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cross-coupling of aryl

aryl radicals by air

The N-arylation of amines with arylhydrazines haeib developed, achieving tlselective

radicals with amines to foN¥aryl amines. The reaction uses air as an

oxidant, CoPc and Cu(OAchs catalysts. The reaction prodgeaunder mild conditions in i
through a relay process, arylhydraziaes oxidized to aryldiazenes by CoPc, further @editc

(@), which are trapped by Cu(OAepmine complex followed by

reduction-elimination reaction to form N-aryl amsnéArylamines and arylhydrazinggve the

highest yields, but N-aryl-N-alkylamines and N-dikyines can be used as well.

Keywords
Keyword_1 arylation
Keyword_2 amine
Keyword_3 CoPc
Keyword_4 catalysis

2016 Elsevier Ltd. All rights reserved

1. Introduction

Diarylamines are ubiquitous core structures foundhétural
products, pharmaceuticals, agrochemicals, dyes raagrials:
One of the most earliest approach towards preparin
diarylamine$ is the Ullmann reaction which was reported in
early 1900's. Significant improvements on this agwh has
been described afterwards in literattr&ince Buchwald and
Hartwig reported the Pd-catalyzed aromatic C-N bomdkiiog
reaction, tremendous progress has been made inatea of
transition-metal catalyzed N-arylation of arylamifieAnother
important route to diarylamines is the reactionaaiflines or
aniline surrogates with stoichiometric arylmetaldpe or excess
of hypervalent iodine reagertsOther methods include the
polyphosphoric acid-mediated reaction of nitroab@nwith
arenes, PhI(OAc) / Bi(OTf); / (Zn / CRCOOH)-mediated
reaction of arylsulfonyl amides with arylaminel recent years,
research has focused mainly on metal-catalyzed atimim
reaction; examples include Ir-catalyzed C-H amimati@ith
anilines® Rh, Ru or Fe-catalyzed C-H amination with azitfds,
Pd-catalyzed amination of aryl sulfides with anififiePd-
catalyzed reaction of nitroarenes and cyclohexasmofieThe
development of novel, efficient and cost-effectiveethod for
constructing such an important framework is stijtty desirable.
On the basis of our previous studigsarylhydrazines and-@l
bond formation'”, arylhydrazines are known to be good radical

fbrmation. Herein we report

precursors since they are easily oxidized by varioxidants to
yield aryl radicals; these radicals can then resith alkenes,
arenes, heteroarenes ang € to form G-C bonds. Inspired by
this, we further investigated the possibility ofatgtic C-N bond

CoPc/Cu(OAchtalyzed N-
arylation of amines with arylhydrazines using air assole

oxidant for N-aryl amines synthesis.

2. Results and Discussion

At the outset of our investigation, the reaction wessn
phenylhydrazine 1@ and aniline 2Za) in the presence of
Cu(OAc), was selected for optimization. The initial resukasv
quite promising; diphenylaminedd) was obtained, although in
only 10% yield (Table 1, entry 1). Meanwhile, noatans were
observed with CuPc and Mn(OAd)Table 1, entries 2-3). Hence,
we turned to a two-component system such as CoPc/Cg{OAc
FePc/Cu(OAg) and Mn(OAc)y Cu(OAc). To our delight, the
Mn(OACc);/ Cu(OAc) system resulted in 45% yield 8& (Table
1, entries 4-6); in this case, a stochiometric am@fi Mn(OAcC)
was required. Notably, low yield of product was obedrdue to
unconsumed aniline, thus the manner of addition of
phenylhydrazine waschanged. When phenylhydrazine was
introduced successively at a rate of 0.2 mmol peurhan
improved yield of product was obtained (Table 1irerB).
Encouraged by this result, the catalytic systenentry 8 was
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replaced with CoPc/Cu(OAc) system under the same

conditions. To our surprise, the yield significgriticreased from

20% to 60% thus indicating that the batch additioh

phenylhydrazine is beneficial for this reaction §leal, entry 9).

After screening the reaction temperature, time atio 10f 1a/2a NHNHZ - CoPe (10% mo)

(Table 1, entries 9-14), the optimal reaction ctiods were ©/ ? \O Cu0Ac)z(10%moI ©/ \O

determined to be: phenylhydrazine (2.0 equiv), ia@il (1.0 CHACN, 0°C

equiv), 10 mol% of CoPc and Cu(OAk)n CH,CN at 0°C for

13 hours (Table 1, entry 12).

Table 2. Reactions of phenylhydrazinéa) with substituted
anilines @)?

Table 1. Optimization of the reaction conditichs Entry Aniine 2 Product 3 and yield
H
N
NHNHZ_,_ N2 Conditions H 1 ©\NH2 2a ©/ \© 3a, 80%
O e q
1a 2a 3a 2 @\NHQ 2b /©/ \© 3b, 79%
H
N
Entry cat? TempTime 1la Yield /©/ \©
°’C__/h_ (equiv) 1%° 3 /OONHZ * o H 8c. 80%
1 Cu(OAcy(lequv) 0 3 15 10 ONO
2 CuPc (1 equiv) 0 3 1.5 N.D. 4 FONHZ = F u 3d,70%
. N
3 Mn(OAck (3 equiv 0 3 1.5 trace
( )3( q ) 5 CIONHZ 2e /©/ \© 3e, 75%
4 CoPc/Cu(OAg) o 3 15 20 ci !
5  FePc/Cu(OAG) 0 3 15 18 G ST B/© T e
6  Mn(OACK3 0o 3 15 45 §
equiv)/Cu(OAC) 7 o006 NNt 2 /©/ O ,
7  Mn(OAck(Bequiv) 15 3 15 20 > % meooc ‘ 39, 69%
/Cu(OAc), O \@
8 Mn(OAck(3equiv) 0 12 1.5 60 8 OZ”ONHz o oN ., 3h, 56%
ICU(OAC) K
9 CoPc/Cu(OAg) 0 12 15 60 g SV NCQ O . co
10 CoPc/Cu(OAg) 5 12 15 29 R
11 CoPc/Cu(OAg) 15 12 1.5 4% 10 HZNO\NHQ 2 HN/©/ \© 3j,72%
2
12 CoPc/Cu(OAg) 0 13 2 88 ,
13 CoPc/Cu(OAg) 0 15 2 79 " ”ZNO/ " ©N©/ o
14 CoPc/Cu(OAg) 0 13 25 88 ., ’
HoN NO, N NO,
2 Reaction conditions2a (1.0 mmol), CHCN (4 mL) in air for all th 12 \©/ 21 ©/ \©/ 31, 6%
reactions; NO, NO,

PUsing 10% mol catalyst for all the reactions, excepied otherwise;

¢ Isolated yields;

¢ Phenylhydrazine was introduced successively att@ o 0.2 mmol pe
hour.

13

H
N
2m ©/ 3m, 30%

2n

I
IS
z

14

o,
-

3n, 75%
The optimal conditions were applied to a varietywobstituted
anilines. Anilines withpara-electron-donating groups such as 15
CH; and OCH produced the expected diarylamines in good
yields (Table 2, entries 2-3); a slight reduction yield was
observed withpara-NH, substrate since both Nigroup could
participate in the amination reaction (Table 2ygA0). Anilines 16
with para-electron-withdrawing groups such as F, Cl, Br,
COOMe, NQ and CN all reacted smoothly although a slight y  NH
drop in yield was observed (58-75%, Table 2, en#i€y. With N\©
ortho-substituted anilines, results indicated that a llsma ©/
substituent such as GHNH, had little effect on the yield. 2- 7
Methylaniline gave the expected prodG@uotin 75% yield similar
to yields of products obtained from 3- and 4-mehilines NH
(Table 2, entries 2, 11 and 14). On the other hahé; @[ /©
diethylaniline and Zert-butylaniline gave moderate amounts of
30 and3p respectively (Table 2, entries 15 and 16). In tolal , B , ,
lower yield of3m was obtained from 2-nitroaniline as compared ~ Reaction conditions: phenylhydraziris(2.0 mmol in 2 mL CECN)
with product yields obtained from 3- and 4-nitroarék (Table 2, \(';asl 'Stg?%léclf dlgurgg?o/sosxcegozgcaaﬁgeczf(oozmmgémuE’Sﬁyﬂ?g‘:%e
entries 8, 12 and 13). These results indicatedilily groups at °C for 13 h in air:
ortho-position of aniline could impede the reaction. ® |solated yields.

20
30, 56%

H
:

2
P 3p, 58%

2
s

3q, 35%

[y

2q

; z
I
=z
T
I

3q', 40%
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Cu(OAc)/CoPc instead of CuPc/CoPc as a catalytic systeen, t

: . , ) o v
With the above results in hand, we extended thisettore to reaction afforded diphenylamingz) in 80% yield (Scheme 1,

different types of amino compoundsAminonaphathalene() Table 3 Reactions of phenylhydrazindd) with different
produced majorly the expected prodBctalong with by-product  types of amino compoundg){
3r' which was generated from the reaction 3of and phenyl

radical (Table 3, entry 1). This indicated that ¢hposition of2r CoPc (10% mol) R

NHNH, 4 /

was more reactive. The electron-deficient 2-aminiginye (2s) ©/ + HNiRZWQ N2

afforded the expected prod8sin a moderate 58% vyield (Table 1a 2 R CHiCN.0%C s

3, entry 2). Reactions involving secondary aminashsas N-

methylanilinegt), diphenylamine Zu) and piperidine 3v) were Entry Amino compound 2 Product 3 and yield®

also tested;2t gave the expected produBt in 60% yield, H

however, no desired products were observed ®ithand 2v N

(Table 3, entries 3-5). Also, the reaction of phbggtazine {a) \©

with alkylamines such as benzylamir@svj andn-hexylamine2x) NH

were performed, the expected produitsand3x were obtained 1 OO 2 3r(57%)

in moderate vyields (Table 3, entries 6-7). Finallydole and PRy

benzamide were subjected to the reaction conditioowgver no 2r N

products were observed (Table 3, entries 8-9). Thesalts OO \O
)

indicated that this protocol is chemoselective. stgjuently, the
effect of substitution on arylhydrazines was prob&sishown in H
Table 4, arylhydrazined) bearing electron-donating substituents 2 @ AN
such as Ckland OCH afforded diarylamines3j in very good N NH, @ \O
yields (Table 4, entries 1-3). On the contrary, fpiiesence of 2

electron-withdrawing groups such as F, Cl, Br, COQGiHd
NO, were unfavorable to the reaction; reduced yieldgira

3r' (25%

3s (58%)

\
N
from 25-71% were observed (Table 4, entries 4-9¢ &tfiect of ’ N O/
orthosubstituents on the reaction was also probed; % H
arylhydrazines 1) with ortho-substituents such as GH 3t (60%)
suppressed the reaction (Table 4, entry 10). Bindie reaction H Ph
of an alkylhydrazinetert-butylhydrazine was carried out but no 4 ©/ \© N
expected product was observed (Table 4, entry 11 th O/ \©
indicating that alkylhydrazines are not suitableqursors for 2 % (race)
alkyl radical under this process.
For further mechanistic insight, a series of cdrésgeriments H Eh
have been done. First, the oxidation of phenylrgidea (la) with 5 Q Q
different oxidants including CoPc, Cu@H,Ph complex &)
and air (Q) were carried out, respectively. The results ingida 2 N.D.°
that phenylhydrazine 18) could be oxidized by CoPc or
Cu(Il)-NH,Ph complex &) to form phenyldiazine5@)(Scheme 1, 6 @
equations 1 and 2), however, the oxidation efficjeroé 8 @NHZ ©A”
compared with CoPc is very low (Scheme 1, equatioasd34); .
the case with air (§ as oxidant gave a small amount of 3w (53%)
complicated mixtures after 12 h, while most of pHeygrazine
(1a) remained unchanged (Scheme 1, equation 5). Opatie of 7 AN /@
results obtained, it can conclude that CoPc playedhin role in 2 k /\/\/\”
the oxidation of phenylhydrazineld) to phenyldiazine Sa). Sx (a5%)
Second, to understand the oxidation process of yfiezine H h‘l
(5a), the reactions dba with CoPc, Cu(IlNH,Ph complex &) 8 @[/) @l/)
and air (Q) were carried out, respectively. The results ingida
that 5a is difficult to be oxidized by CoPc and Cu@iNH,Ph y N.D.°
complex B), while air (Q) could oxidize5a easily to phenyl 0 0
radical {fa), which was trapped by TEMPO to affat@d (Scheme o @)LNHZ @)LNHfPh
1, equations 1 and 2). In addition, the result slibvileat
phenyldiazine %a) decomposed at 51T (Scheme 1, equation 1). 2 ND.
Third, to have an insight into the action of Cu{NH,Ph =
complex B), several control experiments have been done. The
structure of CoPc and CuPc is shown in Scheme Raltdon 2 Reaction conditions: phenylhydraziria,(2.0 mmol in 2 mL CECN)
coordinates with 4 nitrogen atoms of ligand phthgdmine, it is was introduced successively at a rate of 0.2 mneolhpur, amino
difficult to coordinate with substrate aniline, stetreaction of compounds 7, 1.0 mmol), 10 mol% of CoPc and Cu(OAdh

. . . CHCN (5 mL) at ®C for 13 h in air;
phenylhydrazine 1@) with aniline @a) gave no expected b solated yields:

diphenylamine %a) (Scheme 1, equation 6). CuPc is similar t0 ¢ ot detected.

CoPc, so using CuPc/CoPc as a catalytic systeraxpected3a  equation 3) because of Cu(OAds able to coordinate with
was found (Scheme 1, equation 7) because of coppeniCuPc  aniline to form Cu(llyNH,Ph complex ), it can further trap
has no abl'lty to coordinate with aniline. On the fcast, using reactive pheny| radica|7a) to form Comp|exg (Scheme B
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Furthermore, Cu(OAg)catalyzed reaction was also carried out,CoPc to form aryldiazenes5)( through successive oxidation
affording diphenylamine3@) in only 6% yield (Scheme 1, processesia an intermediate arylhydrazyl radicd) (

Table 4 Reactions of substituted hydrazind3 With aniline

a NHNH
(2a) 1)@ * Gope (1 mmo) @NZNH

NHNH2 HoN CoPc (10% mol) N 1a (1 mmol) C':BCN' Nz.’
R O/ \© Cu(OAc)g (10% mol) ©/ \© 0°C,20mins  phenyldiazene (5a)
1 CH4CN, 0°C : detected by GC-MS, calculated for
CeHeN, (5a) 106, found 106
Entry Hydrazine 1 Product 3 and yield

add CoPc (1 mmol),

H
NHNH, N NP
- : \© °C, 120 mins
1o 3b, 83%
H
e sa dappeared IR0 O (02). 10MinS__ g4 gisappeared

monitored by TLC  50°C. 10 mins monitored by TLC

H
NHNH, N .
/©/ \© phenyldiazene (5a)
1d MeO 3c, 85% remain unchanged

monitored by TLC

NHNH, H and GC-MS

" FQH\@ e PhNHNH
/@/N\© 2 ©/NH2 Cu(OAc), (1 mmol) l%lePh (a, 1mmi|) N=NH

1f al 3e,70% CH4CN, N Cull)  cr.eN, N, @

2a (1 mmol) 8

Me

bbg@

o
Q
z
I
=4
T
N

0°C, 60mins  phenyldiazene (5a)

B

=

H
. cl NHNH, Cl N complex
19 3v, 55%
H add 8 (1 mmol)
NHNH,
T 00
1h B 3, 71% 0°C, 60 mins
H

bubbled with air

N
; N=NH
. O,), 10 mins
MeOOC/©/ \© 39, 64% >(Nj< © () @
)

) TEMPO (1 mmol

NHNH H
. : /©/ \© o\ph Ta phenyldiazene (5a)
1j OuN 3h, 25% 10 remain unchanged

Identified by '"H NMR,

H
10 @[N HNR, N BCNMR and LCMS
" 3n, 44%
NHNH2 HoN CoPc (10% mol)
1 %NHNHz H@ ok ©/ \© _Cu(OAQ), (10% mol) ©/ \©
1 > 5
3 CHACN, 0°C, air, 13 h

MeOOC

fe-]
= Z
sy
=z
T

N

O.N

&L

(2 mmol) ( mmol) 3a, 80% yield
#Reaction conditions: substituted hydrazidg 2.0 mmol in 2 mL ChKCN) NHNH
was introduced successively at a rate of 0.2 mraohpur, anilineZa, 1.0 . 2 H2 Cu(OAC)2 (10% mol)
mmol), 10 mol% of CoPc and Cu(OAch CHCN (5 mL) at (°C for 13 h ) \© CHiCN, 0°C. air. 13 h ©/ \©
in air; .
®lsolated yields. @ mmo,) (1 mmol) 3a, 6% yield

9Not detected.

NHNH,
5) . )
©/ CHacN small amount of compllcatgd mixtures,

after 12 h most of 1a remained

equation 4) due to low efficiency of Cu@H,Ph complex &)
oxidizing phenylhydrazine1f) to phenyldiazine 5a), so the

combination of CoPc/Cu(OAg)s a better choice for N-arylation NHNHz HN _ CoPo(10%mo)
of amines with arylhydrazines leading to N-aryl arsine ® ©/ \© ©/ \©
1a

1 mmol)

CH4CN, 0°C, air, 13 h
2a 3a, 0% yield

(2 mmol) (1 mmol)
NHNH CoPc (10% mol)
; i ” )//\ /:S i x \;/\ ©/ 2 H2N\© CuPc (10% mol) @/ \@
1a

.

CH3CN, 0°C, air, 13 h

X «
é;/NL % & % (2 mmol) (1 ;fnm) 3a, 0% yield
CoPc CuPe

Scheme 1. The oxidation of phenylhydrazineld) with CoPc,

Scheme 2. The structure of CoPc and CuPc Cu(I)-NHPh complex§) and air (Q)

Aryldiazenes %) are easily oxidized to the aryldiazenyl radicals
(6) by air (Q), followed by release of No generate aryl radical
On the basis of results obtained, plausible mechanism is (7). Aryl radical ) can be trapped by compl&formedin situ
proposed in Scheme 3. The arylhydrazirig<én be oxidized by



from Cu(OAc) and amineZ) to produce compleg, followed by
reductive elimination to afford produ8t

. . Ny
N 2 ~oMNENH N=N
Air (O, X { X* TEMPO
L W\) R O o Ry J——
7 7 =z N
5 7 Opp

Scheme 3. Proposed CoPc/Cu(OAcielay catalysis mechanism

3. Conclusion

In summary, we have developed a method for N-amjihe
synthesis through N-arylation of amines with aryllagines by
employing air as a main oxidant, CoPc as a catabgidant, and

5
4-Methyl-N-phenylaniline3p).

White solid; m.p. 86-88C, yield 79% (144.8 mg)H NMR
(400 MHz, CDCJ): 6 7.21-7.25 (m, 2H), 7.08 (d,= 8.2 Hz, 2H),
6.99-7.01 (m, 4H), 6.87 (@,= 7.3 Hz, 1H), 5.59 (br, s, 1H), 2.30
(s, 3H); ®C NMR (100 MHz, CDC)): § 144.0, 140.3, 131.0,
129.9, 129.3, 120.3, 118.9, 116.9, 20.7. MS (ESFy@/z
(M+H)" Calcd for GgH4N 184.1, found 184.1.

4-Methoxy-N-phenylanilinesg). **

White solid; m.p. 99-101C, yield 80% (159.4 mgfH NMR
(400 MHz, CDCY): 6 7.21 (t,J = 7.7 Hz, 2H), 7.07 (d] = 5.7 Hz,
2H), 6.83-6.91 (m, 5H), 5.49 (br, s, 1H), 3.80 (s, 3fQ;NMR
(100 MHz, CDC}): ¢ 155.4, 145.3, 135.8, 129.3, 122.2, 119.6,
115.6, 114.7, 55.6. MS (ESI-TORn/z (M+H)" Calcd for
Cy3H14,NO 200.1, found 200.1.

4-Fluoro-N-phenylaniline3d). *®

Brown solid; m.p. 35-38C, yield 70% ( 130.9 mgfH NMR
(400 MHz, CDCJ): ¢ 7.22-7.25 (m, 2H), 6.95-7.06 (m, 6H),
6.90 (t,J =7.3 Hz, 1H), 5.59 (br, s, 1H}*C NMR (100 MHz,
CDCly): 6 159.3, 156.9, 143.9, 138.9 (#i= 2.4 Hz), 129.4, 120.6
(d,J=8.2 Hz), 116.8, 116.0 (d,= 22.5 Hz). MS (ESI-TORN/z

Cu(OAc), as a catalyst. The best yields were achieved witljm+H)* Calcd for G,Hy,FN 188.1, found 188.1.

arylamines and arylhydrazines, but N-aryl-N-alkylaesirand N-
alkylamines could be utilized as well. This protopobvides a
general route to diarylamines, N-aryl-N-alkylamir@sd N,N-
diary-N-alkyltriamines.

4. Experimental Section
4.1. General
All reactions were performed in afti NMR (400 MHz) and

4-Chloro-N-phenylaniline3e). *®

Brown solid; m.p. 66—68C, vyield 74% (150.7 mg)H NMR
(400 MHz, CDCJ): ¢ 7.27-7.29 (m, 2H), 7.18-7.22 (m, 2H),
7.04 (d,J = 7.7 Hz, 2H), 6.93-6.99 (m, 3H), 5.66 (br, s, 1¥0;
NMR (100 MHz, CDCJ): 6 142.7, 141.9, 129.5, 129.3, 125.5,
121.5, 118.8, 118.1. MS (ESI-TORy/z (M+H)" Calcd for
C1H1,CIN 204.1, found 204.1.

¥C NMR (125 or 100 MHz) spectra were determined on a&-Bromo-N-phenylaniline3f). *

Varian-Inova 300 MHz or 400 MHz spectrometer with CPai

DMSO-ds as solvent and tetramethylsilane (TMS) as internal

standard. Chemical shifts were reported in ppm fiaternal
TMS (), all coupling constants) (/alues) were reported in Hertz
(Hz). Mass spectra were recorded on a microTOF-(HESI).

Brown solid; m.p. 85-88C, vyield 75% (186.1 mg)H NMR
(400 MHz, CDC}): ¢ 7.34 (d,J = 8.7 Hz, 2H), 7.25-7.29 (m, 2H),
7.05 (d,J = 7.7 Hz, 2H), 6.92-6.98 (m, 3H), 5.66 (br, s, 1¥0;
NMR (100 MHz, CDC)): ¢ 142.5, 142.4, 132.2, 129.5, 121.7,

Column chromatography was performed with 300-400 mes#19.0, 118.3, 112.6. MS (ESI-TORy/z (M+H)" Calcd for

silica gel using flash column techniques. All of tkagents were
used directly as obtained commercially unless ettser noted.

4.2. General procedure for the preparation of N-aryl amines
3.

General procedure for N-arylation of amin2s( with
arylhydrazinesl). Into a 25 mL round-bottom flask, ami(® (1
mmol), Cu(OAc) (0.02 g, 0.1 mmol) and acetonitrile (4 mL)
were added, the mixture was stirred and cooled {6.0Then,

C,H1.BrN 248.0, found 248.0.
Methyl 4-(phenylamino)benzoatgy. **

Colorless solid; m.p. 115-11°C, yield 69% (156.8 mg):H
NMR (400 MHz, CDCJ): § 7.89-7.93 (m, 2H), 7.31-7.35 (m,
2H), 7.15-7.18 (m, 2H), 7.04—7.08 (m, 1H), 6.96—7100 ZH),
6.08 (br, s, 1H), 3.87 (s, 3H}*C NMR (100 MHz, CDG)): §
167.0, 148.1, 140.9, 131.5, 129.5, 123.1, 121.1.412114.6,
51.7. MS (ESI-TOFm/z (M+H)" Calcd for G,H.,NO, 228.1,

CoPc (0.057 g, 0.1 mmol) was added, the solution ofound228.1.

arylhydrazine(1) (2 mmol) in acetonitrile (2 mL) was added
successively at a rate of 0.2 mmol per hour whileirsg for 13
hours in air. After completion of the reaction (ntonéd by TLC
analysis (developing solvent: ethyl acetate/petnolether (1:8)),
the mixture was filtered, concentrated, and thddues was
further purified by column chromatography using yéth
acetate/petroleum ether (1:100) as eluent to affbestyl amine3.

4.3 Characterization
Diphenylamine3a).

White solid; m.p. 52-54C, yield 80% (135.4 mg)'H NMR
(400 MHz, CDCY): § 7.25-7.29 (m, 4H), 7.07-7.09 (m, 4H),
6.93 (t,J = 7.3 Hz, 2H), 5.74 (br, s, 1H)*C NMR (100 MHz,
CDCL): 6 143.1, 129.4, 121.0, 117.8. MS (ESI-TOR)/z
(M+H)" Calcd for G,H,N 170.1, found 170.1.

4-Nitro-N-phenylanilinegh). *°

Yellow solid; m.p. 132-134C, yield 58% (124.2 mg)‘H
NMR (400 MHz, CDCJ): 6 8.12 (d,J = 9.1 Hz, 2H), 7.39 () =
7.9 Hz, 2H), 7.15-7.22 (m, 3H), 6.94 @= 9.1 Hz, 2H), 6.27
(br, s, 1H);"*C NMR (100 MHz, CDGJ)): § 150.2, 139.8, 139.5,
129.8, 126.3, 124.7, 122.0, 113.7. MS (ESI-T@#z (M+H)"
Calcd for G,H;;N,0, 215.1, found 215.1.

4-(Phenylamino)benzonitrily). *°

Yellow solid; m.p. 97-98C, yield 60% (116.5 mg}H NMR
(400 MHz, CDC}): 6 7.47 (d,J = 8.6 Hz, 2H), 7.36 (tJ = 7.8 Hz,
2H), 7.17 (dJ = 7.8 Hz, 2H), 7.12 () = 7.4 Hz, 1H), 6.97 (d]
= 8.6 Hz, 2H), 6.09 (br, s, 1HJIC NMR (100 MHz, CDG)): ¢
148.0, 140.0, 133.8, 129.7, 124.0, 121.3, 119.8,9.1101.5. MS
(ESI-TOF)m/z (M+H)" Calcd for GgH1:N, 195.1, found 195.1.



6
N-Phenyl-1,4-benzenediamirgj)(*’

Brown solid; m.p. 69-71C, yield 72% (132.6 mg)H NMR
(400 MHz, CDC}): ¢ 7.18 (ddJ = 8.2, 7.6 Hz, 2H), 6.97 (d,=
8.4 Hz, 2H), 6.85 (dJ = 7.8 Hz, 2H), 6.79 (tJ = 7.3 Hz, 1H),
6.67 (d,J = 8.4 Hz, 2H), 5.39 (br, s, 1H), 3.18 (br, s, 2Hg¢
NMR (100 MHz, CDC)): 6 145.9, 142.1, 133.9, 129.3, 12.3,
119.0, 116.2, 115.1. MS (ESI-TORp/z (M+H)" Calcd for
Ci,H15N, 185.1, found 185.1.

3-Methyl-N-phenylaniline3k). **

Yellow solid; m.p. 30-3£C, yield 76%( 139.3 mg}H NMR
(400 MHz, CDC)): § 7.23 (t,J = 7.8 Hz, 2H), 7.13 (i = 8.1 Hz,
1H), 7.03 (dJ = 8.1 Hz, 2H), 6.86-6.92 (m, 3H), 6.73 §d5 7.5
Hz, 1H), 5.59 (br, s, 1H), 2.28 (s, 3HC NMR (100 MHz,
CDCly): ¢ 143.3, 143.2, 139.3, 129.4, 129.3, 122.0, 120.8,6.1
117.9, 115.0, 21.6. MS (ESI-TORN/z (M+H)" Calcd for
CiaHuN 184.1, found 184.1.

3-Nitro-N-phenylaniline gl). *°

Yellow solid; m.p. 86—88C, yield 56% (120.0 mg}H NMR
(400 MHz, CDCY): ¢ 7.84 (t,J = 2.1 Hz, 1H), 7.69 (dd] = 8.0,
1.2 Hz, 1H), 7.27-7.38 (m, 4H), 7.14 (b 7.6 Hz, 2H), 7.08 (t,
J=7.4 Hz, 1H), 5.94 (br, s, 1HYC NMR (125 MHz, CDGJ)): 6
149.3, 145.1, 140.9, 130.0, 129.7, 123.2, 121.8.91114.7,
110.3. MS (ESI-TOF)n/z (M+H)" Calcd for G,HyiN,O, 215.1,
found 215.1.

2-Nitro-N-phenylanilinegm). *®

Yellow solid; m.p. 74-75C, yield 30% (64.3 mg)‘*H NMR
(400 MHz, CDCY): 6 9.49 (br, s, 1H), 8.20 (dd,= 8.6, 1.3 Hz,
1H), 7.42 (tJ = 7.8 Hz, 1H), 7.39-7.33 (m, 1H), 7.21-7.29 (m,
4H), 6.75-6.79 (m, 1HC NMR (125 MHz, CDCJ): & 143.1,
138.7, 135.7, 133.2, 129.7, 126.7, 125.6, 124.4,5.1116.0. MS
(ESI-TOF) m/z (M+H)" Calcd for G,H;;N,O, 215.1, found
215.1.

2-Methyl-N-phenylaniline3n). *°

Brown solid; m.p. 39—46C, vyield 75% (137.5 mg)H NMR
(400 MHz, CDC}): § 7.23 (t,J = 7.8 Hz, 3H), 7.18 (d] = 7.2 Hz,
1H), 7.12 (tJ = 7.6 Hz, 1H), 6.94 (d] = 8.0 Hz, 1H), 6.91-6.86
(m, 1H), 5.28 (br, s, 1H), 2.24 (s, 3H)C NMR (100 MHz,
CDCly): 6 144.0, 141.2, 131.0, 129.4, 128.4, 126.8, 122.0,52
118.9, 117.5, 18.0. MS (ESI-TORN/z (M+H)" Calcd for
CiaH1N 184.1, found 184.1.

2,6-Diethyl-N-phenylaniline3p). *

Amber oil, yield 56% (126.2 mgjH NMR (400 MHz, CDC)):
6 7.11-7.23 (m, 5H), 6.72 @,= 7.3 Hz, 1H), 6.48 (d] = 7.7 Hz,
2H), 5.14 (br, s, 1H), 2.58 (4,= 7.5 Hz, 4H), 1.14 ({J = 7.6 Hz,
6H); °C NMR (125 MHz, CDG)): ¢ 147.3, 142.3, 136.9, 129.2,
126.7, 126.5, 117.9, 113.2, 24.7, 14.7. MS (ESI-T@f¥z
(M+H)" Calcd for GgH,oN 226.2, found 226.2.

2-(tert-Butyl)-N-phenylaniline3p). **

Yellow oil, yield 58% (130.7 mg)'H NMR (400 MHz,
CDCL): 6 7.42 (ddJ = 7.9, 1.4 Hz, 1H), 7.27 (dd,= 7.9, 1.3 Hz,
1H), 7.14-7.23 (m, 3H), 7.04-7.08 (m, 1H), 6.79-6:82 ZH),
5.39 (br, s, 1H), 1.43 (s, 9H}*C NMR (100 MHz, CDG)): §
146.0, 143.4, 141.2, 129.3, 127.1, 126.9, 126.@.9,2119.2,
116.0, 34.9, 30.6. MS (ESI-TOR)/z (M+H)" Calcd for GgH,oN
226.2, found 226.2.

N-Phenylbenzene-1,2-diamirggj.

Brown solid; m.p. 78-86C, yield 35% (64.5 mg)'H NMR
(400 MHz, CDC)): 6 7.18-7.23 (m, 2H), 7.11 (d,= 7.7 Hz, 1H),
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7.01 (t,J = 7.3 Hz, 1H), 6.72-6.83 (m, 5H), 5.12 (br, s, 1Hj43.
(br, s, 2H);”*C NMR (100 MHz, CDG)): § 145.4, 141.9, 129.3,
128.6, 125.7, 124.9, 119.3, 119.2, 116.2, 115.2.(BSI-TOF)
m/z (M+H)" Calcd for G,H3N, 185.1, found 185.1.

N', N°-Diphenylbenzene-1,2-diamingc). %

Brown solid; m.p. 107-108C, yield 40% (104.1 mg)'H
NMR (400 MHz, CDCJ): § 7.21-7.29 (m, 6H), 6.91-7.04 (m,
8H), 5.57 (br, s, 2H)*C NMR (100 MHz, CDCJ): ¢ 143.9,
134.9, 129.3, 123.0, 120.6, 120.3, 117.3. MS (ESFIm/z
(M+H)" Calcd for GgHy7N, 261.1, found 261.1.

N-Phenylnaphthalen-2-aminarj.

White solid; m.p. 107-108C, yield 57% ( 125.0 mg)'H
NMR (400 MHz, CDCY): 6 7.73 (d,J = 8.6 Hz, 2H), 7.64 (d] =
8.2 Hz, 1H), 7.43 (dJ = 1.8 Hz, 1H), 7.38-7.42 (m, 1H), 7.28—
7.32 (m, 3H), 7.22 (dd] = 8.8, 2.3 Hz, 1H), 7.15-7.17 (m, 2H),
6.98 (t,J = 7.3 Hz, 1H), 5.82 (br, s, 1H*C NMR (100 MHz,
CDCly): 6 142.7, 140.6, 134.6, 129.5, 129.4, 129.3, 127.8,612
126.5, 123.7, 121.8, 120.1, 118.5, 112.1. MS (ESFIm/z
(M+H)" Calcd for GgH,N 220.1, found 220.1.

N,1-Diphenylnaphthalen-2-amin8r{). **

Brown oil, yield 25% (73.9 mgfH NMR (400 MHz, CDCJ):

8 7.74-7.78 (m, 2H), 7.58 (d,= 8.9 Hz, 1H), 7.51 (] = 7.4 Hz,
2H), 7.41-7.45 (m, 1H), 7.33-7.38 (m, 3H), 7.27-7180 ZH),
7.19-7.24 (m, 2H), 7.00 (d,= 7.7 Hz, 2H), 6.92 (t) = 7.3 Hz,
1H), 5.53 (br, s, 1H)"*C NMR (100 MHz, CDGJ)): 6 143.6,
138.1, 136.7, 133.9, 131.0, 129.39, 129.38, 128,4, 128.0,
127.9, 126.4, 125.3, 125.0, 123.4, 121.5, 118.8,7LIMS (ESI-
TOF)m/z (M+H)" Calcd for G,HygN 296.1, found 296.1.

N-Phenylpyridin-2-amine3g). %

Colorless solid; m.p. 106—10%, yield 58% (98.7 mg)‘H
NMR (400 MHz, CDCJ): 6 8.19-8.20 (m, 1H), 7.45-7.49 (m,
1H), 7.33 (s, 2H), 7.32 (s, 2H), 7.08 (br, s, 1H), 7026 (m,
1H), 6.88 (dJ = 8.4 Hz, 1H), 6.70-6.73 (m, 1HC NMR (100
MHz, CDCL): § 156.2, 148.3, 140.5, 137.8, 129.3, 122.8, 120.5,
114.9, 108.2. MS (ESI-TORpn/z (M+H)" Calcd for GHyN,
171.1, found 171.1.

N-Methyl-N-phenylaniline3t). 2°

Brown oil, yield 60% (110.0 mgfH NMR (400 MHz, CDCJ):
8 7.25-7.29 (m, 4H), 7.01-7.03 (m, 4H), 6.93-6.972H), 3.32
(s, 3H); °C NMR (100 MHz, CDGCJ): ¢ 149.0, 129.2, 121.3,
120.5, 40.3. MS (ESI-TOFjn/z (M+H)" Calcd for GgHN
184.1, found 184.1.

3-Chloro-N-phenylaniline3y). *®

Brown oil, yield 55% (112.0 mgfH NMR (400 MHz, CDCJ):
5 7.26-7.30 (m, 2H), 7.13 @,= 8.0 Hz, 1H), 7.05-7.07 (m, 2H),
6.96-7.01 (m, 2H), 6.83-6.87 (m, 2H), 5.67 (br, s,;1#) NMR
(100 MHz, CDC}): 6 144.9, 142.0, 135.0, 130.4, 129.5, 122.1,
120.5, 119.0, 116.7, 115.2. MS (ESI-TOf)z (M+H)" Calcd
for C;,H1;,CIN 204.1, found 204.1.

N-Benzylaniline 3w). >’

Brown oil, yield 53% (97.1 mgfH NMR (400 MHz, CDCJ):
5 7.23-7.36 (m, 5H), 7.16 @,= 7.8 Hz, 2H), 6.70 (t = 7.3 Hz,
1H), 6.61 (d,J = 8.1 Hz, 2H), 4.29 (s, 2H), 3.98 (s, 1HJC
NMR (100 MHz, CDC)): 6 148.2, 139.5, 129.3, 128.7, 127.6,
127.3, 117.6, 112.9, 48.4; MS (ESI-TQR)z (M+H)" Calcd for
CiHuN 184.1, found 184.1.

N-Hexylaniline 8x). ?’



Brown oil, yield 45% (79.8 mg)fH NMR (400 MHz, CDC)):
5 7.17 (t,J = 7.9 Hz, 2H), 6.68 (t) = 7.3 Hz, 1H), 6.60 (dJ =
7.7 Hz, 2H), 3.58 (br, s, 1H), 3.10 Jt= 7.1 Hz, 2H), 1.57-1.65
(m, 2H), 1.30-1.43 (m, 6H), 0.90 @= 6.7 Hz, 3H);"*C NMR
(125 MHz, CDC}): 6 148.5, 129.2, 117.0, 112.7, 44.0, 31.7, 29.6,
26.9, 22.6, 14.1. MS (ESI-TOR)/z (M+H)"* Calcd for GH,N
178.2, found 178.2.

2,2,6,6-Tetramethyl-1-phenoxypiperidirié)*®

Colorless oil.'H NMR (400 MHz, CDC)): 6 7.25-7.12 (m,
4H), 6.89-6.80 (m, 1H), 1.67-1.54 (m, 5H), 1.45-1189 TH),
1.24 (s, 6H), 1.02 (s, 6HC NMR (101 MHz, CDG)): ¢ 163.1,
128.2, 119.4, 113.4, 59.8, 39.3, 32.1, 20.0, 1€8.(ESI-TOF)
m/z (M+H)" Calcd for GsH,sNOH 234.1, found 234.1.

Supplementary data

The copies of th&H NMR and ®*C NMR spectra for the
products are available.
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