32-7.12 (m, 3H), 6.97 (d, J = 7.2 Hz, 1H), 6.90
(d, J=17.9 Hz, 1H), 6.60 (d, J = 8.3 Hz, 1H), 6.49 (s, 1H), 3.34-
3.17 (m, 2H), 2.98 (t, J = 7.2 Hz, 2H), 2.93 (s, 3H), 2.31-2.17 (m,
2H), 2.14-2.04 (m, 4H), 1.93-1.86 (m, 1H). 3C{'H} NMR (101
MHz, CDCl;) & 150.7, 143.4, 142.7, 128.9, 128.1, 126.8, 125.7,
125.6, 124.6, 123.3, 110.3, 49.6, 47.8, 42.7, 38.8, 33.9, 28.7, 19.3.
HRMS (ESI): caled. for CioHppN* (M+H)"™: 264.1747, found:
264.1749.

1',6'-Dimethyl-2',3,3',4-tetrahydro-1'H,2H-
spiro[naphthalene-1,4"-quinoline] (6g). A colorless oil, 15.0 mg,
54% yield. "H NMR (400 MHz, CDCls) § 7.16-7.00 (m, 3H), 7.68-
7.64 (m, 2H), 6.59 (d, J= 8.3 Hz, 1H), 6.45 (s, 1H), 3.38-3.26 (m,
1H), 3.18-3.09 (m, 1H), 3.02-2.78 (m, 5H), 2.33-2.20 (m, 1H),
2.14-1.94 (m, 6H), 1.92-1.76 (m, 2H). BC{'H} NMR (101 MHz,
CDCl,) 6 145.6, 144.6, 137.5, 132.6, 130.6, 130.0, 128.6, 127.5,
125.9, 125.5,125.3, 111.2,47.8, 41.0, 39.7, 39.1, 37.6, 30.4, 20.4,
18.9. HRMS (ESI): calcd. for Co0HyyN* (M+H)*: 278.1903, found:
278.1906.

1,4,6-Trimethyl-4-(naphthalen-1-yl)-1,2,3,4-
tetrahydroquinoline (6h). A white solid, 13.5 mg, 45% yield. 'H
NMR (400 MHz, CDCl3) & 7.84-7.68 (m, 4H), 7.47 (t, J= 7.8 Hz,
1H), 7.37-7.29 (m, 1H), 7.24-7.17 (m, 1H), 6.85 (dd, J = 8.2, 1.8
Hz, 1H), 6.67 (d, J = 8.2 Hz, 1H), 6.36 (s, 1H), 3.54-3.42 (m, 1H),

3.25-3.15 (m, 1H), 3.08-2.96 (m, 4H), 1.93 (s, 3H), 1.83 (s, 3H),
1.74-1.65 (m, 1H). 3C{'H} NMR (101 MHz, CDCl3) & 145.2,
143.0, 134.8,132.2,130.5, 128.7, 128.6, 127.6, 127.0, 126.0, 124.6,
124.5, 124.4, 124.3, 111.3, 48.59, 40.8, 39.9, 36.5, 33.2, 20.0.
HRMS (ESI): calcd. for CyyHoyN* (M+H)* : 302.1903, found:
302.1906.

1,4,6-Trimethyl-4-(naphthalen-2-yl)-1,2,3,4-
tetrahydroquinoline (6i). A colorless oil, 20.8 mg, 69% yield. 'H
NMR (400 MHz, CDCl;) 6 7.81-7.66 (m, 3H), 7.57 (s, 1H), 7.47-
7.35 (m, 2H), 7.33-7.25 (m, 1H), 7.00-6.90 (m, 1H), 6.71 (s, 1H),
6.65-6.56 (m, 1H), 3.21-3.09 (m, 1H), 3.04-2.94 (m, 1H), 2.87 (s,
3H), 2.40-2.27 (m, 1H), 2.14 (s, 3H), 2.05-1.94 (m, 1H), 1.80 (s,
3H). BC{'H} NMR (101 MHz, CDCls) & 148.2, 144.4, 133.1,
131.8,129.9,129.5, 128.0, 127.9, 127.6, 127.4, 126 .4, 125.8, 125.7,
125.5,125.4,111.5,48.0,41.3, 39.7, 39.1, 30.0, 20.5. HRMS (ESI):
calcd. for CpHpyN* (M+H)*: 302.1903, found: 302.1902.

1,4,6-Trimethyl-4-(thiophen-2-yl)-1,2,3,4-tetrahydroquinoline
(6j). A colorless oil, 14.6 mg, 57% yield. '"H NMR (400 MHz,
CDCl3) 8 7.22-7.12 (m, 1H), 7.04-6.96 (m, 2H), 6.94-6.87 (m, 1H),
6.68-6.58 (m, 2H), 3.21-3.07 (m, 2H), 2.91 (s, 3H), 2.31-2.09 (m,
5H), 1.82 (s, 3H). *C{'H} NMR (101 MHz, CDCl;) & 156.8, 143.6,
128.7, 128.6, 128.3, 126.2, 125.1, 124.5, 123.3, 111.4, 47.7, 39.9,
39.6, 39.5, 31.3, 20.4. HRMS (ESI): calcd. for C;sH,oNS* (M+H)*:
258.1311, found: 258.1313.

1,4,6-Trimethyl-4-(thiophen-3-yl)-1,2,3,4-tetrahydroquinoline
(6k). A colorless oil, 15.7 mg, 61% yield. 'H NMR (400 MHz,
CDCl3) 6 7.23 (dd, J=5.0, 3.0 Hz, 1H), 6.94 (dd, J=8.3, 1.6 Hz,
1H), 6.89 (dd, J= 5.0, 1.3 Hz, 1H), 6.80 (d, /= 1.6 Hz, 1H), 6.75
(dd, J=3.0, 1.3 Hz, 1H), 6.59 (d, J = 8.3 Hz, 1H), 3.19-3.10 (m,
1H), 3.06-2.97 (m, 1H), 2.88 (s, 3H), 3.25-2.13 (m, 4H), 2.05-1.95
(m, 1H), 1.70 (s, 3H). *C{'H} NMR (101 MHz, CDCl3) & 152.4,
143.8, 129.5, 128.7, 128.0, 126.9, 125.2, 121.1, 111.4, 47.9, 39.7,
39.1, 38.4,30.0, 20.5. HRMS (ESI): calcd. for C;sHyoNS™ (M+H)":
258.1311, found: 258.1314.

4-(Furan-2-yl)-1,4,6-trimethyl-1,2,3,4-tetrahydroquinoline
(60). A colorless oil, 9.9 mg, 41% yield. '"H NMR (400 MHz, CDCl;)
6 7.33 (s, 1H), 6.94 (d, J= 8.2 Hz, 1H), 6.82 (s, 1H), 6.59 (d, J =
8.3 Hz, 1H), 6.27 (dd, J=2.8, 1.8 Hz, 1H), 5.90 (d, /= 2.9 Hz, 1H),
3.24-3.04 (m, 2H), 2.89 (s, 3H), 2.48-2.37 (m, 1H), 2.20 (s, 3H),
1.99-1.87 (m, 1H), 1.66 (s, 3H). *C{'H} NMR (101 MHz, CDCl;)
6 162.1, 143.9, 141.1, 128.4, 128.2, 127.3, 125.2, 111.6, 109.6,
106.2, 47.8, 39.7, 38.1, 35.4, 28.1, 20.4. HRMS (ESI): calcd. for
CisHyoNO™ (M+H)*: 242.1539, found: 242.1543.

1,6-Dimethyl-4-phenyl-1,2,3,4-tetrahydroquinoline (6m). A
colorless oil, 12.6 mg, 53% yield. '"H NMR (400 MHz, CDCl;) 3
7.33-7.27 (m, 2H), 7.25-7.18 (m, 1H), 7.16-7.08 (m, 2H), 6.94 (dd,
J=28.3,2.1 Hz, 1H), 6.63 (d, J = 8.3 Hz, 1H), 6.58 (d, /= 1.6 Hz,
1H), 4.12 (t,J = 6.2 Hz, 1H), 3.20-3.08 (m, 2H), 2.92 (s, 3H), 2.32-
2.22 (m, 1H), 2.16-2.03 (m, 4H). BC{'H} NMR (101 MHz, CDCl;)
8 146.9, 1449, 130.6, 128.7, 128.3, 128.1, 126.1, 125.5, 124.9,
111.5, 48.6, 43.4, 39.6, 31.5, 20.3. HRMS (ESI): calcd. for
C7HpoN* (M+H)*: 238.1590, found: 238.1595.

1,6-Dimethyl-4-(p-tolyl)-1,2,3,4-tetrahydroquinoline (6n). A
colorless oil, 19.3 mg, 77% yield. '"H NMR (400 MHz, CDCl;)
7.15-7.08 (m, 2H), 7.04-6.99 (m, 2H), 6.96-6.91 (m, 1H), 6.66-6.57
(m, 2H), 4.08 (t, J = 6.2 Hz, 1H), 3.20-3.07 (m, 2H), 2.92 (s, 3H),
2.34 (s, 3H), 2.30-2.20 (m, 1H), 2.13 (s, 3H), 2.10-2.01 (m, 1H).
IBC{TH} NMR (101 MHz, CDCl;) & 144.9, 144.0, 135.6, 130.6,
129.0,128.6,128.0, 125.5,125.1, 111.4,48.6,43.0, 39.6,31.6,21.0,
20.3. HRMS (ESI): calcd. for CigHx,N* (M+H)*: 252.1747, found:
252.1749.
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4-(4-Fluorophenyl)-1,6-dimethyl-1,2,3,4-tetrahydroquinoline
(60). A colorless oil, 13.0 mg, 51% yield. 'H NMR (400 MHz,
CDCl3) 6 7.12-7.03 (m, 2H), 7.02-6.91 (m, 3H), 6.62 (d, J= 8.3 Hz,
1H), 6.55 (s, 1H), 4.10 (t, J= 6.2 Hz, 1H), 3.21-3.05 (m, 2H), 2.91
(s, 3H), 2.31-2.19 (m, 1H), 2.14 (s, 3H), 2.08-1.98 (m, 1H). 3C{'H}
NMR (101 MHz, CDCl;) 8 161.3 (d, J = 245.4 Hz), 144.8, 142.5
(d, J=3.0 Hz), 130.5, 130.0 (d, J = 8.1 Hz), 128.2, 125.5, 124.7,
115.0 (d, J=21.2 Hz), 111.5, 48.5, 42.7, 39.5, 31.5, 20.2. HRMS
(ESI): caled. for C17H1oFN* (M+H)*: 256.1496, found: 256.1495.

1,6-Dimethyl-4,4-diphenyl-1,2,3,4-tetrahydroquinoline (6p). A
white solid, 17.2 mg, 55% yield. 'H NMR (400 MHz, CDCl;) &
7.31-7.17 (m, 6H), 7.11-7.01 (m, 4H), 6.94 (dd, J = 8.2, 1.6 Hz,
1H), 6.55 (d, J = 8.2 Hz, 1H), 6.26 (d, J = 1.6 Hz, 1H), 3.05-2.95
(m, 2H), 2.81 (s, 3H), 2.72-2.66 (m, 2H), 2.07 (s, 3H). BC{'H}
NMR (101 MHz, CDCl3) 8 147.7, 144.0, 131.3,129.4, 128.3, 128.2,
127.9, 126.1, 124.1, 110.8, 51.7, 47.7, 39.0, 36.0, 20.5. HRMS
(ESI): caled. for Co3HpN* (M+H)*: 314.1903, found: 314.1906.

4,4-Bis(4-methoxyphenyl)-1,6-dimethyl-1,2,3,4-
tetrahydroquinoline (6q). A white solid, 23.1 mg, 62% yield. 'H
NMR (400 MHz, CDCl;) 6 7.00-6.91 (m, 5H), 6.84-6.77 (m, 4H),
6.55 (d, J = 8.2 Hz, 1H), 6.28 (d, J = 1.8 Hz, 1H), 3.81 (s, 6H),
3.05-2.97 (m, 2H), 2.82 (s, 3H), 2.66-2.59 (m, 2H), 2.09 (s, 3H).
BC{'H} NMR (101 MHz, CDCl;) & 157.7, 143.9, 140.1, 131.1,
130.3,128.8,128.1,124.0,113.1, 110.7,55.2,47.7, 39.0, 36.1, 20.5.
HRMS (ESI): calcd. for CpsHsNO,* (M+H)*: 374.2115, found:
374.2119.

4,4-Bis(4-fluorophenyl)-1,6-dimethyl-1,2,3,4-
tetrahydroquinoline (6r). A white solid, 16.1 mg, 46% yield. 'H
NMR (400 MHz, CDCl;) 6 7.07-6.91 (m, 9H), 6.56 (d, J= 8.3 Hz,
1H), 6.22 (d, J= 1.6 Hz, 1H), 3.04-2.96 (m, 2H), 2.82 (s, 3H), 2.67-
2.60 (m, 2H), 2.09 (s, 3H). BC{'H} NMR (101 MHz, CDCI;) &
161.3 (d, J=246.4 Hz), 143.8, 143.1 (d, /= 3.0 Hz), 130.8, 130.8
(d, J=8.1 Hz), 128.5, 127.9, 124.2, 114.7 (d, /= 21.2 Hz), 110.9,
50.7, 47.5, 38.9, 36.2, 20.5. HRMS (ESI): calcd. for Cy3HpF,N*
(M+H)* : 350.1715, found: 350.1716.

1,6-Dimethyl-4-((trimethylsilyl) methyl)-1,2,3,4-
tetrahydroquinoline (6s). A colorless oil, 7.9 mg, 32% yield. 'H
NMR (400 MHz, CDCl;) 6 6.90-6.81 (m, 2H), 6.53 (d, J=8.2 Hz,
1H), 3.28-3.19 (m, 1H), 3.14-3.06 (m, 1H), 2.95-2.84 (m, 4H), 2.24
(s, 3H), 2.09-1.97 (m, 1H), 1.76-1.67 (m, 1H), 1.05-0.97 (m, 1H),
0.92-0.81(m, 1H), 0.08 (s, 9H). PC{'H} NMR (101 MHz, CDCl5)
8 143.7, 130.1, 128.7, 127.2, 125.3, 111.2, 47.9, 39.3, 32.5, 29.5,
25.7, 20.3, -0.6. HRMS (ESI): calcd. for C;sHpNSi" (M+H)™:
248.1829, found: 248.1833.

1',6'-Dimethyl-2',3'-dihydro-1'H-spiro[cycloheptane-1,4'-
quinoline] (61). A colorless oil, 9.7 mg, 40% yield. "H NMR (400
MHz, CDCl;) ¢ 7.09 (s, 1H), 6.88 (d, /= 8.0 Hz, 1H), 6.50 (d, J =
8.2 Hz, 1H), 3.16 (t, J = 5.9 Hz, 2H), 2.86 (s, 3H), 2.24 (s, 3H),
1.98-1.89 (m, 2H), 1.82 (t, J = 5.9 Hz, 2H), 1.71-1.49 (m, 10H).
BC{'H} NMR (101 MHz, CDCls) & 143.0, 133.8, 127.0, 126.5,
124.9, 111.1,47.5,41.3, 39.5, 37.9, 34.1, 30.2, 23.4, 20.6. HRMS
(ESI): calcd. for Ci7HyN* (M+H)*: 244.2060, found: 244.2059.

1',6'-Dimethyl-2',3"-dihydro-1"H-spiro[cyclooctane-1,4'-
quinoline] (6u). A colorless oil, 11.0 mg, 43% yield. 'H NMR (400
MHz, CDCly) § 7.04 (s, 1H), 6.89 (d, J= 8.3 Hz, 1H), 6.50 (d, /=
8.3 Hz, 1H), 3.22 (t, J = 6.2 Hz, 2H), 2.88 (s, 3H), 2.25 (s, 3H),
2.12-2.00 (m, 2H), 1.78 (t, J = 6.4 Hz, 2H), 1.73-1.46 (m, 12H).
13C{TH} NMR (101 MHz, CDCl;) & 141.3, 130.9, 125.6, 125.0,
122.8, 109.3, 45.9, 37.7, 35.8, 33.9, 32.7, 27.5, 24.1, 21.5, 19.2.
HRMS (ESI): caled. for CigHyeN* (M-H)™: 256.2060, found:
256.2060.

4-Butyl-1,4,6-trimethyl-1,2,3,4-tetrahydroquinoline (6v). A
colorless oil, 7.9 mg, 34% yield. "H NMR (400 MHz, CDCl;) 8
6.94 (s, 1H), 6.91-6.86 (m, 1H), 6.54 (d, J = 8.2 Hz, 1H), 3.22-3.08
(m, 2H), 2.86 (s, 3H), 2.25 (s, 3H), 1.98-1.88 (m, 1H), 1.71-1.48
(m, 3H), 1.32-1.15 (m, 7H), 0.92-0.85 (m, 3H). 1*C{!H} NMR (101
MHz, CDCl;) 4 143.9, 131.4,127.1, 127.0, 125.2, 111.4,47.9,42.3,
39.7,34.9, 34.2,29.4, 26.1, 23.5, 20.6, 14.1. HRMS (ESI): calcd.
for C1gHaeNT (M+H)*: 232.2060, found: 232.2064.

Gram-Scale Synthesis of Sa

In a glovebox, aniline 1a (5.41 g, 40 mmol), diiodomethane
(13.39 g, 50 mmol) and alkene 4a (1.18 g, 10 mmol) were dissolved
in 50 mL MeCN in a 150 mL heavy-wall glass tube. The tube was
sealed. The solution was stirred at 80 °C (oil bath) for 16 h. After
being allowed to cool to room temperature, the reaction mixture
was concentrated under reduced pressure. Purification by column
chromatography over silica gel using ethyl acetate/petroleum ether
(1/10) as eluent afforded product 5a as a colorless oil (1.68 g, 67%
yield).

Control Experiments

Scheme 3a: 1a (54.1 mg, 0.4 mmol), CD,I, (134.9 mg, 0.5 mmol)
and 4a (11.8 mg, 0.1 mmol) in 0.5 mL MeCN were stirred at 80 °C
(heating block) for 16 h. After being allowed to cool to the room
temperature, the reaction mixture was concentrated under reduced
pressure. Purification by column chromatography over silica gel
afforded compound 5a-D as a colorless oil (22.3 mg, 88% yield).

5a-D: 'H NMR (400 MHz, CDCl3) § 7.20-7.12 (m, 2H), 7.10-
7.02 (m, 3H), 6.86 (dd, J= 8.2, 1.8 Hz, 1H), 6.69 (d, J= 1.8 Hz,
1H), 6.51 (d, J= 8.2 Hz, 1H), 2.77 (s, 3H), 2.14-2.04 (m, 4H), 1.91
(d,J=13.2 Hz, 1H), 1.63 (s, 3H).

Scheme 3b: 1a-D (56.5 mg, 0.4 mmol), CH,I, (133.9 mg, 0.5
mmol) and 4a (11.8 mg, 0.1 mmol) in 0.5 mL MeCN were stirred
at 80 °C (heating block) for 16 h. After being allowed to cool to the
room temperature, the reaction mixture was concentrated under
reduced pressure. Purification by column chromatography over
silica gel afforded compound 5a-D’ as a colorless oil (20.9 mg, 82%
yield).

5a-D': 'H NMR (400 MHz, CDCl;) § 7.33-7.26 (m, 2H), 7.24-
7.14 (m, 3H), 6.99 (dd, J = 8.3, 1.6 Hz, 1H), 6.80 (d, J = 1.6 Hz,
1H), 6.63 (d, J = 8.3 Hz, 1H), 3.18-3.07 (m, 1H), 3.03-2.93 (m,
1H), 2.29-2.17 (m, 4H), 2.10-2.00 (m, 1H), 1.76 (s, 3H).

Scheme 3c¢: 1a-D’ (55.3 mg, 0.4 mmol), CH,I, (133.9 mg, 0.5
mmol) and 4a (11.8 mg, 0.1 mmol) in 0.5 mL MeCN were stirred
at 80 °C (heating block) for 16 h. After being allowed to cool to the
room temperature, the reaction mixture was concentrated under
reduced pressure. Purification by column chromatography over
silica gel afforded the mixture of compounds 5a (7.5 mg, 30% yield)
and 5a-D’ (8.4 mg, 33% yield) as a colorless oil.

Scheme 3d: Aniline 7 (59.6 mg, 0.4 mmol), CH,I, (133.9 mg,
0.5 mmol) and 4a (11.8 mg, 0.1 mmol) in 0.5 mL MeCN was stirred
at 80 °C (heating block) for 16 h. After being allowed to cool to the
room temperature, the reaction mixture was concentrated under
reduced pressure. Purification by column chromatography over
silica gel afforded products Sa (10.3 mg, 41% yield) and 8 (9.8 mg,
37% yield) as colorless oils.

1-Ethyl-4,6-dimethyl-4-phenyl-1,2,3,4-tetrahydroquinoline (8).
'"H NMR (400 MHz, CDCl3) & 7.29-7.21 (m, 2H), 7.19-7.08 (m,
3H), 6.93 (d, J=8.3 Hz, 1H), 6.80 (d, J= 1.5 Hz, 1H), 6.61 (d, J=
8.2 Hz, 1H), 3.43-3.21 (m, 2H), 3.14-3.04 (m, 1H), 2.97-2.85 (m,
1H), 2.21-2.10 (m, 4H), 2.05-1.95 (m, 1H), 1.71 (s, 3H), 1.08 (t, J
= 7.0 Hz, 3H). BC{'H} NMR (101 MHz, CDCl;) & 149.5, 141.4,
128.1,126.8,126.3,124.5,123.3,110.1,44.5,43.5,39.9, 37.8, 28.6,
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19.4, 9.4. HRMS (ESI): calcd. for CgHyN* (M+H)*: 266.1903,
found: 266.1906.
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