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1. General methods

All manipulations were conducted under argon atmosphere (1 atm),unless otherwise
noted. 'H-NMR spectra were recorded with a Bruker AVANCE-500MHz spectrometer.
Chemical shifts (in ppm) were referenced to tetramethylsilane (6 = 0 ppm) in CDCI; and
(CDs),SO as an internal standard. '*C-NMR spectra were obtained by the same NMR
spectrometer. Mass spectra were recorded by PE SCLEX QSTAR spectrometer. Infrared
spectra were recorded on a AVATAR 370 FT-IR.All materials obtained from commercial
suppliers were used without further purification.

2. Synthesis of starting materials
2.1 1-Hydroxy-1,2-benziodoxol-3-(1H)-one(2b)

| NalO, OH
AcOH(30%agq.) N
> O
COOH reflux 4h
0
2a 2b

Following a reported procedure', in a 250 ml round bottom flask, NalO, (17.3 g, 80.6 mmol,
1.0 equiv) and 2-iodobenzoic acid (20.0 g, 80.6 mmol, 1.0 equiv) were suspended in 30% (v:v)
aq. AcOH (90 mL). The mixture was vigorously stirred and refluxed for 4 h. The reaction
mixture was then diluted with cold water (120 mL) and allowed to cool to room temperature,
protecting it from light. After 1 h, the crude product was collected by filtration, washed on the
filter with ice water (3 x 45 mL) and acetone (3 x 45 mL), and air-dried in the dark to give the
pure product 2b. (18.3 g, 73.1 mmol, 93% yield, reported 92%) as a colorless solid. '"H NMR
(400 MHz, (CD;),S0O) 8.02 (dd, /= 7.7, 1.4 Hz, 1 H, ArH), 7.97(m, 1 H, ArH), 7.85 (dd, J =
8.2,0.7 Hz, 1 H, ArH), 7.71 (td, J= 7.6, 1.2 Hz, 1 H, ArH). 3C NMR (100 MHz, (CD3),SO)
167.7, 134.5, 131.5, 131.1, 130.4, 126.3 120.4. NMR data correspond to the reported values.!

2.2 1-Acetoxy-1,2-benziodoxol-3-(1H)-one(2c¢)

PH /OAc
I Ac20 N
O > )
reflux
(0] (0]
2b 2¢

Following a reported procedure?, in a 100 ml round bottom flask,compound 2b (18.3 g, 73.1
mmol, 1.00 equiv) was heated in Ac,O (40 mL) to reflux until the solution turned clear
(without suspension). The mixture was then left to cool down and white crystals started to
form. The crystallization was continued at -18 °C. The crystal were then collected and dried
overnight under high vacuum to give compound 2¢ (15.9 g, 52.3 mmol, 87% yield, reported
86%). 'TH NMR (400 MHz, CDCl;) 8 8.25 (dd, 1 H, J= 7.6, 1.4 Hz, ArH), 8.00 (dd, 1 H, J =
8.3, 0.5 Hz, ArH), 7.92 (dt, 1 H, J= 7.0, 1.7 Hz, ArH), 7.71 (td, 1 H, J = 7.6, 0.9 Hz, ArH),
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2.25 (s, 3 H, COCH3). NMR data correspond to the reported values.?

2.3 1-azido-1,2-benziodoxole-3-(1H)-one (2)

/OAC TMSN; N3
1
N TMSOTf I\
O L. @)
DCM;rt
(0] (@]
2¢ 2

Following a reported procedure?®, in a 100 ml round bottom flask,compound 2¢ (15.9 g, 52.3
mmol, 1.00 equiv) was stirred in dry DCM (45 mL) then TMSN; (10.7 mL, 78.5 mmol, 1.5
equiv) was cautiously added. A catalytic amount of TMSOTT (47 pL, 0.26 mmol, 0.005 equiv)
was added last to the mixture which was then stirred for 30 minutes. The reaction mixture was
then dried in vacuo to give a yellow precipitate, which was washed a few times with hexanes
to give compound 2 (11.6 g, 40.1 mmol, 77% yield, reported 74%) as a pure pale yellow
crystal. 'H NMR (CDCI;/CF;COOH, 20:1) 6 8.32(d, 1 H, J = 8 Hz, ArH), 4 8.05 (m, 2 H,
ArH), 8 7.85(t, 1 H, J = 8 Hz, ArH). 3C NMR (CDCI;/CF;COOH, 20:1) 8 171.1, 137.3,
128.7, 126.7, 126.6, 118.8, 117.7. IR vmax 2052 (s), 1639 (s), 1564 (m), 1440 (w), 1347 (w),
1294 (m). NMR data correspond to the reported values.*

Coution:
The azidobenziodoxolone 2 can be stored at room temperature for in refrigerator
for several months without noticeable decomposition. Shocks of the compound are
not recommended. This compound 2 decomposes with explosion upheating to 138-
140 °C

2.4 General Procedure for the Preparation of 4-Aminobiaryls (2)
K,CO3(4.0eq.)

Br _~_B(OH),  Pd(PPhs),(5%mol) NH,
IGARNS -
S X
HoN R PhMe:H,0:EtOH=3:2:1 | y
O -
95°C, 16h =
2d 2e 2

Following a reported procedure’, in a 100 ml round bottom flask, phenylboronic acid (1.00 g,
8.16 mmol, 1.3 equiv), K,CO; (3.47 g, 25.1mmol, 4.0 equiv), and Pd(PPh;), (0.363 g, 0.31
mmol, 0.05 equiv) were then dissolved in 30 mL of toluene, 20 mL of H,O, and 10 mL of
EtOH. 4-Bromoaniline (1.08 g, 6.28 mmol, 1.0 equiv) was added, and the resulting mixture
was heated to 95 °C for 16 hours. After cooling, the biphasic solution was diluted with 100
mL of saturated aqueous NH,4Cl and 100 mL of CH,Cl, and separated. The aqueous phase
was extracted with an additional 2 x 100 mL of CH,Cl,, and the combined organic phases
were washed 1 x 100 mL of water and 1 x 100 mL of saturated aqueous NaHCO;. The
organic phase was dried over Na,SO, and filtered. The filtrate was concentrated in vacuo to
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afford a brown oil. Purification by column chromatography on silica gel afforded the product(
2-Aminobiaryls was obtained by the same way).

SN

2g

[1,1'-biphenyl]-4-amine(2g):

'H NMR (CDCl;): 6 7.60 (m, 2H), 7.49-7.43 (m, 4H), 7.32 (m, 1H), 6.79 (dt, ] =2.7, 8.5 Hz,
2H), 3.74 (br s, 2H). 3C NMR (CDCl;): 6 145.0, 141.3, 131.6, 128.8, 128.1, 126.5, 126.4,
115.5. NMR data correspond to the reported values.®

4'-fluoro-[1,1'-biphenyl]-4-amine(2h):

NH2
e

2h

'H NMR (360 MHz, CDCLy): § 6.75 (d, J = 8.7 Hz, 2 H), 7.07 (t, Jus = 8.8 Hz, J = 8.8 Hz, 2
H), 7.35 (d, J = 8.7 Hz, 2 H), 7.47 (dd, Jir = 5.3 Hz, J = 8.9 Hz, 2 H); 3C NMR (91 MHz,
CDCl3): 6 115.4 (d, Jcr = 21.3 Hz), 115.4 127.8 (d, Jcr = 7.8 Hz), 127.9, 130.6, 137.3
(d, Jcr = 3.2 Hz), 145.8, 161.8 (d, Jcr = 245.0 Hz). NMR data correspond to the reported
values.’

3',5'-dimethyl-[1,1'-biphenyl]-4-amine(2i):
S

2i
H NMR (500 MHz, CDCLy): & 7.42 (d, J = 8.4 Hz, 2 H), 7.18 (s, 2H), 6.94 (s, 1H), 6.76 (d, J
= 8.4 Hz, 2H), 3.71 (br s, 2H), 2.38 (s, 6H); 3C NMR (126 MHz, CDCl:): § 145.8, 141.3,
138.2, 131.9, 128.1, 128.0, 124.5, 115.4, 21.5.

4-(naphthalen-2-yl)aniline(2j):



O NH,

2j

'TH NMR (300 MHz, CDCls): 8 = 7.99 (s, 1H); 7.88 (m, 3H),

7.75 (dd, J = 8.6, 1.4 Hz, 1H), 7.59 (d, J = 8.7 Hz, 2H), 7.48 (d, J = 6.8 Hz, 1H), 7.48 (t, J =
6.9 Hz, 1H), 6.79 (d, J = 8.0 Hz, 2H), 3.64 (br s, 2H); 3C NMR (75MHz, CDCl;) : 6 146.0.
138.5, 133.8, 132.1, 128.3, 128.1 127.6, 127.5, 126.1, 125.4, 125.3, 124.5, 115.5. NMR data
correspond to the reported values.?

[1,1'-biphenyl]-2-amine(2Kk):

'H NMR (400 MHz, CDCl;) 6 7.46 (m, 4H), 7.36 (m, 1H), 7.16 (m, 2H), 6.84 (td,J=7.5, 1.2
Hz, 1H), 6.79 (dd, J = 7.9, 1.2 Hz, 1H), 3.77 (brs, 2H); 3C NMR (125 MHz, CDCl;) §
143.46, 139.48, 130.43, 129.06, 128.78, 128.46, 127.60, 127.13,

118.62, 115.56. NMR data correspond to the reported values.’

4-(furan-2-yl)aniline(2l):

2|
'H NMR (200 MHz, DMSO-d6): § 7.56 (dd, J = 1.8 Hz, 1H), 7.40 (d, J = 8.6 Hz, 2H), 6.69

(d, J= 8.6 Hz, 2H), 6.56 (dd, J = 3.3Hz, 1H), 6.47 (dd, J = 1.8, 3.3 Hz, 1H), 3.54 (br s, 2H).
NMR data correspond to the reported values.!”

4-(thiophen-2-yl)aniline(2m):

NH,

2m



TH NMR (600 MHz, CDCl): § 7.37-7.47 (m, 2H), 7.11-7.21 (m, 2H), 7.03 (dd, J = 5.1, 3.5
Hz, 1H), 6.64-6.75 (m, 2H), 3.73 (br s, 2H); 3C NMR (150 MHz, CDCl;): & 146.2, 145.2,
120.8, 127.3, 125.3, 123.2, 121.4, 115.5. NMR data correspond to the reported values.!!
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3. General procedures and characterization of products

Table S1. Optimization of reaction conditions ?

H N3 Nj
/©/NH2 @ Lewis Acid /©/NH2
+ O e
Solvent, rt
0]
1a 2 3a
Entry 1a (equiv) Lewis acid (mol %) Solvent T (°C) Yield®
1 1.0 none CH;CN 20 0
2 2 Cul (10) CH;CN 20 67
3 2 CuBr (10) CH;CN 20 59
4 2 CuCl (10) CH;CN 20 57
5 2 CuOACc(10) CH;CN 20 52
6 2 Fe(ClO4); (10) CH;CN 20 0
7 2 Zn(Cl0Oy),-6H,0 (10) CH;CN 20 0
8 2 Znl, (10) CH;CN 20 63
9 2 ZnCl,(10) CH;CN 20 57
10 2 CuCl, (10) CH;CN 20 45
12 CuSO, (10) CH,CN 20 57
12 2 Cu(OAc), (10) CH;CN 20 72
13 2 Cu(OAc); (10) CH,Cl, 20 69
14 2 Cu(OAc); (10) THF 20 79
15 2 Cu(OAc), (10) MeOH 20 0
16 2 Cu(OAc), (20) THF 20 85
17 2 Cu(OAc); (20) THF 30 86
18 1.0 Cu(OAc); (20) THF 20 57¢
0.5 Cu(OAc), (20) THF 20 374
9 2 Sc(OTH)3(20) THF 20 13
20 2 Cu(OTY)-1/2Ph(20) THF 20 62
21 2 Ni(OAc), (20) THF 20 21
2 2 MeSO, (20) THF 20 25
23 2 FeCl; (20) THF 20 10
24 2 AICl; (20) THF 20 trace
25 2 ZnSO,s  ((20) THF 20 39

2 Reagent 2 (0.3 mmol), 4-methyl aniline, catalyst, solvent, temperature and indicated
solvents under N,. ® Isolated yield. ¢ with 14% diazidation product ¢ with 26%

diazidation product




Coution:

Because of the hazard of azidobenziodoxolone, it is required to perform the
experiment carefully when azidobenziodoxolone is used. The azidobenziodoxolone is
stable and safe in solvent. However, the solids of starting materials are forbidden to
be mixed together in the beginning of the experiment. Otherwise, decomposition
may take place. First, the starting materials should be dissolved in solvents,
respectively. Then, the materials can be mixed together in solvent and the reaction is
allowed to begin.

2-azido-4-methylaniline(3a)
N3
3a

Experimental procedure(3a): compound 4 (86.7 mg, 0.3 mmol) and Cu(OAc), (12.1 mg,
0.06 mmol) were added to THF (2.0 ml) in a 10 ml tube under air, followed by addition of
aniline(64.2 mg, 0.6 mmol). The formed mixture was stirred at room temperature under air
for 12 h. The solution was then diluted with ethyl acetate (20 mL), and washed with saturated
aqueous NaHCOj; and separated. The organic phase was dried over Na,SO, and filtered. The
filtrate was concentrated in vacuo to afford a crude product. The crude product was purified
by column chromatography on silica gel to afford 66.1 mg (85%) brown liquid of the product.
IR: (KBr) 3459, 3369, 2115, 1620, 1515, 1381, 810 cm™'; TH NMR: (500 MHz, CDCl;)
6.85 (s, 1 H), 6.77 (d, J=8.0 Hz, 1 H), 6.61(d, /= 8.0 Hz, 1 H), 3.68 (br s, 2 H), 2.28 (s, 3 H);
13C NMR: (126 MHz, CDCl;) 6 135.6, 128.8, 126.2, 125.1, 118.8, 116.1, 20.1; HRMS (ESI)
m/z Calcd for C;HgN, (M + H)* 149.0749, found 149.0756.

2-Azidoaniline(3b)
N3
3b
The reaction was performed according to the procedure for 3a. Yield 72% (reported 27%'?).
A brown solid. IR: (KBr) 3734, 3669, 2110, 1616, 1456, 1305, 872 cm’!; 'TH NMR: (500
MHz, CDCl;) 6 7.04 (dd, J=17.9, 0.8 Hz, 1 H), 6.96 (td, /= 7.7, 1.0 Hz, 1 H), 6.80 (td, J =
7.8, 1.2 Hz, 1 H), 6.70 (dd, J = 7.9, 1.0 Hz, 1 H), 3.81 (br s, 2 H); 3C NMR: (126 MHz,

CDCl;) 6 138.1, 125.6, 125.2, 119.1, 118.4, 115.9; HRMS (ESI) m/z Calcd for CéHgN4 (M +
H)*135.0592, found 135.0584.

2-azido-4-(tert-butyl)aniline(3c)



NH,

N3
3c
The reaction was performed according to the procedure for 3a. Yield 88% (reported 30%'?).
A brown solid. IR: (KBr) 3469, 3373, 2111, 1620, 1515, 1365, 815 cm;'"H NMR: (500
MHz, CDCLy) & 7.02 (d, J = 2.1 Hz, 1 H), 6.96 (dd, J = 8.2, 2.0 Hz, 1 H), 6.61 (d, J = 8.3 Hz,
1 H), 3.67 (brs, 2 H), 1.28 (s, 9 H) ; 3C NMR: (126 MHz, CDCl;) § 142.5, 135.7, 124.6,

122.7, 115.8, 115.3, 34.3, 31.5; HRMS (ESI) m/z Calcd for C;(H;4N4s (M + H)* 191.1218,
found 191.1227.

2-azido-4,6-dimethylaniline(3d)

NH,

N3
3d

The reaction was performed according to the procedure for 3a. Yield 86% (reported 68%'?).
A brown solid. IR: (KBr) 3421, 3322, 2108, 1632, 1498, 1318, 1265, 833 cm’!; 'H NMR:
(500 MHz, CDCL;) & 6.74 (s, 1 H), 6.70 (s, 1 H), 3.62 (br s, 2 H), 2.26 (s, 3 H), 2.14 (s, 3 H);
13C NMR: (126 MHz, CDCl;) 8 133.8, 128.0, 127.6, 124.7, 123.6, 116.3, 20.5, 17.3; HRMS
(ESI) m/z Calcd for CgHoN4 (M + H)* 163.0905, found 163.0918.

2-azido-6-methylaniline(3e)

NH;

N3
3e

The reaction was performed according to the procedure for 3a. Yield 53%. A brown liquid.
IR: (KBr) 3446, 3334, 2127, 1618, 1447, 1388, 814 cm'; "TH NMR: (500 MHz, CDCl;) 8
6.93 (d,/=8.0Hz, 1 H), 6.87 (d,/J=7.6 Hz, 1 H), 6.74 (t,J=7.7 Hz, 1 H), 3.77 (br s, 2 H),
2.17 (s, 3 H); BC NMR: (126 MHz, CDCl;) 6 136.4, 126.8, 124.8, 123.5, 118.4, 116.0, 17.3;
HRMS (ESI) m/z Calcd for C;HgN, (M + H)" 149.0749, found 149.0738.

2-azido-6-ethylaniline(3f)
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N3

3f

The reaction was performed according to the procedure for 3a. Yield 46%. A brown liquid.
IR: (KBr) 3452, 3328, 2127, 1621, 1443, 1382, 822 cm’'; 'H NMR: (500 MHz, CDCl;) &
6.95(d,J=79Hz, 1 H), 690 (d,J=7.5Hz, 1H),6.79 (t, J=7.7 Hz, 1 H), 3.81 (br s, 2 H),
2.52(q,J = 7.5 Hz, 2 H), 1.26 (t, J = 7.5 Hz, 3 H); 3C NMR: (126 MHz, CDCl;) § 135.8,
129.2, 125.0, 124.7, 118.6,115.9, 24.1, 12.8; HRMS (ESI) m/z Calcd for C;HgNy (M + H)*
163.0905, found 163.0928.

2-azido-4-fluoroaniline(3g)

NH,
F/©iN3
39
The reaction was performed according to the procedure for 3a. Yield 54%. A brown solid. IR:
(KBr) 3454, 3375, 2125, 1588, 1513, 1310, 1258, 932 cm™!; "TH NMR: (500 MHz, CDCls)
6.78 (dd, J=8.8, 2.6 Hz, 1 H), 6.68 (td, /= 8.7, 2.7 Hz, 1 H), 6.62 (dd, J=8.7, 5.2 Hz, 1 H),
3.66 (br s, 2 H); 3C NMR: (126 MHz, CDCl;) 6 156.2 (d, J=238.8 Hz), 134.4, 126.1 (d, J =
8.3 Hz), 116.5 (d, /= 8.8 Hz), 112.3 (d, J = 23 Hz), 105.7 (d, J = 26.1 Hz); HRMS (ESI) m/z
Calcd for CsHsFN, (M + H)* 153.0498, found 153.0493; Anal. Calcd for C¢HsFNy: C, 47.37,
H, 3.31; F, 12.49; N, 36.83. Found: C, 47.56; H, 3.43; F, 12.87; N, 37.02.

2-azido-4-chloroaniline(3h)

3h

The reaction was performed according to the procedure for 3a. Yield 66%. A brown solid. IR:
(KBr) 3738, 3668, 2113, 1615, 1452, 872 cm™'; 'TH NMR: (500 MHz, CDCl;) 6 6.99 (d, J =
2.2 Hz, 1 H), 691 (dd, J= 8.5, 2.2 Hz, 1 H), 6.59 (d, J = 8.4 Hz, 1 H), 3.80 (br s, 2 H); 3C
NMR: (126 MHz, CDCl;) & 136.8, 126.2, 125.5, 123.2, 118.3, 116.5; HRMS (ESI) m/z Calcd
for C¢HsCIN, (M + H)* 169.0203, found 169.0208; Anal. Calcd for CsHsCINy: C, 42.75; H,
2.99; Cl, 21.03; N, 33.23. Found: C, 42.93; H, 3.18; CI, 21.87; N, 33.61.

2-azido-4-bromoaniline(3i)
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3i
The reaction was performed according to the procedure for 3a. Yield 75%. A brown solid. IR:
(KBr) 3734, 3669, 2117, 1618, 1447, 1388, 863 cm™'; TH NMR: (500 MHz, CDCl5) 6 7.11 (s,
1 H), 7.02 (dd, J = 8.4, 1.5 Hz, 1 H), 6.54 (d, J = 8.5 Hz, 1 H), 3.82 (br s, 2 H); 3C NMR:
(126 MHz, CDCls) & 137.3, 128.4, 126.5, 121.0, 116.9, 109.8; HRMS (ESI) m/z Calcd for
CsHsBrNy (M + H)"212.9698, found 212.9689. Anal. Calcd for C¢HsBrNy: C, 33.83; H, 2.37;
Br, 37.51; N, 26.30. Found: C, 33.95; H, 2.62; Br, 37.76; N, 26.42.

2-azido-4-bromo-6-methylaniline(3j)

NH,

Br N3
3j

The reaction was performed according to the procedure for 3a. Yield 60%. A brown solid. IR:
(KBr) 3734, 3669, 2117, 1608, 1462, 1380, 845 cm™'; "TH NMR: (500 MHz, CDCl;) 8 7.01 (d,
J=19Hz, 1 H), 6.97 (d, /= 1.32 Hz, 1 H), 3.75 (br s, 2 H), 2.12 (s, 3 H); 3C NMR: (126
MHz, CDCl;) ¢ 135.5, 129.4, 126.0, 125.1, 118.6, 109.3, 17.2; HRMS (ESI) m/z Calcd for
C;H;BrN4 (M + H)* 226.9854, found 226.9861.

2-azido-4-chloro-6-methylaniline(3Kk)

NH,

cl N3

3k
The reaction was performed according to the procedure for 3a. Yield 68%. A brown solid. IR:
(KBr) 3734, 3669, 2117, 1628, 1480, 1388, 842 cm™'; '"TH NMR: (500 MHz, CDCl;) 8 6.88 (d,
J=2.1 Hz, 1 H), 6.84-6.83 (m, 1 H), 3.74 (br s, 2 H), 2.12 (s, 3 H); 3C NMR: (126 MHz,
CDCl3) & 135.0, 126.5, 125.7, 124.7, 122.5, 115.8, 17.3; HRMS (ESI) m/z Calcd for
C;H,CIN, (M + H)* 183.0359, found 183.0362.

2-azido-6-chloroaniline(31)
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Cl
NH,

N3
3l
The reaction was performed according to the procedure for 3a. Yield 50%. A brown liquid.
IR: (KBr) 3734, 3669, 2117, 1634, 1457, 745 cm™'; TH NMR: (500 MHz, CDCls) 6 7.05 (dd,
J=28.1, 1.1 Hz, 1 H), 6.94 (dd, /= 8.0, 1.0 Hz, 1 H), 6.71 (t,J= 8.1 Hz, 1 H), 4.20 (br s, 2 H);
13C NMR: (126 MHz, CDCls) & 135.3, 126.1, 125.5, 119.7, 118.2, 116.6; HRMS (ESI) m/z
Calcd for CcHsCINg (M + H)* 169.0203, found 169.0201.

1-(4-amino-3-azidophenyl)ethanone(3m)

H,COC N

3m
The reaction was performed according to the procedure for 3a at 40 °C. Yield 55% (reported
45%'?). A brown solid. IR: (KBr) 3449, 3342, 2128, 1662, 1620, 1587, 1322, 1245, 886, 815
cm!;, 'TH NMR: (500 MHz, CDCl3) 6 7.67 (d, J= 1.9 Hz, 1 H), 7.56 (dd, J=8.3, 1.8 Hz, 1 H),
6.65 (d, J = 8.4 Hz, 1 H), 4.47 (br s, 2 H), 2.51(s, 3 H) ; 3C NMR: (126 MHz, CDCl;)
195.9, 142.9, 128.1, 127.4, 125.0, 118.5, 113.9, 26.1; HRMS (ESI) m/z Calcd for CgHgN,O
(M +H)*177.0698, found 177.0694.

ethyl 4-amino-3-azidobenzoate(3n)

EtOOC N3

3n
The reaction was performed according to the procedure for 3a at 40 °C. Yield 43%. A brown
solid. IR: (KBr) 3478, 3356, 2118, 1685, 1619, 1428, 1372, 805 cm!; "TH NMR: (500
MHz, CDCl;) 8 7.71 (d, J=1.7 Hz, 1 H), 7.65 (dd, J= 8.3, 1.7 Hz, 1 H), 6.65 (d, J = 8.4 Hz,
1 H), 433 (q, J= 7.1 Hz, 2 H), 4.25 (br s, 2 H), 1.37 (t, J =7.1 Hz, 3 H) ; BC NMR: (126
MHz, CDCl;) 6 166.0, 142.4, 127.8, 124.6, 120.6, 119.8, 114.2, 60.7, 14.4; HRMS (ESI) m/z
Calcd for CoH(N4O, (M + H)*"207.0804, found 207.0815.

2-azido-4-methoxyaniline(30)
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HsCO N

30
The reaction was performed according to the procedure for 3a. Yield 47% (reported 23%'?).
A brown solid. IR: (KBr) 3742, 3280, 2113, 1592, 1521, 1453, 1249, 1245,1040, 826 cm™;
1H NMR: (500 MHz, CDCls) § 6.65 (d, J= 8.7 Hz, 1 H), 6.62 (d, J=2.7, 1 H), 6.55 (dd, J =
8.6,2.7 Hz, 1 H), 3.76 (s, 3 H), 3.52 (br s, 2 H); 3C NMR: (126 MHz, CDCl;) 5 153.2, 131.8,
126.1, 117.0, 111.2, 104.6, 55.9; HRMS (ESI) m/z Caled for C;HN,O (M + H)* 165.0698,
found 165.0692.

3-azido-[1,1'-biphenyl]-4-amine(3p)
‘ NH,
N3

3p

The reaction was performed according to the procedure for 3a. Yield 71%. A brown solid. IR:
(KBr) 3449, 3668, 2127, 1618, 1448, 872 cm™'; 'H NMR: (500 MHz, CDCl;) & 7.60 (dd, J =
7.9,1.2Hz, 2 H), 7.49 (t, J= 7.6 Hz, 2 H), 7.38 (t, /= 7.4 Hz, 1 H), 7.32 (d,J= 1.9 Hz, 1 H),
7.27 (dd, J = 8.2, 2.0 Hz, 1 H), 6.80 (d, J = 8.2 Hz, 1 H), 3.92 (br s, 2 H); 3C NMR: (126
MHz, CDCls) 6 140.5, 137.6, 132.5, 128.9, 126.8, 126.5, 125.5, 124.5, 116.9, 116.2; HRMS
(ESI) m/z Calcd for C,HoN4 (M + H)*211.0905, found 211.0906.

3-azido-4'-fluoro-[1,1'-biphenyl]-4-amine(3q)
O NH,
N3

3q

1

The reaction was performed according to the procedure for 3a. Yield 78%. A brown solid. IR:
(KBr) 3475, 3378, 2109, 1604, 1509, 1467, 1231, 880, 846, 833 cm; 'H NMR: (500
MHz, CDCl;) 8 7.45-7.42 (m, 2 H), 7.15 (d, /=19 Hz, 1 H), 7.11 (dd, J = 8.2, 2.0 Hz, 1 H),
7.07 (td, J = 8.7, 2.1 Hz, 2 H), 6.71 (d, J = 8.2 Hz, 1 H), 3.84 (br s, 2 H); ¥C NMR: (126
MHz, CDCl;) 6 163.1, 161.2, 137.6, 136.6 (d, J = 2.8 Hz), 131.5, 128.0 (d, J = 8.3 Hz), 125.5,
124.3, 116.8, 116.1, 115.7, 115.6; HRMS (ESI) m/z Calcd for C;;HoFN, (M + H)*229..0811,
found 229.0806.

3-azido-3',5'-dimethyl-[1,1'-biphenyl]-4-amine(3r)
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The reaction was performed according to the procedure for 3a. Yield 72%. A brown solid. IR:
(KBr) 3453, 3368, 2107, 1618, 1447, 1378, 872, 832, 689 cm™!; 'H NMR: (500 MHz, CDCl;)
07.19(d,J=19 Hz, 1 H), 7.15 (dd, J=8.2,2.0 Hz, 1 H), 7.11 (s, 2 H), 6.92 (s, 1 H), 6.66 (d,
J=82Hz 1H),3.78 (brs, 2 H), 2.34 (s, 6 H); 3C NMR: (126 MHz, CDCl;) § 140.5, 138.4,
137.5, 132.8, 128.6, 125.4, 124.5, 117.0, 116.2, 21.5; HRMS (ESI) m/z Calcd for C,H,N,(M
+ H)*239.1218, found 239.1210.

2-azido-4-(naphthalen-2-yl)aniline(3s)
N3

3s

The reaction was performed according to the procedure for 3a. Yield 80%. A brown solid. IR:
(KBr) 3471, 3365, 2119, 1608, 1456, 810 cm-; 'H NMR: (500 MHz, CDCl;) 6 7.88 (d, J
=0.8 Hz, 1 H), 7.79 (t, J = 8.4 Hz, 3 H), 7.60 (dd, J = 8.6, 1.7 Hz, 1 H), 7.45-7.38 (m, 2 H),
729 (d,J=19 Hz, 1 H), 7.24 (dd, J= 8.1, 1.8 Hz, 1 H), 6.65 (d, /= 8.2 Hz, 1 H), 3.80 (br s,
2 H); BC NMR: (126 MHz, CDCl,) 6 137.8, 133.9, 132.5, 132.3, 128.6, 128.4, 128.2, 127.8,
126.4, 125.8, 125.6, 125.2, 124.8, 124.7, 117.1, 116.3; HRMS (ESI) m/z Calcd for C;sH 2N,
(M + H)*261.1062, found 261.1056.

3-azido-[1,1'-biphenyl]-2-amine(3t)

3t

The reaction was performed according to the procedure for 3a. Yield 64% (reported 68%'?).
A brown solid. IR: (KBr) 3472, 3375, 2109, 1621, 1465, 754, 706 cm!; 'H NMR: (500
MHz, CDCLy) & 7.39-7.38 (m, 4 H), 7.32-7.28 (m, 1 H), 6.98 (dd, J = 7.9, 1.3 Hz, 1 H), 6.88
(dd, J=17.6, 1.3 Hz, 1 H), 6.78 (t, J = 7.7 Hz, 1 H), 3.87 (br s, 2 H); 3C NMR: (126 MHz,
CDCly) 6 138.9, 135.7, 129.1, 129.0, 128.5, 127.6, 126.9, 125.3, 118.5, 117.5; HRMS (ESI)
m/z Caled for C,H1oNgy (M + H)*211.0905, found 211.0903.
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4-(4-amino-3-chlorobenzyl)-2-azido-6-chloroaniline(3u)

N3
Cl Cl
3u
The reaction was performed according to the procedure for 3a. Yield 58%. A brown solid. IR:
(KBr) 3465, 3368, 2915, 2106, 1610, 1501, 878, 846 cm™'; 'TH NMR: (500 MHz, CDCl;)
7.04 (d, J=1.9 Hz, 1 H), 6.86 (dd, /= 8.8, 2.0 Hz, 2 H), 6.74 (d, /= 1.6 Hz, 1 H), 6.70 (d, J
=8.1 Hz, 1 H), 4.09 (br s, 2 H), 3.97 (br s, 2 H), 3.72 (s, 2 H); 3C NMR: (126 MHz, CDCls)

0 141.3, 133.5, 131.6, 131.5, 129.5, 128.0, 126.1, 125.8, 119.7, 119.4, 117.0, 116.1, 39.7;
HRMS (ESI) m/z Caled for Cj3H;,CLLNs (M + H)*308.0392, found 308.0394.

N3

3v

2-azidonaphthalen-1-amine(3v)

The reaction was performed according to the procedure for 3a. Yield 51%. A brown solid. IR:
(KBr) 3488, 3325, 2128, 1612, 1572, 1498, 1465, 758 cm™!'; 'H NMR: (500 MHz, CDCl;) §
7.78 (d, J=17.8 Hz, 1 H), 7.73 (d, J = 8.3 Hz, 1 H), 7.49-7.41 (m, 2 H), 7.36 (d, /= 8.7 Hz, 1
H), 7.24 (d, J= 8.7 Hz, 1 H), 4.30 (br s, 2 H); 3C NMR: (126 MHz, CDCl;) 3 132.4, 131.6,
128.7, 125.8, 125.3, 123.8, 120.8, 119.5, 119.1, 117.0; HRMS (ESI) m/z Calcd for C,oHgNy4
(M + H)*185.0749, found 185.0744.

2-azido-4-(furan-2-yl)aniline(3w)

NH,

\_0
3w

The reaction was performed according to the procedure for 3a. Yield 31%. A brown solid. IR:
(KBr) 3459, 3357, 2110, 1636, 1462, 1045, 879, 806 cm™'; 'TH NMR: (500 MHz, CDCl;)
7.41 (d,J=1.0Hz, 1 H), 7.33 (d, /= 1.7 Hz, 1 H), 7.25 (dd, /= 8.0, 1.7 Hz, 1 H), 6.68 (d, J
=8.2 Hz, 1 H), 6.48 (d,/J=3.2 Hz, 1 H), 6.44 (dd, J=3.2, 1.8 Hz, 1 H), 3.87 (br s, 2 H); 3C
NMR: (126 MHz, CDCl;) 8 153.6, 141.3, 137.5, 125.4, 122.7, 121.6, 115.9, 113.9, 111.6,
103.2; HRMS (ESI) m/z Calcd for C;oHgN,O (M + H)"201.0698, found 201.0695.
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2-azido-4-(thiophen-2-yl)aniline(3x)

NH,

\_s
3x

The reaction was performed according to the procedure for 3a. Yield 49%. A brown solid. IR:
(KBr) 3463, 3362, 2124, 1606, 1465, 1045, 882, 835 cm™'; 'H NMR: (500 MHz, CDCl;)
7.24 (d, J=2.0 Hz, 1 H), 7.22 (dd, J=3.5,2.0 Hz, 1 H), 7.20 (d, /= 1.5 Hz, 1 H), 7.18 (dd, J
=3.6, 1.1 Hz, 1 H), 7.06-7.04 (m, 1 H), 6.69 (d, /= 8.2 Hz, 1 H), 3.88 (br s, 2 H); *C NMR:
(126 MHz, CDCly) ¢ 144.0, 137.7, 128.0, 126.0, 125.5, 123.8, 123.7, 122.0, 116.0, 115.9;
HRMS (ESI) m/z Caled for CoHgN,S (M + H)*217.0476, found 217.0472.

4-azido-2,6-dimethylaniline(3y)

N3
3y
The reaction was performed according to the procedure for 3a. Yield 36%. A brown liquid.
IR: (KBr) 3429, 3317, 2114, 1645, 1492, 1316, 1260, 831 cm’'; "TH NMR: (500 MHz, CDCl;)
3 6.64 (s, 2 H), 3.55 (br s, 2 H), 2.17 (s, 6 H); ¥C NMR: (126 MHz, CDCl;) 6 139.1, 128.1,
122.2, 117.7, 16.7, HRMS (ESI) m/z Caled for CgH (N4 (M + H)*" 163.0905, found 163.0928.

benzene-1,2-diamine(4)

NH,
QNHZ
4

To the suspension of 2-azidoaniline (80.4 mg, 0.6 mmol) and NH,CI (79.5 mg, 1.5 mmol) in
EtOH (3 mL) and water(1 mL), zinc powder (59.2 mg, 0.9 mmol)was added, the mixture was
stirred vigorously at room temperature. After the completion of the reaction (monitored by
TLC), the reaction mixture was filtered through a Celite pad and washed with EtOAc. The
combined filtrate and washings were concentrated, the residue dissolved in EtOAc (30 mL)
and washed with saturated brine solution (30 mL ) and water. The organic layer was dried
over Na,SO, and concentrated. The residue was purified by silica gel chromatography to give
63.5 mg (98%) product. IR: (KBr) 3734, 3669, 2117, 1618, 1447, 1388, 872 cm™'; 'TH NMR:
(500 MHz, CDCl;) 6 6.74-6.70 (m, 4 H), 3.38 (br s, 4 H); 3C NMR: (126 MHz, CDCl;)
134.7,120.4, 116.9;
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2-azido-4-chloro-1-iodobenzene(5)

To a solution of fluoroboric acid (792.2 mg, 5.4mmol) and 2-azido-4-chloroaniline (304.8 mg,
1.8 mmol) in EtOH (3 mL) was added tert-butyl nitrite (50% 370.8 mg, 3.6 mmol) dropwise
by syringe. The resulting mixture was stirred at 0 °C for an hour, filtered, washed with Et,0.
To the resulting suspension of diazonium salt in CH3;CN( 8 ml ), was added a solution of KI
(358.6 mg, 2.16 mmol) in H,O (3 mL). The reaction mixture was stirred for 15 min then
allowed to come to room temperature and stirred for 30 min. After completion, to the reaction
mixture was then added saturated aqueous NaHCO;, the crude product was extracted EtOAc
and purified by flash chromatography to offer 426.8 mg (85%) product. IR: (KBr) 3734, 3669,
2117, 1618, 1447, 1388, 872 cm';'H NMR: (500 MHz, CDCl;) 8 7.67 (d, J = 8.4 Hz, 1 H),
7.09 (d, J =2.2 Hz, 1 H), 6.85 (dd, J = 8.4, 2.1 Hz, 1 H); 3C NMR: (126 MHz, CDCl;)
143.0, 140.7, 135.5, 126.6, 118.6, 85.1;

2-(4-(4-bromophenyl)-1H-1,2,3-triazol-1-yl)aniline(6)

@NHZ
WBr

=N

z-Z

6

In a 10-mL one-neck round bottle, 2-azidoaniline (67.1 mg, 0.5 mmol) and 1-bromo-4-
ethynylbenzene (108.6 mg, 0.6mmol) were suspended in a 1:1.5 mixture of water and ~-BuOH
(1 mL : 1.5 mL). To this was added CuSO,-5H,0(2.5 mg, 0.01 mmol) and sodium ascorbate
solution (9.9 mg, 0.05 mmol). The mixture was stirred over night at room temperature, after
the reaction was completed (monitored by TLC). The solvent was distilled, water (15 mL)
was added, and the mixture was extracted with dichloromethane. The organic layer was
separated, washed with brine (10 mL) and saturation NaHCO; (10 ml), anhydrous Na,SO,
dried. The solvent was evaporated to afford crude product, which was further purified by
alumina column chromatography to offer 144.5 mg (92 %) product. IR: (KBr) 3734, 3669,
2117, 1618, 1447, 1388, 872 cm™'; 'TH NMR: (500 MHz, CDCl;) 6 8.05 (s, 1 H), 7.77 (d, J =
8.2 Hz, 2 H), 7.58 (d, /= 8.2 Hz, 2 H), 7.25 (d, /= 7.8 Hz, 2 H), 6.90 (d, J = 8.3 Hz, 1 H),
6.85 (t,J=7.8 Hz, 1 H), 4.59 (br s, 2 H); 3C NMR: (126 MHz, CDCl;) 6 146.7, 140.9, 132.1,
130.3, 129.2, 127.4, 124.3, 123.0, 122.4, 120.4, 118.4, 117.7.

diethyl 1-(2-amino-5-chlorophenyl)-1H-1,2,3-triazole-4,5-dicarboxylate(7)
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In a 10-mL one-neck round bottle, 2-azido-4-chloroaniline (101.4 mg, 0.6 mmol) and diethyl
but-2-ynedioate (204.3 mg, 1.2 mmol) were suspended in a 1:1.5 mixture of water and ¢-
BuOH (2 mL : 3 mL). To this was added CuSO,4-5H,0(3.1 mg, 0.012 mmol) and sodium
ascorbate solution (12.2 mg, 0.06 mmol). The mixture was stirred over night at room
temperature, after the reaction was completed (monitored by TLC). The solvent was distilled,
water (15 mL) was added, and the mixture was extracted with dichloromethane. The organic
layer was separated, washed with brine (10 mL) and saturation NaHCOj; (10 ml), anhydrous
Na,S0O, dried. The solvent was evaporated to afford crude product, which was further purified
by alumina column chromatography to offer 180.5 mg (89%) product. IR: (KBr) 3734, 3669,
2117, 1618, 1447, 1388, 872 cm™'; 'TH NMR: (500 MHz, CDCl;) 6 9.54 (s, 1 H), 7.10 (d, J =
2.1 Hz, 1 H), 6.99 (dd, J= 8.6, 2.1 Hz, 1 H), 6.70 (d, /= 8.6 Hz, 1 H), 5.51 (s, 1 H), 4.21(qd,
J=17.1,2.7Hz,4 H), 1.30 (t, J=7.2 Hz, 3 H), 1.19 (t, /= 7.1 Hz, 3 H); '3C NMR: (126 MHz,
CDCl;) 6 169.3, 163.5, 151.7, 146.7, 132.3, 130.4, 129.6, 124.9, 122.2, 118.7, 62.2, 60.2, 14.3,
13.8;

2-azido-4-(tert-butyl)-1-isocyanobenzene(8)

NC

N3
8

To formic acid (1.7 mL, 43.1 mmol) was added acetic anhydride (3.7 mL, 30 mmol) and the
mixure was stirred at room temperature. After stirring for 15 min, to the mixture was added
dropwise into the solution of 2-azido-4-(tert-butyl)aniline (284.8 mg, 1.5 mmol) in THF (6
mL) and the mixture was stirred at 0 °C. After the addition was completed, the mixture was
warmed to room temperature and stirred for 1h.Then the mixture was treated with saturated
solution of NaHCO; and extracted with EtOAc three times. The extract was dried and
concentrated under reduced pressure to give formanilide.To the solution of the formanilide
and Et;N (2 mL) in THF (6 mL) was added POCl; (0.8 mL) at 0 °C and stirred at the same
temperature. After stirring for 2h, the reaction mixture was basified with saturated aqueous
solution of NaHCOQ;, and extracted with CHCI;. The combined extracts were washed with
brine, dried over Na,SO, and concentrated under reduced pressure. The obtained residue was
purified by silica gel column chromatography to give the product 263.5 mg (88%). IR: (KBr)
3734, 3669, 2117, 1618, 1447, 1388, 872 cm’'; '"H NMR: (500 MHz, CDCl;) & 7.28 (d, J =
8.1 Hz, 1 H), 7.18-7.16 (m, 2 H), 1.34 (s, 9 H); 3C NMR: (126 MHz, CDCl;) & 168.8, 154.5,
135.9,127.6, 122.6, 116.2, 115.4, 35.2, 31.0.
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4. Mechanistic StUAY..cooevvieiiiiiiieiiiiiiieiiiniiiieieieresnesssstssssssssssasssnssssnssnns

Experiments of N; radical trapped by TEMPO

To a 10 mL Schlenk tube was sequentially added TEMPO (64 mg, 0.4 mmol), reagent
2 (86.4 mg, 0.3 mmol), Cu(OAc), (11.9mg, 0.06mmol). The tube was evacuated and
filled with argon for three times. THF (2 mL) was added. The reaction mixture was
stirred at room temperature for 1 h. The resulting mixture was analyzed by GC-MS
measuremnt.

TEMPO + Cu(OAc), + reagent2 —————> >(Nj<

THF, r.t. .
N3
GC-MS anaylsis
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6. Copies of 'H NMR and '3C NMR spectra of compounds 3a-3y, 4-8

Compound 3a 'H NMR
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Compound 3b 'H NMR
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Compound 3¢ 'H NMR
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Compound 3d 'H NMR
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Compound 3e '"H NMR
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TE 297.6
D1 2.00000000
dall 0.03000000
DELTA 1.89999998
TDO 1

= CHANNEL f1

T T T T T
140 130 120 110 100 90 80 70 60 50
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Compound 3f 'H NMR

NN T D @
neohod I
SO DD~
vevwew

774
3.815
2.541
2.526
2.511
2.496

6.

£
X
<
<

FYP-2
PROTON CIC13
NAME WJ20131203
EXPNO 8
PROCNO 1
Date_ 20131203
Time 16.27
INSTRUM spect
PROBHD (5 mm PATXO 19F
N3 PULPROG zg30
NH2 TD 65536
SOLVENT CDC13
@/ NS 8
Ds 2
SWH 10330.578
FIDRES 0.157632 R
aQ 3.1720407 sec
RG .
DW 48.400 use
DE 6.00 use
TE 296.5 K
Dl 1.00000000 sec
TDO 1
=|CHANNEL f£1
1H
14.14 use
1.00 dB
500.1330885 MHz
32768
500.1300125 MHz
o
L L (N I

1 0 ppm
]
Sl o [m &
ololo o I B
Al o3 o o
Compound 3f C NMR
o dme =©
© Nor~ n® w o
T WaE s s &
W oomT oo H i
M NANa e < o
puk e b i N -
FYP-
C13CPD CDC13
NAME WJ20131203
EXPNO 9
PROCNO 1
Ny Date_ 20131203
NH, Time 16.30
INSTRUM spect
PROBHD 5 mm PATXO 19F
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 34
DS 4
SWH 30030.029 E
FIDRES 0.458222 E
AQ 1.0912410 =
RG 203.2
DW 16.650 ©
DE 6.00 v
TE 297.3 K
D1 2.00000000 s
dil 0.03000000 =
DELTA 1.89999998 =
DO 1
ik
P1 9.50 u
PL1 -0.50 ¢
SFOL 25.7703643 ¥

T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 L1 80 70 60 50 40 30 20 10 0 ppm



Compound 3g 'H NMR

FYP
PROTON CDC13

DomAMEVOoNT = wa o “
P RBOORDDOG MmN S I
0w 008 B oo o
(910 10 16 10 16 10 10 10 10 10 1010 0 o
NAME WJ20131p04
EXPNO 17
PROCNO 1
Date_ 20131p04
Time 18] 21
INSTRUM spget
PROBHD 5 mm PATXO [L9F
PULPROG 2530
TD 65p36
SOLVENT CcDE13
NH, NS 8
DS 2
,@( SWH 10330.p78 ¢
F N FIDRES 0.157p32 &
AQ 3.1720007 ¢
RG 81
DW 48,100 v
DE 6l00 v
TE 29p.4 ¥
D1 1.00000p00 <
TDO 1
CHANNEL f1
14114 v
1100 ¢
500.1330B85 F
2[168
ann 1200026 &
L L ’-»_}-\._a___._J
T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
S -
EEs =
I ) N
Compound 3g 3C NMR
0w - No NN
e = G olwcean —
S - am aa833838 C13CPD CDC13
248 o 3% ooofss
NAME WJ20131204
EXPNO 18
PROCNO 1
Date_ 20131204
Time 18.25
INSTRUM spect
PROBED 5 mm PATXO 19F
PULPROG zgpg30
NH; D 65536
SOLVENT €DC13
F Ny Ds 4
SWH 30030.029
FIDRES 0.458222
AQ 1.0912410
RG 203.2
Dw 16.650
DE 6.00
TE 297.0
Dl 2,00000000
d11 0.03000000
DELTA

1.89999998
1

T T T T T T T T T T T T T
200 190 180 170

T T T
160 150 140 130 120 110

100 90 80 70 60 50 40 30 20 10

0 ppm
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Compound 3h 'H NMR

6.989
6.985
6.918
6.913
6.901
6.896
6.607
6.590
3.803

o FYP-4
\\\// PROTON CDC13

NAME WJ20131205

EXPNO 4

PROCNO 1

Date_ 20131205

NH; Time 17,22
INSTRUM spect

ol N PROBHD 5 mm PATXO 19F
3 PULPROG 2g30
TD 65536

SOLVENT CDC13

NS 8

Ds 2

SWH 10330.578

FIDRES 0.157632

AQ 3.1720407

RG 143.7

ol 48.400

DE 6.00

TE 296.8

D1 1.00000000

D0 1

CHANNEL £

T T
12 11 10 9 8 7 6 5 4 3 2 1 0 ppm

00
0
0

1
1
1
F]

Compound 3h 3C NMR

Ll WMo~

U o

- Namaa C13CPD €DC13

2 agagn

‘ \'} / \ f NAME WI20131205
EXPNO 5
PROCNO 1
Date_ 20131205
Time 17.25

INSTRUM spect
PROBHD 5 mm PATXO 19F

NHz PULPROG zgpg30
TD 65536
cl Ny

SOLVENT cpel3
NS 35
DS 4
SWH 30030.029 B
FIDRES 0.458222 B
AQ 1.0912410 s
RG 256
bW 16.650 u
DE 6.00 u
TE 297.5 ¥
D1 2.00000000 =
dll 0.03000000 s
DELTA 1.89999998 =
TDO 1
= CHANNEL f1 =
13¢
9.50 u
-0.50 ¢
125.7703643 ¥

CHANNEL f£2

CPDPRG2 waltzlé
N2 1H

T T T T T T T T ) T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm



Compound 3i 'H NMR

Mo~ 9 I ©
cTTNNLM o
R r-R- oIt ©
L -1V ©

FYP-1

PROTON CDC13

'\\'LV v NAME WJ20131211
EXPNO 2
PROCNO 1
Date_ 20131211
Time 17.25
INSTRUM spect
PROBED 5 mm PATXO 19F
PULBROG zg3
NH, D 65536
/@ SOLVENT cpc13
NS 8
Br Ny e 3
SHH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1720407 sec
RG 128
DW 48.400 use
DE 6.00 use
TE 297.2 K
D1 1.00000000 sec
D0 1
CHAMNEL 1
14.14 use
1.00 dB
500.1330885 MHz
32768
500.1300125 MHz
no
4Av_A_~LJ L . . |
T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 ppm
o o
==l =4 =
H - N
.
Compound 3i C NMR
§ §%T 3a R FYP-1
- DO -6 o CLl3CPD CDC13
5 2§85 8
g HREE &
| H ‘ ‘ ‘ NAME W320131211
EXPNO 3
PROCNO 1
Date_ 20131211
Time i7.27
INSTRUM spect
PROBHD 5 mm PATXO 19F
PULPROG zgpg30
TD 65536
NH, SOLVENT CcDC13
/@[ NS 42
DS a
Br N3 SWH 30030.029 Hz
FIDRES 0.458222 Hz
AQ 1.0912410 se
RG 362
DW 16.650 us
DE 6.00 us
T8 297.9 ¥
D1 2.00000000 se
dl1 0.03000000 se
DELTA 1.89939998 se
DO 1

CPDPRG2

CHANNEL £1

-0.50 dB
125.7703643 MH

CHANNEL f2 =
waltz1h

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50

T
20 10 0 ppm
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Compound 3j 'H NMR

W o © FYP-3
EREREN 2 =i PROTON CDC13
T 2 e NAME WJ20131216
\\V EXPNO 6
PROCNO 1
Date_ 20131216
ime 18.12
INSTRUM spect
PROBHD 5 mn PATXO 19¢
PULPROG 2930
foil 65536
SOLVENT cDC13
us 8
DS 2
SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1720407 sec
N3 RG 20,5
oW 48.400 usec
NH DE 6.00 usec
TE 296.5 K
D1 1.00000000 sec
Br DO 1
CHANNEL £1
NUC1 1H
P1 14,14 usec
PL1 1.00 dB
SFOL 500.1330885 MHz
ST 32768
SE 500.1300128 MHz
WD no
SSB
LB 0.00 Hz
GB 0
BC 1.00
L L Il ) I L.n nl
T T T T T T T T T T T T T T T T T T
8.0 725 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 245 2.0 5 1.0 0.5 0.0 ppm
Sl |
= S I
Al B |
.
Compound 3j C NMR
o wwe o o FYP
» meoe @ & o Lt
g T - . C13CPD CDC13
M NEN o < -
b 3 0 i RS = un
NAME WJ20131217
EXPNO 8
PROCNO 1
Date_ 20131217
Time 20.13
INSTRUM spect
Ny PROBHD 5 mm PATXO 19F
PULPROG zgpg30
NHz ™D 65536
SOLVENT CDC13
NS 20
Br DS 4
SWH 30030.029
FIDRES 0.458222
AQ 1.0912410
RG 128
D 16.650
DE 6.00
TE 297.3
Dl 2.00000000
dll 0.03000000
DELTA 1.89999998
™0 1
-====== CHANMEL f1 -
NUC1 13C
Pl 9.50
PL1 -0.50
SFO1 125.7703643
T T T T T T T T T T T T T T T T
150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm



Compound 3k 'H NMR

naenodo w ~ FYP—4
o100 0.0 e o ] PROTON CDCL3
[ERv v ar e o o
NAME WJ20131217
EXENO 9
PROCNO 1
Date_ 20131217
i 20.17
INSTRUM spect
PROBED 5 mm PATXO 19F
PULPROG 2g30
™ 65536
SOLVENT cpcl3
NS 8
NH DS 2
SWH 10330.578 Hz
FIDRES 0.157632 Hz
a Ny AQ 3.1720407 sec
RG 80.6
DW 48.400 usec
DE 6.00 usec
TE 296.7 K
D1 1.00000000 sec
DO T
CHANNEL f£1
NUCL 1
1 14.14 usec
PL1 1,00 dB
SFO1 500.1330885 MHz
sI 32768
SF 500.1300129 MHz
WO no
SsB 0
LB 0.00 Hz
GB 0
BC 1.00
| JL e L
T T T T T T T T T T
9 8 6 5 4 it 0 ppm
=1 <
== < B
f 3 &
1
Compound 3k 3C NMR
-+ wros o
5 bhorn ® ~
R N
W Ynso 0 )
M oNNa N o ~
a2 d4dd9 o bt
FYP-4
€13CPD CDC13
WJ20131217
10
1
20131217
NH, n 20.13
INSTRUM spect
PROBHD 5 mm PATXO 19F
o N3 PULPROG 29pg30
65536
SOLVENT cDel3
NS 20
DS 4
H 30030.029 Hz
FIDRES 0.458222 Hz
AQ 1.0912410 se
RG 128
DW 16.650 us
DE 6.00 us
1E 297.2 K
D1 2.00000000 se

0.03000000 se
1.89999998 se
1

HANNEL f1 =
13C
9.50 us

=-N.&0 dF

T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70
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Compound 31 'H NMR

FYP-1
e S R & PROTON CDC13
SS33aannm~ o =
Ry T s s NAME WJ20131216
\&W EXPNO 1
PROCNO 1
Date_ 20131216
Time 17.41
INSTRUM pect
PROBHD 5 mm PATXO 19F
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 8
al DS 2
NHz SWH 10330.578
FIDRES 0.157632
i AQ 3.1720407
2 RG 25
DW 48.400
DE 6,00 1
TE 296.4
D1 1.00000000
TDO
CHANNEL £1
14.14
1.00
500.1330885 !
32768
500.1300129
T T T T T T T T T
10 9 8 7 6 5 2 4 0 ppm

1.00
1.01
1.03

Compound 31 C NMR

® o oww
B oW & W
0 W o©w
il NN
- R

cl
NH,

N3

FYP-1
C13CPD CDC13

NAME WJ20131216
EXENO 3
PROCNO 1
Date_ 20131216
Time 17.4¢6
INSTRUM spect
PROBHD 5 mm PATXO 19F
PULEROG 2gpg30
D 65536
SOLVENT CDCl3
NS 101
DS 4
SWH 30030.029
FIDRES 0.458222
AO 1.0912410
RG 256
DW 16.650
DE 6.00
1E 297.2
D1 2.00000000
dll 0.03000000
DELTA 1.89999998
D0 1
CHANNEL f1

13C

9.50

PL1 -0.50
SFO1 125.7703643

==m=mm== CHANNEL £2 ===

T T T T T T
150 140 130 120 110 100

90

20 10 0 ppm
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Compound 3m 'H NMR

gpoena 5o o 9 —
‘SannaY o = i PROTON CDC13
e oY < o
Ve V NAME WJ20131210
EXPNO 11
PROCNO 1
Date_ 20131210
Time 16.33
INSTRUM spect
PROBHD 5 mm PATXO 19F
PULPROG 230
D 65536
SOLVENT CDC13
NS 8
DS 2
NH SWH 10330.578 Hz
2 E 0.157632 Hz
/@ AQ 3.1720407 sec
HiCOC Ny RG 143.7
oW 48.400 usec
DE 6.00 usec
TE 297.2 K
D1 1.00000000 sec
DO 1
= CHANNEL fl =
1H
Pl 14.14 usec
l' A AN w1 M J
T T T T T T T T
9 8 7 6 5 2 1 0  ppm
o) @
=1 o o =
il 3 N o
Compound 3m 3C NMR
& 3 IR S A o
0 o Bre @ o =
i, 5 S8 45 FYp-2 &
‘ \N ‘ | C13CPD ¢DC1:
NAME wWJ20131210
EXPNO 12
BROCNO 1
Date_ 20131210
Time 16.36
INSTRUM spect
PROBHD 5 mm PATXO 19F
NH; PULPROG zgpg30
/@: o) 65536
SOLVENT CDC13
HiCOC Ny e 3
DS 4
SWH 30030.029 Hz
FIDRES 0,458222 Hz
AQ 1.0912410 sec
RG 287.4
DW 16.650 usec
DE 6.00 usec
TE 297.4 K
D1 2.00000000 see
d11 0.03000000 sec
DELTA 1.89995998 sec
TDO 1

CHANNEL £1

-0.50
125.7703643

[ HANNET, ——

usec

dB

T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 920

40 30

T
20 10 0

ppm
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Compound 3n 'H NMR

B DN oD oo 0O o FYP-2
(apag-aeRvEe) 3 ER P S mm  PROTON CDC13
TN [ryes Se e el
\W v \V/ v NAME WJ20131211
EXPNO 4
PROCNO 1
Date_ 20131211
Time 17.32
INSTRUM spect
PROBHD 5 mm PATXO 19F
PULPROG zg30
™ 65536
NH, SOLVENT cDC13
KX :
DS 2
Etooe Ns swi 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1720407 se:
RG 128
DwW 48.400 us:
DE 6.00 us:
TE 297.2
D1 1.00000000 se:
0 1
CHANNEL £l
1H
14.14 us«
1.00 dB
S00.133NRRS MH
e |
T T T T T T T T T T
9 8 a 6 5 4 3 1 0 pem
AR ) Colew o)
2[2 S| I I
Al H il o
13
Compound 3n 3C NMR
= o Pwow o
= 2 CRReN & FYP-2 b
e g SR8 2 o C13CPD CDC13
b1 5 ga8a 3 S o

Et00C N

NAME WJ20131211
EXPNO 5
PROCNO 1
Date_ 20131211
Time 17.34
INSTRUM spect
PROBHD 5 mm PATXO 19F
PULPROG zgpg30

D 65536
SOLVENT CDC13

NS 67

DS 4
SWH 30030.029 Hz
FIDRES 0.458222 Hz
AQ 1.0912410 se:
RG 362

DW 16.650 us«
DE 6.00 us«
TE 297.9 K
D1 .00000000 se:
dil .D3000000 se:
DELTA .89999998 se.
DO 1.

w
5]
o
=

—-0.50
5.7703643 ¥

T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 20 80

60

50 40 30 20



Compound 30 'H NMR

FYP
PROTON CDC13

© @O m o o
R R 3 g
COBCBRBED 28
Pv v v P
NAME WW20140214
EXPNO 1
PROCNO 1
Date_ 20140214
Time 14.15
INSTRUM spect
PROBHD 5 mm PATXO 19F
PULPROG 2930
NH; ™ 65536
Q SOLVENT cpci3
NS 8
HLCO Ny bE 5
SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1720407 se
RG 322.5
DW 48.400 us
DE 6.00 us
T 296.8 K
D1 1.00000000 se
D0 1
CHANNEL f1
18
14.14 us
1.00 dE
500.1330885 M
3276
&an 13An156 M
> A -
T T T T T T T T T T
9 ] 7 6 5 4 3 2 1 0
) AE
sl | o
o el |cd

Compound 30 *C NMR

o © T oo owm o
o ® = o o @
e Y T A b4
P moa om oA S 5 FYP-1
n T T T T "“ & C13CPD CDCL3
NAME WWw20140214
EXPNO 2
PROCNO 1
Date_ 20140214
Time 14.26
INSTRUM spect
PROBHD 5 mm PATXO 19F
PULPROG 2gpg30
D 65536
NH; SOLVENT €pcl3
/@: Ns 514
DS 4
oa Ns swH 30030,029 ¢
FIDRES 0.458222 F
AQ 1.0912410 s
RG 724.1
DW 16.650 v
DE 6.00 ¢
TE 298.1 F
Dl 2.00000000 =
dll 0.03000000 «
DELTA 1.89999998 =
TDO 1
= CHANNEL f1 =
13c
9.50 1

T T T T T T T T T T T T
210 200 1%0 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0



Compound 3p '"H NMR

FYP-5
PROTON CDC13

6.81
6.794
3.921

NAME wWJ20131217
EXPNO 11
PROCNO 1
Date. 20131217
Time .
INSTRUM spect
PROBHD 5 mm PATXO 19F
PULFROG 2930
D 65536
SOLVENT €DC13
NS 8
DS 2
SWH 10330.578 H
NH; FIDRES 0.157632 B
O AQ 3.1720407 s
O Ny RG 64
DW 48.400 u
DE 6.00 u
TE 296.7 K
D1 1.00000000 s
DO 1

= CHANNEL f1 = -
1H

14.14 u

1.00 d

500.1330885 M

32768
500.1300000 M
no

m

)
0.00
Q
1.00

<<
ES

11 10 9 1 3 2 1 0 ppn
A=A o
o oo o |y o
ealedllal=lle
Compound 3p 3C NMR
ComenmMmdoNd
B ni i
CEN®mYYB TS
Sondanagad
30299938940 oS
\\\\\/// // C13CED CDC13
NAME WJ20131217
EXPNO 1
PROCNO 1
Date_ 20131217
Time 20.24
INSTRUM spect
NH; PROBHD 5 mm PATXO 19F
PULPROG 29pg30
O D 65536
0 Ns SOLVENT cpe13
NS 20
DS 4
SWH 30030.029
FIDRES 0.458222
AD 1.0912410
RG 128
DW 16.650
DE 6.00
TE 297.1
1 2.00000000
411 0.03000000
DELTA 1.89999998
1
CHANNEL £1 ===
13¢
9.50

T T
210 200

T
190

T
180

T
170

T
160

T
150

T
140

T T T T
130 120 110 100

90

80
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7.449
7.445
7.439
7.436
7.432
7.426
7.421
7.147

Compound 3q '"H NMR

.143
7.117
7.113
7.100
7.096
7.087
7.083
7.069
7.066
7.056

7.052
6.716
6.700

3.844

FTP-1
PRO'

'ON CDC13

NAME wJ20131219

EXPNO i)

PROCNO 1

Date_ 20131219

Time 18.01

INSTRUM spect

PROBHD 5 mm PATXO 19F

PULEROG zg30

ool 65536

SQLVENT CDC13

NH, NS 4

DS 2

O N SWH 10330.578
O 3 FIDRES 0.157632
£ AQ 3.1720407
RG 80.6

DW 48.400

DE 6.00

TE 296.9

D1 1.00000000

D0 L

i .
T T T T T T T
10 9 8 7 3 2 1 0 ppm
~It (™)) (o =
SlalSlE] & E
o]l |
13
Compound 3q *C NMR
o HMH MmO T nnon
Ehe RO NS @ D Qi FYP-2
L3 B C13CPD CDC13
== Adaas3333333
\ ’l N \\J // \W NAME WJ20131219
EXPNO 18
PROCNO 1
Date_ 20131219
Time 18.06
NH, INSTRUM spect
PROBHD 5 mm PATXO 19F
O PULPROG zgpg30
N3 D 65536
SOLVENT CDC13
F NS 46
DS 4
30030.029
0.458222
1.0912410
128
16.650
6.00
297.6
2,00000000

0.03000000
1.89999998
1

”””” CHANNEL fl ===
NUC1 13C
Pl 9.50
PL1 -0.5
SFO1 125.7703643

CHANNEL f2

T T T T T T T T T T T

T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 a0 30 20 10 0
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Compound 3r '"H NMR

DLV NO DN ®an © o
AN T A DO N -~ <
{0 D O ~ @ FYP-1
W} o] « PROTON CDCl3
NAME WJ20131220
EXPNO 1
PROCNO 1
Date_ 20131220
Time 17.08
INSTRUM spect
PROBHD 5 mm PATXC 19F
PULPROG z
) 65536
SOLVENT CDC13
NS 4
DS 2
SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1720407 se
RG 40.3
D 48.400 us
DE 6.00 us
TE 297.0 K
D1 1.00000000 se
D0 1
mwmewwes CHANNEL fl wwssws
NUC1 1H
Pl 14.14 us
PL1 1.00 dE
SFO1 500.1330885 ME
ST 32768
ar 2An 12AN712 ME
Ju .
T T T T T T T
10 9 8 7 2 1 0 ppm
EAEEe 5 A
REXE X %
Compound 3r 3C NMR
OO O LN Ve
e e i FYP-1
SR5 8 833 =25 “: c13cep cpc13
i i Yl R i S ~
NAME WJ20131220
EXPNO 2
PROCNO 1
Date_ 20131220
Time 17.11
INSTRUM spect
PROBED 5 mm PATXO 19F
IPULPROG zgpg30
1D 65536
ISOLVENT CDC13
s 44
s 4
SWH 30030.029 E
[FIDRES 0.458222 E
) 1.0912410 =
RG 128
pw 16.650 v
PE 6.00 v
TE 297.8 E
b1 2.00000000 s
i1 0.03000000 &
[PELTA 1.89999998 =
TDO 1
CHANNEL fl ==
13¢
9.50 v
=0.50 ¢
125.7703643 ¥
" " L
T T T T T T T T T T T
160 150 140 130 120 110 30 20 10 0 ppm
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Compound 3s '"H NMR

7.883
7.881
7.805
7.788
7.766
7.616
7.612
7.599
7.595
7.445
7.443
7.430
7.417
7.414
7.410
7.397
7.383
7.382
7.296
7.292
7.249
7.246
7.233
7.229
6.662
6.646

|
|

I NH;
SO

3.799

FYP-4
PROTON CDC13

NAME WJ20131218
EXPNO 9
PROCNO 1
Date_ 20131218
Time 17.2¢
INSTRUM spect
PROBHD 5 mm PATXO 19F
PULPROG 2930
™ 65536
SOLVENT cDC13
NS 8
DS 3
SwH 10330.578
FIDRES 0.157632
aQ 3.1720407
RG 45.3
D 48.400
DE 6.00
TE 296.5
Dl 1.00000000
D0 1

== CHANNEL fl =

18

14.14

1.00
500.1330885

32768
500.1300798

J "
T T T T T T T T T
10 9 ] 2 1 0 ppm
Al ’
SRR =
B g
Compound 3s *C NMR
it et e
CROTNNN AT TRO AR A0
[~ 09O O 00 00 00 [~ D I D D) < T~ D FYP-4
fu i o s R b B e C13CED CDC13

NH;

NAME WJ20131218
EXPNO 10
PROCNO 1
Date_ 20131218
Time 17.29
INSTRUM spect
PROBHD 5 mm PATXO 19F
PULPROG zgpg30
D 65536
SOLVENT CDcl3
NS 26
DS 4
SWH 30030.029 |
FIDRES 0.458222 |
AQ 1.0912410 :
RG 228.1
DW 16.650 1
DE 6.00 1
TE 297.0 1
D1 2.00000000 :
dll 0.03000000 :
DELTA 1.89999998
DO 1
CHANNEL f1 = g
13C
9.50 1

~0.50
125.7703643

T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 920 80
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Compound 3t 'H NMR

3.870

FYP-3
PROTON CDC13

NAME wWJ20131212
EXPNO 13
PROCNO 1
Date_ 20131212
Time 17.48
Ny INSTRUM spect
PROBHD 5 mm PATXO 19F
© NHz PULPROG 2930
™ 65536
SOLVENT cpel3
NS 8
DS 2
SWH 10330.578 Hz
FIDRES 0.157632 Hz
aQ 3.1720407 sec
RG 8
DW 48.400 use
DE 6.00 use
TE 296.8 K
Dl 1.00000000 sec
TDO 1
CHANNEL f1 =
18
14.14 use
\k A |
T T T T T T T T T T
2 8 7 6 5 4 2 1 0 ppm
) (Gf<]e (o)
25| [2[2]E S
e P P N

Compound 3t C NMR

129.06
129.02
128.51
127.62
126.91
125.32
118.45
117.46

_—138.89
T -135.73

.
i
=

|

FYP-3
Cl3CPD CDCL13

NAME wJ20131212
EXPNO 14
PROCNC 1
Date_ 20131212
Time 17.50
INSTRUM spect
PROBHD 5 mm PATXO 19F
PULBROG 2gpg30
D 65536
SOLVENT CDCl3
NS 27
DS 4
SWH 30030.029 Hz
FIDRES 0.458222 Hz
AQ 1.0912410 sec
RG 128
DW 16.650 usec
DE 6.00 usec
TE 297.4 K
D1 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
D0 1
CHANNEL f1
9.50 usec
-0.50 dB
125.7703643 MHz
CHANNEL f2 =
CPDPRG2 waltzl6

T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70

40 30 20 10 ¢ ppm
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Compound 3u 'H NMR

M@ AT O~ D nw o
OOV TOOON WD
Sommmme -~ 0 Sa ~
[NV vv v v v v sw o i
\NW \ f ‘ PROTON CDC13
NAME CwG2014021
EXPNO
PROCNO
Date. 2014021
Time 14.0
INSTRUM spec
PROBHD 5 mm PATXO 19]
cl PULPROG 293
HaN NH, ) 6553
O O SOLVENT CDC1
NS 1
cl Ny DS
SWH 10330.57
FIDRES 0.15763
AQ 3.172040
RG 12
DW 48.40
DE 6.0
TE 296.
D1 1.0000000
DO
CHANNEL fl ==
1
14.1
1.0
500.133088
3276
cnn 13nnan
U | el = o)
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
(orole)™ «lo|
B E =
el oiled] e
13
Compound 3u 3C NMR
PBNECOD DDA
SRR U LN AR ™
Sman eS8 an e " FYP-2
ot R B B e R o [CLSCED CDcld

NAME WJ20131220
EXPNO 3
PROCNO 1
Date_ 20131220
Time 17.17
cl INSTRUM spect
PROBHD 5 mm PATXO 19F
HZ'NNH? PULPROG zgpg30
™ 65536
o]} N3 SOLVENT cpel3
NS 64
DS 4
SWH 30030.029 Hz
FIDRES 0.458222 Hz
AQ 1.0912410 se
RG 128
DWW 16.650 us
DE 6.00 us
TE 297.8 K
Dl 2.00000000 se
dil 0.03000000 se
DELTA 1.89999998 se¢
D0 1
CHANNEL f1

=-0.50
SFO1 125.7703643 Mk

T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0  ppm
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Compound 3v 'H NMR

o FYP-1
] PROTON CDC13
:
NAME WJ20131213
EXPNO 15
PROCNOC 1
Date_ 0131213
Time 17.48
INSTRUM spect
PROBHD 5 mm PATXO 19F
PULPROG zg30
TD 65536
NH, SOLVENT CDC13
NS 8
N3 DS 2
SWH 19330.578
FIDRES .157632
AQ 311720407
RG 181
DW 48.400
DE 6.00
TE 296.6
D1 1.90000000
TDO
= CHANNEL
e Ui A J;_A e
T T T T T T T T T T T T T T T T T
8.0 T8 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 ppm
1|2 (o]
SlEIRE B &l
Al wlsle

LCHmomANo N
mbORNR®DO S
o © 010 MO 0o Fye-l
MmN NN NN C13CPD CDC13
g o g o pa g b
NN e
|
NAME WJ20131213
EXPNO
PROCNO i
Date_ 20131213
NH, Time 17.50
INSTRUM spect
N3 PROBHD 5 mm PATXO 19F
PULPROG 2gpg30
D 65536
SOLVENT cpcl3
NS 36
DS 4
SWH 30030.029
FIDRES 0.458222 I
aQ 1.0912410 ¢
RG 1
DW 16.650 1
DE 6.00 1
TE 296.9 t
Dl 2.00000000 ¢
dll 0.03000000 ¢
DELTA 1.89999998 ¢
DO 1

CHANNEL f1

T T T T T T
150 140 130 120 110 100 920 80 70 60 50 40 30 20 10 0 ppm



Compound 3w 'H NMR

CENHOMO ™) © NS @ ° FYP-3
el pupubih- i grnge-pp i hu b PROTON CDC13
it :
NAME WJ20131226
EXPNO 17
PROCNO !
Date_ 20131226
Time 17.58
INSTRUM spect
PROBHD 5 mm PATXG 19F
PULPROG zg30
™D 65536
SOLVENT CDC13
NS 8
DS 2
NHp SWH 10330.578 Hz
FIDRES 0.157632 Hz
= N AQ 3.1720407 se
W RG 256
DH 48.400 us
DE 6.00 us
TE 296.6 K
Dl 1.00000000 se
DO 1
= CHANNEL f1 =
S S ,k
T T T T T T T T T T T
10 9 8 7 6 4 3 2 1 0 ppm
] o] =1 =lis) |
p=q =t sls|e >
leil Sl I
Compound 3w 3C NMR
o o o woomuenm O FYP-3
= CI SLLGon @ C13CPD CDC13 D:\\ deng 5
o o Ve we s ®
s S oo JdaNMaS o
- - A =
| ‘ \V \” ‘ NAME 111111111111111111
EXPNO
PROCNO 1
Date 20140215
Time 8.13
INSTRUM spect
PROBHD 5 mm PATXC 19F
PULPROG zgpg30
D 65536
NH, SOLVENT cbcl3
NS 2200
DS 4
Q) He SiH 30030.029 Hz
0 FIDRES 0.458222 Hz
AQ 1.0912410 sec
RG 287.4
DwW 16.650 use
DE 6.00 use
TE 298.6 K
D1 2.00000000 sec
d11 0.03000000 sec
DELTA 1.89999998 sec
TDO 1
CHANNEL f1 =
13c
9.50 use
-0.50 dB
125.7703643 MHz
******** CHANNEL f2 ======
CPDPRG2 waltzlé
NIIC? 1H

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90
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Compound 3x 'H NMR

TOANBNOMDNMAOMNO~MO®MS ™ o -
TIN A=A e OO O NNINT TOD o FYP-1
NNNNANNNAHdAHOOo0 0o~ 0 & PROTON CDCL3
P e PR I

NAME WJ20131226
EXPNO 14
BROCNO 1
Date_ 20131226
Time 17.486
INSTRUM spect
PROBHD 5 mm PATXO 19F
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 8
DS 2
NH SWH 10330.578 |
FIDRES 0.157632 |
~ N aQ 3.1720407 :
- RG 256
bW 48.400 1
DE 6.00 1
TE 296.5 1
D1 1.00000900 :
DO 1
CHANNEL f£1
14
100 «
LL N, N - J
T T T T T T T T T
9 8 6 5 3 2 1 0 ppm
o
=
o
Compound 3x 3C NMR
- o e o
5 £ ame S® FYP-2
T C CoOmOdaSn C13CPD CDC13
T h AN aNaa
S 2 333333:2:S
| ‘ \\\ V/ :/ NAME WI2014010%
EXPNO <
PROCNO 1
Date_ 2014010:
Time 17.1z
INSTRUM spect
PROBHD 5 mm PATXO 19E
PULPROG zgpg3(
TD 65
SOLVENT
NS
NHy DS i
SWH 30030.02¢
FIDRES 0.45822:
Q] Mo AQ 1.091241¢
S RG 181
DW 16.65(
DE 6.0(
TE 297.:
D1 2.0000000¢
di1 0.0300000(
DELTA 1.8999999¢
TDO 1
”””” CHANNEL f1 ===
NUCl 13¢
T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 a0 30 20 10 0 ppm
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Compound 3y 'H NMR

© N o FYP-5
4 3 T PROTON CDCL:
© o o
NAME WJ20131218
EXPNO il
PROCNO L
Date_ 20131218
Time 1T.37
INSTRUM spect
PROBHD 5 mm PATXO 19F
PULPROG zg30
TD 65536
SOLVENT €Dpcl3
NS 8
DS 2
SwH 10330.578
NH, FIDRES 0.157632
AQ 3.1720407
RG 203.2
Ny DW 48.h00
DE 6100
TE 296.5
Dl 1.00000p00
TDO 1
CHANNEL f1
S S, H {
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
0 2
S S i
e ™
Compound 3y *C NMR
- " oo
P 23R -
> N e
o PRV 2
@ X &5 38
o 5 a8d B
I Fye-s
C13CPD CDC13
WJ2013121
1
2013121
17.3
INSTRUM spec
PROBHD 5 mm PATXO 19
PULPROG zgpg3
6553
HH; SOLVENT €DC1
NS 9
Ny DS
SWH 30030.02
FIDRES 0.45822
a0 1.091241
RG .
DW 16.65
DE 6.0
TE 297.
Dl 2.0000000
d11 0.0300000

T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm



Compound 4 'H NMR

6.741
6.732
6.727
6.722
6.717
6.713

6.707
6.698

{

ac
NH.

2

3.381

FYP-2

PROTON CDC13

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG

D
SOLVENT
NS

DS

SWH
FIDRES

WJ20140102
15

1

20140102

17.57

spect

5 mm PATXO 19F

2
10330.578
0.157632
3.1720407

NUC1 1H
Pl 14.14
PL1 1.90
SFOl 500.13308%5
SI 32768
SF 500.1300139
WDW o
SSB 0
LB 0.90
GB 0
PC 1.90
T T T T T T
9 8 7 6 5 1 0 ppm
8 ©
S S
E N
Compound 4 °C NMR
o © ©
2 S-S
. g FYP-2
= S5 C13CPD CDC13
a SR
NAME WJ20131230
EXPNO 24
PROCNO 1
Date_ 20131230
Time 17.54
INSTRUM spect
PROBHD 5 mm PATXQ 19F
PULPROG zgpg30
NH; D 65536
@[ SOLVENT cDCl3
N
NH: o8 33
SWH 30030.029
FIDRES 0.458222
AQ 1.0912410
RG 181
DWW 16.650
DE 6.00
TE 297.1
D1 2.00000000
dii 0.03000000
DELTA 1.89999998
D0 1
77777777 CHANNEL fl ====
NUC1 13
Pl 9.50
PLL -0.50

T
170

T
160

T
150

T
140

T T
130 120

T
110

T
100

T
90

80
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Compound 5 'H NMR

7.679
7.662
7.093
7.088
6.862
6.857
6.845
6.840

)
<

FYP-2
PROTON CDC13

NAME WJ20140113
EXPNO 24
PROCNO 1
Date_ 20140113
Time 18.43
INSTRUM spect
PROBHD 5 mm PATXO 19F
PULPROG zg30

™D 65536
SOLVENT cDe13

NS 8

Ds 2

SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1720407 sec
RG 228.1

DW 48.400 usec
DE 6.00 usec
TE 296.3 K
D1 1.00000000 sec
TDO 1

- == CHANNEL f1

NUCL 1H

Pl 14.14 usec
PL1 1.00 |dB

SFO1 500.1330885 MHz
SI 32768

SF 500.1300127 MH=z
WDW

SSB

LB

Compound 5 *C NMR

—143.04

——140.67
—135.50

.0
.0
1.00

—126.58
—118.61

85.12

FYP-2
C13CPD CDC13

NAME WJ20140113
EXPNO 23
PROCNO i
Date_ 20140113
Time 18.48
INSTRUM spect
PROBHD 5 mm PATXO 19F
PULPROG 2gpg30
D 65536
SOLVENT €DC13
NS 82
DS 4
SWH 30030.029
FIDRES 0.458222
AQ 1.0912410
RG 1448.2
DW 16.650
DE 6.00
TE 297.3
Dl 2.00000000
dll 0.03000000
DELTA 1.89999998
DO 1

T T T T T
130 120 110 100 20
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Compound 6 'H NMR

COMADAMO TN~ N
DGO =D S ot OO o M
OREFNINNND®R OO
@[~~~ 00w w

-
2
<
i
X

4.585

FYP-7

PROTON CDC13

NAME
EXPNO
PROCNO
Date_

INSTRUM

WJ20140102
18

1
20140102
12.09

PROBHD 5 xm PATXO 19F

PULPROG

coel3
8

2
10330.578 Hz
0.157632 Hz

N=N ¥
N aQ 3.1720407 sec
N\/)‘@ e A
©: oW 48.400 usec
DE 6.00 usec
TE 296.5 K
NHz o1 1.00000000 sec
TDO 1
= CHANNEL f1 =
1H
P1 14.14 usec
PLL 1.00 aB
sFo1 500.1330885 Mz
sI 32768
SF 500.1300123 MHz
T T T T T T T T
10 2 8 7 6 5 2 L 0 ppm
o o) (Gl =
2 121= =] [ele e
el feal 14l i
13
Compound 6 °C NMR
W TN EwoannDT FYP-2
B T e e A C13CPD CDC13
OO TN NS G
T AOONNNNNN A A
P s i B e B
| \\‘\\\\J/% NAME WW20140214
EXPNO 3
PROCNO 1
Date_ 20140214
14.52
INSTRUM spect
PROBHD 5 mm PATXO 19F
PULPROG zgpg30
TD 65536
SOLVENT cpc13
NS 512
DS 4
SWH 30030.029
FIDRES 0.458222
N a0 1.0912410
=N RG 362
N Br DwW 16.650
@[ bE .00
TE 298.3
NHz D1 2.00000000
a1l 0.03000000
DELTA 1.89999998
TDO 1
———————— CHANNEL f1 ===
nyc1 13¢
Pl 9.50
PL1 -0.50
T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 30 20 10 0 ppm



Compound 7 'H NMR

~ swanaBomn - P oo wow FYP-2
b4 L8RS b NNNRRRLY AR&8 35 PROTON CDCL3
S FRYOWYow w L e
W/ | W ‘N AME WJ201401
EXPNO
PROCNO
Date_ 201401
Time t
INSTRUM sper
PROBHD 5 mm PATXO 1
PULPROG zg
™ 655
SOLVENT e
NS
A o
SWH 10330.5°
cl FIDRES 0.1576
=, ot a1
Eloﬂ ;8 3 17255
OEt D 48.41
DE 6.1
TE 296
D1 1.0000001
DO
CHANNEL £1 =
14.
1.0
500.13308:
327
500.12999
)
T T T T T T T T T T T T
10 ] 8 7 6 5 4 3 2 1 0 -1 ppm
A Ll (o) A o AN
i 21318 S S ol
| e e | - - el
Compound 7 *C NMR
- o w wowo N
S 3 Q8 SSHRAF =a =
i = YA 53 aF
o m - © NoO S N® .. ..
2 B3 R WS <
E & a3 e prhahafa e S8 gy
A I ez Y
C13CPD CDC13
NAME WJ201401
EXPNO
PROCNO
Date_ 201401
Time 17.
INSTRUM spe
PROBHD 5 mm PATXO 1
/@f‘”z PULPROG 2gpg
D 655
o SOLVENT coc
NS
Et0 DS
oEt SWH 30030.0
FIDRES 0.4582
aQ 1.09124
RG 3
DW 16.6
DE .
TE 297
D1 2.000000
di1 0.030000
DELTA 1.899999
T T T T T T T T T T T T T T T T T T T T T 1
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm



Compound 8 'H NMR

FYP-2
b g i 3 e PROTON CDC13
[EBELSSE2 o
NN -
W NAME WJ20140106
EXPNO 1
PROCNO 1
Date_ 20140106
Time 18.27
INSTRUM spect
PROBHED 5 mm PATXO 19F
PULPROG zg30
D 65536
SOLVENT CDC13
e NS 8
DS 2
N, SWH 10330.578
FIDRES 0.157632
AQ 3.1720407
RG 35.9
DW 48.400
DE 6.00
TE 296.2
D1 1.00000000
DO 1
CHANNEL f1
11
14.14
1.00
500.1330885
32768
500.1300013
T T T T T T T T T T
8 7 6 5 4 3 z 1 0 ppm
) =4
212 =]
el o
Compound 8 *C NMR
- w o o N aw
N 2 e L e & s ExE-2
2 & 8 58 %l & & C13CPD ¢DC13
3 5 5 88 He S
NAME WJ2014010
EXPHNO 1
PROCNO
Date_ 2014010
Time 18.3
INSTRUM spec
PROBHD 5 mm PATXO 19
PULPROG zgpg3
™ 6553
SOLVENT cocl
NS 7
NC DS
SWH 30030.02
FIDRES 0.45822
Ny AQ 1.091241
RG 25
Dw 16.65
DE 6.0
TE 297.
D1 2.0000000
a1l 0.0300000
DELTA 1.8999999
D0
f " ]
T T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0 pPm
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