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Abstract: We report the chemoselective amination of bromioii@nzenes with diarylamines

by palladium/Xantphos or a ligand-free copper gatal The reactions by these two types of
catalysts proceeded with a high chemoselectivityafforded monobrominated triarylamines in
good vyields. These products are useful intermeslidor the synthesis of unsymmetrical

bistriarylamines.
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1. Introduction

The transition-metal-catalyzed amination of arjittes is one of the most powerful
carbon-nitrogen bond forming reactionsind this reaction is widely used for preparing
arylamines in the field of material and pharmaamltiesearch. For example, triarylamine is

an important unit of organic electroactive matafiahd the preparation of such compounds was



attained by the Buchwald-Hartwig amination react{palladium catalyst)or the Ullmann
type C-N coupling reaction (copper catalysts)f arylhalides with diarylamines, and
bistriarylamines were also prepared by the reaatfodihalogenated arenes with diarylamines.
As shown in scheme 1, symmetrical bistriarylaminese easily obtained by the reaction of
dihalogenated arenes with diarylamines, and thisctien is useful for preparing the
symmetrical bistriarylamines (Scheme 1, i-a). Theynthesis of unsymmetrical
bistriarylamines requires the chemoselective momoation reaction of dihalogenated arenes
with diarylamines at first step and subsequent rgtcamination reaction (Scheme 1, i-b).
Therefore, to obtain the unsymmetrical bistriaryitzen the chemoselective monoamination
reaction is essential, but the selective formatainthe monoaminated triarylamine from
dihalogenated arenes, which possess the same tagehaatoms on the aromatic group, is a
difficult process because the reaction of dibroorodiiodoarenes usually provides a mixture of
monoaminated and bisaminated products with a Idecteity (Scheme 1, iij. On the other
hand, the bromoiodoarene or bromochloroarene, wiaesie two different halogen atoms on the
aromatic rings, can potentially provide the monowateéd product by undergoing the
chemoselective reactions. Actually, the realizatiof the chemoselective amination of
bromochloroarenes is an easy process becauseigherggnificant difference in the reactivity
between the boromoarenes and chloroarenes (Scheiiig®1 However, the reaction using
chlorinated arenes is not suitable for industriatppses because these reactions potentially
produce PCBs (polychlorinated biphenyls) and relatempounds, which are highly toxic and
prohibited to produce any amount as a byproductaiseB on these reasons, for the industrial
purpose, bromoiodoarene is the only usable comalBrcavailable dihalogenatedarens to
realize the formation of a monoaminated product ebychemoselective process, but the
reactivities of the bromoarene and iodoarene aresodalifferent compare to the reactivities of
bromoarene and chloroarene, and difficult to obth® monoaminated product with a high
chemoselectivity (Scheme 1, ). To the best of our knowledge, there are some phesof
the chemoselective Buchwald-Hartwig reactions asnwiodoarenes, but those reports are
limited to the reaction with aliphatic amin®syhile there are no reports about the reaction of
bromoiodoarene with diarylamines. On the otherdhadiere are also some reports about the
chemoselective amination of bromoiodoarenes widrythmines using a copper catalyst, but
these reactions required a relatively high tempeea{>100 °C) and appropriate ligatid’
Based on this background, we now report the sekectormation of monobrominated

triarylamines by the palladium-catalyzed chemogsleamination of bromoiodobenzene with



diarylamines, and the ligand-free copper catalyeedtion under mild reaction conditions.
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Scheme 1. Amination of dihalogenated arenes with diarylamines.



2. Results an discussion
2.1. Palladium Catalysts

To realize the chemoselective amination of dihateged arenes with diarylamines
by a palladium catalyst, we first examined the tieacof 1-bromo-4-iodobenzendd) with
diphenylamine Za) using several palladium catalysts. As shownabl@ 1, the reactions by
Pd(OAc), with monophosphine ligands, such as P&PBus, exhibited a low chemoselectivity
and gave a mixture of mono- and bisaminated pred@at and4aa) (Table 1, entries 1 and 2).
On the other hand, we observed that the bisphosphgands, such as DPPE or DPPF,
selectively provided the monoaminated prodsad, but the yields of these reactions were not
satisfactory (entries 3 and 4). Based on thesereagons, we confirmed that bisphosphine
ligands play an important role to realize the cheahective amination reaction. Therefore, we
further screened other bisphosphine ligands, sscBINAP or Xantphos, and succeeded in
obtaining3aa in an acceptable yield with a high chemoselegtivging Xantphos as the ligand
(Table 1, entries 6 and 7). We also demonstrdteddaction in dioxane, and confirmed that
the reaction by 1 mol% of catalyst provided betemults (89% yield, >99% chemoselectivity)
than the reaction by 5 mol% (71% yield, 96% cherfexsiwity) (Table 1, entries 8 and 9). We
further examined the reaction td with 2a using other palladium precatalysts, but lowerdsel
were observed in all cases (Table 1, entries 10-1Based on these results, we concluded that
the optimized reaction conditions, which realize iftended chemoselective amination reaction
of 1a, is using the Pd(OAg)Xanthphos catalyst in dioxane at 100*C.

With the optimized reaction conditions in hand, weestigated the chemoselective
monoamination of bromoiodobenzentsc with some commercially available diarylamines
2a-h. As shown in Table 2, all reactions proceedeth &itigh chemoselectivity and afforded
the monoaminated products in good vyields. For e¥am the reactions of
1-bromo-4-iodobenzene 1) with diarylamines 2b, 2c and 2g provided the desired
monobrominated triarylamine8ab, 3ac, and 3ag in 87%, 95%, and 93% isolated vyields,
respectively (Table 2, entries 1-3). The Pd(QA@ntphos catalyzed chemoselective
reactions of 1-bromo-3-iodobenzerid) with diarylamines also smoothly proceeded andegav
the intended aminated products in the range of 784-%ields (entries 4-11). Although the
reaction of 1-bromo-2-iodobenzenkc) with 2a resulted in a slightly lower yield (58%), an
acceptable yield (75%) was obtained by increadiegcaitalyst amount from 1 mol% to 5 mol%

(entries 12 and 13).



Table 1. Palladium Catalysts for the Chemoselective Anamabf 1-Bromo-4-iodobenzene

Br@—Nth

3aa (monoaminated)

(1a) with Diphenylamine Za)®

and/or

cat. [Pd/L]
Br | + HNPhy —————— >
NaOBu
1a 2a toluene, 100 °C thNONth

4aa (bisaminated)

Me Me
Xantphos:
o
PPh,  PPh,
entry [Pd] (mol%) L (mol%) yield"® 3aa : 4aa’
1 Pd(OAcC) (5) PPh (20) 51% 71: 29
2 Pd(OAC) (5) PBus (5) 79% 59 : 41
3 Pd(OAC) (5) DPPE (5) 33% >99: 1
4 Pd(OAcC) (5) DPPF (5) 74% >99: 1
5 Pd(OAC) (5) BNAP (5) 74% 84 : 16
6 Pd(OAc) (5) Xantphos (5) 86% 97:3
7 Pd(OAc) (1) Xantphos (1) 86% 92:8
8° Pd(OAc) (5) Xantphos (5) 71% 96 : 4
9° Pd(OAc) (1) Xantphos (1) 89% >09:1
10°  Pdy(dba) (2.5) Xantphos (5) 60% 93:7
11°  [PdCI(GHJ)]. (2.5) Xantphos (5) 66% 94:6
12  [Pd(GHs)(cod)|BR (5) Xantphos (5) 62% 92:8
1¥  PdCL(PhCNY), (5) Xantphos (5)  60% 93:7

®Reaction conditionsla (0.36 mmol),2a (0.43 mmol), NaBu (0.53 mmol), palladium, and
ligand in toluene (0.5 mL) for 12 h at 100 °C undirogen. °The vyields were determined by
HPLC analysis of the crude materials.Yields of 3aa and4aa. “The ratios were determined

by HPLC analysis of the crude materialSDioxane was used as the solvent.



Table 2. Palladium-catalyzed Chemoselective Aminatiodat with 2a-h®

1 mol% Pd(OAc),

AT 1 mol% Xantphos

— |
N —
Br@ +  HN - Br—{ // + 4
\Ar' NaOtBU
1a-c 2a-h dioxane, 100 °C 3 (monoaminated)
entry 1 2 yield” 3:4
1 y " >99 : 1
Br4©7l /@ N\©\ Q
Me Me i::
Br N
la 2b Q
Me
87% (3ab)
2 H Me >99: 1
O OO &
Br—< :>—N
la 2c Q
Me
95% @Bac)
3 H >99:1
Br—< >—I ©/N
1a 29 BrON
93% Bag)
>99:1

1b

ZT

SA®

2a

e
75

93% @ba)



5 Br iy Me >99: 1
O L0 RS
Me Me
O
1b 2b Q
Me
95% @bb)
6 Br. Me H Me Me >99 . 1
O Oy S
O
1b 2c Q
Me
82% @bc)
7 B H A >99: 1
O oL, w0
MeO OMe @N
1b 2d Q
OMe
71% @bd)
8 Br H Me >99:1
O T, - O
Me
1b 2e @”2
85% @be)
9 Br H Me Me >99:1
O- & o O
1b of @”Z
79% @bf)
10  ®Br >99 : 1

1b

o

o
s

N

O

97% (3bg)



1 " S 599 : 1
OI ©/ Br O
1b 2h @N

85% @bh)

12 Br H Br Q >99 : 1
O~ U o
1c 2a @
58% @Bca)
13 1c 2a 75% (ca) >99 : 1

®Reaction conditionsl (0.36 mmol),2 (0.43 mmol), Na@Bu (0.53 mmol), Pd(OAg)(0.0036
mmol), and Xantphos (0.0036 mmol) in toluene (015 for 12 h at 100 °C under nitrogen®
Isolated yields. ¢ The ratios were determined by HPLC analysis of ¢chele materials. ®

Conditions: 5 mol% Pd(OAghand Xantphos were used.

2.2. Copper Catalysts

To develop an alternative chemoselective aminatbrbromoiodobenzenes with
diarylamines, we further investigated the coppé¢algaed reaction. There are some reports
about the chemoselective amination of bromoiodobeez with diarylamines by a copper
catalyst;**? but those reactions generally required a relatibigh reaction temperature (>100
°C) and an appropriate ligand. Based on suchrimdtion, we initiated a study to realize the
intended chemoselective amination reaction by apeopcatalyst system under milder
conditions.

For our objective of discovering an effective cappatalyst, we again selected the
reaction of 1-bromo-4-iodobenzenga) with diphenylamine Za) as the standard reaction
system. As we expected, the reaction by 2 mol%wtl/1,10-phen in the presence of KOH
(powder) at 125 °C, which is a reported reactiomdition?*" provided the intended
monoaminated produ@aa in 87% yield with a high chemoselectivity (Tableedtry 1). We
further confirmed that CuBr and Cul also exhibited same reactivity and chemoselectivity
under the same reaction conditions (entries 2 and Based on these initial results, we further

tried to find the milder conditions by copper cgstl When the reaction was conducted under



lower temperature (80 °C), the copper catalystsndidexhibit any catalytic activities, resulting
in no reaction (entries 4 and 5). To our deligiianging the base from KOH to N&D'**3
was an effective way to allow the amination reagtiand the Cul/1,10-phen catalyst gave an
acceptable result (75% yield, 97% chemoselectivaty0 °C (entry 7). To attain the perfect
chemoselectivity under milder reaction conditiows, further examined the reaction at 60 °C.
On the other hand, the reactions catalyzed by CthH several ligands, such as 1,10-phen,
pybox or TMHD, resulted in a low yield (entries 8)1 To our delight, we revealed that the
reaction catalyzed by CHlwithout a ligand exhibited higher vyields (entry),1&nd the
increased amount of catalyst from 2 mol% to 10 moBalized a high yield with a high
chemoselectivity (entries 12 and 13). The bedtlyes obtained by the less use of base (2.5
equiv.) (entry 14).



Table 3. Copper Catalysts for the Chemoselective Aminatibha with 2a°

3aa
ca:. E_CU] (monoaminated)
Br~®7l + HNPh, — & -~ andlor
base, THF
1a 2a 4aa
(bisaminated)
]
NS
o O O~ N0
7/ A %N N
=N N= iPr Pr
TMHD 1,10-phen ip-pybox
entry [Cu] L (mol%) base (equiv.)  temp yield® 3:4°
(mol%) (C)
1¢ CuCl(2) 1,10-phen  KOH (5) 125 87% >99:1
2 CuBr(2) 1,10-phen  KOH (5) 125 81% >99:1
3 Cul (2) 1,10-phen  KOH (5) 125 87% >99:1
4 CuCl(2) 1,10-phen  KOH (5) 80 <2% nd
5 Cul (2) 1,10-phen  KOH (5) 80 <2%  nd
6 CuCl(2) 1,10-phen  NdBu (5) 80 28% 90:10
7 Cul (2) 1,10-phen  N&Bu (5) 80 75%  97:3
8 Cul (2) 1,10-phen  Né&Bu (5) 60 25% 96:4
9 Cul (2) pybox NaBu (5) 60 26% >99:1
10 Cul (2) TMHD NaCBu (5) 60 49% 96 :4
11 Cul (2) — NaBu (5) 60 56% >99:1
12 Cul (4) — NaBu (5) 60 75% >99:1
13 Cul (100 — NaBu (5) 60 94% >99:1
14 Cul 10) — NaBu (2.5) 60 98% >99:1

#Reaction conditionsla (0.36 mmol),2a (0.43 mmol), base, copper, and ligand in THF (0.5
mL) for 12 h under nitrogen.” The yields were determined by HPLC analysis of ¢hele
materials. “The ratios were determined by HPLC analysis ofdhele materials. ¢ Dioxane

was used as the solvent.



Table 4. Copper-catalyzed Chemoselective Aminatiodafvith 2%

AT 10 mol% Cul Ar

Br I+ HN - Br@—N + 4
“Ar NaO'Bu Ar
1a 2a-h THF, 60 °C 3 (monoaminated)

2b: Ar, Ar' = 4-MeCgH,
2c: Ar, Ar' = 3-MeCgH,
2g: Ar = Ph, Ar' = 1-naphthyl
2h: Ar = Ph, Ar' = 2-naphthyl

entry 2 yield"® 3:4°

1 2b 84% 97:3
2 2c 92% >990:1
3 29 46% 97 :3
# 29 92% 94: 6
5 2h 95% 94:6

Reaction conditionsta (0.36 mmol),2 (0.43 mmol), NaBu (0.90 mmol), Cul (0.036 mmol),
and THF (0.5 mL) for 12 h at 60 °C under nitrogefThe yields were determined by HPLC
analysis of the crude materials® Yields of 3 and4. “The ratios were determined by HPLC

analysis of the crude materials:The reaction was conducted at 100 °C.

The optimized copper catalyst condition also ¢ifety worked for the reaction of
la with other diarylamines. For example, the reatiavith 2b or 2c provided the intended
productsd4ab and4ac in good yields with high chemoselctivities (Talle entries 1 and 2).
The reaction ofla with 2g resulted in a low yield (46%), but elevated remttiemperature
realized a high vyield (92%) with a good chemosaldgt (94%) (entries 3 and 4). The
reaction ofla with 2h also smoothly proceeded at 60 °C and providediésired product#ah
in 95% yield with a 94% chemaoselectivity (entry 5).

We further demonstrated the synthesis of the unstmical bistriarylamine through
the monobrominated triarylamines, which was obthity the chemoselective amination
reaction (eq 1). As listed in Table 3, the monaotirated triarylamine3aa, which was

prepared by the reaction of ligand-free copperlyzeéd chemoselective amination td with



2a, and 3aa, was easily converted to the unsymmetrical bistidnine 5 under the standard

conditions of the Buchwald-Hartwig reaction.

Br@l Q 5 mol% Pd,(dba)s Q Q
o 9 mol% PBu
1ta _10mol%Cul i:: N 3 NON
NaOBu @ NaOBu

H THF, 60 °C toluene, 100 °C O @
SRS O D
3aa ©/ O 5
2a (98% yield) (73% yield)

Scheme 2. Synthesis of 5 by copper and palladium-catalysts.

3. Conclusions

In conclusion, we developed the chemoselectivenatioin of bromoiodobenzenes
with diarylamines using the palladium/Xantphos igahd-free copper catalyst. The reaction
proceeded with a high chemoselectivity and affortthedmonobrominated triarylamines in good
yields. We further demonstrated the transformatibthe monobrominated triarylamines to

unsymmetrical bistriarylamines by the Buchwald-Mégtreaction.

4. Experimental section

4.1. General

All manipulations were carried out under a nitroggmosphere. NMR spectra were recorded
on a JEOL EX-270 spectrometer (270 MHz fdrwith CsDs, and 67 MHz for*C with GDs),
JEOL JNM LA-400 spectrometer (400 MHz i with CDCL, CsDg or acetonads, and 100
MHz for **C with CDCk, CsDg or acetonalk), or JEOL JNM ECP-500 spectrometer (500 MHz
for *H with CsDg or acetonads, and 125 MHz forC with GDs or acetonak). Chemical
shifts are reported i6 ppm referenced to an internal Silstandard, residual acetorze2.09)

or residual benzend (7.15) for'H NMR, and residual chlorofornd (77.4), residual acetons (
30.6) or residual benzend 128.6) were used as internal reference ¥36rNMR. 'H and™*C
NMR spectra were recorded at 25 °C. The chemadseétgcwas determined byH NMR
spectra and/or HPLC analysis using Inertsil ODS{®W;CN, flow: 1.0 mL/min, 254 nm).
All chemical including palladium salts, copper salbhosphine ligands, dihalogenated arenes

and amines were purchased from commercial sourckased without further purification.



4.2. General procedurefor the palladium-catalyzed reaction

A solution of Pd(OAGc) (0.8 mg, 0.0036 mmol), Xantphos (2.1 mg, 0.0036othynNaCBu (51
mg, 0.53 mmol), 1-bromo-4-iodobenzeri@)( (100 mg, 0.35 mmol), and,N-diphenylamine
(2a) (72 mg, 0.43 mmol) in toluene (0.5 mL) was stireg 100 °C for 12 h. The reaction was
quenched with kD, and extracted with GiEl, (3 x 3 mL). The chemoselectivitgda/daa =
92/8) was measured by HPLC analysis using Inef@iS-3V. The pure monoaminated
product3aa (99 mg, 86%) was obtained by flash chromatograpleyxane/CHCI, = 97/3) as a

white solid.

4.3. General procedurefor the copper-catalyzed reaction

A solution of Cul (6.7 mg, 0.035 mmol), N&D (85 mg, 0.88 mmol), 1-bromo-4-iodobenzene
(1a) (100 mg, 0.35 mmol), and,N-diphenylamine Za) (90 mg, 0.53 mmol) in THF (0.5 mL)
was stirred at 60 °C for 12 h. The reaction wasnghed with KO, and extracted with Gi&l,

(3 x4 mL). The chemoselectivitpda/daa = >98/2) was measured by HPLC analysis using
Inertsil ODS-3V. The pure monoaminated prodBaz (113 mg, 98%) was obtained by flash
chromatography (hexane/GEl, = 97/3) as a white solid. The minor product (bissated
product) 4aa was also obtained by following flash chromatogsaighexane/CHCI/Et;N =

90/5/5) as a white solid with containing unknowrpunrities and triethylamine.

4.4. Characterization data of products

4.4.1. 4-Bromo-N,N-diphenylaniline (3aa).”**® White solid (99 mg, 86%). Mp 106-111 °C.
'H NMR (500 MHz, acetonek) 5 6.92—6.94 (m, 2H), 7.02—7.07 (m, 6H), 7.28-7.32 4h),
7.38=7.41 (m, 2H). ¥C NMR (125 MHz, acetonds) & 114.08, 123.48, 124.48, 124.80,
129.29, 129.50, 132.12, 147.33. HPLC analygis:5.78 min.

4.4.2. 4-Bromo-N,N-di-p-tolylaniline (3ab).” White solid (108 mg, 87%). Mp 100-104 °C.
'H NMR (400 MHz, acetones) & 2.30 (s, 6H), 6.87 (d] = 8.0 Hz, 2H), 6.97 (d) = 8.0 Hz,
4H), 7.14 (d,J = 8.0 Hz, 4H), 7.36 (dJ = 8.0 Hz, 2H). **C NMR (125 MHz, acetonéq) 3
20.21, 113.14, 123.70, 125.01, 130.29, 132.11,2833.45.10, 147.92. HPLC analysig:=
7.48 min.

4.4.3. N-(4-Bromophenyl)-3-methyl-N-(m-tolyl)aniline (3ac). White solid (118 mg, 95%).



Mp 93-95 °C. H NMR (400 MHz, acetonés) & 2.25 (s, 6H), 6.85 (d) = 9.3 Hz, 2H),
6.88-6.93 (m, 6H), 7.19 (] = 8.28 Hz, 2H), 7.37-7.40 (m, 2H)*C NMR (125 MHz,
acetonedg) 0 23.10, 116.27, 124.40, 126.92, 127.15, 127.80,9031134.61, 141.82, 149.99,
150.13. IR (KBr) 593, 765, 829, 1185, 1474, 293¢ 'c HRMS (ESI):m/z calcd for
CooH1BrN™ (M+H") 352.0701, found 352.0715. HPLC analysiss 7.15 min.

4.4.4. N-(4-Bromophenyl)-N-phenylnaphthalen-1-amine (3ag).”*> White solid (123 mg, 93%).
Mp 95-97 °C. *H NMR (500 MHz, GDs) 3 6.35 (d,J = 8.6 Hz, 2H), 6.48 (t) = 6.8 Hz, 1H),
6.62—6.67 (m, 4H), 6.69-6.88 (m, 6H), 7.21)@&, 7.8 Hz, 1H), 7.33 (d] = 8.2 Hz, 1H), 7.70 (d,
J=8.3 Hz, 1H). ©°C NMR (125 MHz, GDg) 3 114.18, 122.62, 123.45, 124.48, 125.83, 126.52,
126.60, 126.82, 127.32, 128.30, 128.77, 129.554B31.32.37, 135.78, 143.64, 147.93, 148.40.
HPLC analysistgr = 6.15 min.

4.45. 3-Bromo-N,N-diphenylaniline (3ba).” White solid (107 mg, 93%). Mp 91-96 °C.
'H NMR (400 MHz, CDCJ) 5 6.95-7.09 (m, 8H), 7.19-7.29 (m, 6H)-*C NMR (100 MHz,
CDCly) 5 121.5, 122.7, 123.5, 124.7, 124.9, 125.7, 12%80,3, 147.1, 149.3. IR (KBr) 2956
cmt.  HPLC analysistg = 5.48 min.

4.46. 3-Bromo-N,N-di-p-tolylaniline (3bb). White solid (118 mg, 95%). Mp 97-101 °C.
'H NMR (400 MHz, acetones) & 3.04 (s, 6H), 7.62-7.64 (m, 1H), 7.72-7.78 (m, ,6H)
7.86—7.90 (m, 5H). **C NMR (100 MHz, acetonds) 5 20.8, 120.4, 122.9, 124.0, 124.1, 125.9,
130.8, 131.2, 134.2, 145.2, 150.7. IR (KBr) 98864, 1324, 1475, 2956 ¢in HRMS
(ESI): m'z: calcd for GoHiBrN™ (M+H") 352.0701, found 352.0691. HPLC analysis=
6.88 min.

4.4.7. 3-Bromo-N,N-di-m-tolylaniline (3bc). Pale yellow solid (102 mg, 82%). Mp 95-99
°C. 'H NMR (400 MHz, acetones) & 3.03 (s, 6H), 7.60-7.67 (m, 7H), 7.80-7.96 (m, .5H)
¥C NMR (100 MHz, acetonds) & 21.2, 79.0, 121.6, 124.9, 125.2, 125.4, 126.1,3,2830.0,
131.4, 140.0, 147.8, 150.6. IR (KBr) 775, 13187241581, 2920 cth HRMS (ESI):m/z
calcd for GoH1BrN* (M+H") 352.0701, found 352.0692. HPLC analysis: 6.57 mi.

4.4.8. 3-Bromo-N,N-bis(4-methoxyphenyl)aniline (3bd).** Brown solid (97 mg, 71%). Mp
82-86 °C. 'H NMR (400 MHz, acetones) & 3.78 (s, 6H), 6.89-6.93 (m, 6H), 7.03-7.09 (m,



6H). C NMR (100 MHz, acetonds) & 55.7, 115.5, 116.0, 118.2, 121.8, 122.9, 128.2,313
140.6, 151.5, 157.7. IR (KBr) 1474, 2840, 29337%tm HRMS (ESI): mz. calcd for
Cy0H1BrNO, (M+H") 384.0599, found 384.0591. HPLC analyis: 4.77 min.

4.4.9. 3-Bromo-N-phenyl-N-(p-tolyl)aniline (3be). Semi-solid (102 mg, 85%).'H NMR
(500 MHz, acetonek) & 3.68 (s, 3H), 8.30-8.67 (m, 13H):°*C NMR (125 MHz, acetonds) &
20.6, 121.1, 122.9, 124.2, 124.7, 124.8, 125.2,212630.1, 130.9, 131.3, 134.5, 145.1, 147.8,
150.5. IR (KBr) 695, 1068, 1278, 1474, 1583, 2956~ HRMS (ESI):m/z: calcd for
CioH1BrN™ (M+H") 338.0544, found 338.0538. HPLC analysis: 6.14 min.

4.4.10. 3-Bromo-N-phenyIN-(m-olyl)aniline (3bf). Black oil (94 mg, 79%). 'H NMR
(500 MHz, acetonek) & 2.22—2.26 (m 3H), 6.73—6.74 (m, 1H), 6.74—-6.91 I), 7.10-7.15
(m, 5H), 7.21-7.30 (m, 6H).*C NMR (125 MHz, acetondg) & 21.6, 116.1, 118.6, 118.7,
118.8, 119.2, 119.3, 119.4, 122.8, 123.8, 129.8,912139.4, 139.5, 144.3, 144.4, 1445. IR
(KBr) 690, 1299, 1493, 1584, 2915 ¢m HRMS (ESI):m/z calcd for GeH:i-BrN* (M+H")
338.0544, found 338.0534. HPLC analysis: 5.99 min.

4.4.11. N-(3-Bromophenyl)-N-phenylnaphthalen-1-amine (3bg).'®* Reddish brown oil (128
mg, 97%). 'H NMR (400 MHz, acetoneds) & 6.87-6.89 (m, 1H), 7.01-7.17 (m, 6H),
7.28-7.32 (m, 2H), 7.40-7.52 (m, 2H), 7.92—8.033ht), 7.53—7.61 (m, 2H). *C NMR (125
MHz, acetoneds) & 122.0, 122.5, 123.2, 124.8, 125.1, 125.2, 12%8,d, 126.1, 126.4, 127.3,
127.8, 128.4, 130.1, 130.4, 131.4, 131.7, 145.5,994150.4. IR (KBr) 1473, 3060 chn
HRMS (ESI):m/z calcd for G,H;,BrN*™ (M+H") 374.0544, found 374.0535. HPLC analysis:
tr = 6.34 min.

4.4.12. N-(3-Bromophenyl)-N-phenylnaphthalen-2-amine (3bh). Reddish brown oil (112 mg,
85%). *H NMR (400 MHz, acetones) & 6.70-7.32 (m, 12H), 7.52.51 (m, 1H), 7.66—7.69
(m, 2H), 7.84 (s, 1H). *C NMR (125 MHz, acetondg) & 119.8, 123.2, 123.4, 123.8, 124.0,
124.4, 127.2,127.3, 127.5, 128.0, 128.3, 129.8,11330.5, 131.5, 131.9, 136.2, 143.4, 148.2,
151.0. IR (KBr) 774, 1392, 1473, 1583, 3060tm HRMS (ESI):mVz calcd for G,H,/BrN*
(M+H") 374.0544, found 374.0537. HPLC analysis: 5.72 min.

4.4.13. 2-Bromo-N,N-diphenylaniline (3ca).  Yellow oil (86 mg, 75%). *H NMR (400 MHz,



CsDg) 0 6.59-6.62 (m, 1H), 6.80-6.84 (m, 4H), 6.97-7.06 @Hl), 7.19-7.27 (m, 1H),
7.29-7.30 (m, 1H), 7.39-7.41 (m, 2H), 8.07-8.09 (). °C NMR (100 MHz, GD¢) &
123.2, 128.0, 128.2, 129.4, 130.3, 130.4, 132.B,613147.0, 148.4. IR (KBr) 697, 1277,
1472, 1580, 3451 ¢cth HRMS (ESI):m/z calcd for GgHisBrN* (M+H") 324.0388, found
324.0407. HPLC analysit; = 4.68 min.

4.4.14. N N'N* N*-Tetraphenylbenzene-1,4-diamine (4aa).” White solid. Mp 200-204 °C.
The product contains inseparable impurities andthylamine after silicagel column
chromatography and/or recrystallizationH NMR (400 MHz, GDg) & 6.42 (t,J = 7.2 Hz, 4H),
6.63 (t,J = 7.2 Hz, 8H), 6.70-6.75 (m, 12H)**C NMR (125 MHz, GD¢) & 121.21, 122.68,
124.29, 128.00, 141.86, 146.85. HPLC analygis:7.48 min.

4.4.15. N N*-Di(naphthalen-2-y1)-N*,N*-diphenylbenzene-1,4-diamine (4ab)."® White solid.
Mp 196-200 °C. The product contains inseparabjguiities and triethylamine after silicagel
column chromatography and/or recrystallizationtd NMR (270 MHz, GD¢) 8 6.89 (t,J = 6.8
Hz, 5H), 7.04-7.20 (m, 11H), 7. 33(ddl= 8.9, 1.6 Hz, 4H), 7.48-7.57 (m, 8H)*C NMR
(125 MHz, GDg): 811120,7 123.1, 124.5, 124.7, 124.8, 126.5, 127.3,41229.7, 130.6 135.1
143.5 145.9, 148.4. HPLC analydis= 11.50 min.

4.4.16. N N'N* N*-Tetra-p-tolylbenzene-1,4-diamine (4ah).”* White solid. Mp 209-214 °C.
The product contains inseparable impurities andthylamine after silicagel column
chromatography and/or recrystallizationrH NMR (270 MHz, GDs) & 2.09 (s, 12H), 6.88 (d,
J = 8.4 Hz, 8H), 7.08 (d) = 8.4 Hz, 8H), 7.13 (s, 4H).'*C NMR (67 MHz, GDs): 5 20.8,
123.5, 124.9, 130.2, 132.3, 146.1, 148.9. HPLQyamatz = 7.88 min.

4.4.17. N'N*Di(naphthalen-1-y1)-N*,N*-diphenylbenzene-1,4-diamine (4ag).”® Pale yellow
solid. Mp 197-205 °C. The product contains insapker impurities and triethylamine after
silicagel column chromatography and/or recrystatiom. *H NMR (500 MHz, GDg) & 6.29
(d, J = 8.70 Hz 4H), 6.35 (t) = 7.35 Hz 2H), 6.49-6.57 (m, 2H), 6.62 Jt= 7.80 Hz, 4H),
6.68—6.74 (m, 8H), 6.80 (,= 6.90 Hz 2H), 6.95 (dJ = 6.85 Hz, 2H), 7.20 (d] = 8.25 Hz,
2H), 7.32 (dJ = 8.25 Hz, 2H). *C NMR (125 MHz, GDg) & 116.62, 117.65, 120.60, 121.19,



122.61, 123.35, 125.63, 125.70, 128.19, 128.29.502828.73, 129.52, 135.26, 139.38, 145.37.
HPLC analysistr = 9.10 min.

4.4.18. N'-(naphthalen-2-yl)-N* N* N*-triphenylbenzene-1,4-diamine (5).° Semi-solid (117
mg, 73%). *H NMR (400 MHz CDC) & 6.78 (t,J = 7.6 Hz, 4H), 6.89-6.90 (m, 4H),
7.02—7.15 (m, 4H), 7.26 (§,= 8.0 Hz, 2H), 7.35 (1) = 8.0 Hz, 4H), 7.65 (d] = 8.0 Hz, 2H),
7.77 (d,J = 8.0 Hz, 2H), 7.87 (d) = 8.0 Hz, 2H). *C NMR (125 MHz, CDGJ)) 5 120.88,
121.01, 122.20, 123.41, 123.51, 124.30, 125.63,0926.26.29, 126.33, 126.36, 127.09, 128.38,
129.00, 129.10, 129.32, 131.25, 135.28, 141.985P4343.75, 147.90, 148.61.

Supplementary data
Supplementary data related to this article carobad at http:// dx.doi.org/10.1016/
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