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Abstract:

An efficient catalyst system for the aminobenzaatiah of ortho-alkynylaromatic ketones
with amines affording substituted 1-aminonaphthalderivatives with high atom-efficiency
in the presence of Cug6H,0 was developed.
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1. Introduction

As the simplest class of polycyclic aromatic hy@dmons (PAHs), naphthalenes are
particularly appealing due to their unique biol@giactivities' outstanding optoelectronic
propertie$ and versatile roles in synthetic chemistry andemiait sciencé.In view of these
significant applications, the development of eéidi reactions for the construction of
naphthalene ring from simple and readily availatéeting compounds is very important. Up
to now numerous benzannulation pathways have beeelaped to access naphthaleh&s.
Among them, Asao and Yamamoto did remarkable piongework in the [4+2]
benzannulation of-alkynylaromatic ketones/aldehydes with alkynesambonyl compounds
via isochromenylium intermediates to provide malibstituted naphthyl ketones, which is

usually called Asao-Yamamoto benzannulafioeanwhile, the aminobenzannulation



reactions were also established for the synthekig-aminonaphthalenes. For example,
Herndon and co-workers developed a BMtll-catalyzed one-pot Sonogashira-
aminobenzannulation sequence to produce l-amintimgphes in amine solvents, and the
reactions were limited to-bromoacetophenone and terminal aliphatic alkySehéme 1&).

Lu and Wang further studied Herndon’s reaction kyng terminal aromatic alkynes and
Pd(PPh), to replace PdGI’ Fuijii and Ohno developed a gold-catalyzed aminaaenulation
via cascade intermolecular addition/intramoleculararbocyclization reaction of
dialkynylbenzenes with amine to give 1-aminonaplethes® In addition, amino-substituted
acridines’ amino-substituted quinolines, dibenzofurans andbazled’ could be also
prepared by aminobenzannulation. However, the tegaaminobenzannulation procedures
are mostly limited to secondary alkyl amines, ahd primary amines and anilines were
hardly involved. It may attribute to the less nughilicity of aniline with respect to alkyl
amines, and the favorable forming of the correspandnines rather than enamines when
primary amines were used.

Recent years, we have developed the efficientlfhgfic routes for the construction of
naphthalene ring by the cycloaddition of 1,3-bugads™ and the synthesis of
N-heterocycli¢? and carbocycli® compounds by using-alkynylaromatic ketones/aldehydes
as starting materials or intermediates. In the c@gbe formation of chrysene derivatives via
copper-catalyzed homo-dimerization af-alkynylacetophenonés?® isochromenylium is
proposed to be one of the key intermediates (ScheheWith further interest in exploring
the aminobenzannulation ob-alkynylaromatic ketones with anilines via the dani
intermediates\vide infra), in this paper we wish to report an efficient @Q4SH,O-catalyzed

synthesis of 1-aminonaphthalene derivatives (ScHemt
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Scheme 1Aminobenzannulation af-alkynyl aromatic ketones

2. Results and discussion

Our initial investigation was carried out by treati2-(phenylethynyl)acetophenonkg)
with 1.4 equiv of 4-methylaniline2p) using CuSQ@5H,0 (5 mol %) as catalyst in toluene
under N atmosphere at 108 for 14 h. To our delight, the desired aminobenzdation
product of 1-aminonaphthaler@ab could be isolated in 48% vield (Table 1, entry™1).
Repeating the same reaction in dioxane or THF teduh the considerable increase of yields
(Table 1, entries 2-3), but when DMF and EtOH wesed, the yields ddab were decreased
greatly (Table 1, entries 4-5), aBdb could be obtained in 83% vyield with the use of DCE
(1,2-dichloroethane) as solvent (Table 1, entryNg)ted that CuSgbH,O showed the best
choice of the copper catalyst, since the use otrottopper salts as catalysts such as
Cu(OACcpH,0, Cu(OTfp, CuChH,0, CuCl, CuBr and Cul led to low yield or trace amb
of 3ab (Table 1, entries 7-12). Decrease of theti@matemperature to 8% resulted in the

decrease of yield (Table 1, entry 13), but thetieaat 120°C afforded3ab in a similar yield



as obtained at 10C (Table 1, entry 14). In addition, when an equéwalof2b (0.5 mmol)

was used, the yield &ab was declined to 62% (Table 1, entry 15).

Table 1
Reaction Optimization for the Synthesis of 3ab?

O NH, /@/
HN
O catalyst N
A * 100°C, 14h OO
O solvent Ph
1a 2b

3ab
Entry Catalyst (mol %) Solvent Tem{O) Yield (%)
1 CuSQ5H0 (5) toluene 100 48
2 CuSQ5H0 (5) dioxane 100 76
3 CuSQ5H,0 (5) THF 100 71
4 CuSQ5H,0 (5) DMF 100 52
5 CuSQ5H,0 (5) EtOH 100 20
6 CuSQ5H,0 (5) DCE 100 83
7 Cu(OAcYH,0 (5) DCE 100 46
8 Cu(OTf} (5) DCE 100 23
9 CuCLH.0 (5) DCE 100 35
10  CuClI (5) DCE 100 trace
11 CuBr (5) DCE 100 trace
12 Cul(5) DCE 100 trace
13  CuSQ5H;0 (5) DCE 80 55
14  CuSQ5H;0 (5) DCE 120 84
15 CuSQ5H,0 (5) DCE 100 62

#Reaction conditionsla (0.5 mmol),2b (0.7 mmol), solvent (2.0 mL), under ldtmosphere,
14 hours in a screw-capped pyrex tube.
®Isolated yield. ¢2b (0.5 mmol).

With the optimized conditions (Table 1, entry 6)e when studied the scope of the
substrates (Table 2). We first investigated thessuhion effect of anilines. The anilines

bearing electron-donating groups such as Me, OMiEBn atpara-position could proceed in



good yield. However, electron-withdrawing groups the aromatic ring decreased the
reaction reactivity to some extent. Especially, @ndine bearing ester group [@dra-position
could just give the corresponding annulation prodath in 52% vyield even with the use of
2.0 equiv. of3h at 120°C with a prolonged reaction time (30 h). The dracatsubstitution
effect could be demonstrated easily by the nuclidiofiir of aniline. ortho-Substituted Jai,
70%) andmeta-substituted 3aj, 77%) anilines could also react witla smoothly, affording
corresponding products in modest to excellent gieMotably, polysubstituent84k, 81%;
3al, 54%) were compatible in the catalytic system ai. WWhen using 1-aminonaphthalene
as amine, dinaphthylamindam was obtained in 72% vyield. For aliphatic aminesthbo
primary and secondary aliphatic amines could afftind desired aminobenzannulation

products in good yields3a&n, 83%;3a0, 82%).

Table 2
Scope of amines for 1-aminonaphthalenes synthesis?

O R

HN”
. 0,
+ RNH, CuSQy* 5H,0 (5 mol %) .
N DCE, 100°C, N5, 14 h
AN Ph
1a Ph 2 3

o ©

3aa, R=H, 81% e, R=F, 71%
3ab,R= Me 83% 3af R =Cl, 76%

i, 709 3aj, 77%
3ac, R=0OMe, 86%  3ag, R = Br, 67% 3ai, 70% ), 1170
3ad, R='Bu 85%  3ah, R =COOMe, 52% b
Et _Et
HN R HN % Hn-ET N
3ak, R = OMe, 81% 3am, 72% 3an, 83% 3ao0, 82%

3al, R=F, 54%

@ Reaction conditions: 1a (0.5 mmol), 2 (0.7 mmol), DCE (2.0 mL), N,, 14 h, isolated yield.
b1.0 mmol 2h, 120 °C, 30 h.



Subsequently, the scopemalkynylaromatic ketone$ was investigated (Table 3). It was
apparently observed that aromatic alkyne with ebectvithdrawing group of COMe on the
benzene ring showed relatively low reactivity toegBeb in mild yield. o-Alkynylaromatic
ketones having aliphatic alkynyl groups (Table 3=R-hexyl 1f, t-butyl 1g and isopropenyl
1h) could also react witt2b affording the desired products in relatively lowelgs. In
addition, the reactions of fluoro-substitutedlkynylaromatic ketonedl{-k), phenylacetyl 1I)
and hexanoyl Im)-bearing o-alkynylaromatic ketones also gave the correspandin

1-aminonaphthalenes in good yields.

Table 3
Scope of o-alkynylaromatic ketones for 1-aminonaphthalenes synthesis?
0 NH, /©/
RZ
R1_ X CuS045H,0 (5 mol%) .
N * DCE, 100°C, N, , 14 h R1_{i_
X
RS
1 2b

_

3hb, 52%

R

3

R

3bb, R = Me, 81% 3fb, R = Hexyl, 55%
3cb, R = OMe, 90% 3gb, R ='Bu, 54%
3db, R = Br, 82%

3eb, R =COMe, 65%

HN/©/ HN HN
S -~ 9 @
R

3ib, R = H, 69% 3lb, 61% 3mb, 54%
3jb, R = Cl, 65%

3kb, R = OMe, 79%

@ Reaction conditions: 1a (0.5 mmol), 2 (0.7 mmol), DCE (2 mL), Ny, 14 h, isolated yield.
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In order to figure out the mechanism of the preseeaction, a series of
condition-controlled experiments were done. By ngkiinto consideration that the
aminobenzannulation might occur via a hydrolysisjdieation mechanism with diketode
as intermediate, the reactionsdafwith 2b in the standard conditions with or without catalys
were conducted, and the reactions affor@al in 78% and 80% vyields, respectively (eq 1).
The results strongly indicated that the reactiordafwith 2b was very easy even in the
absence of catalyst. Although the formatiomafcould not be observed in the absenc@lof
in the reaction ofawith water (5.0 equiv) under the standard condgjan the presence bf,
N-dimethylaniline (1.0 equiv)da formed in 23% vyield, indicating thata might be an
intermediate for the formation & (eq 2). In addition, it was found that under tiendard
conditions, with the use of 5.0 equiv of@as shown in eq 3, the reaction affor@ath-d in
77% vyield with 47% deuteration at C-2 and 52% deuien at C-4 position (see
Supplementary data), and Wen and co-workers a[sorter] the similar control experiments

to support the similar mechanism hypothésis.

0] NH, /©/
HN
DCE, 100°C, N,, 14 h
: DO
Ph
3ab

O~ "Ph
4a 2b
0.5 mmol 0.7 mmol CuSO4  5H,0 (5 mol %) 78 %
without catalyst 80 %
o 0O
CuSO4* 5H,0 (5 mol %)
DCE, 100 °C, N,, 14 h )
A 5 equiv H,0
Ph O~ "Ph
1a 0.5 mmol 4a
no additive 0%

1 equiv N,N-dimethylaniline 23% (56% conversion of 1a)



CuSO, (5 mol %) R H/D
DCE, 100 °C, N,, 14 h OO 3)
Ph 5 equiv D,O Ph
1a 2b H/D
0.5 mmol 0.7 mmol 3ab-d 77 %

C-2 position: 47% deuteraion
C-4 position: 52% deuteraion

Scheme 2Condition-controlled experiments

Although the detailed mechanism remained unclaeartthe basis of previous studies of
o-alkynylaromatic ketones and our experimental tesulwe propose two possible
mechanisms for the formation of 1-aminonaphthal@sedepicted in Scheme 3.

In route A, it involves the first formation of imenAl, and Cu(ll)-promoted
tautomerization of imineAl with enamineA2. A2 then undergoes a Cu(ll)-catalyzed
6-endo-dig annulation affording intermedia#®3, which takes place the subsequent
protonolysis and aromatization producihig

As mentioned above, in the presence of Cu(@halkynylaromatic ketones can be
transferred to isochromenylium as intermediatehigirttransformatiori>® and in the case of
using strong Brgnsted acid of HOTT to replace Leadsl of Cu(ll), isochromenylium can be
isolated"® Therefore, the other route (route B) for the fatioraof 1-aminonaphthalenes is
also proposed. It includes the formation of isoameayliumB1, and imine-enol Cu(ll) salt
B2 derived from aminolysis oB1 or diketoneB2’, derived from the hydrolysis @d1. The
metal-hydrogen exchange and enol-one tautomerizati®@2 will generate intermediat83,
which can also be generated from condensatidd?bfand aniline, and3 is converted to its

enamine isomeB4 and then a cyclic intermediaB5 by intramolecular nucleophilic attack.

The aromatization dB5 by dehydration produces



As shown in eq 3, the apparent deuteration at @sdtipn undoubtedly supports the
procedure of imine-enamine tautomerization, anddiateration at C-4 position is resulted
from the procedure of metal-hydrogen exchange ¢piaysis) of intermediat&3 (in route A)

andB2 (in route B).

% Route A l ! Ph

Al "“pn A3
Cu(ll)
HzO'QNHZ i N
(:Q 7 H,0
N &
A
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o loH
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Scheme 3. Proposed mechanism

3. Conclusion
We have developed a facile synthetic route forsstlied l-aminonaphthalenes via

CuSQ5H,0-catalyzed aminobenzannulationaélkynylaromatic ketones with amines. The



scope investigation indicated that both aliphatitirees and anilines could react smoothly
under the optimized conditions, providing an aliively efficient catalyst system for the
synthesis of 1-aminonaphthalenes.
4. Experimental section
4.1. General Methods

All commercial reagents are analytically pure arskdi without further purification.
Nuclear magnetic resonance (NMR) spectra were decbusing CDGlas solvent at 298 K.
'H NMR (400 MHz) chemical shifts5] were referenced to internal standard TMS {Frs =
0.00 ppm).2*C NMR (100 MHz) chemical shifts were referencedntiernal solvent CDGI
(for 13C, & = 77.16 ppm). High resolution mass spectra (HRM&)e obtained on a TOF-MS
instrument with ESI source-alkynylaromatic ketones were prepared accordiniife¢cature

procedures®

4.2. A typical experimental procedure for the syntlksis of 1-aminonaphthalene 3ab

A mixture of 2-(phenylethynyl)acetophenoris,(110 mg, 0.5 mmol), 4-methyl-aniline
(2b, 75 mg, 0.7 mmol), CuS@BH,O (7 mg, 0.025 mmol, 5 mol %) and DCE (2.0 mL) was
heated at 100 °C (oil bath temperature) with siynin a 25 mL screw-capped thick-walled
Pyrex tube under nitrogen atmosphere. When TLCrobshowed the completion of the
reaction (after 14 h), the reaction mixture wasngphed with HO. The mixture was extracted
with dichloromethane (DCM) three times, and driedero Ng&SQO,. The solvent was
evaporated and the crude residue was purified lymao chromatography on silica gel to

afford 3ab as a white solid in 83% yield (128 mg).

4.3. Characterization data of products

All the products were characterized By-NMR, *C-NMR, and HRMS (ESI). The

10



copies of NMR charts were reported in Supplemerdatg.

4.3.1. N,3-Diphenylnaphthalen-1-amine (3aa). Light yellow solid (119 mg, 81% yield)}'H
NMR (400 MHz, CDC}) § 7.94 (d,J = 8.3 Hz, 1H), 7.85 (d] = 8.2 Hz, 1H), 7.72 (s, 1H),
7.66 — 7.58 (m, 3H), 7.50 — 7.43 (m, 1H), 7.40 @H), 7.31 (m, 1H), 7.26 — 7.19 (m, 2H),
7.02 — 6.95 (m, 2H), 6.90 (m, 1H), 5.89 (s, 1K NMR (100 MHz, CDG)) § 144.6, 141.1,
139.3, 138.9, 135.1, 129.5, 129.0, 128.9, 127.9,42126.9, 126.7, 125.8, 121.8, 120.9,

120.7, 117.6, 115.2; HRMS (ESI) calcd fori:sN, [M + H]" 296.1434, found 296.1430.

4.3.2. 3-Phenyl-N-(p-tolyl)naphthalen-1-amine (3ab). White solid (128 mg, 83% yield}H
NMR (400 MHz, CDC}) § 7.95 (d,J = 8.3 Hz, 1H), 7.86 (d] = 7.9 Hz, 1H), 7.68 (s, 1H),
7.65 — 7.61 (m, 2H), 7.55 (m, 1H), 7.47 (m, IH%2Z7(m, 3H), 7.31 () = 7.3 Hz, 1H), 7.07
(d, J = 8.2 Hz, 2H), 6.97 (d] = 8.3 Hz, 2H), 5.90 (s, 1H), 2.29 (s, 3fC NMR (100 MHz,
CDCly) 6 141.6, 141.3, 140.2, 139.0, 135.1, 130.7, 13®9,d, 128.9, 127.5, 126.6, 126.2,
125.6, 121.5, 120.0, 118.8, 113.4, 20.8; HRMS (ESKd for GzHxoN, [M + H]* 1310.1590,

found 310.1596.

4.3.3. N-(4-Methoxyphenyl)-3-phenylnaphthalen-1-amine (3ac). Light yellow oil (140 mg,
86% yield);'H NMR (400 MHz, CDCJ) 6 7.76 (d,J = 8.3 Hz, 1H), 7.69 (d] = 7.9 Hz, 1H),
7.50 — 7.42 (m, 3H), 7.34 — 7.11 (m, 6H), 6.89X¢, 8.8 Hz, 1H), 6.69 (d] = 8.8 Hz, 1H),
5.72 (s, 1H), 3.60 (s, 3H}’C NMR (100 MHz, CDGJ) § 155.2, 141.4, 141.4, 139.0, 136.7,
134.97, 129.0, 128.8, 127.4, 126.5, 125.4, 1252P .11 121.0, 118.8, 114.9, 111.0, 55.6;

HRMS (ESI) calcd for gHooNO, [M + H]" 326.1539, found 326.1537.

4.3.4. N-(4-(t-Butyl)phenyl)-3-phenyl naphthalen-1-amine (3ad). White solid (149 mg, 85%

yield): *H NMR (400 MHz, CDCJ) 5 7.89 (d,J = 8.3 Hz, 1H), 7.80 (d] = 8.0 Hz, 1H), 7.65

11



(s, 1H), 7.60 (m, 3H), 7.45 — 7.31 (m, 4H), 7.30.21 (m, 3H), 6.99 — 6.92 (m, 2H), 5.83 (s,
1H), 1.28 (s, 9H)¥C NMR (100 MHz, CDGJ) § 143.8, 141.7, 141.3, 139.8, 139.0, 135.0,
129.0, 128.9, 127.5, 127.4, 126.6, 126.4, 126.8,6,2121.5, 120.2, 117.8, 113.9, 34.2, 31.6;

HRMS (ESI) calcd for gHzeN, [M + H]™ 352.2060, found 352.2064.

4.3.5. N-(4-Fluorophenyl)-3-phenylnaphthalen-1-amine (3a€). Light yellow solid (111 mg,
71% vyield);'H NMR (400 MHz, CDCJ) 6 7.93 (d,J = 8.3 Hz, 1H), 7.87 (d] = 8.1 Hz, 1H),
7.70 (s, 1H), 7.62 (d] = 7.4 Hz, 2H), 7.52 — 7.38 (m, 5H), 7.33J& 7.3 Hz, 1H), 6.97 (m,
4H), 5.88 (s, 1H)**C NMR (100 MHz, CDGJ) 5158.0 (d,J = 239.7 Hz), 141.5, 140.3 (d=

1.6 Hz), 140.2, 139.0, 135.1, 129.1, 128.9, 121%,.4, 126.7, 126.1, 125.8, 121.4, 120.4,
120.3 (d,J = 7.7 Hz), 116.2 (d) = 22.3 Hz), 113.6; HRMS (ESI) calcd fopE81/FN, [M +

H]* 314.1340, found 314.1338.

4.3.6. N-(4-Chlorophenyl)-3-phenylnaphthalen-1-amine (3af). White solid (125 mg, 76%
yield); *H NMR (400 MHz, CDCJ) § 7.92 (d,J = 8.3 Hz, 1H), 7.88 (d] = 8.0 Hz, 1H), 7.76
(s, 1H), 7.66 — 7.61 (m, 2H), 7.56 (s, 1H), 7.58.46 (m, 1H), 7.43(m, 3H), 7.34 @,= 7.3
Hz, 1H), 7.17 (dJ = 8.7 Hz, 2H), 6.88 (d] = 8.7 Hz, 2H), 5.88 (s, 1HY°C NMR (100 MHz,
CDCly) 6 143.5, 140.9, 138.9, 138.9, 135.1, 129.4, 1290,d, 127.6, 127.4, 127.0, 126.8,
126.0, 125.2, 121.8, 121.5, 118.5, 116.0; HRMS YESlcd for G;H:.CIN, [M + H]*

330.1044, found 330.1047.

4.3.7. N-(4-Bromophenyl)-3-phenylnaphthalen-1-amine (3ag). Light yellow solid (125 mg,
67% vyield);'"H NMR (400 MHz, CDC}) 6 7.95 (d,J = 8.3 Hz, 1H), 7.90 (d] = 8.0 Hz, 1H),
7.79 (s, 1H), 7.69 — 7.63 (m, 2H), 7.60Jd&; 1.4 Hz, 1H), 7.51 (m, 1H), 7.45 (m, 3H), 7.39 —

7.30 (m, 3H), 6.86 (d) = 8.7 Hz, 2H), 5.93 (s, 1H}’C NMR (100 MHz, CDG)) § 144.1,

12



140.9, 139.0, 138.7, 135.1, 132.4, 129.1, 129.0,712127.4, 127.2, 126.8, 126.1, 121.8,
121.7, 118.8, 116.4, 112.4; HRMS (ESI) calcd fepHG/BrN, [M + H]* 374.0539, found

374.0537.

4.3.8. Methyl 4-((3-phenylnaphthalen-1-yl)amino)benzoate (2ah). White solid (92 mg, 52%
yield); *H NMR (400 MHz, CDCY) 6 7.99 — 7.94 (m, 1H), 7.93 — 7.89 (m, 3H), 7.74 {iv),
7.69 (m, 2H), 7.57 — 7.44 (m,4H), 7.40-7.36 (m, 16192 — 6.87 (m, 2H), 6.25 (s, 1H), 3.86
(s, 3H);13C NMR (100 MHz, CD) 6 167.2, 150.0, 140.6, 138.9, 137.1, 135.1, 13R9,Q,
128.2, 127.7, 127.4, 126.9, 126.3, 123.1, 122.0,8,1219.7, 114.5, 51.8; HRMS (ESI) calcd

for CogH20NO», [M + H]* 354.1489, found 354.1495.

4.3.9. 3-Phenyl-N-(o-tolyl)naphthalen-1-amine (3ai). Light yellow solid (108 mg, 70% yield);
'H NMR (400 MHz, CDCJ) § 7.98 (d,J = 8.2 Hz, 1H), 7.89 (d] = 8.0 Hz, 1H), 7.70 (s, 1H),
7.65 — 7.60 (m, 2H), 7.52 — 7.38 (m, 4H), 7.23X&, 7.4 Hz, 1H), 7.09 (d] = 7.4 Hz, 1H),
7.02 (d,J = 7.9 Hz, 1H), 6.94 (d] = 7.3 Hz, 1H), 5.79 (s, 1H), 2.33 (s, 3t} NMR (100
MHz, CDCk) 6 142.5, 141.3, 140.1, 139.1, 135.1, 131.1, 1298,9, 127.8, 127.5, 127.1,
126.6, 126.3, 125.7, 121.9, 121.6, 120.2, 119.0,31118.1; HRMS (ESI) calcd for,gHN,

[M + H]" 310.1590, found 310.1592.

4.3.10. 3-Phenyl-N-(m-tolyl)naphthalen-1-amine (3aj). Orange red solid (119 mg, 77% yield);
'H NMR (400 MHz, CDCJ) 5 7.98 (d,J = 8.3 Hz, 1H), 7.88 (d] = 8.1 Hz, 1H), 7.74 (s, 1H),
7.65 (d,J = 8.5 Hz, 3H), 7.49 (dd] = 7.7, 7.0 Hz, 1H), 7.43 (m, 3H), 7.33 (m, 1H14 (m,
1H), 6.85 (m , 2H), 6.74 (d, = 7.4 Hz, 1H), 5.92 (s, 1H), 2.29 (s, 3H)C NMR (100 MHz,

CDCl) 6 144.7, 141.2, 139.5, 139.0, 135.1, 129.4, 1298,9, 127.5, 127.5, 126.9, 126.7,

13



125.8, 121.8, 121.7, 120.8, 118.4, 115.3, 114.8];ARMS (ESI) calcd for &HxN, [M +

H]" 310.1590, found 310.1589.

4.3.11. N-(3-Methoxy-2-methyl phenyl)-3-phenylnaphthalen-1-amine (3ak). Light white solid
(137 mg, 81% vield)*H NMR (400 MHz, CDC}) § 8.01 (d,J = 8.2 Hz, 1H), 7.90 (d] = 8.1
Hz, 1H), 7.70 (s, 1H), 7.66 — 7.60 (m, 2H), 7.58.45 (m, 2H), 7.43 () = 7.7 Hz, 2H), 7.37

— 7.30 (m, 2H), 7.07 (4 = 8.2 Hz, 1H), 6.72 (d] = 8.1 Hz, 1H), 6.59 (d] = 8.2 Hz, 1H),
5.86 (s, 1H), 3.87 (s, 3H), 2.23 (s, 3¢ NMR (101 MHz, CDCJ) § 158.6, 143.3, 141.3,
140.4, 139.1, 135.0, 129.0, 128.9, 127.5, 127.4,7.2126.6, 126.2, 125.7, 121.6, 120.0,
116.5, 114.1, 112.5, 104.3, 55.8, 10.1; HRMS (ESIgd for G4H,oNO, [M + H]" 340.1696’

found 340.1695.

4.3.12. N-(3-Fluoro-2-methylphenyl)-3-phenyl naphthalen-1-amine (3al). Light white solid
(88 mg, 54% vyield)*H NMR (400 MHz, CDC}) § 7.94 (d,J = 8.3 Hz, 1H), 7.88 (d] = 8.3
Hz, 1H), 7.75 (s, 1H), 7.63 (d,= 7.4 Hz, 2H), 7.53 — 7.36 (m, 5H), 7.33Jt 7.3 Hz, 1H),
7.02 — 6.94 (m, 1H), 6.74 — 6.63 (m, 2H), 5.781¢3), 2.24 (dJ = 1.5 Hz, 3H);**C NMR
(100 MHz, CDC}) 6162.0 (dJ = 242.3 Hz), 144.7 (dl = 6.8 Hz), 141.0, 139.4, 139.0, 135.1,
129.0, 128.9, 127.6, 127.4, 127.1 Jds 10.3 Hz), 126.8, 126.7, 125.9, 121.8, 121.1,Q,16
114.2 (d,J = 18.3 Hz), 113.6 (dJ = 2.3 Hz), 108.0 (dJ = 23.2 Hz), 9.3 (dJ = 5.8 Hz);

HRMS (ESI) calcd for gH1gFN, [M + H]" 328.1496, found 328.1496.

4.3.13. N-(Naphthalen-1-yl)-3-phenylnaphthalen-1-amine (3am). Light yellow oil (124 mg,
72% vyield);*"H NMR (400 MHz, CDCJ) 6 8.10 (d,J = 8.2 Hz, 1H), 8.05 (d] = 8.4 Hz, 1H),
7.92 (d,J = 8.0 Hz, 1H), 7.90 — 7.86 (m, 1H), 7.74 (s, 1HRO — 7.42 (m, 7H), 7.40 — 7.26

(m, 5H), 7.09 (d,J = 7.4 Hz, 1H), 6.39 (s, 1H}*C NMR (100 MHz, CDGCJ) 5 141.2, 140.8,
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140.2, 139.2, 135.1, 134.8, 129.1, 128.9, 128.9,.42127.1, 126.7, 126.3, 126.3, 126.2,
125.9, 1822.6, 121.8, 121.8, 120.4, 115.6, 115RMB8 (ESI) calcd for gHxN, [M + H]”

346.1590, found 346.1589.

4.3.14. 3-Phenyl-N-propylnaphthalen-1-amine (3an). Light yellow solid (108 mg, 83% yield);
'H NMR (400 MHz, CDC}) § 7.81 (d,J = 8.0 Hz, 1H), 7.77 (d] = 8.2 Hz, 1H), 7.73 — 7.69
(m, 2H), 7.53 — 7.29 (m, 6H), 6.82 (s, 1H), 4.351¢d), 3.28 (tJ = 7.1 Hz, 2H), 1.84 — 1.74
(m, 2H), 1.07 (tJ = 7.4 Hz, 3H)*C NMR (100 MHz, CDGJ) & 144.1, 142.3, 139.6, 134.7,
129.1, 128.8, 127.6, 127.3, 126.2, 124.8, 122.9,8,1115.5, 104.1, 46.2, 22.8, 12.0; HRMS

(ESI) calcd for GeHaoN, [M + H]* 262.1590, found 262.1592.

4.3.15. N,N-Diethyl-3-phenyl naphthal en-1-amine (3a0). Light yellow oil (113 mg, 82% vyield).
H NMR (400 MHz, CDCJ) 5 8.33 — 8.27 (m, 1H), 7.88 — 7.81 (m, 1H), 7.741(8), 7.72 —
7.67 (m, 2H), 7.51 — 7.43 (m, 4H), 7.37 (dck 5.8, 1.5 Hz, 2H), 3.25 (§,= 7.1 Hz, 4H),
1.09 (t,J = 7.1 Hz, 6H),13C NMR (100 MHz, CDGJ) 6 148.5, 141.8, 138.4, 135.2, 130.4,
128.9, 128.6, 127.6, 127.4, 126.2, 125.3, 124.3,41217.9, 47.8, 12.5; HRMS (ESI) calcd

for CooH2oN, [M + H]" 276.1747, found 276.1744.

4.3.16. N,3-di-p-Tolylnaphthalen-1-amine (3bb). Light yellow solid (131 mg, 81% yield}H
NMR (400 MHz, CDC}) § 7.96 (d,J = 8.3 Hz, 1H), 7.86 (d] = 8.1 Hz, 1H), 7.67 (s, 1H),
7.54 (m, 3H), 7.47 (d] = 7.3 Hz, 1H), 7.43 (d] = 7.2 Hz, 1H), 7.23 (d] = 8.0 Hz, 2H), 7.08
(d, J = 8.2 Hz, 2H), 6.98 (dJ = 8.3 Hz, 2H), 6.08 (s, 1H), 2.37 (s, 3H), 2.3p38); °C
NMR (100 MHz, CDC}) § 141.7, 140.1, 138.9, 138.4, 137.3, 135.1, 13036,11 129.6,
128.9, 127.3, 126.6, 126.1, 125.5, 121.5, 119.8,71113.6, 21.6, 20.8; HRMS (ESI) calcd

for CogH2oN, [M + H]" 324.1747, found 324.1749.
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4.3.17. 3-(4-Methoxyphenyl)-N-(p-tolyl)naphthalen-1-amine (3cb). Light yellow solid (152
mg, 90% vield)'H NMR (400 MHz, CDCJ) 6 7.97 (d,J = 8.3 Hz, 1H), 7.86 (d] = 8.1 Hz,
1H), 7.64 (s, 1H), 7.57 (m, 2H), 7.54 (s, 1H), 7(4& = 7.4 Hz, 1H), 7.45 — 7.39 (m, 1H),
7.09 (d,J = 8.2 Hz, 2H), 6.99 (d] = 8.3 Hz, 2H), 6.96 (d] = 8.6 Hz, 2H), 5.95 (s, 1H), 3.83
(s, 3H), 2.31 (s, 3H):3C NMR (100 MHz, CDG)) § 159.3, 141.8, 140.1, 138.6, 135.2, 133.8,
130.7, 130.1, 128.9, 128.5, 126.6, 126.0, 125.4,51219.3, 118.7, 114.3, 113.5, 55.5, 20.8;
HRMS (ESI) calcd for &H»,NO, [M + HJ* 340.1696, found 340.1700.

4.3.18. 3-(4-Bromophenyl)-N-(p-tolyl)naphthalen-1-amine (3db). Light yellow solid (154 mg,
82% yield);'H NMR (400 MHz, CDCJ) & 7.96 (d,J = 8.3 Hz, 1H), 7.85 (d] = 8.1 Hz, 1H),
7.61 (s, 1H), 7.56 — 7.41 (m, 7H), 7.09 Jck 8.3 Hz, 2H), 6.98 (d] = 8.3 Hz, 2H), 5.98 (s,
1H), 2.30 (s, 3H)*C NMR (100 MHz, CDG)) & 141.3, 140.5, 140.2, 137.8, 135.0, 131.9,
131.1,130.1, 129.0, 126.8, 126.1, 125.9, 121.7,41219.7, 119.0, 112.5, 20.8; HRMS (ESI)

calcd for GsHigBrN, [M + H]" 388.0695, found 388.0700.

4.3.19. 1-(4-(4-(p-Tolylamino)naphthal en-2-yl)phenyl )ethan-1-one (3eb). Light yellow solid
(114 mg, 65% yield)*H NMR (400 MHz, CDC}) § 8.00 (d,J = 7.0 Hz, 3H), 7.89 (d] = 7.9
Hz, 1H), 7.75 — 7.66 (m, 3H), 7.59 — 7.43 (m, 3A),1 (d,J = 8.2 Hz, 2H), 7.02 (d] = 8.2
Hz, 2H), 6.02 (s, 1H), 2.61 (s, 3H), 2.32 (s, 3HE NMR (100 MHz, CDGJ) § 197.9, 145.9,
141.3, 140.6, 137.6, 135.9, 134.9, 131.2, 130.3,22129.0, 127.5, 126.9, 126.4, 126.2,
121.4, 120.2, 119.1, 112.4, 26.8, 20.9; HRMS (ESI}d for GsH.,NO, [M + H]* 352.1696,

found 352.1698.

4.3.20. 3-n-Hexyl-N-(p-tolyl)naphthalen-1-amine (3fb). Light yellow oil (87 mg, 55% yield);

'H NMR (400 MHz, CDC}) § 7.93 (d,J = 8.3 Hz, 1H), 7.76 (d] = 8.0 Hz, 1H), 7.47 — 7.40
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(m, 1H), 7.40 — 7.34 (m, 1H), 7.29 (s, 1H), 7.161¢d), 7.07 (dJ = 8.2 Hz, 2H), 6.92 (d] =

8.3 Hz, 2H), 5.83 (s, 1H), 2.80 — 2.55 (m, 2H),0(8, 3H), 1.64 (m, 2H), 1.44 — 1.15 (m, 6H),
0.87 (t,J = 6.9 Hz, 3H);"*C NMR (100 MHz, CDGJ) § 142.1, 141.1, 139.1, 135.0, 130.2,
130.0, 128.2, 126.2, 125.8, 124.8, 121.6, 120.8,3,1116.1, 36.4, 31.9, 31.4, 29.2, 22. 8,

20.8, 14.3; HRMS (ESI) calcd forgH,gN, [M + H]* 318.2216, found 318.2211.

4.3.21. 3-(t-Butyl)-N-(p-tolyl)naphthalen-1-amine (3gb). Light yellow oil (78 mg, 54% yield);
'H NMR (400 MHz, CDC}) § 7.91 (d,J = 8.2 Hz, 1H), 7.81 (d] = 7.8 Hz, 1H), 7.50 — 7.34
(m, 4H), 7.06 (d,J = 8.1 Hz, 2H), 6.90 (d] = 8.4 Hz, 2H), 5.85 (s, 1H), 2.30 (s, 3H), 1.36 (s
9H); 3¢ NMR (100 MHz, CDQJ) 6 149.1, 142.5, 138.7, 134.7, 130.0, 129.8, 1288,2,
126.0, 125.1, 121.5, 117.9, 117.5, 114.6, 35.13,2D0.8; HRMS (ESI) calcd for&H24N, [M

+ H]" 290.1903, found 290.1904.

4.3.22. 3-(Prop-1-en-2-yl)-N-(p-tolyl)naphthalen-1-amine (3hb). Light yellow oil (71 mg,
52% yield);'H NMR (400 MHz, CDCJ) 6 7.94 (d,J = 8.2 Hz, 1H), 7.84 (d] = 8.1 Hz, 1H),
7.58 — 7.37 (m, 4H), 7.08 (d,= 8.2 Hz, 2H), 6.94 (d] = 8.2 Hz, 2H), 5.86 (s, 1H), 5.42 (s,
1H), 5.14 (s, 1H), 2.31 (s, 3H), 2.22 (s, 3tC NMR (100 MHz, CDCJ) & 143.2, 142.1,
139.3, 138.8, 134.8, 130.3, 130.0, 129.0, 126.%,.512125.6, 121.6, 119.1, 118.2, 113.1,

112.7, 22.0, 20.8; HRMS (ESI) calcd fogeB20N, [M + H]" 274.1590, found 274.1593.

4.3.23. 6-Fluoro-3-phenyl-N-(p-tolyl)naphthalen-1-amine (3ib). Light yellow solid (113 mg,
69% vield);'H NMR (400 MHz, CDCJ) § 7.95 (m, 1H), 7.60 (m, 3H), 7.50 — 7.38 (m, 4H),
7.34 (d,J = 7.3 Hz, 1H), 7.22 — 7.13 (m, 1H), 7.08 {c& 8.2 Hz, 2H), 6.96 (d] = 8.3 Hz,
2H), 5.86 (s, 1H), 2.30 (s, 3HY)C NMR (101 MHz, CDGJ) § 161.3 (d,J = 246.4 Hz), 160.1,

141.4, 140.9, 140.5, 140.4, 136.1 J&; 9.2 Hz), 131.1, 130.1, 128.9, 127.7, 127.5,3 24,
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J=9.1Hz), 123.2, 119.3 (d,= 4.7 Hz), 118.9, 115.6 (d,= 25.2 Hz), 113.0, 111.9 (d,=

20.3 Hz), 20.8; HRMS (ESI) calcd forgiioFN, [M + H]* 328.1496, found 328.1498.

4.3.24. 3-(4-Chlorophenyl)-6-fluoro-N-(p-tolyl )naphthalen-1-amine (3jb). Light yellow solid
(117 mg, 65% yield)*H NMR (400 MHz, CDC}) 5 7.97 (m, 1H), 7.52 (m, 3H), 7.46 (m, 1H),
7.42 — 7.35 (m, 3H), 7.24 — 7.17 (m, 1H), 7.11X¢, 8.2 Hz, 2H), 6.98 (d] = 8.3 Hz, 2H),
5.95 (s, 1H), 2.32 (s, 3H}*C NMR (100 MHz, CDGCJ) §161.4 (d,J = 246.6 Hz), 141.1,
140.8, 139.4, 139.2, 136.1 @ 9.4 Hz), 133.8, 131.4, 130.2, 129.1, 128.7,224,J = 9.0
Hz), 123.2, 119.1, 119.0 (d= 5.3 Hz), 115.8 (dJ = 25.1 Hz), 112.2, 111.9 (d,= 20.4 Hz),

20.9; HRMS (ESI) calcd for &H1sCIFN, [M + H]" 362.1106, found 362.1112.

4.3.25. 6-Fluoro-3-(4-methoxyphenyl)-N-(p-tolyl)naphthalen-1-amine (3kb). Light yellow
solid (141 mg, 79% vyield)H NMR (400 MHz, CDCY) § 7.93 (m, 1H), 7.54 (m, 3H), 7.46 —
7.40 (m, 2H), 7.15 (td] = 9.0, 2.4 Hz, 1H), 7.08 (d,= 8.1 Hz, 2H), 6.94 (d] = 8.5 Hz, 4H),
5.86 (s, 1H), 3.81 (s, 3H), 2.30 (s, 3t NMR (101 MHz, CDGJ) §161.3 (d,J = 246.1 Hz),
159.5, 141.5, 140.4, 140.0, 136.2 J&; 9.2 Hz), 133.4, 130.9, 130.1, 128.5, 124.3)(d,9.0
Hz), 123.0, 118.8, 118.6 (d,= 4.9 Hz), 115.3 (d) = 25.1 Hz), 114.4, 112.9, 111.7 (M=
20.2 Hz), 55.4, 20.8; HRMS (ESI) calcd for,48,;FNO, [M + H]" 358.1602, found

358.1603.

4.3.26. 2-Benzyl-3-phenyl-N-(p-tolyl)naphthalen-1-amine (3Ib). Light yellow solid (122 mg,
61% vield);*"H NMR (400 MHz, CDC}) 5 7.96 (d,J = 8.4 Hz, 1H), 7.83 (d] = 8.1 Hz, 1H),
7.72 (s, 1H), 7.43 () = 7.4 Hz, 1H), 7.39 — 7.26 (m, 6H), 7.19Jt= 7.2 Hz, 2H), 7.15 —
7.10 (m, 1H), 6.95 (d] = 7.5 Hz, 2H), 6.90 (d] = 8.2 Hz, 2H), 6.36 (d] = 8.2 Hz, 2H), 5.31

(s, 1H), 4.05 (s, 2H), 2.21 (s, 3HJC NMR (100 MHz, CDG)) § 144.6, 142.2, 141.9, 140.7,
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137.0, 133.2, 133.0, 131.0, 129.8, 129.4, 128.8.2,2128.2, 128.0, 127.8, 127.3, 127.2,
126.3, 126.2, 126.1, 124.5, 114.1, 35.3, 20.6; HRM®@SI) calcd for GoHzeN, [M + H]"

400.2060, found 400.2063.

4.3.27. 2-n-Pentyl-3-phenyl-N-(p-tolyl)naphthalen-1-amine (3mb). Light yellow liquid (102
mg, 54% vield)'H NMR (400 MHz, CDCJ) 6 7.96 (d,J = 8.2 Hz, 1H), 7.80 (d] = 7.8 Hz,
1H), 7.62 (s, 1H), 7.51 — 7.33 (m, 7H), 6.95 Jcs 7.8 Hz, 2H), 6.50 (dJ = 7.4 Hz, 2H),
5.35(s, 1H), 2.81 — 2.61 (m, 2H), 2.24 (s, 3H)41(®, 2H), 1.06 (dJ = 3.4 Hz, 4H), 0.69 (t,
J = 6.7 Hz, 3H);13C NMR (101 MHz, CDG) 6 145.5, 142.3, 141.9, 136.4, 135.3, 132.7,
130.9, 129.8, 129.5, 128.2, 128.1, 127.6, 127.3,11226.2, 125.8, 124.2, 114.1, 32.0, 30.2,

29.1, 22.2, 20.6, 13.9; HRMS (ESI) calcd fogldzoN, [M + H]* 380.2373, found 380.2370.
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