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1. Analytical data for compounds 3b—s

Table 2, entry 1. Following the general procedure, the reaction of MBH alcohol la
(62 mg, 0.3 mmol), PPh3 (157 mg, 0.6 mmol) and diethyl azodicarboxylate 2b (94 uL,
0.6 mmol) was performed for 25 minutes.

- CO2Et
©/\[N,002Et

|
EtOZC’NH

3b

3b: 107 mg, 98% yield, as slightly yellow oil; *H NMR (400 MHz, CDCls) & 7.89 (s,

H), 7.37 (m, 5H), 6.75 (br m, 1H), 4.64 (s, 2H), 4.27 (g, J = 7.1 Hz, 2H), 4.11 (m, 4H),
1.33 (t, J = 7.1 Hz, 3H), 1.22 (m, 6H); *C NMR (100 MHz, CDCls) & 167.6,
156.0(2C), 143.7, 134.5, 129.3, 128.9, 128.5, 127.3, 62.5, 61.9, 61.1, 46.6, 14.41,
14.37, 14.2; IR (KBr): vmax 3433, 2983, 1638, 1401, 1124 cm™; HRMS (ESI) calcd
for C1gH25N206 [M+H]" requires 365.1713, found 365.1712.

Table 2, entry 2. Following the general procedure, the reaction of MBH alcohol 1b
(58 mg, 0.3 mmol), PPh3 (157 mg, 0.6 mmol) and diethyl azodicarboxylate 2b (94 uL,
0.6 mmol) was performed for 25 minutes.

X COzMe

©/\[N/002Et
EtOZC’NH

3c

3c: 100 mg, 95% yield, as yellow oil; *H NMR (400 MHz, CDCl3) §7.90 (s, 1H), 7.36

(m, 5H), 6.61 (br m, 1H), 4.65 (s, 2H), 4.18 (m, 4H), 3.83 (s, 3H), 1.29 (m, 6H); °C
NMR (100 MHz, CDCls) §168.0, 155.9(2C), 143.9, 134.3, 129.2, 128.9, 128.4, 127.0,
62.4, 61.7, 52.1, 46.5, 14.3(2C); IR (KBr): vmax 3430, 2980, 1711, 1401, 1125 cm™;
HRMS (ESI) calcd for C17H23N206 [M+H]" requires 351.1556, found 351.1557.

! Rotamers were often observed in the *H and **C NMR spectra of compounds 3.
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Table 2, entry 3. Following the general procedure, the reaction of MBH alcohol 1b
(58 mg, 0.3 mmol), PPh; (157 mg, 0.6 mmol) and di-tert-butyl azodicarboxylate 2c
(138 mg, 0.6 mmol) was performed for 50 minutes.

mcone

N,COZt-Bu
t-Bquc/NH
3d
3d: 116 mg, 95% vyield, as colorless oil; *H NMR (400 MHz, CDCls) & 7.77 (s, 1H),

7.28 (m, 5H), 6.32 (br m, 1H), 4.53 (s, 2H), 3.72 (s, 3H), 1.35 (m, 18H); *C NMR
(100 MHz, CDCI3) 6 168.0, 155.7, 154.9, 143.5, 134.3, 129.3, 128.8, 128.3, 127.2,
80.9, 80.6, 51.9, 45.1, 27.9(2C); IR (KBr): vmax 3435, 2981, 1639, 1401, 1122 cm™;
HRMS (ESI) calcd for CyHaoN,NaOg [M+Na]™ requires 429.2002, found 429.1995.

Table 2, entry 4. Following the general procedure, the reaction of MBH alcohol 1c
(66 mg, 0.3 mmol), PPhs (157 mg, 0.6 mmol) and diethyl azodicarboxylate 2b (94 uL,
0.6 mmol) was performed for 35 minutes.
- CO:Et
EtOzc’NH
3e
3e: 92 mg, 81% vyield, as yellow oil; *H NMR (400 MHz, CDCl3) 87.77 (s, 1H), 7.20

(br s, 2H), 7.08 (d, J = 7.9 Hz, 2H), 6.78 (br m, 1H), 4.56 (s, 2H), 4.16 (q, J = 7.1 Hz,
2H), 4.03 (m, 4H), 2.25 (s, 3H), 1.23 (t, J = 7.1 Hz, 3H), 1.11 (m, 6H); *C NMR (100
MHz, CDCls) & 167.5, 155.8(2C), 143.7, 138.9, 131.4, 129.3, 129.0, 126.1, 62.1, 61.5,
60.8, 46.0, 21.0, 14.2, 14.1, 13.9; IR (KBr): vmax 3413, 2981, 1710, 1401, 1124 cm™;
HRMS (ESI) calcd for C1gH,7N20g [M+H]" requires 379.1869, found 379.1867.

Table 2, entry 5. Following the general procedure, the reaction of MBH alcohol 1d

(72 mg, 0.3 mmol), PPh3 (157 mg, 0.6 mmol) and diethyl azodicarboxylate 2b (94 uL,

0.6 mmol) was performed for 35 minutes.

S3



Cl

mooza
_CO,Et
ITI 2
_NH
EtO,C
3f

3f: 104 mg, 87 % vield, as slightly yellow oil; *H NMR (400 MHz, CDCls) & 7.94 (s,
1H), 7.33 (m, 4H), 6.61 (br m, 1H), 4.52 (s, 2H), 4.30 (g, J = 7.1 Hz, 2H), 4.11 (m,
4H), 1.35 (t, J = 7.2 Hz, 3H), 1.23 (m, 6H); *C NMR (100 MHz, CDCls) & 166.9,
155.9(2C), 140.9, 133.7, 133.2, 130.3, 129.9, 129.4(2C), 126.6, 62.4, 61.8, 61.2, 46.8,
14.3(2C), 14.1; IR (KBr): vmnax 3422, 2985, 1717, 1401, 1136cm™; HRMS (ESI) calcd
for C1gH24CIN,Og [M+H]" requires 399.1323, found 399.1324.

Table 2, entry 6. Following the general procedure, the reaction of MBH alcohol 1le
(72 mg, 0.3 mmol), PPh3 (157 mg, 0.6 mmol) and diethyl azodicarboxylate 2b (94 uL,
0.6 mmol) was performed for 30 minutes.
- CO2Et

EtOZC’NH

39
3g: 109 mg, 91% vyield, as colorless oil; *H NMR (400 MHz, CDCls) & 7.82 (s, 1H),
7.35 (m, 4H), 6.92 (br m, 1H), 4.61 (s, 2H), 4.27 (g, J = 7.1 Hz, 2H), 4.13 (m, 4H),
1.33 (t, J = 7.1 Hz, 3H), 1.21 (m, 6H); *C NMR (100 MHz, CDCl3) & 167.1,
155.8(2C), 142.2, 134.8, 132.9, 130.5, 128.6, 127.9, 62.3, 61.7, 61.0, 46.1, 14.3, 14.2,
14.0; IR (KBr): vmax 3448, 2985, 1712, 1401, 1124 cm™; HRMS (ESI) calcd for
C18H24CIN,Og [M+H]" requires 399.1323, found 399.1320.

Table 2, entry 7. Following the general procedure, the reaction of MBH alcohol 1f
(63 mg, 0.3 mmol), PPh3 (157 mg, 0.6 mmol) and diethyl azodicarboxylate 2b (94 uL,

0.6 mmol) was performed for 30 minutes.
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~CO2Me
Etozc’NH
3h
3h: 87 mg, 79% vield, as yellow oil; *H NMR (400 MHz, CDCl5)  7.76 (s, 1H), 7.33
(br s, 2H), 7.00 (m, 2H), 6.76 (br s, 1H), 4.53 (s, 2H), 4.06 (M, 4H), 3.72 (s, 3H), 1.15
(m, 6H); *C NMR (100 MHz, CDCl3) § 167.8, 162.9 (d, Jc.r = 250.2 Hz), 155.9(2C),
142.7, 131.3 (d, Jcr = 7.5 Hz), 130.4, 126.8, 115.5 (d, Jcr = 21.7 Hz), 62.38, 61.73,
52.03, 46.27, 14.25, 14.19; IR (KBr): vmax 3170, 2984, 1718, 1401, 1124 cm™; HRMS

(ESI) calcd for C17H2FN,Og [M+H]" requires 369.1462, found 369.1464.

Table 2, entry 8. Following the general procedure, the reaction of MBH alcohol 1g
(75 mg, 0.3 mmol), PPh3 (157 mg, 0.6 mmol) and di-tert-butyl azodicarboxylate 2c

(138 mg, 0.6 mmol) was performed for 40 minutes.

U™
_CO,t-B
O,N N2

t-Buozc/NH
3i

3i: obtained as an inseparable mixture of E/Z isomers (E/Z 3:1) in 120 mg, 86% vyield,
as colorless oil; NMR data for E-3i: *H NMR (400 MHz, CDCls) & 8.23 (d, J = 8.2
Hz, 2H), 7.85 (s, 1H), 7.61 (m, 2H), 6.39 (br m, 1H), 4.56 (s, 2H), 4.30 (g, J = 7.1 Hz,
2H), 1.46 (m, 18H), 1.36 (t, J = 7.1 Hz, 3H); ©*C NMR (100 MHz, CDCl3) § 166.8,
154.8(2C), 147.4, 141.1, 140.3, 130.0, 129.0, 123.4, 81.3, 81.0, 61.2, 45.3, 27.9(2C),
14.0; selected NMR data for Z-3i: *H NMR (400 MHz, CDCls) & 8.18 (d, J = 8.3 Hz,
2H), 7.46 (d, J = 8.3 Hz, 2H), 6.94 (s, 1H), 4.48 (s, 2H), 4.16 (q, J = 7.1 Hz, 2H); **C
NMR (100 MHz, CDCls) 6 147.0, 142.1, 131.1, 123.1, 61.1, 13.6; IR (KBr): vmax
3433, 2986, 1521, 1710, 1401, 1369, 1122cm™; HRMS (ESI) calcd for Cy2H31N3NaOg
[M+Na]" requires 488.2009, found 488.2003.

Table 2, entry 9. Following the general procedure, the reaction of MBH alcohol 1h
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(47 mg, 0.3 mmol), PPh; (157 mg, 0.6 mmol) and diisopropyl azodicarboxylate 2a
(118 pL, 0.6 mmol) was performed for 30 minutes.
ITI,C:Ozipr

: -N
iPrO,C
3j

H

3j: obtained as an inseparable mixture of E/Z isomers (E/Z 9:1) in 83 mg, 80 % vyield,
as slightly yellow oil; NMR data for E-3j: *H NMR (400 MHz, CDCl3) & 6.98 (t, J =
7.0 Hz, 1H), 6.56 (br m, 1H), 5.00 (m, 2H), 4.35 (m, 2H), 4.19 (q, J = 7.1 Hz, 2H),
2.31 (br's, 2H), 1.29 (t, J = 7.1 Hz, 3H), 1.25 (m, 12H), 1.06 (t, J = 7.6 Hz, 3H); °C
NMR (100 MHz, CDCl3) & 167.0, 155.4(2C), 149.8, 126.3, 69.7, 69.3, 60.5, 44.9,
21.9, 21.81, 21.76, 14.1, 13.1; selected NMR data for Z-3j: 'H NMR (400 MHz,
CDCl3) 6 6.10 (br s, 1H), 4.29 (s, 2H), 2.51 (m, 2H); *C NMR (100 MHz, CDCl3) &
149.5, 126.2, 70.3, 60.3, 44.5, 21.6, 13.5; IR (KBr): vmax 3437, 2982, 1715, 1401,
1135 cm™; HRMS (ESI) calcd for CigHaoN,Og [M+H]" requires 345.2026, found
345.2020.

Table 2, entry 10. Following the general procedure, the reaction of MBH alcohol 1h
(47 mg, 0.3 mmol), PPhs (157 mg, 0.6 mmol) and diethyl azodicarboxylate 2b (94 uL,
0.6 mmol) was performed for 20 minutes.
\/\[COZEt
N,COZEt

Etozc”NH
3k
3k: 78 mg, 82% vyield, as colorless oil; *H NMR (400 MHz, CDCls) & 6.99 (m, 2H),
4.43 (s, 2H), 4.18 (m, 6H), 2.32 (br s, 2H), 1.28 (m, 9H), 1.06 (t, J = 7.5 Hz, 3H); **C
NMR (100 MHz, CDCl3) 6 166.9, 155.7(2C), 149.7, 126.0, 62.1, 61.6, 60.5, 45.0,
21.6, 14.3, 14.2, 13.9, 12.9; IR (KBr): vma 3434, 2983, 1712, 1401, 1124 cm™;
HRMS (ESI) calcd for C14H25N206 [M+H]" requires 317.1713, found 317.1712.
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Table 2, entry 11. Following the general procedure, the reaction of MBH alcohol 1i
(43 mg, 0.3 mmol), PPh3 (157 mg, 0.6 mmol) and diethyl azodicarboxylate 2b (94 uL,
0.6 mmol) was performed for 25 minutes.
W[COZMe
N,COZEt

_NH
EtO,C

3l
3l: 72 mg, 80% vyield, as slightly yellow oil; *"H NMR (400 MHz, CDCls) & 6.94

(m,2H), 4.37 (s, 2H), 4.13 (m, 4H), 3.69 (s, 3H), 2.28 (m, 2H), 1.22 (t, J = 7.1 Hz,
6H), 1.02 (t, J = 7.5 Hz, 3H); *C NMR (100 MHz, CDCls) § 167.4, 156.0(2C), 150.3,
125.8, 62.2, 61.6, 51.7, 45.2, 21.7, 14.33, 14.28, 13.0; IR (KBr): vmax 3448, 2981,
1718, 1401, 1122cm™; HRMS (ESI) calcd for C13H,3N,0¢ [M+H]" requires 303.1556,
found 303.1554.

Table 2, entry 12. Following the general procedure, the reaction of MBH alcohol 1i
(43 mg, 0.3 mmol), PPh; (157 mg, 0.6 mmol) and diisopropyl azodicarboxylate 2a
(118 puL, 0.6 mmol) was performed for 30 minutes.
\FNJ\[COQMe

I?I/COZI.-PT'

, _NH
i-PrO,C

3m

3m: obtained as an inseparable mixture of E/Z isomers (E/Z 13:1) in 80 mg, 81%
yield, as slightly yellow oil; NMR data for E-3m: *"H NMR (400 MHz, CDCls) & 6.98
(br s, 1H), 6.54 (br m, 1H), 4.95 (m, 2H), 4.41 (s, 2H), 3.74 (s, 3H), 2.31 (m, 2H),
1.26 (m, 12H), 1.06 (t, J = 7.4 Hz, 3H); *C NMR (100 MHz, CDCls) & 167.4,
155.6(2C), 150.2, 126.0, 69.8, 69.3, 51.7, 45.0, 21.9, 21.8, 21.5, 13.0; selected NMR
data for Z-3m: *H NMR (400 MHz, CDCl3) & 6.12 (br s, 1H), 4.19 (s, 2H), 2.51 (m,
2H); 3C NMR (100 MHz, CDCl3) & 149.8, 125.8, 51.3, 44.5, 13.4; IR (KBr): Umax
3427, 2981, 1718, 1401, 1144 cm™; HRMS (ESI) calcd for CisH2N,0s [M+H]"
requires 331.1869, found 331.1864.
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Table 2, entry 13. Following the general procedure, the reaction of MBH alcohol 1j
(43 mg, 0.3 mmol), PPh3 (157 mg, 0.6 mmol) and diethyl azodicarboxylate 2b (94 uL,
0.6 mmol) was performed for 21 minutes.
FF,J\ECOZE’(
N/CozEt

_NH
EtO,C

3n

3n: obtained as an inseparable mixture of E/Z isomers (E/Z 13:1) in 75 mg, 83% yield,
as colorless oil; NMR data for E-3n: *H NMR (400 MHz, CDCl5) § 7.11 (g, J = 6.9
Hz, 1H), 6.70 (br m, 1H), 4.34 (s, 2H), 4.19 (m, 6H), 1.92 (m, 3H), 1.28 (m, 9H); 3C
NMR (100 MHz, CDCls) & 166.9, 155.8(2C), 143.5, 127.8, 62.4, 61.8, 60.6, 45.2,
14.43, 14.38, 14.3, 14.1; selected NMR data for Z-3n: *H NMR (400 MHz, CDCls) &
6.26 (br m, 1H), 2.05 (d, J = 7.2 Hz, 3H); *C NMR (100 MHz, CDCls) § 64.0, 60.4,
15.6; IR (KBr): vmax 3427, 2985, 1712, 1401, 1137 cm™; HRMS (ESI) calcd for
C13H23N,06 [M+H]" requires 303.1556, found 303.1555.

Table 2, entry 14. Following the general procedure, the reaction of MBH alcohol 1j
(43 mg, 0.3 mmol), PPh3 (157 mg, 0.6 mmol) and di-tert-butyl azodicarboxylate 2¢
(138 mg, 0.6 mmol) was performed for 40 minutes.

MN\[COZEt
/COQt-BU

N

t-BuOQC’NH
30
30: obtained as an inseparable mixture of E/Z isomers (E/Z 5:1) in 59 mg, 55% yield,
as colorless oil; NMR data for E-30: *H NMR (400 MHz, CDCl3) 6 7.09 (g, J = 6.9
Hz, 1H), 6.24 (br m, 1H), 4.41 (s, 2H), 4.19 (g, J = 7.1 Hz, 2H), 1.90 (d, J = 6.9 Hz,
3H), 1.46 (m, 18H), 1.30 (t, J = 7.1 Hz, 3H); **C NMR (100 MHz, CDCls) & 166.9,
155.0(2C), 143.1, 128.3, 80.8(2C), 60.5, 44.2, 28.1(2C), 14.2, 14.1; selected NMR
data for Z-30: *H NMR (400 MHz, CDCl5) § 6.07 (br s, 1H), 2.04 (d, J = 7.2 Hz, 3H),

1.14 (t, J = 7.2 Hz, 3H); *C NMR (100 MHz, CDCls) 5 142.6, 128.1, 60.2, 29.6, 15.6;
S8



IR (KBr): vma 3432, 2980, 1711, 1400, 1152 cm™ HRMS (ESI) calcd for
C17H31N206 [M+H]" requires 359.2182, found 359.2177.

Table 2, entry 15. Following the general procedure, the reaction of MBH alcohol 1k
(39 mg, 0.3 mmol), PPh3 (157 mg, 0.6 mmol) and diethyl azodicarboxylate 2b (94 uL,
0.6 mmol) was performed for 10 minutes.
CO,Et
\/I\N/COZEt

_NH
EtO,C

3p
3p: 78 mg, 90% yield, as colorless oil; *H NMR (400 MHz, CDCls) & 7.12 (br m, 1H),
6.33 (s, 1H), 5.78 (s, 1H), 4.37 (s, 2H), 4.20 (m, 6H), 1.28 (m, 9H);**C NMR (100
MHz, CDCls3) 6 165.9, 156.0(2C), 135.3, 128.0, 62.4, 61.8, 60.8, 51.3, 14.28, 14.24,
13.9; IR (KBr): vmax 3417, 2983, 1718, 1401, 1138 cm™; HRMS (ESI) calcd for
C12H21N206 [M+H]" requires 289.1400, found 289.1398.

Table 2, entry 16. Following the general procedure, the reaction of MBH alcohol 1k
(39 mg, 0.3 mmol), PPh; (157 mg, 0.6 mmol) and diisopropyl azodicarboxylate 2a
(118 puL, 0.6 mmol) was performed for 20 minutes.
CO,Et

\[N/COZI-Pr
i-PrOZC/NH

3q
3q: 84 mg, 89% yield, as colorless oil; *H NMR (400 MHz, CDCl3) & 7.10 (br m, 1H),
6.24 (s, 1H), 5.69 (s, 1H), 4.86 (m, 2H), 4.27 (s, 2H), 4.13 (q, J = 7.1 Hz, 2H), 1.22 (¢,
J = 7.1 Hz, 3H), 1.16 (d, J = 6.3 Hz, 12H); *C NMR (100 MHz, CDCl5) & 165.8,
155.6(2C), 135.4, 127.6, 69.8, 69.3, 60.6, 50.9, 21.73, 21.67, 13.9; IR (KBr): Umax
3448, 2983, 1718, 1401, 1108 cm™; HRMS (ESI) calcd for Ci4H2sN;0¢ [M+H]

requires 317.1713, found 317.1713.
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Table 2, entry 17. Following the general procedure, the reaction of MBH alcohol 1k
(39 mg, 0.3 mmol), PPh3 (157 mg, 0.6 mmol) and di-tert-butyl azodicarboxylate 2c
(138 mg, 0.6 mmol) was performed for 25 minutes.
\/I\COZEt
N,COzt-BU
_NH
t-BuO,C

3r
3r: 93 mg, 90% yield, as colorless oil; *H NMR (400 MHz, CDCls3) & 6.50 (br m, 1H),
6.31 (s, 1H), 5.73 (s, 1H), 4.32 (s, 2H), 4.22 (q, J = 7.1 Hz, 2H), 1.47 (s, 18H), 1.30 (t,
J = 7.1 Hz, 3H); °C NMR (100 MHz, CDCl3) § 166.0, 155.0(2C), 135.9, 127.3,
81.2(2C), 60.7, 50.9, 28.1(2C), 14.1; IR (KBr): vmax 3344, 2981, 1713, 1400, 1152
cm™®; HRMS (ESI) calcd for CigHasNoNaOg [M+Na]™ requires 367.1845, found
367.1840.

Table 2, entry 18. Following the general procedure, the reaction of MBH alcohol 1l
(35 mg, 0.3 mmol), PPh3 (157 mg, 0.6 mmol) and diethyl azodicarboxylate 2b (94 uL,
0.6 mmol) was performed for 13 minutes.
\/I\COZMe
N/CozEt
_N
EtO,C

3s

H

3s: 72 mg, 87% vyield, as slightly yellow oil; *H NMR (400 MHz, CDCl5) & 6.84 (br m,
1H), 6.34 (s, 1H), 5.79 (m, 1H), 4.37 (s, 2H), 4.19 (m, 4H), 3.77 (s, 3H), 1.27 (m, 6H);
3¢ NMR (100 MHz, CDCls) & 166.4, 156.1(2C), 135.1, 128.6, 62.6, 61.9, 51.9, 51.6,
14.4, 14.3; IR (KBr): vmax 3449, 2981, 1719, 1401, 1139 cm™; HRMS (ESI) calcd for
C11H19N»Og [M+H]" requires 275.1243, found 275.1243..
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2. Analytical data for 1H-pyrazole 7 and mechanistic rationale

PPh; (0.6 mmol)

OH
N,  .CO,t-B
KWCOZBn t-BuO,C” N7 2o CO.Bn
2c (0.6 mmol) t—BuOZC—N\/\/|[
¢ > ,N Me
” CH20|2, rt, 1h t'BUOzC ;
6 (0.3 mmol) 58%

7: *H NMR (400 MHz, CDCls) § 7.36 (m, 5H), 5.20 (s, 2H), 4.49 (s, 2H), 2.59 (s, 3H),
1.51 (s, 9H), 1.49(s, 9H); *C NMR (100 MHz, CDCl3) & 163.7, 156.4, 151.5, 151.2,
136.0, 128.6, 128.2, 128.1, 107.4, 83.2, 82.4, 65.9, 52.4, 28.1, 28.0, 14.6; IR (KBr):
Vmax 2981, 1716, 1637, 1401, 1144 cm™; HRMS (ESI) calcd for Ca;HsoN,NaOg
[M+Na]" requires 441.2002, found 441.2005.

t-Bquc\Nl_T\ ® BUOC
N 8,2 PhsPO CO,Bn S\2 t-BuO, \N/\”/Coan
- PR — . |
t-BuO,C” CO,Bn D _NH
2 28N patha R Gy pathb ;g o,c N ©
E t-BUO,C™ "N © N
5-endo-trig C CO,t-Bu 5-exo-trig
ring closure ring closure
t-BuO,C.. OH
N =c
N 6 COan COan
t-BuO,C CO,Bn t—BquC—N/\/(
® \
’ ZPhB t-BuO C'N 7
N. -Bu
l H-tranfer t-BuO,C ,Tl@ A 2
CO,t-Bu
COan
PPhs
t-BuO,C-N_ |
Su6 dN Me t-BUOzC\N
t-Bu 2 N
7 N.
2¢ °CO,t-Bu

Scheme S1: Plausible mechanism for the formation of compound 7.

The formation of compound 7 from the reaction between azodicarboxylate 2c, allenic
MBH alcohol 6, and PPh; can be tentatively rationalized in Scheme S1. Initially,
addition of PPhs to 2c forms the Huisgen zwitterion A, which deprotonates the OH of
6 followed by the migration of the phosphonium to produce the anionic species C and
the oxophosphonium intermediate D. In one of the possible pathways (path a), Sn2'
attack of intermediate C on D brings about the hydrazine E, which undergoes a

5-endo-trig cyclization to furnish F. A final 1,3-proton transfer of F results in the
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formation of 1H-pyrazole 7. Another possible pathway for the formation of 7 (path b)
involves the Sn2 displacement of D with the species C generating the allenic
hydrazine G, which undertakes a favorable 5-exo-trig ring closure to furnish the

1H-pyrazole 7.
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3. Copies of *H, *C, DEPT, and NOESY NMR spectra

2 5 3 8 Tgrsaoogse R g
= r~ TR < of < < F o F —_ === <
| [ ===\ el
Parameter Value
Origin Bruker BioSpin GmbH 2 ~COEL
Spectrometer spect ©/\EN,3025
Solvent CDCI3 _NH
Pulse Sequence zg30 Etoz:;
Number of Scans 16 H NMR (400 MHz, CDCl5 )
Acquisition Time 3.9846
Acquisition Date 2013-11-27T12:21:09
Spectrometer Frequency 400.13
Spectral Width 8223.7
Nucleus 1H
|
\J e _ L‘
ERC I g 23 £3%
—_ ws — —_ el =F =]
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
f1 (ppm)

S13
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—_ — — o — ~ff = wwovwo =+ —— =
I | = ~ = | -
Parameter Value
Origin Bruker BioSpin GmbH
Spectrometer spect
Solvent CDCI3 - CO2Et
Pulse Sequence zgpg30 ©/\[N,002Et
Number of Scans 503 MH
soa . EtO,C” 3b
Acquisition Time 1.3631 2
Acquisition Date 2013-08-14T17:28:03 '*C NMR (100 MHz, CDCls)
Spectrometer Frequency 100.61
Spectral Width 24038.5
Nucleus 13C [
|
| I
|
I ! | | !
200 180 160 140 120 100 80 60 40 20
f1 (ppm)
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Parameter Value
Origin Bruker BioSpin GmbH
Spectrometer spect
Solvent CDCI3 - CO2E
Number of Scans 256 ©/\[N,C 0,Et
Acquisition Date 2013-08-14T16:56:42 Etozc’bllH b
Spectrometer Frequency 100.61 -
Spectral Width 240385 C DEPT135 (100 MHz, CDCl5 )
Nucleus 13C
" o A oo -y
200 170 140 110 80 60 40 20

f1 (ppm)

S15
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Parameter Value
Origin Bruker BioSpin GmbH
Spectrometer spect
Solvent CDCI3
Pulse Sequence zg30 Ny COMe
Number of Scans 16 CI/\[NfcozEt
Acquisition Time 3.9846 Etozc,rl\.lH
Acquisition Date 2013-07-19T17:23:12 e
Spectrometer Frequency 400.13 'H NMR (400 MHz, CDCI3)
Spectral Width 8223.7
Nucleus 1H
|
.I /—j J |
|
| |
J ' J L I
I e Y 7
S = 2 x 8 = &
— w — — + o v
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0 -1.0
f1 (ppm)

S16
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Parameter Value
Origin Bruker BioSpin GmbH
Spectrometer spect
Solvent CDCB
Pulse Sequence zgpg30 - CO2Me
Number of Scans 677 mN~COzEt
Acquisition Time 1.3631 il
it Eto,c” ' 3¢
Acquisition Date 2013-09-01T16:02:08 - 2
Spectrometer Frequency 100.61 NMR (100MHz CDCl, )
Spectral Width 24038.5
|
Nucleus 13C
[
|
|
| I‘
X A A W D A
200 180 160 140 120 100 80 60 40 20

S17



I A A A,
Parameter Value
Origin Bruker BioSpin GmbH 2. -COMe
Spectrometer spect mN—CozE‘
Solvent CDCI3 NH 3¢
EtO,C”~
Number of Scans 256

Acquisition Date

Spectral Width
Nucleus

2013-09-01T16:20:00
Spectrometer Frequency 100.61

24038.5
13C

3¢ DEPT135 (100 MHz, CDCly)

T

140

T T T T T T T T T

f1 (ppm)

S18

110 80 60

40

20



Parameter
Origin
Spectrometer
Solvent
Pulse Sequence
Number of Scans
Acquisition Time
Acquisition Date

—6.52
—06.13

Value

4.53
—3.72

Bruker BioSpin GmbH

spect
CDCI3
zg30
16
3.9846

2013-09-01T12:52:00

Spectrometer Frequency 400.13

I\I!,COQf-Bu
-NH
t-Bu0,C
3d

"HNMR (400 MHz, CDCly )

1.37

—-0.00

Spectral Width 8223.7
Nucleus 1H
| f |
J,ﬁ . ' jL A__J i
i i L T — ;
2.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0 -1.0
f1 (ppm)
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Parameter Value
Origin Bruker BioSpin GmbH
Spectrometer spect 2, ~CO2Me
Solvent CDCI3 mN LCO,t-Bu
Pulse Sequence zgpg30 NH
Number of Scans 662 +BuO,C” © 34
- 13C NMR (100 MHz, CDCIy )
Acquisition Time 1.3631
|
Acquisition Date 2013-09-01T13:52:21 '
Spectrometer Frequency 100.61
Spectral Width 24038.5
Nucleus 13C
|
I ! |
| 1
l J\ A‘L ____.t.k UJLL J
200 180 160 140 120 100 80 60 40 20
f1 (ppm)

S20
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Parameter Value
Origmn Bruker BioSpmn GmbH . COMe
Spectrometer spect ©/\[: OB
Solvent CDCB N
Number of Scans 256 tBuo,c 3d
Acquisition Date 2013-09-01T13:1|32 °C DEPT 135 (100 MHz, CDCly )
Spectrometer Frequency 100.61
Spectral Width 24038.5
Nucleus 13C
}\ J \ ke w,
r'|' T
200 170 140 110 80 60 40 20
fl (ppm)

S21
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Parameter Value
Origin Bruker BioSpin GmbH
Spectrometer spect
Solvent CDCI3 mcozﬂ !
Pulse Sequence zg30 n-COE
|
Number of Scans 16 EtOzc’NH
Acquisition Time 3.9846 3e
Acquisition Date 2013-08-20T16:53:23 'H NMR (400 MHz, CDCl3 )
Spectrometer Frequency 400.13
Spectral Width 8223.7
Nucleus IH
|
|
- [

e o, A A AN

g 28 2 =23 g g8

— o - (o] ol o= [ag] o D

9.0 8.0 7.0 6.0 4.0 3.0 2.0 1.0 0.0
f1 (ppm)
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Parameter Value
Origin Bruker BioSpin GmbH - CO2E
Spectrometer spect /©/\[ _COLEt
Solvent CDCI3 i
o e
Pulse Sequence zgpg30 S
13
Number of Scans 532 € P U 00 IHECECHS)
Acquisition Time 1.3631
Acquisition Date 2013-08-20T17:27:26
Spectrometer Frequency 100.61
Spectral Width 24038.5
Nucleus 13C
| 1
I
! I
I ' L A
200 180 160 140 120 100 80 60 40 20

f1 (ppm)

S23



Parameter
Origin
Spectrometer
Solvent
Number of Scans
Acquisition Date

Value
Bruker BioSpin GmbH %, ~COaEt
spect /©/\|: \-COZE
CDCI3 NH 3

256

2013-08-20T 17:46:40 8 BEFT 135 (100 Mt GBGls)

Spectrometer Frequency 100.61
Spectral Width 24038.5
Nucleus 13C
o L
A
200 170 140 110 80 60 40 20
fl (ppm)

S24
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Parameter
Origin
Spectrometer
Solvent
Pulse Sequence
Number of Scans
Acquisition Time
Acquisition Date

7.42
7.41

L

7.29
7.29
.28
—6.44

v

Value
Bruker BioSpin GmbH
spect
CDCB
zg30
16
3.9846
2013-10-04T15:42:12

Spectrometer Frequency 400.13

Spectral Width
Nucleus

8223.7
1H

—_— O N~ —
neaaNs oS
= <t = < =< =+ < = =

cl
% ~COEL
.CO,Et

N
Etozc’NH
af

TH NMR (400 MHz, CDCl )

J

0.00

—_ = o o — o — —

UL U U BN AN
- T - R 253 | Gl -
).5 8.5 7.5 6.5 5.5 4.5 3.5 2.5 1.5 0.5 05
f1 (ppm)

S25
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Parameter Value
Origin Bruker BioSpin GmbH
Spectrometer spect ol
Solvent CDCI3
Pulse Sequence zgpg30 mcoézt =
Number of Scans 854 N’ ’
Acquisition Time 1.3631 Etoc 3
Spectrometer Frequency 100.61 136 NMR (100 MHz, CDCls )
Spectral Width 24038.5
Nucleus 13C
I
1
|
Mm
200 180 160 140 120 100 80 60 40 20
fl (ppm)

S26
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Parameter Value
Origmn Bruker BioSpin GmbH
Spectrometer spect cl
Solvent CDCB3 mcoza
Number of Scans 256 n-CORE
Acquisition Date 2013-10-11T11:26:53 EtOZC’i\IlH 3t
Spectrometer Frequency 100.61 13 DEPT135 (100 MHz, CDCl; )
Spectral Width 24038.5
Nucleus 13C

A J_J" -

T T T T T T T T T T T T T T T

140
f1 (ppm)

S27
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Parameter Value
Origin Bruker BioSpin GmbH
Spectrometer spect
Solvent CDCB
Pulse Sequence zg30 mCOzEt
Number of Scans 16 cl rlwl’CozEt
Acquisition Time 3.9846 Eo,c
Acquisition Date 2013-08-23T16:28:24 R (400331HZ et !
Spectrometer Frequency 400.13 ’ 2)
Spectral Width 8223.7
Nucleus IH
|
I
|
‘ ‘|
I
L/\JC'\_ I S [,
R A AT o
s = 3 3S3 =8
—_ -+ — [N gl =
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0 -1.0
f1 (ppm)
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Parameter
Origin
Spectrometer
Solvent
Pulse Sequence
Number of Scans
Acquisition Time
Acquisition Date

Spectrometer Frequency 100.61

Spectral Width
Nucleus

=T [=2) Rl o e e o |
eI s e o o w88 A8z 3 a4=5
=] W = o oon o] oy [~ O o — — =] =+ < on
— —_ = = = M~ [~ = &0 \O = —_——
| NS N ~
Value

Bruker BioSpin GmbH

spect

CDCI3 - CO2Et

Zgpg . rlsJ,cozlzt

564 NH 54

13631 B,S

2013-08-20T19:19:58 13C NMR (100 MHz, CDCl3 )

24038.5

13C

r
e
—

kL

r

100 80 60 40 20
f1 (ppm)

160 140 120

S29
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Parameter Value
Origin Bruker BioSpin GmbH
Spectrometer spect
Solvent CDCB3
Number of Scans 256
Acquisition Date 2013-08-20T19:37:50
Spectrometer Frequency 100.61
Spectral Width 24038.5
Nucleus 13C
-

m
cl N

EtO,C”

CO,EL

LCO,Et

|
NH 39

13¢ DEPT135 (100 MHz, CDCl3 )

140

S30
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Parameter Value
Origin Bruker BioSpin GmbH
Spectrometer spect com
Solvent CcDCI3 m 2vle
Number of Scans 16 F wj'COZEt
Acquisition Date 2013-08-23T16:52:26 EtochNH
Spectrometer 400.13 ; 3h
Frequency H NMR (400 MHz, CDCly)
Spectral Width 8223.7
Nucleus 1H
'[ / /— / A
|
1
T = _—r H
g 2383 E = g o
— SRS R=] o <+ i =]
9.5 8.5 7.5 6.5 5.5 4.5 3.5 2.5 1.5 0.5 -0.5
f1 (ppm)



Parameter
Origin
Spectrometer
Solvent
Number of Scans
Acquisition Date

=233 ® X893 183%

ERveR ¥ maRs& L2

T T NS Y
Value

Bruker BioSpin GmbH

spect

CDCI3

523

2013-08-20T20:16:33

Spectrometer Frequency 100.61

77.32
77.00
76.68

L
\

. N,COZEt

.NH
EtO;C 3h

3¢ NMR(100 MHz, CDCls)

6238
61.73

—52.03
—46.27

14.25
14.19

<

Spectral Width 24038.5
Nucleus 3C - — —
W 162. 85 1L:\.1':l:i'0 ‘ 11{Lilrl
200 180 160 140 120 100 80 60 40 20
f1 (ppm)
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Parameter
Origin
Spectrometer
Solvent
Number of Scans
Acquisition Date

AHJ J__;JL

Value
Bruker BioSpin GmbH
spect
CDCB
256
2013-08-20T20:36:23

. y-COEL
3h

U
_NH
EtO,C
3¢ DEPT135(100 MHz, CDCl5)

Spectrometer Frequency 100.61
Spectral Width 24038.5
Nucleus 13C J
L oo " H’m _._”T g
2i0 | léO | 17"0 | 15|0 I léO | IIIO | Qb Sb 7|0 6I0 5I0 4I(} 3|0 2|0 lb
f1 (ppm)
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Parameter Value

Origin Bruker BioSpin GmbH

Spectrometer spect

Solvent CDCI3

Pulse Sequence zg30

Number of Scans 16 e CO2EL

Acquisition Time 3.9846 . mN o

Acquisition Date 2013-10-04T15:17:39 : NH

t+-BuO,C” 3i

Spectrometer Frequency 400.13
Spectral Width 8223.7
Nucleus IH

H NMR (400 MHz, CDCly)

S34



f1 (ppm)

S35
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Parameter Value
Origin Bruker BioSpin GmbH
Spectrometer spect
Solvent CDCI3
Pulse Sequence zgpg30 «COsEt
Number of Scans 792 m
.CO.t-Bu
Acquisition Time 1.3631 0N N
Acquisition Date 2013-10-11T12:17:11 tauo,c™ 3
Spectrometer Frequency 100.61 3C NMR (100 MHz, CDCl;)
Spectral Width 24038.5
Nucleus 13C
| |
I ! |I \ I
JL o I L
200 180 160 140 120 100 80 60 40 20
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Parameter
Origin
Spectrometer
Solvent
Number of Scans
Acquisition Date

Value
Bruker BioSpin GmbH
spect
CDCB3
256
2013-10-11T12:33:40

Spectrometer Frequency 100.61

mCOZE[
BN §-COat-Bu
I
NH
+Bu0,C” 3i

13 DEPT135 (100 MHz, CDCly)

Spectral Width 24038.5
Nucleus 13C
200 170 140 110 80 60 40 20
f1 (ppm)

S36
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Parameter Value
Origin Bruker BioSpin GmbH
Spectrometer spect
Solvent CDCI3
Pulse Sequence zg30 - CO2E
Number of Scans 16 mN’COQj_pr
Acquisition Time 3.9846 ) NH .
Spectrometer Frequency 400.13 +ProC d
Spectral Width 8223.7 1H NMR (400 MHz, CDCl, )
Nucleus 1H
|
| —/
| | | I U kﬂ)\ J \Uu
e e G R
(=] [ [=3) (o] oo o — 0O o ﬁ —
et = S o2 Lol = o a2
T T T Py T L S — ==
8.5 7.5 6.5 5.5 4.5 3.5 2.5 1.5 0.5
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Parameter Value
Origin Bruker BioSpin GmbH r’%[‘:ozE‘
Spectrometer spect O Q2Pr
Solvent cDCB e rOZC":lH 5
Pulse Sequence 2gpg30 13¢ NMR (100 MHz, CDCly )
Number of Scans 764
Acquisition Time 1.3631
Acquisition Date 2013-09-03T12:27:16
Spectrometer Frequency 100.61
Spectral Width 24038.5
Nucleus 13C
| I I
e l A o]
200 180 160 140 120 100 80 60 40 20
f1 (ppm)

S38
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Parameter Value
Origin Bruker BioSpin GmbH
Spectrometer spect r"\EcozE'
Solvent CDCI3 N CO2Pr
Number of Scans 256 f-PrOQC‘r:IH 3
Acquisition Date 2013-09-03T12:44:29 3¢ DEPT135 (100 MHz, GDCly )
Spectrometer Frequency 100.61
Spectral Width 24038.5
Nucleus 13C
| |
200 170 140 110 80 60 40 20
fl (ppm)

S39
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Parameter Value
Origmn Bruker BioSpm GmbH
Spectrometer spect
Solvent CDCI3 \/ﬁiwﬁ‘
Pulse Sequence zg30 PIJ’COQEl
Number of Scans 16 Eto,0”
Acquisition Time 3.9846 - (403"MHZ‘ .
Acquisition Date 2013-08-20T13:56:50
Spectrometer Frequency 400.13
Spectral Width 8223.7 b
Nucleus 1H
I
£ A
! jE I \_ e I
IR Y $e o
i ol 8 < i o o1
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0 -1.0
fl (ppm)
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Parameter Value
Origin Bruker BioSpin GmbH s -COzE
Spectrometer spect \/\[ _COEt
Solvent CDCI3 b
NH
Pulse Sequence zgpg30 Et0,C 3k :
Number of Scans 527 13C NMR (100 MHz, CDCl3)
Acquisition Time 1.3631
Acquisition Date 2013-08-20T14:30:20
Spectrometer Frequency 100.61
Spectral Width 24038.5
Nucleus 13C
I
|
I A |
T 1 \ |
200 180 160 140 120 100 80 60 40 20
f1 (ppm)



Parameter
Origin
Spectrometer
Solvent
Number of Scans
Acquisition Date

Spectrometer Frequency 100.61

Value
Bruker BioSpin GmbH
spect CO,Et
CDCB3 \/\[
256 -COE
2013-08-20T 14:47:38 to,cH 3k

3G DEPT135 (100 MHz, CDCly)

S42

Spectral Width 24038.5
Nucleus 13C
200 170 140 110 80 60 40 20
f1 (ppm)



Parameter
Origin
Spectrometer
Solvent
Pulse Sequence
Number of Scans
Acquisition Time
Acquisition Date

3= SEIN=3 &
V- RV-RV- V. o < o < < en I
- RSy
Value
Bruker BioSpin GmbH 2 ~CO2Me
spect \\//\T:N,CozEt
CDCI3 o
zg30 e
16 TH NMR (400 MHz, CDCl3)
3.9846

2013-10-04T15:09:43

Spectrometer Frequency 400.13

— = = o~

S43

Spectral Width 8223.7
Nucleus 1H
e ' | S L L |
- L § T o
5 g8 2 2 5
T T —T T T ‘|_ L T T | \N r“l‘ T Tﬁ T U— f"l | I T V'i t? T T T
0.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
f1 (ppm)
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Parameter Value
Origin Bruker BioSpin GmbH
Spectrometer spect \/TCOZMQ
Solvent CDCI3 N-COEt
Pulse Sequence zgpg30 Etochf‘llH 3l
Number of Scans 837 3¢ NMR (100 MHz, CDCl3)
Acquisition Time 1.3631
Acquisition Date 2013-10-11T08:10:36 \
Spectrometer Frequency 100.61
Spectral Width 24038.5
Nucleus 13C
|
|
I
| I \ /I
dod e . -JL.-LAMN \
200 180 160 140 120 100 80 60 40 20
f1 (ppm)

S44
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Parameter Value
Origin Bruker BioSpin GmbH
Spectrometer spect
Solvent CDCI3
Number of Scans 256 \/\[COZME
Acquisition Date 2013-10-09T11:35:03 N o
|
Spectrometer Frequency 100.61 EtO, oNH 3
Spectral Width 24038.5 13 DEPT135 (100 MHz, CDCly )
Nucleus 13C
A
200 170 140 110 80
fl (ppm)

S45

60

40

20



698
—673
—-6.53
637
/612

Parameter
Origin
Spectrometer
Solvent
Pulse Sequence
Number of Scans
Acquisition Time
Acquisition Date

& Fa &8
=+ =+ =t Lasiag]
I Vo ~
Value

Bruker BioSpin GmbH

spect

CDCI3

zg30

16

3.9846

2013-09-03T09:09:59

Spectrometer Frequency 400. 13

— e —

\H¢'\\[002Me
I}I,COZ;«'—Pr
-NH
i-Pro,C
3m
'HNMR (400 MHz, CDCl3)

—-0.00

Spectral Width 8223.7
Nucleus 1H
| I L I | It \
L L L B L B T T A
- = 3 = 2% o
80 7.5 70 6.5 60 55 50 45 40 35 30 25 2. 1.0 0.5 0.0 -0.5

fl (ppm)
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Parameter Value
Origin Bruker BioSpin GmbH
Spectrometer spect
Solvent CDCI3
Pulse Sequence zgpg30
Number of Scans 876 s COMe
Acquisition Time 1.3631 '"\[ o
- -Fr
Acquisition Date 2013-09-03T10:04:34 N ?
Spectrometer Frequency 100.61 r'-PrOQC’NH 3m
Spectral Width 24038.5 1°C NMR (100 MHz, CDClg )
Nucleus 13C
|
I
|
A ‘: : S Y
200 180 160 140 120 100 80 60 40 20
fl (ppm)
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A

Parameter
Origin
Spectrometer
Solvent
Number of Scans
Acquisition Date

Bruker BioSpin GmbH

spect
CDC13
256

2013-09-03T10:21:59

Spectrometer Frequency 100.61

Value

\,,,r\\[COzMe
_CO4i-Pr
'T' 2

_NH
iPro.C
3¢ DEPT135 (100 MHz, GDCl3 )

3m

Spectral Width 24038.5
Nucleus 13C
k_ LA ||
[ T
200 170 140 110 80 60 40 20 0

fl (ppm)

S48
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Parameter Value |
Origin Bruker BioSpin GmbH
Spectrometer spect - CO:Et
Solvent CDCI3 N,CozEt
Pulse Sequence zg30 NH
Number of Scans 16 Et0,C 3n
Acquisition Time 3.9846 'H NMR (400 MHz, CDCI; )
Acquisition Date 2013-10-04T15:27:24
Spectrometer Frequency 400.13
Spectral Width 8223.7
Nucleus IH
i
r-
]
[l I
Ll I L L/\ lll
i e i L B haa T
o o =] =] [ oo g
S <2 2 < o L =]
T T T T T = = T = T T T T N[ T T T Spen T T = T T T T T T
9.5 8.5 7.5 6.5 5.5 4.5 1.5 0.5 -0.5
f1 (ppm)
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Parameter Value
Origin Bruker BioSpin GmbH
Spectrometer spect
Solvent CDCB
Pulse Sequence zgpg30 - CO2Et
Number of Scans 870 r’H\[N,coza
Acquisition Time 1.3631 NH 3n
Acquisition Date 2013-10-11T09:5926 =92°
C NMR (100 MHz, CDCl3 )
Spectrometer Frequency 100.61
Spectral Width 24038.5
Nucleus 13C !
|
I A I
| |

R . |

200 180 160 140 120 100 80 60 40 20
f1 (ppm)
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Parameter Value

Origin Bruker BioSpin GmbH

Spectrometer spect #‘\ECOEE‘

Solvent CDCI13 N-CO:Et

Number of Scans 256 EtOZC’PIJH 3n

Acquisition Date 2013-10-11T10:16:09 13G DEPT135 (100 MHz, CDCls )

Spectrometer Frequency 100.61

Spectral Width 24038.5

Nucleus 13C J
W Y b

200 170 140 110 80 60 40 20
fl (ppm)
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Parameter Value
Origin Bruker BioSpin GmbH
Spectrometer spect
Solvent CcDCI3
COEt
Pulse Sequence zg30 ”ﬁ
Number of Scans 16 rTl’COZI_Bu
Acquisition Time 3.9846 t-Buo,c- s
Acquisition Date 2013-09-01T18:59:32 . °
H NMR (400 MHz, CDCl3)
Spectrometer Frequency 400.13
Spectral Width 8223.7
Nucleus 1H
|
[
I
a T _-/ - L -
i | 1
N U ' VI
N T I R, A
[ad] - = [l o] oo 9 =]
3 S a 5 S NS g3 =
T [ — — = e B S LR
9.5 8.5 7.5 6.5 5.5 4.5 3.5 2.5 1.5 0.5 -0.5
f1 (ppm)
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Parameter Value
Origin Bruker BioSpin GmbH co
t
Spectrometer spect "'J\I: :
Solvent CDCI3 N OO Bl
Pulse Sequence zgpg30 tBuo,c 30
Number of Scans 590 3¢ NMR (100 MHz, CDCly )
Acquisition Time 1.3631 |
Acquisition Date 2013-09-01T19:36:21
Spectrometer Frequency 100.61
Spectral Width 24038.5
Nucleus 13C
I I I | !
“ L A J o A I
200 180 160 140 120 100 80 60 40 20

f1 (ppm)
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Parameter Value
Origin Bruker BioSpin GmbH
Spectrometer spect
Solvent CDCI3
Number of Scans 256

2013-09-01T 19:53:36
Spectrometer Frequency 100.61

Acquisition Date

Nr\[COQE[
LCO5t-B
N

NH
t+-BuO,C” 30

3¢ DEPT135 (100 MHz, CDCl5 )

Spectral Width 24038.5
Nucleus 13C
200 170 140

80 60 40
f1 (ppm)

S54



Parameter
Origin
Spectrometer
Solvent
Pulse Sequence
Number of Scans
Acquisition Time
Acquisition Date

7.33
7.21

s
7.

~7.12
\7.01
—633

5.78

Value
Bruker BioSpin GmbH
spect
CDCI3
zg30
16
3.9846
2013-08-14T18:30:54

Spectrometer Frequency 400.13

4.37
4.23
4.23
4.21
4.19
4.18
4.17

YC%E'
hll,coz Et
NH
EtO,C”

3p
1H NMR (400 MHz, CDCl3 )

— o — —

-0.00
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Spectral Width 8223.7
Nucleus 1H
_/—
Lt
[ L
o wy
) =
[e] =)
9.0 8.0 7.0 3.0 2.0 1.0 0.0
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Parameter Value
Origmn Bruker BioSpin GmbH COE
Spectrometer spect \VL LCO,E \
Solvent CcDCI3 EH
Number of Scans 370 Eto,c” 3P
Acquisition Date 2013-08-14T18:55:20 13¢ NMR (100 MHz, CDCl5 ) |
Spectrometer Frequency 100.61
Spectral Width 24038.5
Nucleus 13C
| I !
. | ]
200 180 160 140 120 100 80 60 40 20

f1 (ppm)
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Parameter Value
Origin Bruker BioSpin GmbH
Spectrometer spect
Solvent CcDCI3 CO,Ft
Number of Scans 256 YN,COQEt
Acquisition Date 2013-08-14T19:12:30 NH s
EtO,C p
Spectrometer Frequency 100.61 15C DEPT135 (100 MHz, CDCl, )
Spectral Width 24038.5
Nucleus 13C
v ]'[ [
200 170 140 110 80 60 40 20
fl (ppm)
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Parameter

Origin

Spectrometer

Solvent

Pulse Sequence

Number of Scans
Acquisition Time
Acquisition Date

=t =) 00D W o [~ O F o — ool o - O
ol 2 8 8 0 00 & = — — — e A==
A=) w =t =F =F = =F = = =+ =+ — = — —
| | N N ==

Value CO.Et
Bruker BioSpin GmbH \[Nlcozj_pr
spect :‘-Prozc"{'H
CDCI3
7230 TH NMR (40§qMHz, CDCla)
16
3.9846

2013-08-20T15:59:02

Spectrometer Frequency 400.13

Spectral Width
Nucleus

8223.7
IH

|
it !
|
| 1
I A A
—— O Sl s -
[ [ o w o~ GC%
> = = > S = S o
-—I< — — ] ~] ] £ —

90 85 80 7.5 7.0

6.5 60 55 50 45 4.0 35 30 25 20 1

f1 (ppm)

S58
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Parameter Value
Origmn Bruker BioSpn GmbH
Spectrometer spect
Solvent CDCB \[cozEt
Pulse Sequence zgpg30 N 0P
Numb—e—r .Of Sc—ans 408 r__prDQC,r\u-| 3q
Acquisition Time 1.3631 15 NUR (100 Mz, CDCI
Acquisition Date 2013-08-20T16:27:57 ( C0Ck)
Spectrometer Frequency 100.61
Spectral Width 24038.5
Nucleus 13C !
]
| ! | i ! J
j_ _J'L JL L _LJlL ke j L, o J
200 180 160 140 120 100 80 60 40 20

f1 (ppm)
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Parameter

Origin

Spectrometer

Solvent

Number of Scans
Acquisition Date

Value
Bruker BioSpn GmbH
spect
CDCI3
256
2013-08-20T 16:45:33

Spectrometer Frequency 100.61

\[cozst
\ CO2PT

U

NH
i-PrOSC 3q
13C DEPT135 (100 MHz, CDCly )

Spectral Width 24038.5
Nucleus 13C
M
W
110 95 85 75 65 55 45 35 25 15

f1 (ppm)
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Parameter Value
Origin Bruker BioSpin GmbH
Spectrometer spect COyEt
Solvent CDCB TN e
Pulse Sequence zg30 1
ANH
Number of Scans 16 t+Bu0,C
C . . 3r
Acquisition Time 3.9846 'H NMR (400 MHz, CDCl, )
Acquisition Date 2013-09-01T17:33:27
Spectrometer Frequency 400.13
Spectral Width 8223.7
Nucleus 1H
X
Al 4
1 J L " I
T
Sa
® =
8.5 7.5 2.5 1.5 0.5 -0.5




R - ZREE 8 ¢ £ 3
I | I | L [
Parameter Value
Origin Bruker BioSpin GmbH
Spectrometer spect
Solvent CDCI3
Pulse Sequence zgpg30 CO,Et
Number of Scans 829 XN,CO‘—J—BU
Acquisition Time 1.3631 NH 3¢
Acquisition Date 2013-09-01T18:24:16 56 AR 150 Mz, COCk)
Spectrometer Frequency 100.61
Spectral Width 24038.5
Nucleus 13C
|
|
L - J ”
200 180 160 140 100 80 60 40 20
f1 (ppm)
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Parameter Value
Origin Bruker BioSpin GmbH
Spectrometer spect \[COzEt
Solvent CDCI3 - CO2f Bu
Number of Scans 256 \ 3r

Acquisition Date

2013-09-01T18:41:30

NH
t-Buo,C”

13¢ DEPT135 (100 MHz, CDCly )

S63

Spectrometer Frequency 100.61
Spectral Width 24038.5
Nucleus 13C
200 170 140 110 80 60 40 20
fl (ppm)



Parameter
Origin
Spectrometer
Solvent
Pulse Sequence
Number of Scans
Acquisition Time
Acquisition Date

A 2
oo o wy
(! \
Value
Bruker BioSpin GmbH
spect
CDCB
zg30
16
3.9846

2013-10-04T15:02:29

Spectrometer Frequency 400.13

3.77

e
15
t

3s
TH NMR (400 MHz, CDCl5)

-0.00

Spectral Width 8223.7
Nucleus 1H
1 J f
7T Tr g 3
- = =z 27; - 3 , o
9.5 8.5 7.5 6.5 5.5 4.5 3.5 2.5 1.5 0.5 -0.5
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Parameter Value
Origin Bruker BioSpin GmbH COMe
Spectrometer spect \[ Ot
Solvent CDCB NOOE
Pulse Sequence zgpg30 Etogc’NH 3
Number of Scans 742 3¢ NMR (100 MHz, CDCls )
Acquisition Time 1.3631
Acquisition Date 2013-10-09T11:16:01
Spectrometer Frequency 100.61
Spectral Width 24038.5
Nucleus 13C
I
|
| | J | 1 J«v
o ﬂ fL " "J& " P o L L e L JL___‘ J
200 180 160 140 120 100 80 60 40 20 0
f1 (ppm)
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Parameter Value
Origin Bruker BioSpin GmbH COMe
Spectrometer spect \[N’COQH
Solvent CDCI3 NH 3
Et0,C” s
Number of Scans 256 2

Acquisition Date

2013-10-09T10:30:41

Spectrometer Frequency 100.61

13¢ DEPT135 (100 MHz, CDCly )

Spectral Width 24038.5
Nucleus 13C
L ‘}1 P I
200 170 140 110 80 60 40 20
f1 (ppm)

S66



2 2 2 2
L Wy =T ol
I |
Parameter Value
Origin Bruker BioSpin GmbH
Spectrometer spect
Solvent CDCI3 £-Bu,C,
Pulse Sequence zg30 E_Buozc/,?}‘co?sn
Number of Scans 16 Me 7
Acquisition Time 3.9846 "HNMR (400 MHz, CDCl3 )
Acquisition Date 2013-11-17T11:18:02
Spectrometer Frequency 400.13
Spectral Width 8223.7
Nucleus 1H

1

L\
c Y
199 1 v

TR S W—

IS

o9

3.5

6.5 5.5 )
f1 (ppm)

~J
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1.51
-0.00

-1.49

18.05]

—
o
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Parameter Value
Origin Bruker BioSpin GmbH
Spectrometer spect £-BuO,C,
Solvent CDCI3 '
olven £Bu0,c- N~/ "COBn
Pulse Sequence zgpg30 Me 7
Number of Scans 1024 15C NMR (100 MHz, CDCly )
Acquisition Time 1.3631
Acquisition Date 2013-11-17T12:20:05
Spectrometer Frequency 100.61
Spectral Width 24038.5 '
Nucleus 13C
I
| |
1l
] | |
|_ . l ! It ) )
200 180 160 140 120 100 80 60 40 20
fl (ppm)

S68



S

Parameter Value
Orngmn Bruker BioSpm GmbH
Spectrometer spect
Solvent CDCI3
Number of Scans 256

2013-11-17T12:58:33
Spectrometer Frequency 100.61

Acquisition Date

+-BUOLC,
N

t-BuO,C”
Me

N?‘Coan

7

3C DEPT135 (100 MHz, CDCl5 )

Spectral Width 24038.5
Nucleus 13C
200 170 140

110
f1 (ppm)

S69
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sjt145
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—J—J 3 *Q:
-
®
' 2
4
]
| CIZOZEt
EtO,C., _NH
. EtO,C EH
4 2 2
| ) NOE| contact
= : "
R ] 3b
? Noesy (400 MHz, CDCl3)
9.5 8.5 7.5 6. b 5.b 4.5 3.5 2.5 1.5 0.5
£2 (ppm)
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f1 (ppm)



