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4-
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[0009]
[0010] 1
NNHPh o
[0011] ? o_. SCMOAC); bpy; TEWMPG  PR™ #  2a_ Ph‘J"L" f "N=Pi
nl;ns;éii;;;;umueGEEJEG:ﬂJ;Né%ﬁﬂifiﬁﬂlégr [ 4D0= -
[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\€\!\l—Ph
FBRPR =T T SPHEE, 120 °C, Np~10 h~+ 120 VCrair- 41~ 2N T @
1c Ph" 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 )

IH NMR (400MHz ,CDCI3)5 :7 .33-7 .34(n ,3H) ,7.37(t,J 7 .6Hz,1H),
7 .48-7 53(m ,4H) ,7 .67-7 .70(n ,4H) ,7.78(dd ,J1 8.8Hz ,J2 1.2Hz,2H) ,8.28(s,1H) .°C
NMR (L0OMHz ,CDCl3)s :119 .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 ForCaaHisBrN20:403 .0441 [M+
H]* ,found: 403 .0452

[0031] 10
NNHPh 0
[0032] g A RIS P TR JAN‘%
Fy)PR """ " pnel; 120 °C, Ny, 10 k- 120°C: @i/ 4 h =N+ (4C
Ph 34
[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,3Jcr 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] )(L/ Cu(OAc)z, bpy, TEMPO Ph*/ (4 Me)Ph: X/ "N—Ph
1AMpPRT... ~Z  PhRLADOYG N, Aziu 2000 2irofl b i
- 16— S PR 3e
[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
HARN o
[0038] )CL/ Cu(QAG),, bpy, TEMPO ph)K/ 2a_ (4-MeO)Ph” I/_ j!\l—Ph
(4:-MeQWPh”"_ " PhCL120°C, Na.10.h . 120°C air.4h_ g =
1 — Ph fp==
[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 ,J-
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 ForCasHisN202Na:377 .1260[M
+Na]" ,found:377 .1228
[0040] 13

NNHPh ﬁ

BN .
_'Kl

@=ChPhs ===gg;;4°ayﬁ unguuz APAOC 2ig ALK e ——
g 19 Ph=3
[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
NNHPh (o] -
[0044] j o Cu(OAc),, l_)py, TEMPO Ph)K/I 2a_ (S-M.eO)Ph)]\/: N-Ph
> PNCIL120°C. N, 10h 120°C.air.4h o )=N- (3-MeQ)Ph
1h = Ph*3p
[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) .13C NMR (150MHz ,cDCI3)S :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:calcd
for CasHioN202:355 .1441[M+H]" ,found:355 .1434
[0046] 15

O NNHPh 0]
S A~ cuorsy, by, TEMPO Pu& 2a_ AN N-Ph

o4  d PhCI, 120°C, Ny, 10h ~ 120°C, air 4 \_4 =N
i 5
[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 O
g _ a - -y A )L .
os0]  PMlimienie ﬂ?@f%ﬁpm@: h 420 OC‘ zih I --\L TN
T = AN SN gy N
1j 3j
[0051] 15mL 1j (0 .6mmol ,81mg) 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) 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 (o)
— m)K/ Cu(OAc),, bpy, TEMPO ph)i\/ 2a (ﬁ)\\/\N—Ph
= TR 2L pRTEAU YL, N3 AVATET200, @In 4 e A,Ph/*“N
1k 3k
[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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NNHPh(4-Cl)
[0056] j\/ Cu(OAc), bpy, TEMPO _ Ph 2b_Ph 7 "N—Ph(4-Cl)
Ph PhCI, 120 °C, N, 10 h 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 )

4 NMR (600MHz ,CDCI3)5 =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(n ,4H) ,7.82(d,J 7 .2Hz,
2H) ,8.25(s ,1H) .13C NMR(150MHz ,CDCI3)s 1120 .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
C2oHisCIN2ONa: 381 .0765[M+Na]* ,found: 381 .0747

[0058] 19
NNHPh(4-Me)

[0059] j\/ Cu(OAc),, bpy, TEMPO _ Ph 2c_Ph 7 “N—Ph(4-Me)

Ph PhCl, 120°C, Np, 10h  120°C, air, 4 h =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

,. DL .
[0062] e ':_ ]
NG
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)

10
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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
0
[0065] )j\/ Cu(OAc),, bpy, TEMPO  (4-F)Ph 2¢ Ph 7" "N—Ph
Ph PhCI, 120 °C,N,, 10h  120°C, air, 4 h —N
- @-F)PH 34

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

11
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152.9,189 .7 .HRMS:calcd for CoHi6BrN20:403 .0441[M+H]" ,found:403 .0464
[0070] 23
NNHPh o

< S uiuRe bV EMES .ﬂ_'_‘fp Rocpins

PRGIFA209CING 10WT  1209C air a4 h=

a‘_"‘_z

O
[0071] =%%

= PR= %
1a: .

[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,1H),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 CazHisCIN20:359 .0946[M+H]" ,Found:359 .0924
[0073] 24

NNHPh

[0074] = w’rq—,/\fy T UL IRE R, TRy B (4 CF "‘Eh here e R )J}, ADnm R

v BT YT QL ARAPR Mo N -_'“?2&% Aanrfen, \=n

' 1a ' T (-G, )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,] 8.4Hz,2H),7.85(d,] 7.8Hz,2H),7.91(d,J 7.8Hz,2H),8.28(s,1H) .2*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 0
0
[0077] )k/ Cu(OAc),, bpy, TEMPO  (4-Me)Ph 2i Ph 7 N-ph
Ph PhCI, 120 °C, Ny, 10 h 120 °C, air, 4 h =N
1a (4-Me)Ph 3¢

12
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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” >~ _ PhCLA20%C Na 10h_. 120°C A 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

[0089] ELPH/H\(TTN—Ph Cu(OAc),, bpy, TEMPO _:Lji___z

Booyat o =M PO T L DhCL 109N 20 R0 iy AR i 2

3w Mg = '
[0090] 15mL 1a(0 .6mmol ,80mg) Cu(0Ac)2(0.1mmol ,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



