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4-
) ®
©)) 4-
[0009]
[0010] 1
NNHPh o
[0011] —P—hQ“ | TCUOAC), BEY, TEMZC PR ':W-?:::ag:pﬁ/f’r\'—'*'«-:-=
iy, N ===-=>" "tolyens; 1 20C NS0T 120 %0 g = —— 2=
la  1a : PR
[0012] 15mL 1a(0 .5mmol ,67mg) (Cu(OAc)2,0 .05mmol ,9mg) 2,
2°- (bpy ,0 .05mmol ,8mg) 2,2 ,6 ,6- (TEMPO ,0 .5mmol ,78mg)
(toluene ,3mL) 120 10h
2a(0 .5mmol ,112mg) 120
4h 10mL (10mLx 3)
( / 20/1)
1,3- -4- 3a(68mg,42 ) 'H NMR

(400MHz ,CDCI2)d =7 .32-7 .42(m ,6H) ,7 .47-7 .54(m ,3H) ,7 .72-7 .74(m ,2H) ,7 .79(d ,J
8.0Hz ,2H) ,7.84(d ,J 7 .6Hz ,2H) ,8.28(s,1H) .13C NMR(150MHz ,CDCI3)5 :119.6,121 .2,
127 .6,128.2,128 .4,128 .6,128 .9,129 .5,129 .7 ,132 .1,132 .3,132 .6 ,138..9,139 .3,
154 .0,190 .1 .HRMS:calcd for CaoHisN:ONa:347 .1155[M+Na]*,found:347 .1157

[0013] 2

[0014] 15mL 1a(0 .5mmol ,67mg) Cu(0Ac)2(0.1mmol ,18mg) bpy
(0 .05mmol ,8mg) TEMPO(O .5mmol ,78mg) (3mL)
120 10h 2a(0 .5mmol ,112mg)
120 4h 10mL (10mLx 3)
( /
20/1) 1,3- -4- 3a(97mg ,60 )
[0015] 3
[0016] 15mL 1a(0 .6mmol ,80mg) Cu(0Ac)2(0.1mmol ,18mg) bpy
(0 .05mmol ,8mg) TEMPO(O .5mmol ,78mg) (3mL)
120 10h 2a(0 .5mmol ,112mg)
120 4h 10mL (10mLx 3)
( /

20/1) 1,3- -4- 3a(105mg ,65 )
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[0017] 4
[0018] 15mL 1a(0 .6mmol ,80mg) Cu(0Ac)2(0.1mmol ,18mg) bpy
(0 .05mmol ,8mg) TEMPO(1 .Ommol ,156mg) (3mL)
120 10h 2a(0 .5mmol ,112mg)
120 4h 10mL (10mLx 3)
( /
20/1) 1,3- -4- 3a(49mg ,30 )
[0019] 5
[0020] 15mL 1a(0 .6mmol ,80mg) Cu(0Ac)2(0.1mmol ,18mg) bpy
(0 .05mmol ,8mg) TEMPO(O .5mmol ,78mg) (3mL)
120 10h 2a(0 .5mmol ,112mg)
120 4h 10mL (10mLx 3)
( /
20/1) 1,3- -4- 3a(l17mg,72 )
[0021] 6
[0022] 15mL 1a(0 .6mmol ,80mg) Cu(0Ac)2(0.1mmol ,18mg) bpy
(0 .05mmol ,8mg) TEMPO(O .5mmol ,78mg) (3mL)
100 10h 2a(0 .5mmol ,112mg)
100 4h 10mL (10mLx 3)
( /
20/1) 1,3- -4- 3a(94mg ,58 )
[0023] 7
[0024] 15mL 1a(0 .6mmol ,80mg) Cu(0Ac)2(0.1mmol ,18mg) bpy
(0 .05mmol ,8mg) TEMPO(O .5mmol ,78mg) (3mL)
140 10h 2a(0 .5mmol ,112mg)
140 4h 10mL (10mLx 3)
( /
20/1) 1,3- -4- 3a(102mg ,63 )
[0025] 8
NNHPh 0o
o} . | IR
[0026]
[0027] 15mL 1b (0 .6mmol ,91mg) Cu(0Ac)2(0.1mmol ,18mg) bpy
(0 .05mmol ,8mg) TEMPO(O .5mmol ,78mg) (3mL)
120 10h 2a(0 .5mmol ,112mg)
120 4h 10mL (10mLx 3)
( /

20/1) 1,3- ~4-(4- ) 3b(130mg,76 )
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4 NMR(600MHz ,CDCI3)5 :7 .03(t,J 8 .4Hz ,2H) ,7 .30-7 .32(n ,3H) ,
7.34(t,J 7.2Hz ,1H),7.47(t,J 7 .8Hz 2H),7.66-7 .68(n,2H) ,7 .77-7 .80(m ,2H) ,7 .82~
7 .84(m,2H) ,8 .27(s ,1H) .23C NMR(150MHz ,CDCI3)3 :115.5(d ,2Jc-¢ 21 .9Hz) ,119 .6,
121.1,127 .6,128 .2,128 7,128 .9,129..7 ,132..0,132 .1(d ,3Jcr  9.9Hz) ,132.2,135.0(d ,
“Jer 3.3Hz) ,139.2,153.8,165.5(d ,"Jc-F 252 .6Hz) ,188 .6 .HRMS:calcdfor
C22HisFN20Na: 365 .1061 [M+Na]* ,Found 365 1031

[0028] 9
NNHPh
[0029] i _Cu(OAc);, bpy, TEMPO Ph)j\/ 2a (4-Br)ph)l\(\n Ph
EBRBA==-"2PREY, 120.°C, Ny; 10:h--- 120 0 YCrair 4R PN
1c” PR 3¢
[0030] 15mL 1c (0 .6mmol ,127mg) Cu(OAc)2(0.1mmol ,18mg) bpy
(0 .05mmol ,8mg) TEMPO(O .5mmol ,78mg) (3mL)
120 10h 2a(0 .5mmol ,112mg)
120 4h 10mL (10mLx 3)
( /
20/1) 1,3- -4-(4- ) 3c(150mg ,75 )

4 NMR (400MHz ,CDCI3) -7 .33-7 .34(m ,3H) ,7 .37(t,J 7 .6Hz ,1H),
7 .48-7 .53(m ,4H) ,7 .67-7 .70(m ,4H) ,7.78(dd ,J1 8.8Hz ,J> 1.2Hz,2H) ,8.28(s,1H) .B°C
NMR (100MHz ,CDCI3)s 2119 .6 ,121 .0,127 .6 ,127 .7 ,128 .2,128 .8 ,128 .9,129 .7 ,131 .0,
131.6,131.9,132.2,137 .6,139 .2,153.9,188 .9 .HRMS:calcd forCazHi6BrN20:403 .0441 M+
H]* ,found:403 .0452

[0031] 10
NNHPh
(073 [— L \AL 20 (CF,PhT
[0033] 15mL 1d (0 .6mmol ,121mg) Cu(OAc)2(0 .1mmol ,18mg) bpy
(0 .05mmol ,8mg) TEMPO(O -5mmol ,78mg) (3mL)
120 10h 2a(0 .5mmol ,112mg)
120 4h 10mL (10mLx 3)
( /

20/1) 1,3- -4-(4- ) 3d(167mg,

85 ) 4 NMR (400MHz ,CDCI3)d -7 .31-7 .38(m ,4H) ,7 .46-7 .50

(m,2H) ,7.62(d,J 8.0Hz,2H) ,7 .66-7 .69(m ,2H) ,7 .76-7 .78(m,2H) ,7 .87(d ,J 8.0Hz,
2H) ,8.29(s ,1H) .**C NMR(100MHz ,CDCI3)S 119 .6,120.9,123 .6(q ,'Jcr 271 .3Hz) ,125 .4
(q.,%Jcr 3.7Hz) ,127 .8,128.2,128.8,129.0,129 .6 ,129.7 ,131 .8 ,132 .6 ,133 .8(q ,2Jc-F
32 .8Hz) ,139.1,141.9,154 .2,188 .8 .HRMS:calcd for Cz3Hi6F3N20:393 .1209[M+H]",
found:393.1210

[0034] 11
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NNHPh O

)
[0035] )_k/ Cu(OAc),, bpy, TEMPO Ph)k/ 22 (4-Me)Ph)k€!\|—ph
(ANe\olT > oh n N

OhELIRR2G -, W o 12080 Qe e SR

— PR A L

= Ph‘zg“ -
[0036] 15mL 1e (0 .6mmol ,89mg) Cu(0Ac)2(0.1mmol ,18mg) bpy
(0 .05mmol ,8mg) TEMPO(O .5mmol ,78mg) (3mL)
120 10h 2a(0 .5mmol ,112mg)
120 4h 10mL (10mLx 3)
( /
20/1) 1,3- -4-(4- ) 3e(110mg ,65 )

'H NMR (400MHz ,CDCI3)d :2 .38(s ,3H) ,7.19(d ,J 8.0Hz ,2H),
7 .32-7.35(m ,4H) ,7 .47(t,J 8.0Hz ,2H) ,7 .74-7 .78(m ,6H) ,8 .24(s ,1H) .**C NMR(100MHz ,
CDCI3) :21.7,119.5,121 .4,127 .4 ,128.2,128 .6,128.9,129.1,129 .6 ,129 .7 ,132 .0,
132.2,136.3,139.3,143.5,153 .8,189 .8 .HRMS:calcd for CzsHioN20:339 .1492[M+H]",
found:339.1474

[0037] 12
AR 2
[0038] )CL/ Cu(OAc),, bpy, TEMPO  Ph 2a_ (4-Me0)Ph)i N—Ph
(4-MeO)Ph PhCl, 120°C, N5, 10h  120°C, air. 4 h /N
1f Ph™ 3¢
[0039] 15mL 1f (0 .6mmol ,98mg) Cu(0Ac)2(0.1mmol ,18mg) bpy
(0 .05mmol ,8mg) TEMPO(O .5mmol ,78mg) (3mL)
120 10h 2a(0 .5mmol ,112mg)
120 4h 10mL (10mLx 3)
( /
10/1) 1,3- ~4-(4- ) 3f(106mg,60 )

'H NMR (400MHz ,CDCI3) -3 .85(s ,3H) ,6 .87(dd ,J1 1 .2Hz ,J2
7 .2Hz ,2H) ,7 .32-7 .34(m ,3H) ,7 .37(d ,J 7 .2Hz ,1H) ,7 .50(t,J 8.0Hz,2H) ,7.71-7.73
(m,2H) ,7.79(d,J 7.6Hz,2H),7.85(dd,J1 6.8Hz,J> 2.0Hz,2H),8.26(s,1H) .°C NMR
(150MHz ,CDCI3) :55.5,113.6,119.5,121 .5,127 .4 ,128 .2 ,128 .5,128 .8 ,129 .6 ,131 .4,
131.6,132.0,132.2,139 .4,153 .6 ,163 .4 ,188 .9 .HRMS:calcd ForCzsHisN202Na:377 .1260[M
+Na]" ,found:377 .1228

[0040] 13
NNHPh 0
[0041] o SU{ORE) Doy, TEMPO P 2a_ (3-CiPH N7 N-Ph
(FCAPR 257 DhOL 42006, N AN ey, IROC LA o vr o AN
3g 19 Ph
[0042] 15mL 19 (0 .6mmol ,101mg) Cu(OAc)2(0 .1mmol ,18mg) bpy
(0 .05mmol ,8mg) TEMPO(O .5mmol ,78mg) (3mL)
120 10h 2a(0 .5mmol ,112mg)
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120 4h 10mL (10mLx 3)
( /
20/1) 1,3- -4-(3- ) 39(143mg ,80 )

'H NMR(600MHz ,CDCI3)5 :7 .31(t,J 7 .8Hz,1H) ,7 .33-7 .35(m,3H) ,
7.38(t,J 7.8Hz,H),7.47(dd,J1 7 .8Hz,J2 1.2Hz,1H),7.50(t,J 7 .8Hz,2H) ,7.66-
7 .69(m,3H) ,7 .78-7 .80(m,3H) ,8 .31 (s ,1H) .**C NMR(150MHz ,CDCI3)d :119.7,120.9,
127 .6 ,127 .7 ,128 .2,128 .8,129.0,129 .4,129 .6 ,129.7,131.9,132 .3,132.5,134 .6,
139.2,140 .4 ,154 .1,188 .6 .HRMS:calcd for C22HisCIN20Na:381 .0765[M+Na]" ,found:
381 .0769

[0043] 14
T NNHPh (o] '
[0044] VPO Ph%K/ 2a_(3- Meol)Phil\(\_{_N—P_r_] o 1 Cu©Ad, bpy, TE!
C. aif. 4 h ~ =N’ (BMEORNT  PRCL 120°C No 10h 1200
PH 3h 1h =
[0045] 15mL 1h (0 .6mmol ,98mg) Cu(0Ac)2(0.1mmol ,18mg) bpy
(0 .05mmol ,8mg) TEMPO(O .5mmol ,78mg) (3mL)
120 10h 2a(0 .5mmol ,112mg)
120 4h 10mL (10mLx 3)
( /
10/1) 1,3- -4-(3- ) 3h(110mg ,62 )

'H NMR (400MHz ,CDCI3) -3 .66 (s ,3H) ,6 .94-6 .97 (m ,1H) ,7 .16-
7.27(m,6H) ,7.31(d,J 7.6Hz,1H),7.37(t,J 8.0Hz,2H),7.62-7 .68(m ,4H) ,8.18(s,
1H) .2*C NMR (150MHz ,CDCl3)d :55.4,113.7 ,119 .3,119 .6 ,121 .2 ,122 .3,127 .6 ,128 .2,
128.7,128 .9,129 .4 ,129 .7 ,132 .2 ,132 .4 ,139 .3,140 .2 ,154 .0 ,159 .7 ,189 .7 .HRMS: cal cd
for CasHioN202:355 .1441[M+H]" ,found:355 .1434
[0046] 15
O NNHPh 0]

2 CulQAnY, hoy, TEMPQ. Eh)l\/ ~" 9a /\)IS_/\ Db,

s SN
[0047] _<\,S PhCI, 120 °C, N,, 10h__120°C, air, 4 h K—

1i

[0048] 15mL 1i (0 .6mmol ,84mg) Cu(0Ac)2(0.1mmol ,18mg) bpy
(0 .05mmol ,8mg) TEMPO(O .5mmol ,78mg) (3mL)
120 10h 2a(0 .5mmol ,112mg)
120 4h 10mL (10mLx 3)
( /
20/1) 3i(135mg,82 ) 'H NMR

(400MHz ,CDC13) 7 .06-7 .09(m ,1H) ,7 .35-7 .40(m ,4H) ,7 .52(t ,J 8 .0Hz ,2H) ,7 .62(dd ,J1
1.2Hz ,J> 4 .0Hz,lH),7.66(dd,J1 0.8Hz,J. 4 .8Hz,H),7.78-7.82(m,4H) ,8.40(s,
1H) .13C NMR(150MHz ,CDCI3)S :119.6,121.1,127 .6,128 .0,128 .3,128.7,128 .8 ,129 .7,
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131.2,132.0,133.9,134.0,139 .3,145 .0 ,153 .4 ,181 .4 .HRMS: cal cdfor CzoH1aN20SNa:
353 .0719[M+Na]* ,Found:53 .0707

[0049] 16
NNHPh 0
o i ’bﬁ@ﬁtﬁ}z,'ﬁpy.‘rﬁﬁ%_:ﬁﬁ 3 N \“‘-r).k f\ N’Pr
[00501 ™™ ~2 “prci120 °C, N, T0h 120°C, arr a N oSN
L J Ph
1j 3j
[0051] 15mL 13 (0.6mmol ,81mg) Cu(OAc)2(0.1mmol ,18mg) bpy
(0 .05mmol ,8mg) TEMPO(O .5mmol ,78mg) (3mL)
120 10h 2a(0 .5mmol ,112mg)
120 4h 10mL (10mLx 3)
( /
10/1) 3j(102mg ,63 ) 'H NMR

(400MHz ,CDCI3)5 -7 .31-7 .38(m ,5H) ,7 .48(t,J 8 .0Hz ,2H) ,7 .67-7 .69(m ,2H) ,7 .78(d ,J

8 .0Hz ,2H) ,8.05(d ,J 7 .6Hz,1H) ,8.35(s,1H) ,8.71(s,1H) ,9.02(s,1H) .**C NMR
(100MHz ,CDCI3)» -119.6,120.9,123 .4 ,127 .8,128 .3,128 .9,129.1,129.7,131.8,132 .5,
134 .4,136 .6,139.1,150 .3,152 .8,154 .1,188 .1 .HRMS:calcd forCz1H1eN30:326 .1288[M+H
1" ,found:326 .1276

[0052] 17
0 NNHPh 0

F/ﬁ\T/ﬂ\”// Cu(OAc),, bpy, TEMPO ph’u‘»/’ 2a rf“\r/%:L:\

[0053] =y ===k S ‘ENE'*iuengrz&b alr;an = ——-—_ﬁ/_,g;ﬁﬂ_
1k FgL
[0054] 15mL 1k (0 .6mmol ,84mg) Cu(0Ac)2(0.1mmol ,18mg) bpy
(0 .05mmol ,8mg) TEMPO(O .5mmol ,78mg) (3mL)
120 10h 2a(0 .5mmol ,112mg)
120 4h 10mL (10mLx 3)
( /
10/1) 3k(79mg ,48 ) 'H NMR

(600MHz ,CDCI3)5 :1.13-1 .24(m ,3H) ,1 .45-1 .51(m ,2H) ,1 .64-1 .66(m ,1H) ,1.76-1.79(n,
2H) ,1.83-1.85(m,2H) ,2.78-2.82(m,1H) ,7 .36(t ,J 7 .8Hz ,1H) ,7 .42-7 .46(m ,3H) ,7 .49
(t,J 7.8Hz,2H),7.73(dd,J1 7.8Hz,J2 1.2Hz,2H),7.78(d,J 7.2Hz ,2H),8.42(s,
1H) .13C NMR(150MHz ,CDCI3)S 125 .7 ,25 .8 ,29 .4 ,48 9,119 .7 ,121 .7 ,127 .6 ,,128 .1,128 .8,
129 .3,129 .6 ,130.9,132.7,139 .3 ,153..9,199 .0 .HRMS:calcd for CazHaaN,0:331 .1805[M+
H]* ,found:331.1789

[0055] 18
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NNHPh4-Cl) O

0
.
[0056] Cu(OAc),, bpy, TEMPO  Ph 2b_Ph N—Ph(4-Cl)
Ph)\/ —

PhCI, 120 °C, Ny, 10h 120 °C, air, 4 h N
1a Ph™ 3)

[0057] 15mL 1a(0 .6mmol ,80mg) Cu(0Ac)2(0.1mmol ,18mg) bpy
(0 .05mmol ,8mg) TEMPO(O .5mmol ,78mg) (3mL)
120 10h 2b (0 .5mmol ,129mg)
120 4h 10mL (10mLx 3)
( /
20/1) 1-(4- )-3- -4- 31(143mg ,80 )

'H NMR (600MHz ,CDCI3)S -7 .32-7 .34(m,3H) ,7 .39(t,J 7 .2Hz,
2H) ,7 .45(d ,J 7 .8Hz ,2H) ,7 .52(t,J 6 .6Hz ,1H) ,7 .70-7 .74(m ,4H) ,7.82(d,J 7 .2Hz,
2H) ,8.25(s ,1H) .2*C NMR(150MHz ,CDCI3) :120.7 ,121 .6 ,128 .2 ,128 .4 ,128 .7 ,128 .9,
129.5,129.8,131.9,132.1,132.7,133.1,137 .8,138.7 ,154 .2 ,189 .9 .HRMS:calcd for
C22H1sCIN20Na-381 .0765[M+Na]" ,found:381 .0747

[0058] 19
NNHPh(4-Me) O
[00s9] i __ _Cu(OAc),, bpy, TEMPO _ Ph™” " 2¢_Ph 4 "N—-Ph(4-Me)
PR™™ ™~ PhCI,120°C,Np, 10h "120°C,air,4h =~ = )>=N
1a Ph' 3m
[0060] 15mL 1a(0 .6mmol ,80mg) Cu(0Ac)2(0.1mmol ,18mg) bpy
(0 .05mmol ,8mg) TEMPO(O .5mmol ,78mg) (3mL)
120 10h 2¢(0 .5mmol ,119mg)
120 4h 10mL (10mLx 3)
( /
20/1) 1-(4- )-3- -4- 3m(118mg,
70 ) 'H NMR (600MHz ,CDCI3) :2 .41(s ,3H) ,7.29(d,J 7 .8Hz,

2H) ,7 .32-7 .34(m ,3H) ,7.40(t ,J 7 .2Hz ,2H) ,7.52(t,] 7.2Hz,1H),7.66(d,J 7 .8Hz,
2H) ,7.73(d,J 6.0Hz ,2H) ,7.83(d,J 7 .2Hz,2H) ,8 .24(s ,1H) .3C NMR(150MHz ,CDCI3) :
21.0,119.5,121.0,128.1,128 .3,128 5,128 .9,129 5,130 .1 ,132 .2,132 .3 ,132 .6 ,137 .0,
137 .5,139.0,153.8,190 .1 .HRMS:calcd for CasHioN20:339 .1492[M+H]* ,found:339 .1475
[0061] 20

NNH4< 0O
N } I AN

AL

[0062] ¢ =7 CG(OAR);ibpy, TEMPO PR < .2¢i P PN
T YRPETTNE—PR(C, 120.°€, N3710 h—120€; aif- 4 h=
1a
[0063] 15mL 1a(0 .6mmol ,80mg) Cu(0Ac)2(0.1mmol ,18mg) bpy
(0 .05mmol ,8mg) TEMPO(O .5mmol ,78mg) (3mL)

120 10h 2d (0 .5mmol ,95mQ)



120 4h 10mL (10mLx 3)
( /
20/1) 1- -3- -4- 3n(104mg ,72 )

'H NMR (600MHz ,CDCI3) :1.51(d ,J 6 .6Hz ,6H) ,4 .48-4 .50(m,1H) ,
7.19-7 .21(m,3H) ,7 .28(t,J 7 .2Hz ,2H) ,7 .40(t,J 6 .6Hz ,1H),7.55(d,] 6 .6Hz,2H),
7.68(d,J 7.2Hz ,2H) ,7 .74(s ,1H) .**C NMR(150MHz ,CDCI3)5 :21.8,53.4,118.0,127.0,
127 .1,127.2,127.9,128 .3,131.2,131 .5,131.7,138 .2 ,151 .6 ,189 .2 .HRMS:calcd for
C1gH1aN20:291 .1492[M+H] " ,Found :291 .1468

[0064] 21
NNHPh 0
O
[ooes] M Cu(OA9s bpy, TEMPO 0Py pr N NP
Ph PhCI, 120 °C,N,, 10h  120°C, air, 4 h —N
1a (4-F)Ph" 34

[0066] 15mL 1a(0 .6mmol ,80mg) Cu(0Ac)2(0.1mmol ,18mg) bpy



10/13

152.9,189 .7 .HRMS:calcd for CoHi6BrN20:403 .0441[M+H]" ,found:403 .0464
[0070] 23

NNHPh 0

. S CHURSEIDYT ‘Ef@wd‘t e

== pheE i 20,56 AN O 20 SCralf s
1a . e =

[0071]

[0072] 15mL 1a(0 .6mmol ,80mg) Cu(0Ac)2(0.1mmol ,18mg) bpy
(0 .05mmol ,8mg) TEMPO(O .5mmol ,78mg) (3mL)
120 10h 29(0 .5mmol ,129mg)
120 4h 10mL (10mLx 3)
( /
20/1) 1- -3-(4- )-4- 3q(140mg ,78 )
'H NMR(600MHz ,CDCI3)d =7 .31(d ,J 8 .4Hz ,2H) ,7 .35(t,J
7 .2Hz ,AH) ,7 .42(t,J 7 .2Hz ,2H) ,7 .47(t,J 7 .8Hz,2H),7.54(d,J 7 .2Hz ,H),7.72-
7.75(m ,4H) ,7 .83(d,J 7 .2Hz ,2H) ,8.24(s,1H) .1*C NMR(150MHz ,CDCI3)5 :119.6,121 .1,
127 .7,128 .4,128 .5,129 .5,129.7,130.3,130.7,132 .6 ,132 .8,134.7,138 .9,139 .1,
152 .9,189 .8 .HRMS:calcd for CoH1sCIN20:359 .0946[M+H]" ,found:359 .0924
[0073] 24

NNHPh o

[0074] >==9 ROy sy TR s P o

RRE=V5 il asnon, "ha’&;“-‘ 4209 e e b

1a —(4:CF3)Ph 3
[0075] 15mL 1a(0 .6mmol ,80mg) Cu(0Ac)2(0.1mmol ,18mg) bpy
(0 .05mmol ,8mg) TEMPO(O .5mmol ,78mg) (3mL)
120 10h 2h (0 .5mmol ,146mg)
120 4h 10mL (10mLx 3)
( /

20/1) 1- -3-(4- )-4- 3r(174mg,

89 ) 'H NMR (600MHz ,CDCI3) :7 .38(t,J 7 .2Hz ,1H) ,7 .44(t,

J 7.2Hz,2H) ,7.50(t,] 7.2Hz,2H) ,7 .57(t,J 7.2Hz,H),7.61(d,] 7.8Hz,2H),7.77
(d,J 8.4Hz,2H),7.85(d,) 7.8Hz,2H),7.91(d,J 7.8Hz,2H),8.28(s,1H) .*C NMR
(100MHz ,CDCI3) :119.6,121 3,124 .2(q ,"Jer 270 .6HZ) ,125.1(q 2 Jc-F 4 .4HZ) ,127.9,
128.6,129 .2 ,129 .4 ,129.7 ,130 .4(q ,2Jc-r  32HZ) ,132.7,132.9,135.7(q ,"Je-r 1 .5Hz),
138.8,139.1,152.6,189 .6 .HRMS:calcd for CasHisF3N20:393 .1209[M+H]* ,found:
393.1218

[0076] 25

NNHPh o

0
[0077] )k/ Cu(OAc),, bpy, TEMPO  (4-Me)Ph 2 Ph 7 N-ph

Ph PhCI, 120°C, No, 10 h 120 °C, air, 4 h —N
1a (4-Me)Ph  ag
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[0078] 15mL 1a(0 .6mmol ,80mg) Cu(0Ac)2(0.1mmol ,18mg) bpy
(0 .05mmol ,8mg) TEMPO(O .5mmol ,78mg) (3mL)
120 10h 21(0 .5mmol ,119mg)
120 4h 10mL (10mLx 3)
( /
20/1) 1- -3-(4- )-4- 3s(140mg,
83 ) 'H NMR (400MHz ,CDCI3) 12 .34(s ,3H) ,7.14(d ,J 7 .8Hz,

2H) ,7.33(t,J 7.2Hz,1H),7.39(t,) 7.8Hz,2H),7.46(t,J 7.8Hz,2H),7.51(t,J

7 .8Hz ,1H) ,7.64(d,J 7.8Hz ,2H) ,7.76(d,J 7.8Hz,2H),7.84(d,J 7 .2Hz,2H) ,8.23(s,
1H) .13C NMR(150MHz ,CDCI3)s :21 .4,119 .6,121 .1 ,127 .4,128 .4 ,128 .8,128 .9,129 .2,
129 5,129 6,132 .3,132 .6,138 .5,139 .1 ,139 .3 ,154 .1,,190 .0 .HRMS:calcd ForCzsHioN:0:
339 .1492[M+H]" ,Found :339 .1506

[0079] 26
NNHPh 0

[0080] jl/ Cu(OAc),, bpy, TEMPQ (4-MeO)Ph 2j _ Ph" ¢ N-Ph

Ph ~ PhQJ120°C_No 10h.  120°C_air.4h. /=N

1a ) (4-MeO)Ph” 3¢
[0081] 15mL 1a(0 .6mmol ,80mg) Cu(0Ac)2(0.1mmol ,18mg) bpy
(0 .05mmol ,8mg) TEMPO(O .5mmol ,78mg) (3mL)
120 10h 23 (0 .5mmol ,127mg)
120 4h 10mL (10mLx 3)
( /

10/1) 1-  -3-(4- )-4- 3t(124mg,

70 ) 'H NMR (400MHz ,CDCI3) :3 .81(s ,3H) ,6.88(d,J 9.2Hz,

2H) ,7.34(t,J 7.6Hz ,1H),7.41(t,) 7.6Hz,2H),7.48(t,J 8.0Hz,2H),7.53(t,J

7 .6Hz ,1H) ,7.72(d,J 8.8Hz ,2H) ,7.76(d,J 7.6Hz,2H),7.84(d,J 7 .2Hz,2H) ,8.24(s,
1H) .23C NMR(150MHz ,CDCI3)d :55.3,113.6,119.5,120.9,124 .6 ,127 .4 ,128 .4 ,129 .5,
129 .6,130.3,132.4,132 6,139 .1,139 .3 ,153 .8 ,160 .0 ,190 .1 .HRMS:calcd ForCasHioN20:
355 .1441[M+H]" ,found :355 1442

[0082] 27
NNHPh 0
n -~ ll ~
[0083]
[0084] 15mL 1a(0 .6mmol ,80mg) Cu(0Ac)2(0.1mmol ,18mg) bpy
(0 .05mmol ,8mg) TEMPO(O .5mmol ,78mg) (3mL)
120 10h 2k (0 .5mmol ,121mg)
120 4h 10mL (10mLx 3)

( /

13



20/1) 1-  -3-(3- )-4- 3u(12img,71 )

'H NMR (600MHz ,CDCI3)S :6 .90-6 .94 (m ,1H) ,7 .17-7 .20(m ,1H) ,
7.25(t,J 7.2Hz,H),7.32(t,) 7.8Hz,2H),7.38(t,) 7.8Hz,2H),7.43-7.45(m,3H),
7 .66(d,J 8.4Hz ,2H) ,7.74(d,J 7 .2Hz ,2H) ,8.16(s ,1H) ."*CNMR(150MHz ,CDCl3)5 115 .5
(d,?Jc+  20.7Hz) ,115.8(d ,2Jc-r 23 .0Hz) ,119.6,121.2,124 .8(d ,*Jc+ 3.3Hz) ,127.7,
128 5,129.5,129 .6(d ,*Jc-r  8.7Hz) ,129.7,132.5,132.8,134 .3(d ,*Jc+ 8.7Hz) ,138.9,
139.1,152.7(d ,*Jc-¢r  2.2Hz) ,162.6(d ,'Jc-r 242 .7Hz) ,189 .8 .HRMS:calcd for
CazH16FN202343 1241 [M+H]* ,Found : 343 .1242

[0085] 28
NNHPh 0
[0086] i/ Cu(OAc),, bpy, TEMPO _ (3-Br)Ph 2l Ph 7 “N—Ph
Ph PhCI, 120°C,Np, 10h  120°C, air, 4 h —N
1a (3-Br)Ph” 3y
[0087] 15mL 1a(0 .6mmol ,80mg) Cu(0Ac)2(0.1mmol ,18mg) bpy
(0 .05mmol ,8mg) TEMPO(O .5mmol ,78mg) (3mL)
120 10h 21 (0 .5mmol ,151mg)
120 4h 10mL (10mLx 3)
( /
20/1) 1- -3-(3- )-4- 3v(159mg,79 )

'H NMR(600MHz ,CDCI3)d =7 .20(t,J 7 .8Hz ,1H) ,7 .37(t,J
7 .8Hz ,1H) ,7 .40-7 .46(m,3H) ,7 .50(t,J 7 .2Hz ,2H) ,7 .55(t,J 7 .8Hz,1H) ,7.67(d,J
7 .8Hz ,1H) ,7.77(d ,J 7 .8Hz,2H) ,7.83(d,J 7 .8Hz,2H),7.96(s,1H) ,8.27(s,1H) .15C
NMR (150MHz ,CDCI3)® :119 .6 ,121 .3 ,122.2,127 .7 ,127 .8,128 .5,129 .4 ,129 .6 ,129 .7 ,
131 .6,131.7 ,132.6,132 .8,134.1,138.9,139.1,152 .5,189 .8 .HRMS:calcdfor
C22H16BrN20:403 .0441 [M+H]* ,Found 403 .0440

[0088] 29
NNHPh
. e
[0089] Cu(OAc),, bpy, TEMPO 2m Ph)% N—Pt
'/J?:b'-‘- R =L, T o W b T R 00 1 PP B "‘u o AR it A G rs s .1- -
3w 1a =
37
[0090] 15mL 1a(0 .6mmol ,80mg) Cu(OAc)z(O-lmmoI,18mg) bpy
(0 .05mmol ,8mg) TEMPO(O .5mmol ,78mg) (3mL)
120 10h 2m(0 .5mmol ,115mg)
120 4h 10mL (10mLx 3)

( /
20/1) 1-  -3-(  -2- )-4- 3w(133mg ,81 )
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7 .93-7 .94(m,1H) ,8 .17 (s ,1H) .13C NMR(150MHz ,CDCI3)5 119 .6,120 .4 ,126 .8 ,127 .5,
127 7,128 .6,128 .9,129 .4 ,129 .7 ,132 .6 ,132 .9 ,134 .2 ,139 .0,139 .5 ,148 .3 ,189 .5 .HRNS:

calcd for CooH1aN20SNa:353 .0719[M+Na]" ,found:353 .0706
[0091]

15



