Synthesis of Isoquinolines via Rh(III)-Catalyzed C—H Activation Using

Hydrazone as a New Oxidizing Directing Group

Sheng-Chieh Chuang, Parthasarathy Gandeepan and Chien-Hong Cheng*

Department of Chemistry, National Tsing Hua University, Hsinchu 30013, Taiwan

chcheng(@mx.nthu.edu.tw

Supporting Information

Table of Contents Page No
Experimental Section S-2
Table 1. Details of Optimization Studies S-4

'H and °C NMR and HRMS Data S-9
NOE Experiments of 3ak and 3al S-27
References S-28

'H and "*C NMR Spectra S-29

S1



General. All reactions were conducted under nitrogen atmosphere on a dual-manifold
Schlenk line unless otherwise mentioned and in oven-dried glass wares. All solvents were
dried according to known methods and distilled prior to use.! Aryl hydrazones were
synthesized using known literature procedure.” Other reagents were commercially available

and used as purchased.

General Procedure for the Preparation of N,/N-Dimethyl Hydrazones2

(0] R2

|
A 2 / AcOH X N
| R ¢ HN-N - 77 M
L \ L =
R’ EtOH, reflux, 12 h

R1

A mixture of arylketone (15 mmol), anhydrous dimethylhydrazine (1.8 g, 30 mmol) and
AcOH (0.090g, 1.5 mmol) in absolute ethanol (30 ml) was refluxed for 12 h. Excess
dimethylhydrazine and ethanol were removed by evaporation under reduced pressure. The
crude product was dissolved in EtOAc and washed with water and concentrated by rotary
evaporation. Further purification by a short silica gel column using n-hexane/EtOAc as eluent

gave the corresponding N, N-dimethyl hydrazones in 80-99% yields.
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General Procedure for the Preparation of Isoquinolines from Arylhydrazones and

Alkynes

2

R? | R* [RhCp*Cl], (2.5 mol %) R

X NS N | | Ag,0 (20 mol %) o XN
| 1/ N R4

R RO AcOH (1 equiv) R 3

R

1 2 MeOH, 90 °C, 8 h 3

A sealed tube containing aryl hydrazone 1 (0.20 mmol), alkyne 2 (0.24 mmol), [Cp*RhCl;],
(0.0050 mmol, 2.50 mol %), and Ag,O (0.04 mmol) was evacuated and purged with nitrogen
gas three times. Then, AcOH (0.20 mmol) and MeOH (1.0 mL) were added to the system via
a syringe under nitrogen atmosphere and the reaction was allowed to stir at 90 °C for 8-24 h.
When the reaction was completed, the mixture was diluted with CH,Cl, (10 mL) and filtered
through a Celite pad and the Celite pad was washed several times with CH,Cl, (50 mL). The
combined filtrate was concentrated in vacuo and the residue was purified by column
chromatography on a silica gel column using n-hexane/EtOAc as eluent to afford the desired

pure product 3.

It should be noted that for the synthesis of compounds 3aa, 3ia, 3ja, 3ka, 3la and 3aj, Ag,O

was not required (See Table 1 in main text).
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Table 1. Optimization Studies for the Rh(IIT)-Catalyzed Isoquinoline Formation®

| b [RNCP*Cll, (2.5 mol %)

SN I additive _ \/N .
Bh solvent, 80 °C, 12 h Ph
1a 2a 3aa
entry additive solvent yield %>

1 AgOAc MeOH 17

2 NaOAc MeOH 30

3 KOAc MeOH 23

4 CsOAc MeOH 25

5 DCA MeOH 25

6 AcOH MeOH 98

7 AcOH MeOH 60°

8 AcOH toluene -

9 AcOH 1,4-dioxane 8

10 AcOH EtOH 65

11 AcOH DCE 12

12 AcOH THF -

13 AcOH EtOAc 16

14 AcOH acetone 20

15 AcOH CH;CN -

16 - MeOH trace

*Unless otherwise mentioned, all reactions were carried out using
1a (33 mg, 0.2 mmol), 2a (43 mg, 0.24 mmol), [RhCp*Cl,], (3.0
mg, 0.0050 mmol) and additive (0.20 mmol) in 1.0 mL solvent at
80 °C, for 12 h under N, atmosphere. ®Yields were determined
by 'H NMR integration method using mesitylene as the internal

standard. ‘Under air. DCA = dichloroacetic acid.
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Table 2. Effect of AcOH on Rh(III)-Catalyzed Isoquinoline Formation®

| ph  [RNCP*Cll (2.5 mol %)

N
SN AcOH . N
|| 0 A
Ph MeOH, 80 °C, 12 h Ph
1a 2a 3aa
entry AcOH (equiv) yield (%)"
1 0.50 70
2 1.0 98
3 2.0 96
4 4.0 86
5 5.0 79
6 10.0 70

Unless otherwise mentioned, all reactions were carried out
using 1la (33 mg, 0.20 mmol), 2a (43 mg, 0.24 mmol),
[RhCp*Cl,]» (3.0 mg, 0.005 mmol), AcOH (indicated amount)
in 1.0 mL MeOH at 80 °C, for 12 h under N, atmosphere.
®Yields were determined by 'H NMR integration method using

mesitylene as the internal standard.
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Table 3. Effect of Rh(IIT)-Catalyst Loading on Isoquinoline Formation®

| [RhCp*Cls],
X, N Ph . ~N
N™ > AcOH (1 equiv)
= = 7 >Ph
Ph MeOH, 80 °C, 12 h Ph
1a 2a 3aa
entry [RhCp*Cl,], (mol %) yield (%)
1 0.5 16
2 1.5 55
3 2.0 81
4 2.0 91°
5 2.5 98

*Unless otherwise mentioned, all reactions were carried
out using la (33 mg, 0.20 mmol), 2a (43 mg, 0.24
mmol), [RhCp*Cl;], (mentioned amount), AcOH (12
mg, 0.20 mmol) in 1.0 mL MeOH at 80 °C, for 12 h
under N, atmosphere. ®Yields were determined by 'H
NMR integration method using mesitylene as the

internal standard. ‘Reaction carried out for 24 h.
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Table 4. Effect of Time and Temperature on Isoquinoline Formation®

Ph

\N"l'\ Ph [RhCz’;(cl)lﬂz( :2: n.10I %) \N
+ | | quiv) _ P
Ph MeOH Ph
1a 2a 3aa
entry temperature (°C) time (h) yield (%)
1 60 8 59
2 60 12 70
3 80 8 80
4 80 12 98
5 90 4 75
6 90 8 98

*Unless otherwise mentioned, all reactions were carried out using 1a
(33 mg, 0.20 mmol), 2a (43 mg, 0.24 mmol), [RhCp*Cl,], (3 mg,
0.005 mmol), AcOH (12 mg, 0.20 mmol) in 1.0 mL MeOH at
indicated temperature and time under N, atmosphere. °Yields were
determined by "H NMR integration method using mesitylene as the

internal standard.
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Table 5. Effect of Silver Salts on Isoquinoline Formation®

| O [RhCp*Cl,], (2.5 mol %)

.N
N> AcOH (1 equiv)

MeOH, 90 °C, 16 h

1a O silver salt (20 mol %)

F
2d
entry silver salt (20 mol %) yield (%)
1 - 52
2 AgBF4 50
3 Ag,0 80
4 AgOTf 72
5 AgSbFe 64

*Unless otherwise mentioned, all reactions were carried out using 1a (33
mg, 0.20 mmol), 2d (51 mg, 0.24 mmol), [RhCp*Cl;], (3 mg, 0.005
mmol), AcOH (12 mg, 0.20 mmol) and silver salt (0.040 mmol) in 1.0
mL MeOH at 90 °C for 16 h under N, atmosphere. °Yields were
determined by 'H NMR integration method using mesitylene as the

internal standard.
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The spectral data and a copy of 'H and *C NMR spectra of all compounds are listed below.

1-Methyl-3,4-diphenylisoquinoline (3aa)

White solid; m.p. 157-158 °C; '"H NMR (400 MHz, CDCls) & (ppm): 8.20-8.18 (m, 1H),
7.67-7.65 (m, 1H), 7.60-7.56 (m, 2H), 7.38-7.31 (m, 5H), 7.23-7.15 (m, SH), 3.08 (s, 3H);
BC NMR (100 MHz, CDCly) § (ppm): 157.6, 149.3, 140.9, 137.5, 135.9, 131.3, 130.2,
129.8, 129.1, 128.1, 127.5, 127.0, 126.8, 126.4, 126.1, 126.1, 125.4, 22.7; HRMS (EI'):
295.1360 (cal. for C;,H 7N 295.1361); IR (cm™): 3054, 1550, 1504, 1434, 1388, 1334, 802.

1,6-Dimethyl-3,4-diphenylisoquinoline (3ba)

White solid; m.p. 158-160 °C; '"H NMR (400 MHz, CDCl3) & (ppm): 8.08 (d, J = 8.8 Hz,
1H), 7.41-7.40 (m, 2H), 7.36-7.32 (m, SH), 7.22-7.15 (m, 5H), 3.04 (s, 3 H), 2.42 (s, 3H); "*C
NMR (100 MHz, CDCls) § (ppm): 157.3, 149.5, 141.1, 140.1, 137.7, 136.1, 131.4, 130.2,
128.7, 128.6, 128.1, 127.5, 126.9, 126.7, 125.4, 125.0, 124.5, 22.6, 22.1; HRMS (EI'):

309.1505 (cal. for Co3H 9N 309.1517); IR (cm™): 3062, 2915, 1619, 1558, 1496, 1442, 1334,
1072, 1025, 809.
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6-Methoxy-1-methyl-3,4-diphenylisoquinoline (3ca)

White solid; m.p. 175-177 °C; '"H NMR (400 MHz, CDCl3) & (ppm): 8.09 (d, J = 8.8 Hz,
1H), 7.35-7.28 (m, 5H), 7.22-7.13 (m, 6H), 6.90 (d, J = 2.8 Hz, 1H), 3.70 (s, 3H), 3.00 (s,
3H); ®C NMR (100 MHz, CDCl3) § (ppm): 160.4, 156.9, 150.0, 141.1, 138.0, 137.8, 131.2,
130.1, 128.5, 128.2, 127.5, 127.4, 127.0, 126.8, 121.8, 118.6, 104.4, 55.1, 22.6; HRMS (EI'):
325.1460 (cal. for Co3HoNO 325.1467); IR (cm™): 3054, 2954, 1612, 1411, 1226, 1025, 817,
686.

6-Fluoro-1-methyl-3,4-diphenylisoquinoline (3da)

White solid; m.p. 153-154 °C; '"H NMR (400 MHz, CDCl;) & (ppm): 8.22-8.18 (m, 1H),
7.36-7.29 (m, 6H), 7.25-2.22 (m, 1H), 7.19-7.14 (m, 5H), 3.04 (s, 3H); *C NMR (100 MHz,
CDCl3) § (ppm): 164.4, 161.9, 157.5, 150.4, 140.6, 138.1, 137.1, 131.1, 130.1, 128.6, 128.5,
128.3, 127.6, 127.3, 127.1, 123.4, 116.7, 116.5, 109.9, 109.7, 22.8; HRMS (EI'): 313.1265
(cal. for CoH 6FN 313.1267); IR (cm™): 3054, 2923, 1619, 1573, 1504, 1396, 1257, 1180,
979, 802.
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6-Chloro-1-methyl-3,4-diphenylisoquinoline (3ea)

White solid; m.p. 166-167 °C; '"H NMR (400 MHz, CDCl3) & (ppm): 8.11 (d, J = 8.8 Hz,
1H), 7.61 (d, J = 1.6 Hz, 1H), 7.50 (dd, J = 9.2, 1.6 Hz, 1H), 7.34-7.32 (m, 5H), 7.19-7.15
(m, 5H), 3.03 (s, 3H); ®C NMR (100 MHz, CDCls) § (ppm): 157.6, 150.5, 140.6, 137.1,
136.8, 136.3, 131.2, 130.1, 128.4, 127.6, 127.4, 127.3, 127.1, 125.0, 124.3, 22.7; HRMS

(EI): 329.0959 (cal. for CoH;sCIN 329.0971); IR (cm’™): 3062, 2915, 1604, 1565, 1488,
1442, 1388, 1326, 1095, 956, 879, 802.

6-Bromo-1-methyl-3,4-diphenylisoquinoline (3fa)

White solid; m.p. 191-193 °C; '"H NMR (400 MHz, CDCl3) & (ppm): 8.03 (d, J = 8.8 Hz,
1H), 7.79 (d, J = 2.0 Hz, 1H), 7.64 (dd, J = 9.2, 2.0 Hz, 1H), 7.37-7.31 (m, 5H), 7.19-7.15
(m, 5H), 3.03 (s, 3H); *C NMR (100 MHz, CDCls) & (ppm): 157.7, 150.5, 140.5, 137.3,
136.7, 131.2, 130.1, 129.9, 128.4, 128.3, 128.2, 127.6, 127.4, 127.2, 127.1, 125.0, 124.5,

22.6; HRMS (EI"): 373.0460 (cal. for Co,H BN 373.0466); IR (cm™): 3062, 2915, 1596,
1558, 1488, 1442, 1388, 1326, 1072, 879, 809.
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1-Methyl-3,4-diphenyl-6-(trifluoromethyl)isoquinoline (3ga)

Pale yellow solid; m.p. 110-114 °C; '"H NMR (400 MHz, CDCl;) & (ppm): 8.30 (d, J = 8.8
Hz, 1H), 7.95 (d, J = 0.8 Hz, 1H), 7.74 (dd, J = 8.8, 1.6 Hz, 1H), 7.39-7.32 (m, 5H), 7.21-
7.17 (m, 5H), 3.09 (s, 3H); ®C NMR (100 MHz, CDCl3) & (ppm): 157.8, 150.8, 140.3, 136.4,
135.4,131.3, 131.2, 130.1, 129.6, 128.4, 127.7, 127.6, 127.3, 126.9, 126.8, 125.1, 123.8 (q, J
=4.7 Hz), 122.1 (q, J= 3.1 Hz), 22.7; HRMS (EI'): 363.1225 (cal. for C3H¢F3N 363.1235);
IR (cm™): 3062, 2923, 1573, 1550, 1504, 1442, 1388, 1311, 1265, 1126, 1079, 956, 902, 802.

1-Methyl-6-nitro-3,4-diphenylisoquinoline (3ha)

Yellow solid; m.p. 166-168 °C; "H NMR (400 MHz, CDCl3) & (ppm): 8.56 (s, 1H), 8.35-8.28
(m, 2H), 7.39-7.34 (m, 5 H), 7.20-7.19 (m, 5H), 3.11 (s, 3H); *C NMR (100 MHz, CDCl3) &
(ppm): 158.0, 151.5, 148.2, 139.9, 135.9, 135.8, 131.1, 130.4, 130.1, 128.7, 128.0, 127.79,
127.7,127.5, 122.7, 119.8, 22.9; HRMS (EI"): 340.1198 (cal. for C2oHsN,0; 340.1212); IR
(cm™): 2923, 2854, 1535, 1442, 1342, 1025, 910, 802.
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1-Methyl-3.4,6-triphenylisoquinoline (3ia)

White solid; m.p. 176-178 °C; '"H NMR (400 MHz, CDCl3) & (ppm): 8.26 (d, J = 9.6 Hz,
1H), 7.84-7.82 (m, 2H), 7.55-7.53 (m, 2H), 7.43-7.15 (m, 13H), 3.08 (s, 3H); *C NMR (100
MHz, CDCl;) 6 (ppm): 157.5, 149.9, 142.5, 140.9, 140.4, 137.4, 136.3, 131.4, 130.2, 129.4,
128.9, 128.2, 127.9, 127.6, 127.5, 127.1, 126.9, 126.2, 126.1, 125.2, 124.0, 22.7; HRMS

(ET"): 371.1674 (cal. for CosHy N 371.1674); IR (em™): 3054, 2923, 1612, 1565, 1488, 1442,
1396, 1342, 1265, 802.

1,8-Dimethyl-3,4-diphenylisoquinoline (3ma)

White solid; m.p. 125-127 °C; '"H NMR (400 MHz, CDCI3) 8 (ppm): 7.47 (dd, J = 8.0, 1.6
Hz, 1H), 7.39-7.29 (m, 7H), 7.20-7.13 (m, 5H), 3.23 (s, 3H), 2.99 (s, 3H); *C NMR (100
MHz, CDCl;) 6 (ppm): 157.6, 148.4, 140.7, 138.2, 138.0, 135.9, 131.4, 130.1, 129.4, 129.1,
128.1, 127.5, 127.0, 126.9, 125.0, 29.8, 25.9; HRMS (EI'): 309.1514 (cal. for Cy;HioN
309.1517); IR (cm™): 3062, 2915, 1619, 1550, 1496, 1442,

S13



1,7-Dimethyl-3,4-diphenylisoquinoline (3na)

White solid; m.p. 132-134 °C; "H NMR (400 MHz, CDCl3) & (ppm): 7.95 (s, 1H), 7.56 (d, J
= 8.4 Hz, 1H), 7.41 (d, J = 8.4 Hz, 1H), 7.37-7.30 (m, 5H), 7.23-7.15 (m, 5H), 3.05 (s, 3H),
2.56 (s, 3H); ®C NMR (100 MHz, CDCl3) & (ppm): 156.9, 148.5, 141.0, 137.6, 136.3, 134.1,
132.0, 131.3, 130.2, 129.0, 128.0, 127.5, 126.9, 126.7, 126.2, 126.0, 124.4, 22.6, 21.8;

HRMS (EI'): 309.1514 (cal. for Co3sHisN 309.1517); IR (em™): 3062, 2915, 1619, 1550,
1496, 1442, 1072, 1025.

1-Ethyl-3,4-diphenylisoquinoline (3ja)

White solid; m.p. 110-112 °C; '"H NMR (400 MHz, CDCl3) 6 (ppm): 8.25-8.22 (m, 1H),
7.67-7.65 (m, 1H), 7.57-7.55 (m, 2H), 7.39-7.31 (m, 5H), 7.24-7.15 (m, 5H), 3.44 (q, J=7.2
Hz, 2H), 1.53 (t, J = 7.6 Hz, 3H); *C NMR (100 MHz, CDCl;) & (ppm): 162.2, 149.2, 141.0,
137.7, 136.3, 131.3, 130.3, 129.6, 128.9, 128.1, 127.5, 127.0, 126.8, 126.3, 126.3, 125.2,
125.1, 28.7, 13.9; HRMS (EI'): 309.1515 (cal. for Co3HoN 309.1517); IR (cm™): 3062,
2969, 1550, 1504, 1442, 1380, 1072, 1033, 971, 863, 809.
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1-Butyl-3,4-diphenylisoquinoline (3ka)

Pale yellow solid; m.p. 66-68 °C; '"H NMR (400 MHz, CDCl3) & (ppm): 8.25-8.22 (m, 1H),
7.67-7.64 (m, 1H), 7.59-7.54 (m, 2H), 7.38-7.29 (m, 5H), 7.26-7.14 (m, 5H), 3.41 (t, J = 8.0
Hz, 2H), 1.97 (sxt, J = 7.6, Hz, 2H), 1.57 (sxt, J = 8.0 Hz, 2H), 1.03 (t, J = 7.6 Hz, 3H); *C
NMR (100 MHz, CDCl3) & (ppm): 161.4, 149.2, 141.0, 137.7, 136.3, 131.3, 130.3, 129.6,
128.9, 128.1, 127.5, 127.0, 126.8, 126.3, 125.4, 125.2, 35.4, 32.0, 23.0, 14.0; HRMS (EI'):

337.1821 (cal. for CosHN 337.1830); IR (em™): 3062, 2954, 2861, 1612, 1550, 1504, 1442,
1380, 1334, 1025, 802.

1,3,4-Triphenylisoquinoline (31a)

SN
T

White solid; m.p. 181-183 °C; '"H NMR (400 MHz, CDCl3) & (ppm): 8.18 (d, J = 8.4 Hz,
1H), 7.82 (d, J= 6.4 Hz, 2H), 7.71 (d, J = 8.4 Hz, 1H), 7.60-7.47 (m, 5H), 7.43-7.35 (m, 5H),
7.30-7.28 (m, 2H), 7.20-7.15 (m, 3H); *C NMR (100 MHz, CDCls) & (ppm): 159.7, 149.6,
140.8, 139.8, 137.5, 136.9, 131.3, 130.4, 130.2, 129.9, 129.7, 128.5, 128.2, 127.5, 127.4,
127.2, 126.9, 126.5, 126.0, 125.4; HRMS (EI"): 357.1510 (cal. for Co7H 9N 357.1517); IR
(cm™): 3054, 2923, 1542, 1496, 1442, 1388, 1334, 1265, 979, 802.

-
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1-Methyl-3,4-di-p-tolylisoquinoline (3ab)

White solid; m.p. 130-132 °C; '"H NMR (400 MHz, CDCl;) & (ppm): 8.18-8.15 (m, 1H),
7.65-7.62 (m, 1H), 7.57-7.54 (m, 2H), 7.25 (dd, J = 6.4, 1.6 Hz, 2H), 7.14 (d, J = 4.4 Hz,
2H), 7.10-7.07 (m, 2H), 6.99 (d, J = 8.4 Hz, 2H), 3.06 (s, 3H), 2.37 (s, 3H), 2.26 (s, 3H); °C
NMR (100 MHz, CDCl3) & (ppm): 157.4, 136.7, 136.6, 136.3, 131.1, 130.1, 129.9, 128.9,
128.3, 126.4, 126.3, 126.0, 125.5, 22.6, 21.2, 21.1; HRMS (EI"): 323.1675 (cal. for Co4Hy N
323.1674); IR (cm™): 3023, 2915, 1612, 1565, 1511, 1434, 1388, 1025, 786.

3,4-Bis(4-methoxyphenyl)-1-methylisoquinoline (3ac)

Pale yellow solid; m.p. 115-116 °C; '"H NMR (400 MHz, CDCl3) & (ppm): 8.16-8.13 (i,
1H), 7.66-7.64 (m, 1H), 7.55-7.53 (m, 2H), 7.31 (d, J = 8.4 Hz, 2H), 7.12 (d, J = 8.4 Hz, 2H),
6.89 (d, J = 8.4 Hz, 2H), 6.73 (d, J = 8.8 Hz, 2H), 3.83 (s, 3H), 3.75 (s, 3H), 3.03 (s, 3H); *C
NMR (100 MHz, CDCl3) & (ppm): 158.5, 158.5, 157.3, 149.1, 136.4, 133.6, 132.4, 131.4,
129.9, 129.7, 128.2, 126.1, 126.1, 125.9, 125.4, 113.7, 113.1, 55.2, 55.1, 22.7; HRMS (EI"):
355.1568 (cal. for CyyHyNO, 355.1572); IR (cm™): 2954, 2838, 1604, 1511, 1249, 1172,
1033, 802.
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3,4-Bis(4-fluorophenyl)-1-methylisoquinoline (3ad)

Yellow solid; m.p. 140-141 °C; "H NMR (400 MHz, CDCl3) & (ppm): 8.20-8.17 (m, 1H),
7.60-7.57 (m, 3H), 7.32-7.28 (m, 2H), 7.17-7.14 (m, 2H), 7.07-7.03 (m, 2H), 6.91-6.87 (m,
2H), 3.05 (s, 3H); *C NMR (100 MHz, CDCl3) & (ppm): 163.2 (d, J = 7.7 Hz), 160.7 (d, J =
7.7 Hz), 158.0, 148.6, 136.8 (d, J = 3.1 Hz), 135.9, 133.2 (d, J = 3.1 Hz), 132.9 (d, J= 7.8
Hz), 131.9 (d, J = 8.6 Hz), 130.1, 128.0, 126.7, 126.1, 125.9, 125.6, 115.4 (d, J = 21.7 Hz),
114.6 (d, J = 20.9 Hz), 22.7; HRMS (EI'): 331.1171 (cal. for C»H;sF,N 331.1173); IR (cm’
1:3070, 2923, 1604, 1511, 1434, 1388, 1226, 1157, 825.

3,4-Bis(4-chlorophenyl)-1-methylisoquinoline (3ae)

Pale yellow solid; m.p. 153-154 °C; '"H NMR (400 MHz, CDCl3) & (ppm): 8.20-8.17 (i,
1H), 7.61-7.56 (m, 3H), 7.35-7.26 (m, 4H), 7.19-7.12 (m, 4H), 3.04 (s, 3H); *C NMR (100
MHz, CDCl;) 6 (ppm): 158.3, 148.1, 139.1, 135.7, 135.7, 133.4, 133.2, 132.6, 131.5, 130.2,
128.7, 128.0, 127.9, 126.9, 126.2, 125.8, 125.6, 22.7; HRMS (EI"): 363.0574 (cal. for
CxH;5CLN 363.0582); IR (cm™): 3070, 2923, 1573, 1496, 1434, 1388, 1095, 1018, 809.
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3,4-Bis(4-bromophenyl)-1-methylisoquinoline (3af)

Yellow solid; m.p. 188-189 °C; '"H NMR (400 MHz, CDCl;) & (ppm): 8.19-8.17 (m, 1H),
7.61-7.59 (m, 3H), 7.49 (d, J = 8.0 Hz, 2H), 7.34 (d, J = 8.4 Hz, 2H), 7.21 (d, J = 8.4 Hz,
2H), 7.07 (d, J = 8.0 Hz, 2H), 3.04 (s, 3H); ®C NMR (100 MHz, CDCl3) & (ppm): 158.3,
148.1, 139.5, 136.2, 135.6, 132.9, 131.8, 131.6, 130.9, 130.3, 127.9, 126.9, 126.2, 125.8,
125.6, 121.6, 121.6, 22.7; HRMS (EI"): 450.9575 (cal. for Co;H;sBr,N 450.9571); IR (cm™):
3070, 2915, 1565, 1496, 1388, 1072, 1010, 809.

1-Methyl-3,4-di-m-tolylisoquinoline (3ag)

White solid; m.p.124-126 °C; "H NMR (400 MHz, CDCls) § (ppm): 8.18-8.16 (m, 1H), 7.65-
7.63 (m, 1H), 7.58-7.55 (m, 2H), 7.27 (d, J = 0.8 Hz, 1H), 7.22-7.18 (m, 1H), 7.11-6.94 (m,
6H), 3.05 (s, 3H), 2.30 (s, 3H), 2.24 (s, 3H); *C NMR (100 MHz, CDCl3) & (ppm): 157.4,
149.3, 140.8, 137.5, 137.5, 137.0, 136.1, 131.9, 130.9, 129.7, 129.2, 128.4, 127.9, 127.7,
127.6, 127.3, 127.2, 126.3, 126.3, 126.0, 125.4, 22.6, 21.4; HRMS (EI"): 323.1672 (cal. for
CasHy N 323.1674); IR (cm™): 3039, 2915, 1612, 1573, 1504, 1434, 1388, 802.
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1-Methyl-3,4-di-o-tolylisoquinoline (3ah)

White solid; m.p. 154-156 °C; '"H NMR (400 MHz, CDCl3) & (ppm): 8.20 (d, J = 7.6 Hz,
1H), 7.61-7.54 (m, 2H), 7.37-7.34 (m, 1H), 7.14-6.89 (m, 8H), 3.04 (s, 3H), 2.20 (s, 3H), 1.95
(s, 3H); ”C NMR (100 MHz, CDCls) § (ppm): 157.1, 150.5, 140.2, 136.9, 136.5, 136.2,
135.8, 130.9, 130.1, 129.9, 129.7, 129.5, 129.3, 127.4, 127.2, 126.5, 126.1, 126.0, 125.6,
125.2, 124.7, 22.4, 20.2, 20.0; HRMS (EI"): 323.1665 (cal. for Co4H,N 323.1674); IR (cm’
1: 3062, 2923, 1558, 1504, 1442, 1388, 1334, 802.

1-Methyl-3.4-di(thiophen-2-yl)isoquinoline (3ai)

Pale yellow solid; m.p. 75-77 °C; "H NMR (400 MHz, CDCLs) & (ppm): 8.09 (d, J = 8.0 Hz,
1 H), 7.58-7.52 (m, 4H), 7.28-7.23 (m, 2H), 7.07-7.06 (m, 1H), 6.89-6.87 (m, 1H), 6.72 (d, J
= 3.6 Hz, 1H), 3.02 (s, 3H); ®C NMR (100 MHz, CDCl;) & (ppm): 158.8, 144.2, 137.9,
137.7, 130.4, 129.1, 127.8, 127.6, 127.6, 127.4, 127.3, 126.5, 126.0, 125.8, 125.4, 22.6;

HRMS (EI'): 307.0485 (cal. for C;sH;3NS, 307.0489); IR (cm™): 3070, 2923, 1558, 1434,
802.
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1-Methyl-3.,4-dipropylisoquinoline (3aj)

SN

Colorless oily liquid; "H NMR (400 MHz, CDCl3) & (ppm): 8.05 (d, J= 8.8 Hz, 1H), 7.94 (d,
J =828 Hz, 1H), 7.62 (t, J = 7.6 Hz, 1H), 7.47 (t, J = 7.6 Hz, 1H), 2.96 (t, J = 8.4 Hz, 2H),
2.90-2.86 (m, 5H), 1.74 (qt, J = 7.6, 7.6 Hz, 2H), 1.65 (qt, J = 7.6, 7.6 Hz, 2H), 1.07 (t, J =
7.2 Hz, 3H), 1.02 (t, J = 7.2 Hz, 3H); ®C NMR (100 MHz, CDCl3) & (ppm): 155.5, 151.6,
135.3, 129.3, 126.1, 126.0, 125.9, 125.2, 123.5, 37.4, 29.7, 24.1, 23.7, 22.3, 14.5, 14.3;
HRMS (EI"): 227.1667 (cal. for C;¢Hy N 227.1674); IR (cm™): 3070, 2962, 2869, 1565,
1457, 1388, 1334, 1087, 1025, 802.

4-Ethyl-1-methyl-3-phenylisoquinoline (3ak)

O SN
T

Brown solid; m.p. 124-125 °C; "H NMR (400 MHz, CDCl;) & (ppm): 8.16 (d, J = 8.8 Hz,
1H), 8.06 (d, J = 8.8 Hz, 1H), 7.72 (t, J= 8.0 Hz, 1H), 7.58 (t, /= 7.6 Hz, 1H), 7.50-7.37 (m,
5H), 3.00-2.95 (m, 5H), 1.24 (t, J = 7.6 Hz, 3H); *C NMR (100 MHz, CDCl;) & (ppm):
155.8, 150.7, 141.7, 135.1, 129.8, 129.2, 128.6, 128.1, 127.4, 126.7, 126.3, 126.2, 124.1,

22.4,21.6, 15.7; HRMS (EI"): 247.1350 (cal. for C;gH;N 247.1361); IR (cm™): 3062, 2969,
1565, 1442, 1388, 1025, 802.
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4-Benzyl-1-methyl-3-phenylisoquinoline (3al)

Brown solid; m.p. 146-148 °C; '"H NMR (400 MHz, CDCL;) & (ppm): 8.18 (d, J = 7.6 Hz,
1H), 7.82 (d, J = 8.0 Hz, 1H), 7.59-7.54 (m, 2H), 7.50-7.48 (m, 2H), 7.38-7.31 (m, 3H), 7.22-
7.12 (m, 3H), 7.02 (d, J = 6.8 Hz, 2H), 4.41 (s, 2H), 3.04 (s, 3H); *C NMR (100 MHz,
CDCl3) § (ppm): 157.2, 140.7, 136.2, 130.9, 129.3, 128.5, 128.3, 128.2, 128.0, 128.0, 127.8,
126.8, 126.6, 126.3, 126.0, 125.2, 34.6, 21.8; HRMS (EI'): 309.1517 (cal. for Ca3HjoN
309.1517); IR (em™): 3062, 2923, 1720, 1565, 1496, 1442, 809.

1-Butyl-3,4-bis(4-methoxyphenyl)isoquinoline (3kc)

Brown solid; m.p. 56-58 °C; '"H NMR (400 MHz, CDCl5) & (ppm): 8.20-8.18 (m, 1H), 7.66-
7.64 (m, 1H), 7.54-7.51 (m, 2H), 7.32 (d, J = 8.8 Hz, 2H), 7.12 (d, J = 8.8 Hz, 2H), 6.90 (d, J
= 8.0 Hz, 2H), 6.73 (d, J = 8.4 Hz, 2H), 3.83 (s, 3H), 3.75 (s, 3H), 3.37 (t, J = 8.4 Hz, 2H),
1.93 (sxt, J = 8.0, 7.6 Hz, 2H), 1.55 (qt, J = 8.0, 7.2 Hz, 2H), 1.01 (t, J = 7.6 Hz, 3H); “C
NMR (100 MHz, CDCl3) & (ppm): 161.1, 158.5, 158.4, 148.9, 136.7, 133.7, 132.3, 131.5,
130.0, 129.5, 127.9, 126.2, 126.0, 125.3, 125.2, 113.7, 113.0, 55.2, 55.1, 35.3, 31.9, 23.0,
14.0; HRMS (EI"): 397.2040 (cal. for C;7H2;NO, 397.2042); IR (cm™): 2954, 1604, 1511,
1380, 1249, 1172, 1033, 786.
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3,4-Bis(4-bromophenyl)-1-butylisoquinoline (3kf)

White solid; m.p. 80-82 °C; '"H NMR (400 MHz, CDCl;) & (ppm): 8.23-8.20 (m, 1H), 7.58-
7.57 (m, 3H), 7.49 (d, J = 8.0 Hz, 2H), 7.33 (d, /= 8.4 Hz, 2H), 7.21 (d, J = 8.4 Hz, 2H), 7.08
(d, J = 8.0 Hz, 2H), 3.36 (t, J = 8.0 Hz, 2H), 1.90 (tt, J = 8.0, 7.6 Hz, 2H), 1.53 (qt, J = 8.0,
7.2 Hz, 2H), 1.00 (t, J = 7.6 Hz, 3H); C NMR (100 MHz, CDCl3) & (ppm): 162.1, 147.9,
139.7, 136.4, 135.9, 132.9, 131.9, 131.6, 130.9, 130.0, 127.6, 126.7, 125.9, 125.5, 125.3,
121.5, 121.5, 35.4, 31.9, 23.0, 14.0; HRMS (EI"): 193.0002 (cal. for C,5H,;Br;N 493.0041);
IR (cm™): 3070, 2954, 1565, 1488, 1380, 1072, 1010, 809.

1-Butyl-3,4-dipropylisoquinoline (3kj)

>N

Yellow oily liquid; "H NMR (400 MHz, CDCls) & (ppm): 8.09 (d, J = 8.0 Hz, 1H), 7.94 (d, J
= 8.4 Hz, 1H), 7.61 (t, J = 7.6 Hz, 1H), 7.45 (t, J = 8.0 Hz, 1H), 3.22 (t, J = 8.0 Hz, 2H),
2.97-2.88 (m, 4H), 1.83-1.73 (m, 4H), 1.66 (qt, J = 8.0, 7.6 Hz, 2H), 1.47 (qt, J = 7.6, 7.2 Hz,
2H), 1.07 (t, J = 7.6 Hz, 3H), 1.02 (t, J = 7.6 Hz, 3H), 0.95 (t, J = 7.6 Hz, 3H); *C NMR
(100 MHz, CDCLy) & (ppm): 159.4, 151.6, 135.7, 129.1, 125.9, 125.8, 125.2, 125.0, 123.6,
37.3, 35.3, 32.3, 29.8, 24.1, 23.7, 22.9, 14.6, 14.2, 14.0; HRMS (EI"): 269.2146 (cal. for
CioH7N 269.2143); IR (cm™): 2954, 2869, 1565, 1457, 1380, 802.
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1-Butyl-4-ethyl-3-phenylisoquinoline (3kk)

SN
O Z O
Yellow oily liquid; "H NMR (400 MHz, CDCl3) § (ppm): 8.20 (d, J = 8.8 Hz, 1H), 8.07 (d, J
= 8.4 Hz, 1H), 7.72-7.69 (m, 1H), 7.59-7.55 (m, 1H), 7.52-7.36 (m, 5H), 3.30 (t, J = 8.4 Hz,
2H), 2.98 (q, J = 7.6 Hz, 2H), 1.83 (tt, J = 7.6, 7.6 Hz, 2H), 1.50 (qt, J = 7.6, 7.6 Hz, 2H),
1.26 (t, J = 7.6 Hz, 3H), 0.96 (t, J = 7.6 Hz, 3H); *C NMR (100 MHz, CDCl;) & (ppm):
159.7, 150.6, 141.8, 135.4, 129.6, 129.2, 128.3, 128.0, 127.3, 126.0, 126.0, 125.9, 124.2,

35.4, 32.4, 23.0, 21.6, 15.6, 14.0; HRMS (EI"): 289.1832 (cal. for C5;H3N 289.1830); IR
(cm™): 3070, 2931, 2869, 1612, 1565, 1504, 1457, 1380, 1334, 1025, 802.

3,4-Bis(4-methoxyphenyl)-1-phenylisoquinoline (3lc)

Yellow solid; m.p. 162-163 °C; "H NMR (400 MHz, CDCl3) & (ppm): 8.13 (d, J = 8.0 Hz,
1H), 7.79 (d, J = 7.2 Hz, 2H), 7.72 (d, J = 8.4 Hz, 1H), 7.57-7.44 (m, 5H), 7.37 (d, J = 8.8
Hz, 2H), 7.20 (d, J = 8.4 Hz, 2H), 6.94 (d, J = 8.4 Hz, 2H), 6.72 (d, J = 8.8 Hz, 2H), 3.85 (s,
3H), 3.74 (s, 3H); *C NMR (100 MHz, CDCls) & (ppm): 159.4, 158.7, 158.5, 149.3, 139.9,
137.3, 133.5, 132.3, 131.6, 130.2, 129.9, 129.7, 128.8, 128.4, 128.2, 127.4, 126.2, 125.9,
125.2, 113.9, 113.0, 110.0, 55.2, 55.1; HRMS (EI'): 417.1723 (cal. for CayoH,3NO,
417.1729); IR (cm™): 3062, 2938, 2838, 1604, 1511, 1388, 1249, 1180, 1033, 840.
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3,4-bis(4-bromophenyl)-1-phenylisoquinoline (3If)

White solid; m.p. 196-198 °C; '"H NMR (400 MHz, CDCl3) & (ppm): 8.14 (d, J = 8.0 Hz,
1H), 7.74 (d, J = 6.4 Hz, 2H), 7.63-7.51 (m, 8H), 7.31-7.21 (m, 4H), 7.13 (d, J = 5.6 Hz, 2H);
BC NMR (100 MHz, CDCl3) § (ppm): 160.3, 139.4, 136.7, 136.2, 132.9, 132.0, 131.8,
130.9, 130.4, 130.1, 128.7, 128.6, 128.3, 127.7, 127.0, 125.6, 125.5, 121.8, 121.7, HRMS

(ET"): 512.9725 (cal. for CoH;sBroN 512.9728); IR (cm™): 1488, 1380, 1265, 1064, 979,
809.

1-phenyl-3.,4-dipropylisoquinoline (31j)

T/

SN
%

Yellow oily liquid; "H NMR (400 MHz, CDCls) & (ppm): 8.02 (dd, J = 8.8, 7.6 Hz, 2H),
7.67-7.63 (m, 3H), 7.52-7.39 (m, 4H), 3.08-3.00 (m, 4H), 1.85 (qt, J = 8.0, 7.6 Hz, 2H), 1.74
(qt, J = 8.0, 7.6 Hz, 2H), 1.13 (t, J = 7.6 Hz, 3H), 1.05 (t, J = 7.6 Hz, 3H); *C NMR (100
MHz, CDCL) § (ppm): 158.0, 152.1, 140.0, 136.0, 132.3, 129.9, 129.4, 128.2, 128.1, 128.0,
127.1,125.2, 125.2, 123.2, 37.3, 29.9, 24.1, 23.6, 14.6, 14.3; HRMS (EI"): 289.1831 (cal. for
C1Ha3N 289.1830); IR (cm™): 3062, 2962, 2869, 1658, 1612, 1550, 1450, 1388, 1334, 1272,
1164, 1079, 917, 802.
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4-Ethyl-1,3-diphenylisoquinoline (31k)

Yellow oily liquid; "H NMR (400 MHz, CDCls) & (ppm): 8.13 (t, J = 8.4 Hz, 2H), 7.75-7.68
(m, 3H), 7.58-7.36 (m, 9H), 3.08 (q, J = 7.2 Hz, 2H), 1.33 (t, J = 7.2 Hz, 3H); *C NMR (100
MHz, CDCls) § (ppm): 158.2, 151.0, 141.7, 139.8, 135.9, 130.1, 129.8, 129.4, 128.3, 128.2,
128.2, 128.0, 127.4, 126.2, 125.9, 123.8, 21.8, 15.6; HRMS (EI'): 309.1521 (cal. for
Ca3H 10N 309.1517); IR (cm™): 3054, 2969, 2877, 1550, 1496, 1442, 1388, 1334, 802.

6-Chloro-1,3-dimethyl-4-propylisoquinoline (3em)

-

Cl

Colorless oily liquid; "H NMR (400 MHz, CDCl3) § (ppm): 7.97 (d, J = 8.8 Hz, 1 H), 7.86 (s,
1 H), 7.39, (dd, J = 2.0 Hz, J= 9.2 Hz, 1 H), 2.88 (t, J = 8.0 Hz, 2 H), 2.84 (s, 1 H), 1.61 (m,
2 H), 1.04 (t, J = 7.2 Hz, 3 H); *C NMR (100 MHz, CDCl;) & (ppm): 155.3, 149.0, 136.2,
135.8, 127.8, 126.0, 125.9, 124.2, 122.4, 30.0, 23.2, 22.3, 22.2, 14.4; HRMS (EI):233.0971
(cal. for C14H 4CIN 233.0967); IR (cm™): 3062, 2962, 1565, 1380.

6-Chloro-1,4-dimethyl-3-propylisoquinoline (3em’)

>N
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Colorless oily liquid; "H NMR (400 MHz, CDCls) & (ppm): 7.98 (d, J = 8.8 Hz, 1 H), 7.90,
(s, 1 H), 7.42 (dd, J = 2.0 Hz, J = 8.8 Hz, 1 H), 2.90 (t, ] = 7.6 Hz, 2 H), 2.86 (s, 3 H), 2.50 (s,
3 H), 1.71 (m, 2 H), 0.99 (t, J = 7.2 Hz, 3 H); ®C NMR (100 MHz, CDCl;) & (ppm): 155.4,
153.0, 137.0, 135.8, 127.7, 126.1, 123.9, 122.7, 120.7, 38.0, 23.2, 22.2, 14.1, 13.6; HRMS
(EI"):233.0971 (cal. for C14H;6CIN 233.0967); IR (cm™): 3058, 2962, 2869,1565, 1025.
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NOE Experiments of compounds 3ak and 3al

compound 3ak irradiate observed enhancement (%)
H, Hy, (0.52)
Hy H, (2.60)
H, Hq(3.86), He (1.43)
Hqg H.(1.17), He (0.90)
He H.(0.45), H4(0.78)
compound 3al irradiate observed enhancement (%)
H, Hy (1.63)
Hp H.(3.34)
H, Hq(4.11)
Hq H.(3.22)
compound 3em irradiate observed enhancement (%)

H, H. (0.88)
Hy Hq(1.58)
H. Hy (0.94)

Hy Hp Hg Hy (412)

compound 3em’ irradiate observed enhancement (%)

H, H. (0.84)
Hp Hq(1.04)
H. Hy (1.02)
Hq Hy (3.33)
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'H and ">C NMR spectra of compound 3ba
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'H and ">C NMR spectra of compound 3da
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'H and ">C NMR spectra of compound 3ea
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'H and ">C NMR spectra of compound 3fa
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'H and ">C NMR spectra of compound 3ga
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exp3  CARBON %83 2 23 Ul |
SANPLE PRESATURATION
date My 24 2013 sateods n
solvent |J wet n
110" Jexport /home.. SPECIAL
Ch“/chc/l||l3/lh,|' temp not used
-C.f1d gain 30
MWUXSIYIW spin not u
2s810.2 het 0.008
285 pwso 10.200
10:000
FLAGS
n
n
y
PROCESSING
0.50
not used
DISPLAY
pLOT
40
o
50
3
nm cdc ph
[ ‘ “ 1“
T T T T T T T T T T T T T T T T T T
220 200 180 160 140 120 100 80 60 40 20 ppm
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'H and ">C NMR spectra of compound 3ha

rovvom® ° w =
Razsssa 2 2 2
sh-s-H GRRASSA - a8
NNNNNNN B - -
exp3 PROTON k QJ) \kU))/ | | |
SAMPLE PRESATURATION
date Jun 8 2013 de n
solvent cdc13 n
file /export/home/~
chem/chc/mi1es/shi~
ACQUISITION
w §410..
at 2.556
np 32768
b 400!
bs
d1 1.000
nt 10
ct 1
TRANSHITTER
tn
sfrq 399.765
tof
tpwr 3
o 5.900
DECOUPLER
dof
nnn
decwave  W40_atb
dpwr
duf 29412
T T T T T T T T T
9 8 7 6 5 4 2 1
w
0.85 a.60
1.95 a.51
3 2 238 S
shy-3-C s & a8 ]
2 2 RR 8
exp3 CARBON - -
[ W !
SANPLE PRESATURATION
date Jun 8 2013 satmode n
solvent i n
file /export/home/~ SPECIAL
chem/chc/mi Tes/shi~ temp not used
-3-C.f1d ga 30
ACQUISITION not _used
W 25510.2 .008
at 1.2 10200
np 655: 10.000
[ 17000
bs 4
d1 1.000 in
nt 16407 dp
t 5416 hs
TRANSHITTER
n b
sfrq 100.532 fn
tof 1530
towr -0.7
w wp 22114:3
rf1 8959.9
dn rfp 7740.1
dof 9 15.4
dn » 6.6
decvave pLOT
ipwr we 240
" sc 0
vs 100
th 5
na cdc ph
r T T T T T T T T TTTTTY T T T T T T T T T T T ]
220 200 180 160 140 120 100 80 60 40 20 ppm
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'H and ">C NMR spectra of compound 3ia

shy-7-H
exp6  PROTON

SANPLE
date  May 31 201
solvent cdc.

we
file /export/home/~
/chc/m1 16! /lh{v 12

chem/c| i
ACQUISITION
8410

3
3

al  ph
] Pl
T T T T T T
9 8 7 6 1 ppm
v e
1.10 2.16.8.15
2.00 2.7AL11
H -] -
shy-7-C 8 3 g
N < o
exp3  CARBON 833 S -
SANPLE PRESATURATION % )/l
date May 31 2013 satmode n
solvent cdcl3 wet n
file /export/home/~ SPECIAL
chen/chc/mileg/shi~ temp not used
-7-C. n
ACQUISITION in not_used
sw 25510.2 hst 0.008
at 1.2 50 10200
np 65536 alfa 0.000
I 17000
bs n
d1 1.000 in n
nt 16407 dp y
ct 11120 hs nn
TRANSHITTER PROCESSING
tn .50
sfrq 100.531 fn not used
tof 1530.7 DISPLAY
tpwr 59
™ 100 wp 22114.3
DECOUPLER r 3437.1
dn W1 rfp 7740
dor o e -1s8:8
»
decwave b4 pLOT
dpwr 40 we 240
daf 8883 sc
vs 130
4
nm cdc ph
H N
I T T T T T T T T T . T T T T T T T
220 200 180 160 140 120 100 80 60 40 20 ppm
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'H and ">C NMR spectra of compound 3ma

AR AR AN N~ OOVANORNCENNOONHT ANV OW O
PO~ BAEVNLITMNMMNAHAOOATONADVO= VOO LTMOM
SESSMMONMMPMMNAMNMNAANNN A Ao
P N N N N e N

—3.231
—2.992
1.646

e

Current Data Parameters
NAME 000

EXPNO

PROCNO 1

F2 - Acquisition Parameters

Date_ 20130907

Time

INSTRU

thosmb. 5 me OUL 1301

PULPROG 2930
32768

SOLVENT cocl3

NS

08 0

SHH 6410.256 Hz

FIDRES 0.195625 Hz

AQ 2.5559540 sec

&G

il 78.000 usec

DE 6.00 usec

E 300.0 K

o1 2.00000000 sec

00 1

masssss= CHANNEL fl =sscsass

Nucl

el 10.00 usec

PLL -2.40 dB

sFoL 400.1528010 MHz

F2 - Processing parameters
s1

SF 400.1500168 Miz
WoW B
SSB 0

LB 0.00 Hz
8

pC 1.00

95 90 85 8.0 70 65 60 55 50 45 40 35 25 20 15 1.0 ppm
L L ‘
2 S|
51wl lol e
N OTHOAD®TONOONON®

Current Data Parameters R L e e 888 b
NAME 000 ~ DOPONHO N0 ®~~©W" L ..
EXPNO 97 D ITTOMOMMNANNNNNN o o 0
bl 1 R R NS SIS
F2 - Acquisition Parameters

Date 20130907

Time 21.22

INSTRUM spect

PROBHD 5 mm DUL 13C-1

PULPROG 2gpg30
TD 65536

SOLVENT €pC13
NS 751

DS 0

SWH 22727.273 Hz

FIDRES 0.346791 Hz
AQ 1.4418420 sec

RG 57

DW 22.000 usec

DE 6.00 usec
TE 300.0 K

Dl 2.00000000 sec
dll 0.03000000 sec

DELTA 1.89999998 sec
TDO 1

=smmsm=== CHANNEL fl ========

NUC1 13C

Pl 9.70 usec

PL1 -0.50 dB

SFO1 100.6288660 MHz

- = CHANNEL f2 ========
CPDPRG2 waltzls
NUC2

PCPD2 90. 00 usec

PL2 -2.40 dB

PL12 15.10 dB

PL13 18.10 dB

SFO2 400.1516010 MHz

F2 - Processing parameters
SI 8

SF 100.6178005 MHz
WOW EM
SSB 0

LB 3.00 Hz
GB 0

PC 1.00

T T T T T T T T T 1

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 40 30 20 ppm

S38



'H and ">C NMR spectra of compound 3na

DTANNM AN A~ OOON®ANON © o
VEONOEWVMMNAOTONHO O~ 0 w0 ©
QDT IMMOMPNNNNN A A o v
N e e ) N

Current Data Parameters

NAME 000

EXPNO

PROCNO 1

F2 - Acquisition Parameters

Date_ 20130907

Time 11.26

INSTRUI spect

PROBHD 5 mm DUL 13C-1

PULPROG 2

I 32768

SOLVENT C€DC13 SN

NS 18

DS 0 7

SWH 6410.256 Kz O

FIDRES 0.195625 Hz

A0 2.5559540 sec

RG 80.6

oW 78.000 usec

DE 6.00 usec

TE 300.0 K

D1 2.00000000 sec

TDO 1

————— ww= CHANNEL f1l == -

NUCL K

Pl 10.00 usec

PLL -2.40 d

s£01 400.1528010 MHz

F2 - Processing parameters

SI 1

SF 400.1500166 MHz

WOW EM

ssB 0

s 0.00 Hz

B 0

PC 1.00

®
0
®
=)
ol
o
Lad
o

65 60 55 50 45 40 35 30 25 20 15 10 ppm

- =3 |0
= S e
o © ©
CEMATNAMOND N P! D WD
APOOVMHOMNOOWMASNO NOo® )
now ©©
CH AR OITNAON D~ OOOYT R L%
Gaczent oite T iranetice BIITOMMNOMNONNNNNNNN ~~© N
N pid A d A A A A A A Ao Ao ~e~ RN
EXPNO 91
PROCNO 1
F2 - Acquisition Parameters
Date_ 20130907
ine 1.3
INSTR
PROBHD 5 mm DUL 13c-1
PULPROG pg3
5536
SOLVENT coc13
¥s
08 ]
st 22727.273 Bz
FIDRES 0.346791 nz
Q 1.4419420 sec
G
oW 22,000 usec
oE 6.00 usec
= 300.0 K SN
o1 2.00000000 sec .
i 0.03000000 sec

Drita 353999998 sec O
£ H
e

Pl 9.70 usec

PLL -0.50 dB

sFo1 100. 6288660 Mz

wmmmsmn CHANNEL £2 we=

CPDPRG2 waltz16

Nucz

PCPD2 90.00 usec
-2.

PLI2 15.10 dB

PL13 18.10 dB

s¥o2 400.1516010 Miz

2 - Processing parameters
s1

SF. 1006178079 Mz
WD X
ssB 0

18 3.00 Hz
=3

¥c 1.00

| bt kb tichd 5likadd abickddd hidebikdd ok i b’ bt

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 8 70 60 50 40 3 20 ppm
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'H and ">C NMR spectra of compound 3ja

shj-10-H
exp3  PROTON
SAMPLE
date May 31 2013
solvent cdc13
file /export/home/~
cnn/:hc/n;lu/shl'
ACQUISITION
sw 6410.3
at -
np 32768
b 4000
bs 4 1 n
d1 1.000 in n
1 y

1.555
1.536

1.517

=

> LB TRl T T T
9 8 7 6

L aria

2.03 5.07

1.04 5.03

shi-10-C
oxp3  CARBON

-—162.224

PRESATURATION
tmode

SANPLE
date May 31 2013
solvent cdc13  wet
file /export/home/~
:l---/chc/muu/ung~ tem)

10-C.f1 in
ACQUISITION spin not used
25510.. t 0.008

dn
decwave
dpwr

28.765

—13.926

r T T T T T T T T T
220 200 180 160 140 120

T
100

S40

T
80

40

20

ppm

ppm



'H and ">C NMR spectra of compound 3ka

shy-30-H
exp6  PROTON

SANPLE
date Jun 9 2013
n cdc13
file /export/home ;-

chem/chc/mi 1es/shi~
-30-H.f ga
ACQUISITION
w 6410.3
at 2.55
np 32768
b 4000
bs
a1 1.000
nt 100
ct
TRANSNITTER
n
sfrq 399.765
tof 399.8
tpwr 1
o 5.900
DECOUPLER
dn
dof
dm nan
decwave  W40_atb pLOT
dpwt we 240
daf 29412 sc 0
vs 250
th H
al  ph
A U\
T T T T T T T T T
9 8 7 6 5 4 3 2 5 ¢
w W e - ] w
1.00 1.98 4.50 2.05 2.83
0.97 4.70 2.00 2.13
H 23 2
$h3-30-C ek bt -
- o o
exp6  CARBON a vivl' «i
SANPLE PRESATURATION I
date Jun $ 2013 satmode
solvent cdci3 wet
file /export/home/~ SPECIAL
chem/chc/miTes/shi~ temp not used
-30-C.fid gain
ACQUISITION spin not used
sw 25510.2 hst .
at 1 pwso0 10.200
np 65536 alfa 10,000
b 17000 FLAGS N
bs 4 1 n O N
d1 in n
nt dp y Z
ct 2832 hs nn
TRANSMITTER PROCESSING
tn c13 0. O
sfrq 100.531 fn
tof 1530.7 DISPLAY
L 5.100 p
o~ - wp
. al
n WePYy
v i
decwave wy pLOT
dpwr 40 240
dnf 8888 sc 0
s 40
1
nm cdc ph
N
T T T T T T T T T T T T T T T T T T T T T
220 200 180 160 140 120 100 80 60 40 20

S41



'H and ">C NMR spectra of compound 3la

< o
H H
shy-12-H < t
~ -
exp3 PROTON J
SANPLE
date May 27 2013
solvent cdc13  we
file /export/home/~
chem/chc/miles/shi~
-12-H.f1d
ACQUISITION
sw §410..
at 2.556
np 32768
b 40,
bs 1 n
d1 1.000 in n
nt 100 dp y
ct
TRANSMITTER PROCESSING
t not used
sfrq 38, DISPLAY
tof -0.2
tpwr 3997.4
W 00 rfl 3700.8
DECOUPLER rfp 2894.3
c13 rp 0.1
dof 0 1p a0.4
dm non LoT
decwave  W40_atb wc 240
dpwr 8 sc 0
dmf 29412 vs 500
th ?
al ph
T T T T T
9 8 7 S 4
W
1.00 1.02 4.772.82
1.885.071.86
°
S
shj-12-C Pt
w
exp3 CARBON £ B EEEH
SANPLE PRESATURATION % ))
date May 27 2013 satmode n
solvent cd2c12  wet n
file /export/home/~ SPECIAL
chem/Chc/mi 1es/shi~ temp not
-12-C-1.f1d gain
ACQUISITION spin not used
sw 25510.2 hst 0.008
at 1.2 10.200
10.000
I T T T T T T T T T T T T
220 200 180 160 140 120 100 80 60 40 20 ppm
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'H and ">C NMR spectra of compound 3ab

shj-18-H £ty
exp6 PROTON

SAMPLE
date Jun 1 2013
solvent cdcl.

file /export/home/~ CIl
chn/cnc/ﬂ!n/:nr temp not used
-18-} oa

—2.374
—2.264
—1.572

5 in not used
ACQUISITION spin not _used
w 6410.3  hst .008
at 2.556 pwso 13.800
nj 32768 alfa 10.000
1l 4000
bs 1 n
d1 1.000 in n
nt 100 dp
t 20
TRANSMITTER PROCESSING
n not used
sfrq 399.765 DISPLAY
tof 399.8 =0.
tpwr 61 wp 3987.4
w 6.900 rf) 3701.6
DECOUPLER rfp 2884.3
dn €13 rp =100.0
dof 0 1p -0
dm nnn PLOT
decwave w40_atb wc 240
dpwr sc 0
daf 29412 vs 200
th a
ai  ph
T T T T T T
9 8 7 3 2 1 ppm
v Yy vy ¥ L d) ;
1.08 2.07 2.®0 3.09
1.05 1.8a.05 3.00 3.10
~ T ©
3 s 2
shy-18-C < “° a
~ w ~
exp2 CARBON 2 B &
SANPLE PRESATURATION /l
date Jun 1 2013 satmode
solvent cdc13 n
f1le /export/home/~ SPECIAL
chea/chc/milas/shi~ temp not use
= 3 gain
ACQUISITION spin not use:
w 25510.2 hst 0.00i
at 1.285 pws0 10.20
np 65536 alfa 10.00
FLAGS
n
n
y
nn
0.50
not used
240
0
600
6
r T T T T T T T T T T T T T T
220 200 180 160 140 120 100 80 60 40 20 ppm
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'H and ">C NMR spectra of compound 3ac

shj-23-H
exp3 PROTON

6.740

SAMPLE
date May 23 2013
solvent cdc13
file /export/home/~
chu/cncn;;uuu'«

~3.830
~—3.750
3.036

ACQUISITI
W 410.3
at 2.556
np 32768
fb 4000
bs 1 n
d1 1.000 in n
nt 100 dp
ct 4
TRANSMITTER PROCESSING
not used
sfrq 39 DISPLAY
M sser
pwr
pw 370
DECOUPLER 289
dn -
dof
dm nnn PLOT
decwave  W40_atb
dpwr
ph
T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
w W W W v w
1.05 2.10 2.01 2.08 3.06
1.03 1.95 2.09 3.00 3.00
e s o oo <o -
2 8 RS 283 I8 b
shj-23-C . ~ fRo= o= ~
5 = o0 N 0w o
exp3 CARBON 1 an KRR a8
J U W u
SANPLE PRESATURATION
date May 23 2013 satmode
solvent cdc13

we: n
file /export/home/~ SPECIAL
not us

chem/chc/miles/shi~ temp ed
-23-C. gal 30
ACQUISITION spin not_used
sw 2 hst 0.008
at .285 pwi0 10.200
np 65536 alfa 10.000
b 1700
bs 11 n
d1 1.000 in n
nt 100000 dp y
1448 hs
TRANSHMITTER PROCESSING
t €13 1 .50
sfrq 100.531 i not used
tof 1530.7 DISPLAY
tpwr $9 sp
[ 5.100 wp 2211
DECOUPLER rfl 94
n H1 rfp 774
dof o rp
yyy 1p
decwave W PLOT
dpwr 40 we
8889 sc 0
vs 50
s
nm cdc ph
r T T T T T T T T T T T T T T T T T T T T
220 200 180 160 140 120 100 80 60 40 20 ppm
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'H and ">C NMR spectra of compound 3ad

2
2
shi-13-H 2
exps  PROTON
SANPLE
date May 23 2013
t cdci3 wet
e /export shome/~
chea/chc/ai ) ~ tem
ACQUISTTTON
sw
at
np
b
L NN
nt e
ct A
TRANSNITTER >
tn
sfrq
tof
towr |
™ pecoupLer
dn
dof
dm
decwave  wd0_ath
f 29412
A y Y
T T T T g T T T T T
9 8 7 6 5 4 3 2 1 ppm
w W v
0.98 1.901.96 3.00
2.9 1.951.95
-] N
shy-13-C i &
N S
exp3  CARBON U
SAMPLE
date May 23 2013
solvent daso
file /export/home/~ 1A
chem/chc/miles/shi~ t not used
not_used
.00
10.200
10.000
n
n
y
nn
PROCESSING
0.50
t used
DISPLAY
11
8359.9
7740.1
17.
PLOT
240
0
43658
al cdc ph
r T T T T T T T T T T T T T T T T T 1
220 200 180 160 140 120 100 80 60 40 20 ppm
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'H and ">C NMR spectra of compound 3ae

™ » s
e 2 SS
shi-14-H - ] b
- ” e
exp3  PROTON U
SANPLE
te May 26 2013
solvent cdc
file /export/home/~
chem/chc/miles/shi~ temp
-14-H.f1d ga
ACQUISITION
sw 6410.3
at 2.556
n 32768
fi 400
bs 1 n
di in n
nt dp y SN
ct hs nn >
TRANSHITTER PROCESSING
tn not used
sfrq DISPLAY el
tof -0.
tpwr 3997.4
pw rf1 370136 )4
DECOUPLER rfp 2894.3
dn p -13.0
dof » 7.3
dm pLOT
decwave we 240
dpwr sc
vs 100
ai cdc ph
T T T T T T T T
9 8 7 6 5 4 3 2 ppm
o v
1.07 3.00
covane o s
S2R3]T 2 g
shj-14-C fannnn i d
sesune N o
exp3 CARBON 832223 N b
PRESATURATION K U
te 26 2013 satmode
solvent cd2c12 wet
file /export/home/~ SPECIAL
chea/chc/mi 185/shi- tem not used
-14-C. 98
ACQUISITION spin not_used
sw 25510.2 hst .
at .285 pwso 10200
np 65536 alfa 10000
o 17000
1 n
in n
dp
hs
PROCESSING
b 0.50
not used
DISPLAY
5.100 wp 22114.3
DECOUPLER Al 5244
dn H1 rfp 774001
dor o e 12:2
vy » .
decwave w pLOT
dpwr 40w 240
8889 sc 0
vs 60
5
na cdc ph
r T T T T T T T T T T T T T
220 200 180 160 140 120 100 80 60 40 20 ppm
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'H and ">C NMR spectra of compound 3af

shy-15-H

BO® NNNNNNNN NN

e s RSO

PRESATURATION
de

solven c13
file /export/home/~ SPECIAL
chem/chc/miles/shi~ temp not use

-15-H.fid ga
ACQUISITION spin not use
w 6410.3 hst

3.043

9 8 7 6 5 3 ppm
w
1.11 2.042.03 3.00
3.212.132.05
3 g %
shj-15-C ko] ] ~
© se = o
exp3 CARBON % 22 S o
SANPLE PRESATURATION I \ )y
date May 29 2013 satmode
solvent cd2c12  wet
f1le /export/home/~ SPECTAL
chem/chc/miles/shi~ temp not used
-15-C. n
ACQUISITION Bin not_used
sw 25510.2 hst 00
at 1.285 pwio 10.200
aifa 10,000
FLAGS
sfrq 100.532
tor 1530.6
pwr
5.100
DECOUPLER
n
dof ]
yyy
:lm'l. ‘:
Ipwr
daf 8883
r T T T T T T T T T T T T T
220 200 180 160 140 120 100 80 60 40 20 ppm

S47



'H and ">C NMR spectra of compound 3ag

shi=17-H
exp3 PROTON

SANPLE
date May 28 2013

3.059

~2.808
—2.244

—1.240

solvent cdci3  wet
file /export/home/~
chea/chc/ai1ae/sh~
ACQUISITION
sw 5410
at 2.
np 32768
b 4000
bs 4 n
d1 1.000 in n
nt 100 dp y
ct hs n
TRANSNITTER PROCESSING
t not used
sfrq 399.765 DISPLAY
tof 8 -0.2
towr 1 wp 3997.4
5.900 rf1 3701.2
DECOUPLER rfp 2834.3
c13 rp 75.1
dof 0 1p 17.
nnn PLOT
decwave  W40_atb wc 240
dpwr sc 0
29412 vs 45
th 5
al ph
A J L__J\_JL_
T T T T T T 1
9 8 7 6 3 2 ppm
w T e v vy
1.12 2.09 1.18.99 3.02
1.18 0.48.03 3.00 3.03
823 ae
sh3-17-C d i !
~ P o
exp3  CARBON 8% 223 ul QJ‘
SANPLE PRESATURATION \QJ)/
date May 29 2013 satmode n
solvent cdc13  wet n
file /export/home/~ SPECIAL
chem/chc/mies/shi~ temp not uss
ACQUISITION pin not _use
25510.2 hst 0.001
285 pws0 10.20
65536 alfa 10.00
1700
n n
1,008 in n
16406 dp y
3320 hs nn
TRANSHITTER PROCESSING
c13 1 0.50
sfrq 100.531 not used
tof 1530.7 DISPLAY
tpwr H -
v 5.100 22114,
DECOUPLER rf 3437
dn H1 rfp 7740
dof 0 rp 114.
da yyy .
decwave w PLOT
dpwr 40 240
dmf 8883 sc 0
vs 162
a
na cdc ph
T T T T T L T T T T T T T T T T T L § T TTT
220 200 180 160 140 120 100 80 60 40 20 ppm
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'H and ">C NMR spectra of compound 3ah

shj-16-H
stdih

exp3

SAMPLE

May 23 2013 df
nt CDC13  dn
‘export/home/~ dpwr
che/miles/shie dof

—2.208
—1.952

0
16-H.f1d nnn
ACQUISITION dom c
sfrq 400.436  dmf 200
tn H1 PROCESSING
at 1. 1.20
np 23
W 6006. proc ft
b fn not used O SN
bs
tpwr S werr Z
pw 7.0 wexp
d1 1.00 s
tof wnt
nt 10 O
t
alock
gain not used
FL
11 n
in n
P
DISPLAY
wp 4004.
vs 1
sC
we 2!
h: 16.
1s 144.9
rfl 3893.
rfp 2899.
h
ins 3.001
f T T T T T T T T !l
9 8 7 6 5 4 3 2 ppm
o i — [Sn—ra—
0.91 0.83 2.76 3.00 3.16
1.83 2.811.96 3.04
SN peNNE~owne e cww
S8 2385338 S8R e]s
18C OBSERVE Ta S 3 3]
Ne wewsse N Sos
58 88885 ISIIISIISERS =13
i ardise T nunuu—un—u—llj—q— U
. L //l
PLE DEC. & VT ‘\ K\
dat y 28 2013 dfrq 400.436
solvent cOCI3  dn H1
file sexport/home/~ dpwr 38
chem/chc/miles/shi~ dof 0
-16-C.f1d dm yyy
w
daf 10500
PROCESSING
b 1.00
file
proc ft
fn not used
werr
wexp
wbs
wnt

1 n

in n
dp

DISPLAY ]

22151,2

vs 187

T T T T T T

180 160

T

T

120

S49

40

20

T
ppm



'H and ">C NMR spectra of compound 3ai

shj-24-H
exp6 PROTON

SAMPLE
Jun 10 2013
nt cdc13

file /export/home/~
chem/chc/miles/shi~
-24-H-1.11d
ACQUISITION
w 6410

—3.020

—1.561

—1.288

nt
ct
TRANSHITTER
sfrq 399.765
tof
tpwr
™ pecoupLer
decwave  W40_atb
dpwr
daf
1
T T T T
9 8 7 6
w
1.07
S S
shi-24-C ® %
s =
expS CARBON 8 3
SANPLE PRESATURATION | ‘\ \'\L
date Jun 10 2013 satmode
s0 50

we
SPECT
3

pwt
aifa
1
bs 1 n
d1 1.000 in n
nt 16407 dp y
ct 13240 hs nn
TRANSHITTER :
sfrq 100.532 f
tof 1530
tpwr sp
o wp
DECOUPLER 1
rfp
dof p
da »
decvave
dpwr c
dmf sc
vs
th
nm cdc ph
r T T T T T T T T T T T T T T T T T A
220 200 180 160 140 120 100 80 60 40 20 ppm

S50

ppm



'H and ">C NMR spectra of compound 3aj

shj-22-H
exp3 PROTON

SANPLE PRE!
date May 24 2013 satmode
solve: cdc

file /export/home/~ SPECIAL
chem/chc/miles/shj~ temp not used
-22-H.fid gain not used
ACQUISITION spin not used
sw 6410.3 hst 0.008
at .556 pws0 13.800
np 32768 alfa 10.000
FLAGS
n n
in n
dp SN
hs
PROCESSING
not used
DISPLAY
wp
11
rfp
dn rp
dof 0 1p
dm nnn PLOT
decwave  W40_atb wc 215
dpwr 38 sc 5
daf 29412 vs 80
th 2
ai  ph
|
T T T T+ T T T T T T
9 8 7 6 5 4 3 ppm
Yy Yy bt
0.50 0.88 2.09
0.91 0.87 a.60
e = e esy - sow we
10062 g8 H 328 i E2E3 88
w - @ N 5 % 538 ==
exp3  CARBON ER] S NN ==
s ] B wJ | FuJ u
SANPLE PRESATURATION
date May 24 2013 satmode
solvent cdc13  wet
file /export/home/~ SPECTAL
chem/chc/miles/shi~ temp not used
-22-C.f1d ga
ACQUISITION
sw 25510.2
at 1.28
n 65536
1 1700
bs
d1 1.000
nt 1e+06 SN
 rransrTTER |
13 Z
sfrq 100.531
tof 1530.7
tpwr s
™ pecoupLer
dn HL
dof ]
dm yyy
decvave W
dpwr 40
dmf 8888
th
nm cdc ph
f T T T T T T T T T T T T T T T T T T T
220 200 180 160 140 120 100 80 60 40 20 ppm
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'"H and ">C NMR spectra of compound 3ak

shj-20-H
exp6 PROTON

dltl

‘3 2013
c13

nu Jexport/ /home g

/¢ c/IH"/:n.l"
-20-H.

ACQUISITION

w 6410.3

at 2.556

np 32768

b 4000

bs

d1 1.000

nt 10

t 1
TRANSMITTER

n

sfrq 38!

tof 3

decwave  W4D,
dpwr 38
29412

1.265
1.248
1.236

1.228

=
\=
o
s

>
T T T T T g 1
9 8 3 2 1 ppm
Yy e - -
1.00  1.013.88 5.00
1.01  1.0D.%8 3.86
2 a2 2
shi-20-C 2 EEH ]
w dne <
exp6 CARBON ] A% i t-
date %i“a 2013 Tatmote TN k\\\\k))
" +/homeg~ " SPECIAL
ch -/cnc/-nu/ud- teap not
-C.f1d ga
r ¥ T T T T T T T T T T T T T T i BaE |
220 200 180 160 140 120 100 80 60 40 20 ppm
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NOYSY spectrum of 3ak

(wdd) 24

v

S

PEFRTE B

.

g

Fe

g

i

L

g

Ly

e

L2

L1
{wdd)
N

AS3I0N :92usnbaes asind
Asa0ut00° T0209uBB 3L}

Asa0ouy00 *10.08ueb
H-02-fys

S53



'H and ">C NMR spectra of compound 3al

- o 4 o9
H s 3 22
shy-25-H B d < b by e
< o 4 -
PROTON / | | U
SAMPLE
te Jun 2 2013
solvent cdc13
file /export/home/~
chem/chc/miles/shi~
-25-H.f1d
ACQUISITION
w 6410.3
at
np
I
bs 4
d1 1.000
nt 100
ct 56
TRANSHITTER
tn
sfrq 399.765
tof 3898
o 5.300
DECOUPLER
c13
dof 0
da nnn
decwave  W40_atb
dpw
daf 29412
T T T T T T T T
9 8 7 6 5 4 3 1
Wow S w w
1.05 2.38.41.51 2.25
1.1 2.332.13.20 3.00
8 BeNS5a8S5re22833 S2ES H 2
shy-25-C 2 Reasnnasassesmtss R 3 = 2
N CecosssssNeseew N < -
exp? CARBON 2 3239898838888 it I 2 9
SAMPLE PRESATURATION | |\Q J)/
date Jul 8 2013 satmode n
solvent cd2c12  wet n
file sexport/home/~ SPECIAL
chem/chc/mi es/Shi~ temp not used
-25-C-2.fid gain 30
ACQUISITION spin not used
sw 25510.2 hst 0.008
at 1.285 pwso 10.200
np 65536 alfa 10.000
b 17000 FLAGS
bs a 1 n
d1 1.000 in n
nt 1e+06 dp y
ct 12300 hs n
TRANSMITTER PROCESSING
tn b 0.50
sfrq 100.532 fn not used
tof 1530.6 DISPLAY
tpwr 5| -0.7
5.100 wp 22114.3
DECOUPLER rf 9230.0
HL rfp 7740.1
dof 0 rp 85.4
dm yyy 1 8.0
decwave W PLOT
dpwr 40w 250
dmf 8889 sc 0
vs 167
a
nm cdc ph
l |
e ” E A-J” J
r T T T T T T T T T T T
200 180 160 140 120 100 80 60
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'H and ">C NMR spectra of compound 3ke

shj-32-H
exp6 PROTON

6
DECOUPLER

—3.834
—38.754

dof
nnn
decwave  W40_atb PLOT
dpw we 240
29412 sc 0
vs 250
th 3
ai  ph
s T T T T T T T
9 8 7 6 5 4 2 1
w W oW w vy - G w
1.01 1.95 1.88 1.89 2.69 2.11 2.8
1.00 1.88  1.91 2.68  2.00 2.16
oz eow e arn 0~ ®
33 288 g8 25 5 2
shj-32-C 2% tdohad ] b fird ] brd
. i ig sRe £ CE I
exp b i 19
solvent i n
file /export/home/~ SPECIAL
cnu/ehc;ﬂ;u/lu- t-'p not used
-32-C. gain
ACQUISITION spin not_used
W 25510.2 hst N
at 1.2 pwio 10.200
np 65536 alfa 10.000
b 170 FLAGS
bs n
d1 1.001 n
nt 100000 dp y
ct 1240 hs an
TRANSHITTER PROCESSING
tn c1s 1 0.50
sfrq 100.532 f not used
tof 30.6 DISPLAY
tpwr 59
o~ 5.100 wp
dn
dof 0 rp 20.5
wy w o
decwave w PLOT
dpwr 40 240
3 8883 sc 0
s
th
na cdc ph
} ] L J . l]x l ) I
) B T T T T T T T T T T T T T T 1 3
220 200 180 160 140 120 100 80 60 40 20 ppm



'H and ">C NMR spectra of compound 3kf

shy-33-H
exps  PROTON

,.E%.\u 09

SAMPLE
date Jun lll 201!
solvent 13
906 Jexport /homs
cn-(cnc/-l!nuhk temp
ga

1
ACQIIISITIW spin
W 6410.3 hst
2.556

SPECIAL
not.

U W

l")///

T T T T T T T T 1
9 8 7 6 5 3 2 1 ppm
w i w e w
1.10 1.971.97 2.00 2.28
3.072.042.03 2.14 2.87
a ©w = »
.« 28 3 8
shy-33-C 5 ER 2 2
o w s <
exp6  CARBON H 2 < i
PRESATURATION |
date Sen o 2013 satmode
solv
e Jexport/hom SPECIAL
not used

cnc-/cbc/-;;u:/tnj~ temp
not used
0.008

10200
10,000

r T T T T T T T T T T
220 200 180 160 140 120 100
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'H and ">C NMR spectra of compound 3Kj

shi-34-H =
exp6  PROTON % L U)/)/
SANPLE
date Jun 13 2013
solvent dc13
file /export/home/
chem/chc/m
ACQUIST
sw
at
np
b
bs
d1
nt
ct
TRANSHITTER SN
tn
sfrq Z
tof
tpwr 61 .
o~ 6.300
DECOUPLER rf
dn s rfp
dof ™w
dm nnn 1p
decwave  Wa40_atb
dpwr 3
f 29412 sc
vs
th
al ph
T T T T T T T T T T
9 8 74 6 5 4 3 2 1 ppm
w ] b b
1.03 1.01 2.00 3.83 2.05 2.%0
1.08 1.07 4.08 2.28 2.8006
2 o @ Sow
$ 2 2 IR
shj-34-C < - N ]
s = Benenno
exp6  CARBON ER.] EEEEE R
SAMPLE PRESATURATION | I I kku))
date Jun 13 2013 satmode
solven cdc13  we n
file /export/home/~ SPECIAL
chem/chc/miles/shi~ temp not used
-34-C.f1d gain
ACQUISITION spin not_used
sw 25510.2 hst 0.008
at .285  pws0 10.200
np 65536 alfa 10000
b 17000 FLAGS. SN
bs 4 11 n
d1 1.000 in n
nt 1e+06 dp y =z
ct 172 hs
TRANSHITTER PROCESSING
n c13 1b 0.50
sfrq 100.531 fn not used
tof 1530.7 DISPLAY
tpwr s sp
9 5.100 wp :
| , "
dn e " i
dof 0 rp 5
da yyy 1p 2
decwave W PLOT
dpwr - 40w 4 * *
daf 8889 sc
vs
th
na cdc ph
(I RO
T T T T T T T T T T T T T T T T T T T T T T 1
220 200 180 160 140 120 100 80/ 60 40 20 ppm
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rew coonvae
FH 343 e H

shj-31-H S ol nRANANN.
B ] RRRRNNNNN

ﬂtBCPlOTUHI(IIIIIIIIIIQQIIIHIIIII

SANPLE \\\ //
date Jun 11 2013
solvent cdc13

file /export/home/~
chem/chc/miles/shi~

'H and ">C NMR spectra of compound 3kk

31-H.f1d
ACQUISITION spin not used
6410.3 hst .0
at 2.556 pws0 13.800
np 32768 alfa 10.000
b 4000
bs 4 1 n
di 1.000 in n
nt 100 dp y
TRANSMITTER PROCESSING
n not used
sfrq 393.765 DISPLAY
tof 383.8 e 1
tpwr %
- 5.900 71 3700.8
DECOUPLER rfp 894.3
n €13 rp
dof 0 1p
nnn
decwave  W40_atb wc
pwr 38 sc
29412 vs
th
al  ph
T Toer T T T T T T
9 8 5 3 2 1 ppm
W e G
1.01  1.02.3007 2.02 2.09  2.88
1.01  1.0687 2.00 2.15 3.75
s
shi-31-C ~
-
exp6  CARBON e
SAMPLE PRESATURATION
date Jun 11 2013 satmode
solvent cdci3  wet n
file /export/home/~ SPECIAL
chem/chc/miles/shi~ temp not used
-31-C. gain
ACQUISITION
w 25510.2
1.285
-
b
TN J
r T T T T T T T T T T T T T T T T T
220 200 180 160 140 120 100 80 60 40 20 ppm
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'H and ">C NMR spectra of compound 3le

we -
2e 2
shy-29-H ! ”
NNNNANNNAN® L -
e G !
SANPLE
date Jun s 2013 satmode N\~~~
SOV wet
file /-xpon/m--/-
chea/chc/af 1as/shd~ ¢
ah e
ACQUISITION®
e 6410.
at 2.
np
b
bs
d1 1.000
nt 100
ct
TRANSMITTER
n H
sfrq 399.765
tof 9.8
tpwr 1
o
DECOUPLER
decwave  W40_a
r
dnf 29412
T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
W W Wi
1.04 1.08 2.07 2.07 3.00
1.925.17 2.03 2.15 3.05
aze vs oo oo
a5a re 283 2%
shj-29-C izl Sy L] St
232 as RR® a8
exp6  CARBON EEEd == UJ U
SAMPLE PRESATURATION kU H\\\\KKU)//J/U
date Jun S 2013 satmode
solvent t 2
16 Jexport /homs SPECTAL
chea/chc/ml xn/-ns~ tem not
n
u:ouxsxnun Bin not_use
0.2 hst 0.0
at 5 ! 10.20f
n 63536 alfa 10. 00!
1 17000
bs a 11 n
d1 1.000 in n
nt 16406 dp y
t 856 hs an
TRANSNITTER PROCESSING
n c13 1b 0.50
sfrq 100.531 fn not used
tof 1530.7 DISPLAY
towr 3 s -
5.10
DECOUPLER
dof
dn
decwave
dpwr
daf
th
nm cdc ph
r T T T T T T T T T T T T T T T T T T T T T 1
220 200 180 160 140 120 100 80 60 40 20 ppm
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'H and ">C NMR spectra of compound 31f

shy-28-H

exp6  PROTON
SAMPLE

date Jun 6 2013 satmode

solvent cdci3  wet
file /export/home/~
chem/chc, shi~ t

H-1.11
ACQUISITION
w 6410.3

7

.513

P
{ Z
NS
l\;?\]ii\ ~
“ \,/’\“,
N/
L
6.300 .
DECOUPLER ™ 3711.0
c13 rfp 28%4.3
dof 0 rp -11.2
dm nan  1p 1.3
decwave  W40_atb pLOT
dpwr we 240
duf 29412 sc 0
vs 500
th 8
at ph
T T T T T T T T T
9 8 7 6 S 4 3 2 1 ppm
D iy
1.00 8.07 2.05
2.05  4.79
I 2
shj-28-C 2 b
s °
exps CARBON H ~
SAMPLE PRESATURATION
date Jun 6 2013 satmode
solvent cdcl3 wet
file /export/home/~ SPECIAL
chem/chc/miles/shi~ temp not use:
-28-C.f1d gain 3
ACQUISITION not_use:
sw 25510.2 0.008
at 1.285 0.20
np 65536 10.00/
fb 17000 FLAGS
bs il n
d1 1.000 in n
nt 1e+07 dp y
ct 3232 hs nn
TRANSNITTER PROCESSING
n ) 0.50
sfrq 100.531 fn not used
tof 1580.7 DISPLAY
tpwr 59 s -0.
2 5.100 wp 22114.
DECOUPLER rfl 9436.
HL rfp 7740.
dof 0 rp -20.
dn yyy 77.
decwave w PLOT
dpwr 40 wc 240
duf 8889 sc 0
vs 220
th 7
nm cdc ph
I T T T T T T T T T T T T (B T T T
220 200 180 160 140 120 100 80 60 40 20 ppm
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'H and ">C NMR spectra of compound 3lj

shj-35-H
exp6  PROTON

SAMPLE
date Jun 13 2013
solven cdcl
file /export/home/~
chem/chc/miles/shi~

ACQUISITION
sw 6410..

DECOUPLER

dm nnn
decwave  W40_atb
dpwr

daf 29412

ai  ph

2 d ppm

S B
95 4.7 2.08 2.93
2.78 4.00 2.16 3.00

shy-35-C
expé  CARBON

—387.328
—29.927

—158.034
—152.148
—24.108
{23 648
—14.647
Cialsar

SARPLE PRISATURATION
date Jun 13 2013 satmode n
solvent wet
‘export/home /~ SPECIAL
chem/chc/miles/shi~ temp not used
=35-C.f1d gain
ACQUISITION sp
W 25511 t

not used

10200
102000

40 wc
8889 sc 0

r T T T T T T T
220 200 180 160 140 120 100 80 60 40 20 ppm
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'H and ">C NMR spectra of compound 31k

shi-27-H
exp6  PROTON
SANPLE

data Jun 4 2012
solvent cdc18
file /export/home;:
cn.-/:n:/-;;:l/;nj- t
-27-H.f1d

ACQUISITION
sw 10.3

T
9 8 7 6 5 4 3 2 1 ppm
Tl ] - s
2.02 8.97 3.00
s.01 2.10

~ o~ < o
S 23 5 8
shj-27-C S ] « =
= w o a =
exps CARBON a EE “l‘ “l
SAMPLE PRESATURATION I K %U))
date Jun 4 2013 satmode n
solvent cdci3 wet n
file /export/home/~ SPECIAL
chem/chc/miles/shi~ temp not used
-27-C.fid gain 30
ACQUISITION spin not_used
sw 25510.2 hst 0.008
at 1.285
n 65536
1l 17000
bs
d1 1.000
nt 1e+06
o 1072
TRANSHITTER
13 SN
sfrq 100.531
tof 1530.7 _
tpwr
9 5.100 O
DECOUPLER
dn H1
dof 0
dm vy
decwave w
dpwr a
8889
r T T T T T T T T T T T T T T T T T T T
220 200 180 160 140 120 100 80 60 40 20 ppm
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'H and ">C NMR spectra of compound 3em
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'H and ">C NMR spectra of compound 3em’
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