Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry.
This journal is © The Royal Society of Chemistry 2014

Efficient Approaches to a-,0-Carbolines via Sequential Pd-Catalyzed Site-
selective C-C and Two-fold C-N Coupling Reactions

Tran Quang Hung, Tuan Thanh Dang, ** Julia Janke, Alexander Villinger, ® Peter Langer®*

nstitutfir Chemie, Universitat Rostock, Albert-Einstein-Str. 3a, 18059 Rostock, Germany.

Fax: +49 381 4986412; Tel: +49 381 4986410
P eibniz Institut fur Katalyse an der Universitat Rostock e. V. (LIKAT), Albert-Einstein-Str.
29a, 18059 Rostock, Germany.

E-mail: peter.langer@uni-rostock.de; Email: thanhtuandang@hotmail.com

Supporting Information

Content List:

Experimental section: p. 2

Copies of NMR spectra : p. 20


mailto:peter.langer@uni-rostock.de
mailto:thanhtuandang@hotmail.com

Experimental Section

General procedure for prepared of 3-(2-bromophenyl)-2-chloropyridine  3a.
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3-bromo-2-chloropyridine 1a (1 g, 5.2 mmol), 2-bromophenyl boronic acid 2 (1.25 g, 6.2 mmol),
Pd(PPh3), (300 mg, 260 umol) and sodium hydroxide (624 mg, 15.6 mmol) were added to 500
mL Schlenk flask. The mixture was back-filled several times with Argon. To the mixture 70 mL
THF and 10 mL distilled water were added, then, back-filled several times. The reaction was
heated at 70 °C for 4h. The solvent was evaporated in vacuo. The residue was extracted with
dichloromethane and water. The organic layer was dried over MgSO,, filtered and the solvent
was evaporated in vacuo. The yellow residue was purified by column chromatography (silica gel,
Heptane/ethylacetate 4:1) to yield 3-(2-bromophenyl)-2-chloropyridine  3a (1.19 g, 85 %) as
colorless syrup; *H NMR (300 MHz, CDCls) & 8.38 (dd, J = 4.8, 1.9 Hz, 1H), 7.66 — 7.59 (m,
1H), 7.54 (dd, J = 7.5, 2.0 Hz, 1H), 7.33 (td, J = 7.6, 1.3 Hz, 1H), 7.29 — 7.13 (m, 3H); *C NMR
(75 MHz, CDCl3) 6 150.36, 149.18, 139.84, 138.41, 136.39, 132.88, 130.95, 130.07, 127.42,
123.40, 122.16; IR (ATR, cm™): v = 3051 (w), 1576 (m), 1558 (m), 1479 (w), 1441 (m), 1427
(m), 1390 (vs), 1300 (w), 1255 (w), 1242 (w), 1207 (m), 1122 (m), 1103 (s), 1063 (s), 1053 (M),
1026 (m), 997 (s), 945 (w), 802 (m), 781 (m), 748 (vs), 723 (s), 694 (s), 654 (S), 615 (M), 569
(m), 553 (m); GC-MS (EI, 70 eV): m/z (%) = 269 (59), 188 (100), 153 (58), 126(29); HRMS
(EI): calcd. for C11H;N1Br,Cly ([M]"): 266.94449; found: 266.94495; calcd. for C11H7N:*Br,Cly
(IM]"): 268.94244; found: 268.94288; calcd. for CiiH/N:Br:*'Cly ([M]"): 270.93949; found:
270.94012.

General procedure A for double C-N coupling with aniline derivatives, exemplified by: 9-
phenyl-9H-pyrido[2,3-b]indole 8a



N
NH, Pd,dbas / dppf (jj@
~
AN ¥ S NZ N
| _ Br NaO'Bu,Toluene
N- Cl 100 ©C, 5h
3a 4a 5a

Aniline (52 pL, 0.56 mmol) was added to pressure tube charged with 3a (100 mg, 0.37 mmol),
Pd,(dba); (17 mg, 19 umol), ligand dppf (21 mg, 37 pumol) and sodium tert-butoxide (107 mg,
1.12 mmol) under Argon. The mixture was back-filled with Argon several times. The mixture
was dissolved in anhydrous Toluene (10 mL) and heated at 110 °C for 7 h. After cooling, the
reaction mixture was diluted with dichloromethane (20 mL) and filtered through a celite pad,
washing with dichloromethane (40 mL). The filtrate was reduced in vacuo. The product was
separated via flash chromatography (silica gel, heptanes/ethylacetate 3:1) to yield 9-phenyl-9H-
pyrido[2,3-b]indole 5a (84 mg, 92%) as a white solid; m.p. 110-111 °C; *H NMR (250 MHz,
CDCl3) 6 8.42 (dd, J = 4.9, 1.6 Hz, 1H), 8.31 (dd, J = 7.7, 1.6 Hz, 1H), 8.05 (dt, J = 7.7, 0.9 Hz,
1H), 7.63 — 7.48 (m, 4H), 7.47 — 7.33 (m, 3H), 7.33 — 7.22 (m, 1H), 7.20 — 7.10 (m, 1H); **C
NMR (63 MHz, CDCl3) & 151.93, 146.47, 140.11, 136.26, 129.65, 128.28, 127.64, 127.38,
126.93, 120.91, 120.81, 120.71, 116.36, 116.04, 110.41; IR (ATR, cm™): v = 3037 (m), 1591 (s),
1568 (m), 1504 (s), 1473 (s), 1452 (s), 1414 (vs), 1377 (m), 1354 (m), 1335 (s), 1309 (m), 1290
(s), 1228 (s), 1176 (m), 1167 (m), 1115 (s), 1074 (m), 1051 (m), 1026 (m), 997 (m), 970 (m),
958 (m), 951 (m), 937 (m), 766 (s), 756 (S), 748 (s), 735 (vs), 715 (M), 692 (vs), 636 (s), 617 (s),
579 (s), 569 (m); GC-MS (El, 70 eV): m/z (%) = 243 (100), 122 (17); HRMS (ESI): calcd. for
Ci17H1N, ([M + H]Y): 245.10732; found: 245.10756.

9-(p-tolyl)-9H-pyrido[2,3-b]indole 5b prepared following general procedure A
using 3a (100 mg, 0.37 mmol) and 4-toluidine (60 mg, 0.56 mmol). The
product was purified by flash  chromatography (silica  gel,
| ~ heptanes/ethylacetate 3:1) to yield 5b (91 mg, 95 %) as a white solid; m.p.
102-103 °C; *H NMR (250 MHz, CDCl5) & 8.40 (dd, J = 4.9, 1.6 Hz, 1H), 8.29
(dd, J = 7.7, 1.6 Hz, 1H), 8.04 (d, J = 7.7 Hz, 1H), 7.48 — 7.29 (m, 6H), 7.28 —
7.19 (m, 1H), 7.18 — 7.09 (m, 1H), 2.39 (s, 3H); *C NMR (63 MHz, CDCls) & 152.10, 146.50,
140.28, 137.60, 133.56, 130.30, 128.21, 127.25, 126.85, 120.87, 120.71, 120.54, 116.24, 115.87,




110.39, 21.26; IR (ATR, cm™): v = 3039 (w), 2920 (w), 1589 (m), 1568 (m), 1514 (s), 1475 (m),
1456 (s), 1412 (vs), 1377 (m), 1354 (m), 1336 (s), 1311 (m), 1290 (s), 1228 (s), 1219 (s), 1200
(m), 1182 (m), 1169 (m), 1155 (w), 1120 (m), 1109 (m), 1051 (w), 1038 (w), 1018 (m), 997 (m),
966 (w), 951 (w), 941 (w), 924 (m), 841 (w), 812 (s), 798 (m), 771 (vs), 744 (s), 735 (vs), 714
(s), 702 (s), 646 (m), 633 (s), 617 (M), 577 (s), 571 (s); GC-MS (El, 70 eV): m/z (%) = 258
(100), 242 (17), 128 (9); HRMS (ESI): calcd. for CigH14N, ([M + H]): 259.12297; found:
259.12331.

9-(4-(tert-butyl)phenyl)-9H-pyrido[2,3-b]indole  5c prepared following
general procedure A using 3a (100 mg, 0.37 mmol) and 4-tert-butylaniline
(83 mg, 0.56 mmol). The product was purified by flash chromatography

N._ N (silica gel, heptanes/ethylacetate 3:1) to yield 5¢ (105 mg, 94 %) as a white
| _ solid; m.p. 147-148 °C; *H NMR (250 MHz, CDCls;) & 8.41 (dd, J = 4.9, 1.6
Hz, 1H), 8.29 (dd, J = 7.7, 1.6 Hz, 1H), 8.06 — 7.99 (m, 1H), 7.58 — 7.32 (m,
6H), 7.23 (ddd, J = 8.1, 6.7, 1.6 Hz, 1H), 7.19 — 7.08 (m, 1H), 1.32 (s, 9H); **C NMR (63 MHz,
CDCl3) 6 152.01, 150.43, 146.50, 140.26, 133.51, 128.22, 126.84, 126.77, 126.63, 120.84,
120.72, 120.56, 116.31, 115.87, 110.55, 34.76, 31.42; IR (ATR, cm™): v = 2960 (m), 2902 (w),
2868 (w), 1587 (m), 1568 (m), 1520 (s), 1475 (m), 1454 (s), 1414 (vs), 1360 (m), 1335 (s), 1288
(s), 1269 (m), 1228 (s), 1186 (m), 1169 (m), 1153 (w), 1119 (m), 1097 (w), 1018 (m), 997 (m),
930 (m), 833 (m), 825 (m), 800 (w), 769 (vs), 748 (s), 739 (vs), 687 (m), 638 (s), 617 (m), 580
(m), 569 (m), 552 (s); GC-MS (EI, 70 eV): m/z (%) = 300 (45), 285 (100), 128 (13); HRMS
(EN): calcd. for Ca1H20N2 ([M]7): 300.16210; found: 300.16183.

/

9-(4-fluorophenyl)-9H-pyrido[2,3-b]lindole 5d prepared following general

i procedure A using 3a (100 mg, 0.37 mmol) and 4-fluoroaniline (53 pL, 0.56

mmol). The product was purified by flash chromatography (silica gel,

NN heptanes/ethylacetate 3:1) to yield 5d (87 mg, 89 %) as a white solid; m.p.

| = 156-157 °C; *H NMR (300 MHz, CDCl3) & 8.38 (dd, J = 4.9, 1.6 Hz, 1H),

8.27 (dt, J = 5.0, 2.5 Hz, 1H), 8.02 (d, J = 7.8 Hz, 1H), 7.55 — 7.46 (m, 2H),
7.42 —7.29 (m, 2H), 7.28 — 7.10 (m, 4H) ; °F NMR (282 MHz, CDCls) § -112.83 (s); *C NMR
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(75 MHz, CDCl3) 6 161.79 (d, J = 247.2 Hz), 152.02, 146.54, 140.17, 132.23 (d, J = 3.1 Hz),
129.23 (d, J = 8.6 Hz), 128.39, 127.08, 121.04, 120.89, 120.83, 116.66 (d, J = 22.8 Hz), 116.35,
116.22, 110.19; IR (ATR, cm™): v = 3061 (w), 1589 (m), 1570 (m), 1510 (s), 1475 (s), 1456 (s),
1416 (s), 1356 (m), 1336 (s), 1294 (s), 1228 (s), 1213 (s), 1173 (s), 1151 (s), 1119 (s), 1092 (s),
1053 (m), 1020 (m), 1012 (m), 997 (m), 964 (m), 953 (m), 941 (m), 931 (m), 924 (m), 899 (w),
870 (w), 856 (w), 833 (s), 816 (s), 798 (m), 769 (vs), 762 (S), 746 (s), 737 (vs), 715 (s), 704 (S),
665 (M), 644 (m), 629 (m), 617 (m), 579 (s), 569 (s); GC-MS (EI, 70 eV): m/z (%) = 261 (100),
131 (9); HRMS (ESI): calcd. for C17H11F1N2 ([M + H]): 263.0979; found: 263.09813.

9-(3-(trifluoromethyl)phenyl)-9H-pyrido[2,3-b]indole 5e prepared following

i general procedure A using 3a (100 mg, 0.37 mmol) and 4-fluoroaniline (53
pL, 0.56 mmol). The product was purified by flash chromatography (silica

| N/\ N gel, heptanes/ethylacetate 3:1) to yield 5e (87 mg, 89 %) as a white solid;
m.p. 71-72 °C; *H NMR (300 MHz, CDCls) § 8.38 (dd, J = 4.9, 1.6 Hz, 1H),

8.28 (dd, J = 7.7, 1.6 Hz, 1H), 8.02 (dt, J = 7.8, 0.9 Hz, 1H), 7.87 (s, 1H),
7.84 — 7.76 (m, 1H), 7.68 — 7.59 (m, 2H), 7.41 — 7.35 (m, 2H), 7.26 (ddd, J = 8.2, 5.4, 2.9 Hz,
1H), 7.20 — 7.13 (m, 1H) ; *F NMR (282 MHz, CDCl;) & -62.70 (s); *C NMR (75 MHz,
CDCl3) & 151.71, 146.56, 139.59, 136.99, 132.14 (q, J = 32.8 Hz), 130.73 (d, J = 1.0 Hz),
130.25, 128.49, 127.28, 124.47 — 123.68 (m, 2xC), 123.83 (q, J = 272.6 Hz), 121.31, 121.17,
121.14, 116.66, 116.57, 110.10; IR (ATR, cm™): v = 3051 (w), 1612 (w), 1591 (m), 1574 (m),
1497 (m), 1477 (m), 1458 (s), 1410 (s), 1358 (m), 1338 (m), 1321 (s), 1306 (s), 1290 (s), 1275
(s), 1228 (s), 1178 (m), 1167 (s), 1155 (s), 1119 (vs), 1103 (s), 1093 (s), 1068 (s), 1020 (m), 999
(m), 972 (s), 937 (m), 931 (m), 914 (m), 889 (m), 852 (m), 810 (s), 796 (s), 771 (s), 760 (M), 744
(), 737 (vs), 715 (m), 694 (vs), 661 (s), 642 (s), 619 (s), 582 (m), 565 (M), 528 (s); GC-MS (El,
70 eV): m/z (%) = 311 (100), 243 (11); HRMS (ESI): calcd. for CigH11FsN, ([M + H]Y):
313.09471; found: 313.09460.

o— ) 9-(4-methoxyphenyl)-9H-pyrido[2,3-b]indole 5f prepared following general
procedure A using 3a (100 mg, 0.37 mmol) and p-anisidine (69 mg, 0.56

mmol). The product was purified by flash chromatography (silica gel,
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heptanes/ethylacetate 2:1) to yield 5f (100 mg, 98 %) as a white solid; m.p. 137-138 °C; *H NMR
(250 MHz, CDCls3) 6 8.40 (dd, J = 4.9, 1.6 Hz, 1H), 8.30 (dd, J = 7.7, 1.6 Hz, 1H), 8.04 (d, J =
7.7 Hz, 1H), 7.51 — 7.41 (m, 2H), 7.40 — 7.30 (m, 2H), 7.29 — 7.19 (m, 1H), 7.18 — 7.09 (m, 1H),
7.09 — 7.01 (m, 2H), 3.82 (s, 3H): **C NMR (63 MHz, CDCl3) & 159.00, 152.24, 146.51, 140.55,
128.90, 128.73, 128.22, 126.86, 120.86, 120.60, 120.49, 116.17, 115.81, 115.00, 110.30, 55.58;
IR (ATR, cm™): v = 3057 (w), 2960 (w), 2935 (w), 2908 (w), 2835 (w), 1589 (m), 1570 (m),
1512 (s), 1477 (m), 1456 (s), 1441 (m), 1416 (s), 1358 (m), 1336 (m), 1298 (m), 1288 (s), 1230
(vs), 1190 (m), 1174 (s), 1149 (m), 1117 (s), 1103 (s), 1053 (w), 1028 (s), 999 (m), 962 (m), 951
(m), 939 (m), 930 (m), 918 (m), 847 (w), 827 (s), 814 (m), 798 (M), 769 (vs), 744 (s), 735 (Vs),
721 (s), 702 (m), 646 (s), 631 (s), 617 (m), 586 (s), 579 (s), 571 (m), 530 (vs); GC-MS (EI, 70
eV): m/z (%) = 274 (100), 259 (55), 231 (25), 168 (10), 115 (9); HRMS (EI): calcd. for
C18H1401N, ([M]"): 274.11006; found: 274.10996.

9-(4-(methylthio)phenyl)-9H-pyrido[2,3-b]indole 5g prepared following

° general procedure A using 3a (100 mg, 0.37 mmol) and 4-
(methylthio)aniline (69 pL, 0.56 mmol). The product was purified by flash

NN chromatography (silica gel, heptanes/ethylacetate 2:1) to yield 5g (99 mg, 92

| = %) as a white solid; m.p. 136-137 °C; *H NMR (250 MHz, CDCls) & 8.40

(dd, J = 4.9, 1.6 Hz, 1H), 8.30 (dd, J = 7.7, 1.6 Hz, 1H), 8.04 (dt, J = 7.7, 1.0
Hz, 1H), 7.52 — 7.36 (m, 6H), 7.31 — 7.21 (m, 1H), 7.15 (dd, J = 7.6, 4.8 Hz, 1H), 2.48 (s, 3H);
13C NMR (63 MHz, CDCls) § 150.92, 145.46, 139.03, 137.06, 132.25, 127.27, 126.70, 125.94,
119.92, 119.78, 119.73, 115.32, 115.05, 109.30, 15.00; IR (ATR, cm™): v = 3039 (w), 2960 (m),
2920 (m), 1626 (W), 1589 (m), 1568 (m), 1500 (s), 1475 (m), 1452 (m), 1437 (m), 1414 (s), 1356
(m), 1335 (m), 1309 (M), 1300 (M), 1290 (s), 1259 (M), 1228 (s), 1182 (m), 1169 (m), 1151 (m),
1117 (m), 1103 (m), 1090 (s), 1049 (m), 1014 (s), 997 (s), 980 (m), 970 (m), 953 (m), 933 (M),
924 (m), 858 (m), 814 (5), 798 (S), 769 (vs), 735 (vs), 714 (), 679 (M), 642 (s), 629 (s), 617 (M),
580 (m), 569 (m); GC-MS (EI, 70 eV): m/z (%) = 290 (100), 275 (50), 243 (24); HRMS (EI):
calcd. for C1gH1aN2S: ([M]"): 290.08722; found: 290.08702.



CN 9-(4-cyanophenyl)-9H-pyrido[2,3-b]indole 5h prepared following general
procedure A using 3a (100 mg, 0.37 mmol) and 4-aminobenzonitrile (66 mg,

0.56 mmol). The product was purified by flash chromatography (silica gel,

/)

heptanes/ethylacetate 1.5:1) to yield 5h (83 mg, 83 %) as a white solid; m.p.
Z 179-180 °C; *H NMR (250 MHz, CDCl3) 6 8.38 (dd, J = 4.9, 1.6 Hz, 1H),
8.29 (dd, J = 7.7, 1.6 Hz, 1H), 8.03 (d, J = 7.7 Hz, 1H), 7.51 — 7.36 (m, 2H),
7.33 — 7.24 (m, 1H), 7.19 (dd, J = 7.8, 4.9 Hz, 1H) ; *C NMR (63 MHz, CDCls) & 151.32,
146.45, 140.52, 138.85, 133.45, 128.58, 127.37, 127.28, 121.74, 121.45, 121.28, 118.52, 117.11,
116.85, 110.41, 110.23; IR (ATR, cm™): v = 3057 (w), 2227 (m), 1603 (m), 1591 (m), 1574 (m),
1512 (m), 1487 (w), 1475 (w), 1450 (m), 1410 (s), 1356 (m), 1336 (m), 1311 (w), 1286 (m),
1228 (m), 1217 (m), 1184 (w), 1169 (m), 1155 (w), 1119 (m), 1103 (w), 1057 (w), 1020 (w),
1001 (w), 960 (w), 953 (w), 945 (w), 928 (w), 856 (m), 833 (m), 823 (m), 800 (w), 789 (w), 773
(m), 766 (s), 744 (m), 735 (vs), 694 (m), 656 (w), 631 (m), 619 (w), 577 (m), 569 (m), 550 (s),
532 (m); GC-MS (El, 70 eV): m/z (%) = 268 (100), 134 (7); HRMS (El): calcd. for C1gH1oN3
(IM]%): 268.08692; found: 268.08700.

General procedure B for double C-N coupling with chain amine derivatives, exemplified
by: 5-benzyl-5H-pyrido[3,2-b]indole 5i

szdba3/ DPEPhos © :
N\ N
NaOtBu Toluene | \
100 °C =
3a 5i

To pressure tube charged with 3a (100 mg, 0.37 mmol), Pd,(dba); (17 mg, 19 umol), ligand
DPEPhos (21 mg, 37 pumol) and sodium tert-butoxide (107 mg, 0.12 mmol) under Argon. The
mixture was back-filled with Argon several times. The mixture was dissolved in anhydrous
Toluene (10 mL). benzylamine (61 pL, 0.56 mmol) was added to the mixture and heated at 100
°C for 7 h. After cooling, the reaction mixture was diluted with dichloromethane (20 mL) and
filtered through a celite pad, washing with dichloromethane (40 mL). The filtrate was reduced in

vacuo. The product was separated via flash chromatography (silica gel, heptanes/ethylacetate
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3:1) to vield 5i (85 mg, 88 %) as a white solid; m.p. 98-99 °C; *H NMR (250 MHz, CDCl3) &
8.41 (dd, J = 4.9, 1.6 Hz, 1H), 8.20 (dd, J = 7.7, 1.6 Hz, 1H), 7.99 — 7.92 (m, 1H), 7.36 — 7.20
(m, 2H), 7.19 — 7.01 (m, 7H), 5.58 (s, 2H) ; **C NMR (63 MHz, CDCls) & 150.65, 145.10,
138.49, 136.25, 127.55, 127.08, 126.26, 125.88, 125.68, 119.92, 119.56, 118.93, 114.79, 114.24,
108.80, 43.87; IR (ATR, cm™): v = 3028 (w), 2960 (w), 2918 (w), 1626 (w), 1589 (m), 1568 (m),
1483 (s), 1466 (s), 1452 (m), 1431 (s), 1412 (s), 1356 (m), 1348 (m), 1333 (m), 1315 (w), 1292
(m), 1259 (s), 1211 (s), 1194 (m), 1155 (m), 1128 (m), 1119 (m), 1092 (m), 1078 (m), 1065 (m),
1053 (m), 1030 (s), 1020 (s), 995 (s), 970 (m), 947 (m), 928 (w), 906 (w), 870 (w), 850 (m), 839
(m), 800 (s), 791 (s), 773 (vs), 748 (S), 729 (vs), 694 (s), 652 (s), 619 (M), 606 (M), 582 (m), 569
(m), 555 (s), 528 (s); GC-MS (El, 70 eV): m/z (%) = 257 (100), 181 (34), 91 (45); HRMS (ESI):
calcd. for CigH1N; ([M + H]"): 259.12297; found: 259.12298.

F 5-(4-fluorobenzyl)-5H-pyrido[3,2-b]indole  5j prepared following
K©/ general procedure A using 3a (100 mg, 0.37 mmol) and 4-

fluorobenzylamine (61 pL, 0.56 mmol). The product was purified by
| flash chromatography (silica gel, heptanes/ethylacetate 3:1) to yield 5j
(90 mg, 87 %) as a white solid; m.p. 103-104 °C; *H NMR (300 MHz,
CDCl3) 6 8.43 (dd, J = 4.9, 1.6 Hz, 1H), 8.25 (dd, J = 7.7, 1.6 Hz, 1H),
8.02 — 7.96 (m, 1H), 7.36 (ddd, J = 8.3, 7.2, 1.2 Hz, 1H), 7.28 — 7.07 (m, 5H), 6.89 — 6.79 (m,
2H), 5.57 (s, 2H) ; *F NMR (282 MHz, CDCl3) & -115.23 (s); **C NMR (75 MHz, CDCls) &
161.07 (d, J = 245.4 Hz), 150.56, 145.15, 138.33, 132.02 (d, J = 3.2 Hz), 127.62 (d, J = 8.1 Hz),
127.20, 125.77, 120.05, 119.63, 119.09, 114.85, 114.47 (d, J = 21.6 Hz), 114.39, 108.65, 43.24;
IR (ATR, cm™): v = 3053 (w), 3034 (w), 2935 (w), 1624 (w), 1587 (m), 1572 (m), 1508 (s), 1481
(m), 1464 (s), 1439 (m), 1416 (s), 1383 (w), 1354 (m), 1335 (m), 1294 (m), 1252 (m), 1217 (s),
1207 (s), 1163 (m), 1128 (m), 1119 (m), 1101 (m), 1061 (m), 1049 (m), 1030 (w), 1020 (m),
1001 (w), 987 (m), 966 (w), 928 (w), 862 (m), 849 (m), 823 (m), 800 (m), 791 (m), 777 (vs), 762
(s), 746 (s), 735 (vs), 704 (m), 665 (w), 638 (m), 629 (s), 619 (m), 609 (m), 580 (m), 565 (m);
GC-MS (El, 70 eV): m/z (%) = 276 (100), 181 (30), 109 (73); HRMS (ESI): calcd. for
CigH13F1N2 ([M + H]): 277.11355; found: 277.11394.

/)




5-(3-(trifluoromethyl)benzyl)-5H-pyrido[3,2-b]indole 5k prepared
K©\ following general procedure A using 3a (100 mg, 0.37 mmol) and 3-
Ne N CFs (trifluoromethyl)benzylamine (80 pL, 0.56 mmol). The product was
| _ purified by flash chromatography (silica gel, heptanes/ethylacetate
3:1) to yield 5k (109 mg, 90 %) as a white solid; m.p. 81-82 °C; H
NMR (300 MHz, CDCls) 6 8.39 (dd, J=4.9, 1.6 Hz, 1H), 8.21 (dd, J = 7.7, 1.6 Hz, 1H), 7.96 (d,
J = 7.8 Hz, 1H), 7.49 (s, 1H), 7.39 — 7.30 (m, 2H), 7.17 (ddd, J = 11.9, 6.6, 0.9 Hz, 4H), 7.12 —
7.03 (m, 1H), 5.60 (s, 2H); **F NMR (282 MHz, CDCls) & -62.51 (s); *C NMR (75 MHz,
CDCl3) & 151.65, 146.29, 139.36, 138.47, 131.04 (q, J = 32.3 Hz), 130.30, 129.26, 128.36,
126.99, 124.38 (q, J = 3.8 Hz), 124.06 (q, J = 272.4 Hz), 123.89 (q, J = 3.8 Hz), 121.23, 120.81,
120.37, 115.99, 115.68, 109.55, 44.61; IR (ATR, cm™): v = 3053 (w), 1628 (w), 1591 (m), 1572
(m), 1483 (m), 1466 (m), 1450 (w), 1433 (m), 1416 (s), 1325 (vs), 1296 (m), 1281 (m), 1261
(m), 1217 (m), 1205 (m), 1186 (m), 1157 (s), 1117 (vs), 1097 (s), 1072 (vs), 1022 (m), 1011 (m),
993 (m), 966 (m), 937 (m), 922 (m), 903 (M), 868 (m), 852 (m), 800 (s), 791 (S), 771 (S), 744 (s),
735 (S), 702 (vs), 671 (m), 646 (s), 619 (m), 600 (m), 575 (m), 559 (m); GC-MS (EI, 70 eV): m/z
(%) = 326 (100), 181 (62), 159 (20), 140 (13), 109 (13); HRMS (ESI): calcd. for C19H13F3N;
([M + H]"): 327.11036; found: 327.11066.

5-propyl-5H-pyrido[3,2-b]indole 51 prepared following general procedure A
H using 3a (100 mg, 0.37 mmol) and n-propylamine (46 pL, 0.56 mmol). The
| NS product was purified by flash chromatography (silica  gel,
% heptanes/ethylacetate 3:1) to yield 5| (71 mg, 91 %) as a white liquid; H
NMR (300 MHz, CDCl3) & 8.38 (dd, J = 4.9, 1.6 Hz, 1H), 8.16 (dd, J = 7.6,
1.6 Hz, 1H), 7.97 — 7.89 (m, 1H), 7.43 — 7.29 (m, 2H), 7.14 (ddd, J = 8.0, 6.9, 1.4 Hz, 1H), 7.01
(dd, J = 7.6, 4.9 Hz, 1H), 4.37 — 4.26 (m, 2H), 1.90 — 1.73 (m, 2H), 0.86 (t, J = 7.4 Hz, 3H); **C
NMR (75 MHz, CDCl3) & 151.61, 145.94, 139.71, 128.03, 126.61, 121.03, 120.44, 119.62,
115.83, 114.86, 109.38, 43.16, 22.32, 11.65; IR (ATR, cm™): v = 3049 (w), 2962 (m), 2929 (m),
2874 (w), 1626 (w), 1589 (m), 1570 (m), 1481 (s), 1466 (s), 1443 (m), 1414 (vs), 1381 (m), 1371
(m), 1360 (m), 1342 (s), 1333 (s), 1313 (w), 1290 (s), 1255 (m), 1219 (s), 1157 (m), 1138 (m),
1128 (m), 1119 (s), 1090 (w), 1068 (m), 1049 (w), 1018 (w), 997 (m), 960 (w), 926 (w), 893 (w),
845 (w), 800 (w), 771 (vs), 748 (s), 733 (vs), 712 (m), 633 (m), 619 (m), 580 (m), 561 (m); GC-
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MS (EI, 70 eV): m/z (%) = 210 (32), 181 (100), 168 (82), 140 (12), 127 (14); HRMS (EI): calcd.
for C14H14N ([M]%): 210.11515; found: 210.11500.

General procedure C for double C-N coupling with diamine derivatives, exemplified by:

1,4-bis(9H-pyrido[2,3-b]indol-9-yl)benzene 7a
VW
N

NH N
N_ _Cl 2
| N Br Pd,dbaj / Dppf
P + —
NaOt¢-Bu,Toluene N
NH, 110 °C, 10h N=
W
3a 6a 7a

To pressure tube was charged with 3a (200 mg, 0.75 mmol), 1,4-diaminobenzen (37 mg, 0.34
mmol), Pd,(dba); (15 mg, 17 pmol), ligand dppf (19 mg, 34 umol) and sodium tert-butoxide
(195 mg, 2.0 mmol) under Argon. The mixture was back-filled with Argon several times. The
mixture was dissolved in anhydrous Toluene (10 mL) and heated at 110 °C for 10 h. After
cooling, the reaction mixture was diluted with dichloromethane (20 mL) and filtered through a
celite pad, washing with dichloromethane (40 mL). The filtrate was reduced in vacuo. The
product was separated via flash chromatography (silica gel,
heptanes/dichloromethane/ethylacetate  1:1:1) to vyield 1,4-bis(9H-pyrido[2,3-b]indol-9-
yl)benzene 7a (64 mg, 46 %) as a white solid; m.p. 307-308 °C; *H NMR (300 MHz, CDCls) &
8.46 (dd, J = 4.8, 1.4 Hz, 2H), 8.34 (dt, J = 9.4, 4.7 Hz, 2H), 8.09 (d, J = 7.7 Hz, 2H), 7.87 (s,
4H), 7.62 (d, J = 8.2 Hz, 2H), 7.50 — 7.37 (m, 3H), 7.30 (t, J = 7.5 Hz, 2H), 7.25 — 7.16 (m, 3H).

3¢ NMR (75 MHz, CDCl3) & 151.90, 146.48, 139.94, 135.34, 128.42, 128.32, 127.14, 121.02,
116.61, 116.37, 110.73; IR (ATR, cm™): v = 3045 (m), 2922 (m), 1591 (m), 1572 (m), 1518 (s),
1481 (m), 1450 (s), 1406 (s), 1356 (m), 1338 (s), 1317 (m), 1290 (s), 1228 (s), 1173 (m), 1128
(m), 1120 (m), 1111 (m), 1051 (m), 1018 (m), 999 (m), 928 (m), 918 (m), 827 (m), 762 (s), 742
(s), 727 (vs), 700 (s), 642 (s), 619 (M), 579 (m), 567 (m), 534 (s); GC-MS (EI, 70 eV): m/z (%) =
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410 (100), 242 (24), 205 (23), 191 (12); HRMS (EI): calcd. for CogH1gN4 ([M]Y): 410.15260;
found: 410.15147.

\ 9-(6-(9H-indeno[2,1-b]pyridin-9-yl)pyridin-2-yl)-9H-

| _ pyrido[2,3-b]indole 7b prepared following general procedure C

/N § N\ using 3a (200 mg, 0.75 mmol) and 2,6-diaminopyridine (37
N\ /N N\ y mg, 0.34 mmol). The product was purified by flash

chromatography (silica gel,
heptanes/dichloromethane/ethylacetate 1:1:1) to yield 7b (70 mg, 50 %) as a white solid; m.p.
236-237 °C; *H NMR (300 MHz, CDCl3) & 8.51 (dd, J = 4.8, 1.5 Hz, 2H), 8.43 — 8.29 (m, 4H),
8.29 - 8.21 (m, 2H), 8.13 (dd, J = 8.8, 7.1 Hz, 1H), 8.00 (t, J = 9.9 Hz, 2H), 7.38 — 7.14 (m, 6H);
13C NMR (75 MHz, CDCl3) & 151.36, 149.76, 146.01, 140.02, 139.02, 128.26, 127.54, 121.79,
121.57, 120.37, 117.76, 117.15, 116.61, 114.34; IR (ATR, cm™): v = 3047 (w), 2922 (w), 1599
(m), 1591 (s), 1570 (m), 1485 (w), 1450 (vs), 1414 (m), 1400 (vs), 1362 (m), 1340 (m), 1331 (s),
1286 (s), 1242 (m), 1223 (m), 1209 (m), 1180 (s), 1165 (m), 1155 (m), 1120 (m), 1105 (m), 1095
(m), 1057 (m), 1039 (m), 1026 (m), 999 (m), 985 (w), 974 (w), 968 (w), 957 (w), 943 (m), 933
(m), 922 (m), 849 (w), 796 (m), 764 (vs), 744 (s), 727 (vs), 700 (m), 683 (m), 658 (m), 634 (m),
619 (m), 611 (m), 579 (m), 567 (w), 559 (m); GC-MS (El, 70 eV): m/z (%) = 410 (100), 244
(28), 206 (89); HRMS (EI): calcd. for C,7H16Ns ([M]): 410.14002; found: 410.13958.

General procedure for prepared of 3-bromo-2-(2-bromophenyl)pyridine  3b.

HO.__OH B
~-Br B Pd(PPhs), |\ "Br
| _ + Br > —
N Br NaOH N
THF, H,0
70 °C
1b 2 3b

2,3-dibromopyridine 1b (1 g, 4.2 mmol), 2-bromophenyl boronic acid 2 (1.0 g, 5.1 mmol),
Pd(PPhs), (244 mg, 211 pmol) and sodium hydroxide (507 mg, 12.7 mmol) were added to 500

mL Schlenk flask. The mixture was back-filled several times with Argon. To the mixture 70 mL
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THF and 10 mL distilled water were added, then, back-filled several times. The reaction was
heated at 70 °C for 4h. The solvent was evaporated in vacuo. The residue was extracted with
dichloromethane and water. The organic layer was dried over MgSQ,, filtered and the solvent
was evaporated in vacuo. The yellow residue was purified by column chromatography (silica gel,
Heptane/dichloromethane/ethylacetate 4:1:1) to yield 3-bromo-2-(2-bromophenyl)pyridine 3b
(1.27 g, 96 %) as colorless syrup; *H NMR (300 MHz, CDCls) & 8.57 (dd, J = 4.7, 1.5 Hz, 1H),
7.93 (dd, J = 8.1, 1.5 Hz, 1H), 7.63 — 7.58 (m, 1H), 7.39 — 7.32 (m, 1H), 7.29 — 7.13 (m, 7H); **C
NMR (75 MHz, CDCl3) & 147.84, 140.99, 140.46, 132.69, 130.23, 130.08, 127.34, 124.13,
122.46, 121.35; IR (ATR, cm™): v = 3053 (w), 2920 (w), 2850 (w), 1593 (m), 1568 (m), 1549
(m), 1479 (m), 1437 (m), 1412 (s), 1298 (w), 1269 (w), 1252 (m), 1230 (w), 1211 (w), 1201 (w),
1159 (w), 1124 (m), 1093 (m), 1055 (m), 1024 (s), 1011 (vs), 943 (m), 793 (s), 777 (m), 748
(vs), 723 (s), 694 (m), 681 (s), 650 (m), 615 (s), 561 (m); GC-MS (El, 70 eV): m/z (%) = 313
(37), 234 (99), 233 (100), 153 (82), 126 (28), 99 (10), 75 (14), 63 (10), 50 (12); HRMS (EI):
calcd. for C11H7N:Br, ([M]"): 310.89398; found: 310.89479; calcd. for C11H;N:Br.®'Bry ([M]):
312.89193; found: 312.89233; calcd. for C11H/N:*'Br, ([M]*): 314.88988; found: 314.89073.

General procedure D for double C-N coupling with aniline derivatives, exemplified by: 5-
phenyl-5H-pyrido[3,2-b]indole 8a

Ha szdba3 / dppf Q
N
NaOtBu Toluene |
0 —
100 ~C, 5h N

3b 4a 8a

Aniline (44 uL, 479 umol) was added to pressure tube charged with 3b (100 mg, 0.32 mmol),
Pd,(dba)s (15 mg, 16 pmol), ligand dppf (18 mg, 32 pumol) and sodium tert-butoxide (92 mg,
0.96 mmol) under Argon. The mixture was back-filled with Argon several times. The mixture
was dissolved in anhydrous Toluene (10 mL) and heated at 100 °C for 4 h. After cooling, the
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reaction mixture was diluted with dichloromethane (20 mL) and filtered through a celite pad,
washing with dichloromethane (40 mL). The filtrate was reduced in vacuo. The product was
separated via flash chromatography (silica gel, heptanes/dichloromethane/ethylacetate 10:1:1) to
yield 5-phenyl-5H-pyrido[3,2-b]indole 8a (65 mg, 83%) as a white solid; m.p. 99-101 °C; *H
NMR (250 MHz, CDCls3) & 8.50 (dd, J = 4.7, 1.3 Hz, 1H), 8.40 — 8.30 (m, 1H), 7.60 — 7.12 (m,
11H); 3C NMR (63 MHz, CDCl3) 6 142.54, 142.26, 141.54, 136.84, 134.31, 130.04, 127.95,
127.80, 126.79, 122.45, 120.87, 120.83, 120.18, 116.72, 110.04; IR (ATR, cm'l): v = 3053 (m),
1622 (m), 1593 (s), 1574 (m), 1502 (s), 1481 (s), 1452 (s), 1412 (vs), 1371 (m), 1340 (m), 1315
(m), 1304 (s), 1282 (m), 1234 (m), 1209 (s), 1178 (m), 1167 (m), 1147 (m), 1119 (m), 1107 (m),
1072 (m), 1026 (m), 1011 (m), 931 (m), 906 (m), 787 (M), 777 (S), 762 (S), 744 (vs), 727 (Vvs),
698 (vs), 665 (M), 642 (M), 633 (s), 615 (s), 582 (M), 567 (M), 534 (m); GC-MS (El, 70 eV): m/z
(%) = 244 (100), 216 (4), 189 (3), 167 (3), 152 (3), 140 (4), 122 (9), 88 (3), 77 (4), 63 (3), 51
(5), 39 (4); HRMS (EI): calcd. for C17H1,N2 ([M]"): 244.09950; found: 244.09922;

5-(4-fluorophenyl)-5H-pyrido[3,2-b]indole 8b prepared following general

i procedure D using 3b (100 mg, 0.32 mmol) and 4-fluoroaniline (45 pL, 0.48

mmol). The product was purified by flash chromatography (silica gel,

N heptanes/dichloromethane/ethylacetate 8:1:1) to yield 8b (61 mg, 73 %) as a

| N white solid; m.p. 115-117 °C; *H NMR (250 MHz, CDCls) & 8.49 (dd, J =

4.7, 1.3 Hz, 1H), 8.39 — 8.29 (m, 1H), 7.53 — 7.32 (m, 4H), 7.31 — 7.11 (m,
3H), 6.78 — 6.65 (m, 1H), 6.48 (ddd, J = 6.7, 5.2, 2.9 Hz, 1H); °F NMR (282 MHz, CDCl) 5 -
112.83 (s); *C NMR (63 MHz, CDClg) & 161.79 (d, J = 248.2 Hz), 142.62, 141.69, 134.45,
132.77, 128.73 (d, J = 8.6 Hz), 128.06, 122.38, 120.94, 120.27, 117.24, 116.88, 116.50, 115.61
(d, J = 22.4 Hz), 109.80; IR (ATR, cm™): v = 3055 (m), 3037 (m), 1620 (m), 1587 (m), 1506
(vs), 1477 (s), 1452 (s), 1412 (s), 1354 (m), 1342 (m), 1311 (s), 1294 (m), 1281 (m), 1215 (s),
1207 (s), 1169 (s), 1151 (s), 1119 (m), 1105 (m), 1093 (s), 1049 (m), 1034 (m), 1028 (m), 1011
(m), 937 (m), 912 (s), 845 (s), 833 (s), 816 (s), 781 (s), 764 (M), 742 (vs), 727 (vs), 715 (s), 700
(s), 646 (M), 627 (M), 617 (), 575 (S), 534 (s); GC-MS (EI, 70 eV): m/z (%) = 262 (100), 261
(29), 131 (10); HRMS (EI): calcd. for C17H11F1N, ([M]7): 262.09008; found: 262.08948.
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5-(3-(trifluoromethyl)phenyl)-5H-pyrido[3,2-blindole  8c  prepared

following general procedure D using 3b (100 mg, 0.32 mmol) and 3-
Q/CE” (trifluoromethyl)aniline (60 pL, 0.48 mmol). The product was purified

by flash chromatography (silica gel,
| _ heptanes/dichloromethane/ethylacetate 8:1:1) to yield 8c (64 mg, 64 %)
as a white solid; m.p. 144-146 °C; *H NMR (250 MHz, CDCls) & 8.54
(dd, J = 4.7, 1.3 Hz, 1H), 8.47 —8.29 (m, 1H), 7.84 — 7.53 (m, 4H), 7.52
— 7.14 (m, 4H); *°F NMR (282 MHz, CDCl3) & -62.70 (s); **C NMR (63 MHz, CDCl3) & 143.08,
142.52, 141.17, 137.65, 133.96, 132.76 (g, J = 33.2 Hz), 130.80, 130.03, 128.26, 124.44 (q, J =
3.6 Hz), 123.61 (q, J = 3.6 Hz), 122.75, 121.41, 121.09, 120.39, 116.43, 109.66; IR (ATR, cm™):
v = 3055 (w), 3041 (w), 1622 (m), 1606 (w), 1595 (m), 1579 (w), 1498 (m), 1481 (m), 1456 (s),
1412 (s), 1362 (m), 1356 (m), 1333 (m), 1309 (s), 1292 (m), 1275 (m), 1232 (m), 1217 (m), 1207
(m), 1182 (s), 1163 (s), 1155 (s), 1117 (vs), 1095 (s), 1074 (s), 1028 (m), 1014 (m), 1001 (m),
966 (m), 945 (m), 935 (m), 928 (M), 918 (m), 906 (m), 854 (w), 810 (m), 802 (s), 791 (m), 781
(s), 760 (w), 744 (vs), 727 (s), 715 (s), 706 (vs), 673 (m), 663 (s), 638 (M), 621 (m), 607 (m), 582
(w), 563 (w), 536 (m); GC-MS (EI, 70 eV): m/z (%) = 312 (100), 242 (8); HRMS (EI): calcd. for
CisH11F3N, ([M]%): 312.08688; found: 312.08662.

5-(4-methoxyphenyl)-5H-pyrido[3,2-b]indole  8d  prepared following
O_
% general procedure D using 3b (100 mg, 0.32 mmol) and p-anisidine (59 mg,

0.48 mmol). The product was purified by flash chromatography (silica gel,
N heptanes/dichloromethane/ethylacetate 5:1:1) to yield 8d (88 mg, 94 %) as a
| N white solid; m.p. 128-130 °C; *H NMR (250 MHz, CDCls) & 8.53 (dd, J =

4.7, 1.3 Hz, 1H), 8.43 — 8.30 (m, 1H), 7.55 (dd, J = 8.3, 1.4 Hz, 1H), 7.50 —
7.21 (m, 6H), 7.11 — 6.99 (m, 2H), 3.85 (s, 3H); *C NMR (63 MHz, CDCls) & 159.13, 142.22,
142.06, 134.81, 129.36, 128.30, 127.90, 122.13, 120.85, 120.59, 120.12, 116.68, 115.22, 109.97,
55.62; IR (ATR, cm™): v = 2955 (w), 2929 (w), 2837 (w), 1620 (m), 1510 (vs), 1479 (m), 1454
(s), 1441 (m), 1414 (s), 1385 (w), 1342 (m), 1313 (s), 1300 (m), 1286 (m), 1242 (s), 1209 (s),
1176 (s), 1149 (m), 1120 (m), 1107 (s), 1066 (m), 1028 (s), 1012 (m), 937 (m), 912 (m), 860 (w),
829 (s), 812 (m), 791 (s), 748 (vs), 729 (vs), 700 (s), 667 (m), 646 (m), 629 (m), 617 (s), 584 (S),
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536 (s); GC-MS (EI, 70 eV): m/z (%) = 274 (100), 259 (55), 231 (13), 230 (15), 229 (14), 115
(9); HRMS (EI): calcd. for C1gH1401N2 ([M]"): 274.11006; found: 274.11009.

55-(3,5-dimethoxyphenyl)-5H-pyrido[3,2-b]indole 8e prepared following
O general procedure D wusing 3b (100 mg, 0.32 mmol) and 3,5-

D/ N\ | dimethoxyaniline (73 mg, 0.48 mmol). The product was purified by flash
chromatography (silica gel, heptanes/dichloromethane/ethylacetate 3:1:1)
» to yield 8d (88 mg, 94 %) as a white solid; m.p. 150-152 °C; *H NMR
(250 MHz, CDCl3) 6 8.58 — 8.41 (m, 1H), 8.33 (dd, J = 7.7, 0.7 Hz, 1H),
7.64 (dd, J = 8.3, 1.3 Hz, 1H), 7.53 — 7.12 (m, 4H), 6.57 (d, J = 2.2 Hz, 2H), 6.45 (t, J = 2.2 Hz,
1H), 3.71 (s, J = 9.9 Hz, 6H); *C NMR (63 MHz, CDCl3) & 161.82, 142.55, 142.26, 141.37,
138.46, 134.17, 127.95, 122.48, 120.82, 120.20, 116.99, 110.33, 104.96, 99.76, 93.72, 55.59; IR
(ATR, cm™): v = 3051 (m), 3007 (m), 2970 (m), 2945 (m), 2916 (m), 2841 (m), 1620 (m), 1605
(s), 1583 (s), 1495 (m), 1475 (m), 1452 (s), 1425 (s), 1416 (s), 1367 (m), 1342 (m), 1331 (m),
1313 (s), 1296 (s), 1282 (s), 1252 (m), 1223 (m), 1194 (s), 1147 (vs), 1057 (s), 1009 (s), 991 (m),
928 (m), 906 (m), 868 (m), 852 (m), 833 (s), 823 (s), 783 (S), 773 (S), 741 (S), 723 (Vvs), 696 (S),
690 (s), 675 (s), 660 (s), 621 (S), 607 (S), 573 (), 557 (M), 532 (M); GC-MS (El, 70 eV): m/z (%)
= 304 (100), 261 (8), 245 (10), 218 (7); HRMS (EI): calcd. for C19H160.N, ([M]"): 304.12063;
found: 304.12015.

CN 5-(4-cyanophenyl)-5H-pyrido[3,2-b]indole 8f prepared following general
procedure D using 3b (100 mg, 0.32 mmol) and 4-aminobenzonitrile (56
mg, 0.48 mmol). The product was purified by flash chromatography (silica

| XN gel, heptanes/dichloromethane/ethylacetate 4:1:1) to yield 8f (36 mg, 42 %)
N as a white solid; m.p. 162-164 °C; *H NMR (250 MHz, CDCl3) & 8.57 (dd, J

= 4.7, 1.3 Hz, 1H), 8.41 — 8.33 (m, 1H), 7.90 — 7.81 (m, 2H), 7.71 — 7.60
(m, 3H), 7.52 — 7.23 (m, 4H), *C NMR (63 MHz, CDCls) 5 143.51, 141.21, 134.10, 133.45,
128.42, 126.86, 123.12, 121.88, 121.23, 120.49, 116.59, 111.02, 109.77; IR (ATR, cm™): v =
3051 (w), 3007 (w), 2226 (m), 1616 (w), 1601 (s), 1587 (m), 1558 (w), 1506 (s), 1489 (w), 1479
(m), 1454 (m), 1412 (s), 1373 (w), 1354 (m), 1340 (m), 1315 (s), 1290 (M), 1246 (w), 1234 (m),
1221 (m), 1207 (s), 1182 (m), 1169 (m), 1153 (m), 1136 (m), 1128 (m), 1117 (m), 1107 (m),
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1053 (w), 1028 (w), 1014 (m), 978 (w), 968 (w), 953 (W), 935 (w), 916 (m), 885 (W), 841 (s),
783 (), 748 (vs), 731 (vs), 723 (), 667 (M), 656 (M), 631 (m), 619 (s), 582 (W), 567 (M), 552 (S),
528 (m): GC-MS (El, 70 eV): m/z (%) = 269 (100), 270 (25), 75 (7), 39 (7); HRMS (EI): calcd.
for C1gHuN3 ([M]*): 269.09475; found: 269.09432.

General procedure E for double C-N coupling with chain amine derivatives, exemplified
by: 5-benzyl-5H-pyrido[3,2-b]indole 8g

H,N
N Br
| Br Pd,dba; / DPEPhos

Z ¥ — N
NaO'Bu,Toluene |
0 =
100 ~C N
3b 4 8g

To pressure tube charged with 3b (100 mg, 0.32 mmol), Pd,(dba); (15 mg, 16 umol), ligand
DPEPhos (17 mg, 32 umol) and sodium tert-butoxide (92 mg, 0.96 mmol) under Argon. The
mixture was back-filled with Argon several times. The mixture was dissolved in anhydrous
Toluene (10 mL). benzylamine 4i (52 pL, 0.48 mmol) was added to the mixture and heated at
100 °C for 7 h. After cooling, the reaction mixture was diluted with dichloromethane (20 mL)
and filtered through a celite pad, washing with dichloromethane (40 mL). The filtrate was
reduced in vacuo. The product was separated via flash chromatography (silica gel,
heptanes/dichloromethane/ethylacetate 5:1:1) to yield 8g (76 mg, 92 %) as a white solid; m.p.
137-139 °C; *H NMR (250 MHz, CDCl3) & 8.43 (dd, J = 4.7, 1.2 Hz, 1H), 8.32 (d, J = 7.7 Hz,
1H), 7.45 — 7.30 (m, 2H), 7.28 — 7.01 (m, 6H), 6.93 (dd, J = 6.7, 2.6 Hz, 2H), 5.26 (s, 2H); **C
NMR (63 MHz, CDCl3) & 140.82, 140.75, 140.27, 135.40, 132.91, 127.78, 126.80, 126.62,
125.25, 121.08, 119.82, 119.07, 118.93, 114.75, 108.14, 45.35; IR (ATR, cm™): v = 3051 (w),
3028 (w), 2926 (w), 1622 (m), 1603 (w), 1589 (m), 1576 (w), 1558 (w), 1495 (m), 1483 (m),
1458 (s), 1450 (s), 1414 (s), 1373 (m), 1356 (w), 1335 (s), 1319 (s), 1281 (w), 1263 (w), 1242
(m), 1211 (m), 1194 (s), 1178 (m), 1149 (m), 1132 (m), 1117 (m), 1080 (m), 1057 (w), 1047 (w),
1028 (m), 1012 (m), 999 (w), 972 (w), 962 (w), 937 (w), 912 (w), 845 (m), 802 (w), 789 (m),
781 (S), 742 (vs), 731 (vs), 721 (vs), 694 (s), 644 (m), 621 (m), 600 (m), 584 (m), 567 (m), 557
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(m), 536 (m); GC-MS (EIl, 70 eV): m/z (%) = 258 (88), 181 (5), 167 (8), 91 (100), 39 (9);
HRMS (EI): calcd. for C1gH14N, ([M]Y): 258.11515; found: 258.11534.

5-(4-methoxybenzyl)-5H-pyrido[3,2-b]indole 8h prepared following
K©/O\ general procedure E using compound 3b (100 mg, 0.32 mmol) and 4-

methoxybenzylamine (63 pL, 0.48 mmol). The product was purified
XN by flash chromatography (silica gel,
N heptanes/dichloromethane/ethylacetate 3:1:1) to yield 8h (60 mg, 65
%) as a white solid; m.p. 124-126 °C; *H NMR (300 MHz, CDCls) &
8.42 (dt, J = 5.7, 2.9 Hz, 1H), 8.36 — 8.28 (m, 1H), 7.48 — 7.31 (m, 2H), 7.30 — 7.07 (m, 3H),
6.88 (t, J = 5.8 Hz, 2H), 6.68 — 6.58 (m, 2H), 5.22 (s, 2H), 3.57 (s, 3H); *C NMR (75 MHz,
CDCl3) 6 159.15, 141.92, 141.77, 141.37, 134.01, 128.51, 127.90, 127.71, 122.17, 120.94,
120.12, 120.02, 115.94, 114.27, 109.30, 55.24, 46.00; IR (ATR, cm™): v = 2931 (w), 2835 (w),
1624 (m), 1610 (m), 1583 (m), 1512 (s), 1485 (s), 1460 (s), 1443 (m), 1412 (s), 1377 (m), 1354
(w), 1323 (s), 1308 (s), 1246 (vs), 1211 (m), 1203 (m), 1194 (s), 1178 (s), 1155 (m), 1134 (m),
1113 (s), 1059 (w), 1034 (s), 1009 (m), 984 (m), 962 (m), 939 (w), 864 (w), 845 (s), 837 (m),
820 (m), 791 (s), 775 (s), 746 (vs), 727 (vs), 708 (s), 665 (m), 640 (m), 625 (s), 600 (s), 582 (M),
565 (m), 540 (s); GC-MS (El, 70 eV): m/z (%) = 288 (29), 242 (3), 167 (8), 140 (5), 121 (100),
91 (7), 78 (10), 77 (9); HRMS (EI): calcd. for C1oH1sN20;1 ([M]*): 288.12571; found: 288.12541.

5-phenethyl-5H-pyrido[3,2-b]indole  8i prepared following general
procedure E using compound 3b (100 mg, 0.32 mmol) and 2-
phenylethylamine (60 pL, 0.48 mmol). The product was purified by flash
chromatography (silica gel, heptanes/dichloromethane/ethylacetate 5:1:1) to
- yield 8j (67 mg, 77 %) as a white solid: m.p. 61-63 °C: *H NMR (300 MHz,
CDCl3) 6 8.38 (dd, J = 4.7, 1.3 Hz, 1H), 8.29 (d, J = 7.7 Hz, 1H), 7.38 (ddd,
J=82,7.1,12Hz 1H), 7.28 — 7.13 (m, 3H), 7.13 — 6.96 (m, 4H), 6.96 — 6.82 (m, 2H), 4.30 (t,
J=7.2 Hz, 2H), 2.93 (t, J = 7.2 Hz, 2H); *C NMR (63 MHz, CDCl3) & 141.61, 141.46, 140.80,
138.37, 133.73, 128.73, 128.66, 127.66, 126.76, 122.05, 120.91, 119.88, 119.75, 115.45, 108.91,
44.82, 35.27; IR (ATR, cm™): v = 3051 (w), 3041 (w), 3026 (w), 3001 (W), 2964 (w), 2939 (W),
2922 (w), 1622 (m), 1603 (w), 1587 (m), 1562 (w), 1483 (s), 1462 (s), 1452 (s), 1414 (vs), 1377
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(m), 1360 (m), 1342 (s), 1319 (s), 1248 (w), 1223 (s), 1200 (m), 1186 (s), 1151 (m), 1132 (M),
1122 (m), 1080 (m), 1065 (w), 1049 (w), 1028 (m), 1009 (m), 974 (w), 962 (w), 939 (w), 926
(w), 881 (w), 856 (w), 839 (w), 791 (m), 777 (m), 764 (w), 742 (vs), 727 (vs), 696 (vs), 642 (W),
623 (m), 613 (m), 606 (m), 590 (m), 582 (w), 565 (w), 548 (m), 540 (m); GC-MS (El, 70 eV):
m/z (%) = 272 (23), 181 (100), 154 (5), 127 (12), 91 (5), 78 (5); HRMS (EI): calcd. for
C1oH16N, ([M]"): 272.13080; found: 272.13063.

Synthesis of 1,4-bis(5H-pyrido[3,2-b]indol-5-yl)benzene 9

N=
Qi

NH N
N Br 2
Br Pd,dba / Dppf
N/ + _—
NaO'Bu,Toluene
o N
NH, 100 °C —
\
N
3b 6a 9

To pressure tube was charged with 3b (200 mg, 0.64 mmol), 1,4-diaminobenzen (34 mg, 0.32
mmol), Pd,(dba)s (12 mg, 13 pmol), ligand dppf (14 mg, 26 umol) and sodium tert-butoxide
(147 mg, 1.53 mmol) under Argon. The mixture was back-filled with Argon several times. The
mixture was dissolved in anhydrous Toluene (10 mL) and heated at 100 °C for 10 h. After
cooling, the reaction mixture was diluted with dichloromethane (20 mL) and filtered through a
celite pad, washing with dichloromethane (40 mL). The filtrate was reduced in vacuo. The
product was separated via flash chromatography (silica gel,
heptanes/dichloromethane/ethylacetate  1:1:1) to vyield 1,4-bis(5H-pyrido[3,2-b]indol-5-
yl)benzene 9 (52 mg, 40 %) as a white solid; m.p. 277-279 °C; *H NMR (250 MHz, CDCl3) &
8.76 — 8.33 (m, 4H), 7.96 — 7.06 (m, 14H); *C NMR (63 MHz, CDCls) & 142.02, 141.51,
140.20, 137.74, 132.99, 130.64, 127.24, 124.84, 123.60, 121.75, 120.36, 120.12, 119.37, 115.61,
108.83; IR (ATR, cm™): v = 3053 (w), 1620 (w), 1595 (m), 1585 (m), 1576 (m), 1497 (s), 1475
(m), 1450 (s), 1408 (s), 1373 (w), 1362 (w), 1340 (m), 1315 (s), 1306 (s), 1288 (m), 1263 (m),
1238 (w), 1215 (m), 1203 (s), 1178 (m), 1155 (m), 1120 (m), 1111 (m), 1101 (m), 1090 (m),

18



1049 (m), 1026 (m), 1012 (m), 968 (w), 922 (m), 903 (w), 877 (w), 850 (w), 810 (m), 800 (m),
779 (s), 742 (vs), 727 (vs), 700 (s), 671 (m), 648 (m), 631 (m), 619 (s), 584 (m), 567 (m), 536
(m); GC-MS (El, 70 eV): m/z (%) = 410 (100), 242 (28), 205 (11); HRMS (ESI): calcd. for
CasH1gN4 ([M + H]M): 411.16042; found: 411.15977.

19



4500
4000
3500
3000
—2500
—2000
1500
1000

6T,
6T,
6T,
0ct
1L
1L
wL
L
€L
€L
T4
St
9L
8¢,
1€L
1€L
€eL
€eL
9e¢
9€L
[4-yA
€S
S8
95,
19
192
19¢
€92
€97
9
LE°8
8¢€'8

[e2]
(a0}
(o]

T

6€'8

140408.u317

Hung HT-3H107 1H CDCI3

Br

Cl

J
4
4
4
4
4
4
4
4
4
4

=

.
-
1

E—

ore
€0°T
0T
86°0

F-oo01

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 50 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

10.5



—45000

—40000

35000

30000

25000

—20000

—15000

—10000

5000

140408.u317 S IT3885 9
Hung HT-3H107 13C CDCI3 R ARBERR 8
\/ NYENI2A2 1
Cl
X Br
/
|
|
J o R ety w‘ | “*.L:JL.:" syt SR R AP AR Y AP A A A WY
I I I I I I I I I I I I I I I I I I I I
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

200

f1 (ppm)



140408.u317
Hung HT-3H107 Dept CDCI3

8000

149.18
—139.84
_132.88
~-130.95
~\-130.06
~-127.42
—122.16

7500

/

Br L7000

—~6500

6000

5500

5000

—4500

4000

3500

3000

—2500

—2000

1500

1000

—500

—-500

—-1000

I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I
200 190 180 170 160 150 140 130 120 110 #0? ) 90 80 70 60 50 40 30 20 10 0
1 (ppm



~11000

10000

—~9000

8000

7000

6000

5000

4000

—~3000

—2000

1000

—-1000

140411.202

Hung HT-3HY08 1P €DER %

27 N

pd

7\

100 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

10.5



140411.202 8 % T8 838} SRR
Hung HT-3H108 13C CDCI3 5 ¢ ¢ % RRNS §S55
[ [T N\ &1 ~30000
N
N
| X 25000
A/
20000
15000
10000
5000
| |
|
0
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

f1 (ppm)



140411.202

% B2IBIAGRS T 5500
Hung HT-3H108 Dept CDCI3 ¢ RENNESSS 8
N L
-5000
-4500
N\\\ N
| -4000
P
|
-3500
-3000
2500
|
| b 2000
-1500
-1000
-500
--500

I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I
200 190 180 170 160 150 140 130 120 110 fl%? ) 90 80 70 60 50 40 30 20 10 0
1 (ppm



o o o o o o o o o o o
o o o o o o o o o o o o o o o o o o o o
o o o o o o o o o o o o o o o o o o o o
(o)} [oe] N O n < ™M (o\] i o o o o o o o o o o —
. . r.r. ..y YT 2

(5]

==

O

z N
Z N\

65°T— - - — Fore
T2
€T
BT
917
LT
122
TTLA
VT
STLA
it
€2
bEL
L8
8cL
L -~
L ~—
o e e R
bbZ
St'L
No.w./.
50’8
878" [~
87’8
1€'8 =
1€'8
6€'8
6€'8
1
'
(@]
I
i
3
i
o 7
RE
—_
i
ig
ST

3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

3.5

100 95 9.0 85 8.0 7.5 7.0 6.5 6.0 5.5 50 45 4.0
f1 (ppm)

10.5



140411.203
Hung HT-3H109 13C CDCI3

~34000

—152.10
—146.50
14028
~-137.60
133.56
128.21
£-127.25
N-126.85
21.26

~——| 32000

I
i

—~30000
CHj
28000
—26000

—24000

z

—22000

\ /
AN

—20000

18000

—~16000

—14000

—~12000

—10000

~8000

6000

4000

' —2000

—-2000

I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I
200 190 180 170 160 150 140 130 120 110 #0? ) 90 80 70 60 50 40 30 20 10 0
1 (ppm



140411.203
Hung HT-3H109 Dept CDCI3

146.50

130.30
128.21

/
7
\
\

127.25

126.85

120.87
120.54
—115.87

—110.39

\ /

Z

N

CHs

21.26

8500
;8000
;7500
;7000
;6500
;6000
;5500
;5000
;4500
;4000
;3500
;3000
;2500
;2000
;1500
;1000

~500

—-500

200

190

180

170

160

150

140

130

120

110

T
100
f1 (ppm)

90

80

70

60

50

40

30

20

10

—-1000



~1E+05

~1E+05

—~90000

80000

70000

—60000

—~50000

~40000
30000
—20000
—10000

—-10000

¢ET—

€b'g

Hung HT-3H110 1

140411.204

Hac, CHs

CH,

Eore

0€'T

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 50 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)

10.5



140411.204 3283 § @ IRT JINBH © o 55000
Hung HT-3H110 13C CDCI3 NEY ¢ o 855 SS8% I
[/ Ny |
HsC CHa -50000
CH,
-45000
-40000
N\ N |
| > / -35000
30000
25000
20000
-15000
-10000
|
| |
-5000
|
Thows bt et ey sty “.‘J;:‘, it vWWm.‘“'ﬁ“ e .‘WLM, . ‘MM)MUMWWM -0
--5000

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)



—21000
;20000
;19000
;18000
;17000
;16000
;15000
;14000
;13000
;12000
;11000
;10000
;9000
;8000
;7000
;6000
;5000
;4000
;3000
;2000

1000

—-1000

—-2000

140411.204 ] QIRBVIHE 1§ N
Hung HT-3H110 Dept CDCI3 € LS8R |S 8 ;
ST
Hac_ CHs
CHjz
[
N\\\ N
P,
|
| o
|

T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

200

f1 (ppm)



6000

5500

5000

4500

4000

3500

3000

—2500

—2000

—1500

—~1000

140415.u312

Hung HT-3H114 1H %CE

i

H{mmf
Fire
T-50C

B0

00'T
Hmwoo.H

3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

3.5

10.0 9.5 9.0 85 8.0 7.5 7.0 6.5 6.0 5.5 50 45 4.0
f1 (ppm)

10.5



140415.u312
Hung HT-3H114 19F CDCI3

~4E+05

-113.77

F H4E+05

~4E+05

z

—3E+05

\ /
N

—2E+05

~2E+05

~2E+05

—1E+05

50000

I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I
-30 -40 -50 -60 -70 -80 -90 -100 -110 c (-120) -130 -140 -150 -160 -170 -180 -190 -200 -210
1 (ppm



—28000

—26000

—24000

—22000

20000

—18000

~16000

~14000

—~12000

—~10000

8000

6000

4000

—2000

—-2000

140415.u312 Q9 8% T J2Ah88 TaxB
Hung HT-3H114 13C CDCBB @ & ¢ & HARER N8R
T T T T NN A F
N\\\ N
P Y
I |
wwd
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)



140415.u312
Hung HT-3H114 Dept CDCI3

146.54

121.04

120.89
11651
16:44

\ /

pzd

AN

13000

~12000

—11000

—10000

—~9000

8000

7000

6000

—~5000

4000

3000

—2000

1000

—-1000

200

190

180

170

160

150

140

130

120

110

T
100
f1 (ppm)

90

80

70

60

50

40

30

20

10



8000

7500

7000

6500

—6000
5500

5000

4500

4000

3500

3000

—2500
—2000
1500
1000
500

—-500

IAYA
P1'LA
ST'LA
9T°/A
8T°LA
€CLA
YL
SCLA
9T,
9¢’LA
LT[
8¢,
meg

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 50 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)

10.5



140415,u313
Hung HT-3H115 19F CDCI3

—2E+06

-62.50

—2E+06
;2E+06
;2E+06
;2E+06
;2E+06
;2E+06

\ /
\Z

—2E+06
;2E+06
;1E+06
;1E+06
;1E+06
;1E+06
;1E+06
;9E+05
;8E+05
;7E+05
;6E+05
;5E+05
;4E+05
;3E+05
;2E+05
;1E+05

—-1E+05

—-2E+05

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120  -130  -140 -150 -160  -170
f1 (ppm)



140415.u313 SRS RN L EEE P e
Hung HT-3H115 13C CDCI3 7Y SRRERINIRRALSSE 40000
I e i B s i
F
F -35000
NN
|/ / 30000
-25000
-20000
-15000
~10000
|
-5000
I
N
Illldl
anu%J i A -0

I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I
200 190 180 170 160 150 140 130 120 110 f10(0 ) 90 80 70 60 50 40 30 20 10 0
1 (ppm



140415.u313 B YRR IRRNSAR8R
Hung HT-3H115 Dept CDCI3 ¢ SRERIILIIFENSS F 13000
| T | .
-12000
F

-11000

N\ N |

| | | |

-10000

. P/ _

|

-9000
-8000
-7000
-6000
| -5000
-4000
-3000
-2000
-1000

wnnmwHﬂmmmumwumqmmwnmmnwwmumwnwmhmﬂauumummmm$WLuﬂLmnmdwmww%MﬁunmwmmwwHmwﬁMumhwmnnnﬁMhNwnmuwmmwumuuwuumnumunﬂwmwunmmmﬁmmnwm«wnmwmmwuuw—o
--1000

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

f1 (ppm)



35000

30000

—25000

—20000

~15000

—10000

5000

8€—

Hung HT-3H111 1H

140411.205

=€0€ |

100 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)

10.5



140411.205

o~
YN N oYY —0om [o0]
Hung HT-3H111 13C CDCI3 REEEEEEELE o

—159.00
—152.24
—146.51
—140.55

H;C

z

\ /
N

~45000

40000

—~35000

—~30000

—25000

—20000

15000

—~10000

—~5000

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
f1 (ppm)

10



140411.205

0 RAB %33 @
Hung HT-3H111 Dept CDCI3 ¢ SRR ERE 5
NS LA 8000
H.C
3N
0
~7000
| |
-6000
N\\~ N
| = ,// ~5000
~4000
| | |
' -3000
|

-2000
~1000

-0
--1000

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

f1 (ppm)



—40000
38000

36000
;34000
;32000
30000
;28000
—26000

24000

—22000

—20000

~18000

16000

~14000

—~12000

10000

~8000

—~6000

4000

—2000

—-2000

8Y'¢—

[AVe
YI'LA
ST'ZA
AVe
LA
€L
SC'LA
9C’LA

134
14

140411.206
Hung HT-3HEL

J\

96°¢

Eaet

Feor T

F9079

B/60

H\.wm.o L

00T

2.5

-0.5

1.5 1.0 0.5 0.0

2.0

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 50 4.5 4.0 3.5 3.0
f1 (ppm)

10.5



140411.206
Hung HT-3H112 13C CDCI3

N -50000

—150.92
—145.46
15.00

~45000

—40000

pd

35000

\ /
AN

—~30000

—25000

—20000

~15000

—10000

I ~5000
| I

MM i -0

—-5000

I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I
210 200 190 180 170 160 150 140 130 120 110 c ﬁ?o ) 90 80 70 60 50 40 30 20 10 0 -10 -20
1 (ppm



140411.206
Hung HT-3H112 Dept CDCI3

145.46
127.28
126.70
125.94
119.92
119.73

"\.115.05
15.00

—~13000

_~109.30

v
X
X

AN ~12000
—~11000

—10000

/Z

—~9000

~8000

7000

6000

—~5000

4000

! 3000

—2000

—~1000

—-1000

—-2000
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T I

210 200 190 180 170 160 150 140 130 120 110 c ﬁ?o ) 90 80 70 60 50 40 30 20 10 0 -10 -20
1 (ppm



140415.205
Hung HT-3H113 1H CDCI3

—40000

=

35000

30000

\ /
\Z

—25000

—20000

~15000

—10000

—~5000

0.5 100 9.5 9.0 8.5 8.0 7.

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)



140415.205

55000

50000

~45000

~40000

35000

30000

—25000

—20000

~15000

—10000

5000

HeNBYRRETRRNO8RTR
Hung HT-3H113 13C CDCI3 EEEREREEEEERELR
NSy VY
/I
N
T
P/
|
|
b et opowin b gt st w|~..: s “mL-' P
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)

—-5000



140415.205

18000
Hung HT-3H113 Dept CDCI3 -

146.45
128.58
127.37
127.28
—121.74
—117.11
—110.23

12128

~17000

=

16000
;15000
| ;14000
;13000
;12000
11000
;10000
;9000
;8000
| ! ;7000
| ;6000
;5000
4000
;3000
;zooo

—1000

—-1000

—-2000

I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I
200 190 180 170 160 150 140 130 120 110 #O? )90 80 70 60 50 40 30 20 10 0
1 (ppm



140415.206
Hung HT-3H117 1H CDCI3 ~34000

32000
30000

—28000

z

N\ ~26000
[~ / I | G / -—24000
;zzooo
-20000
~18000
~16000
-14000
~12000
~10000
~8000

—6000

4000

—2000

F
-
F:::

—-2000

2.00—=

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
10.5 10.0 9.5 9.0 85 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)



140415.206 4 g9 [e8 4533 (882 5
Hung HT-3H117 13C CDCI3 g ¥ [§8 NsS44g|gcses &
L B R e 60000
-55000
N -50000
| = / -45000
-40000
-35000
-30000
-25000
-20000
-15000
-10000
|
-5000
GRSV ST ISV SO DYOVIN SPEN WRSHTI J S wﬁ mL~ I SRS STpTpRT L SRR T " — vt s woordions ;o
--5000

I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I
190 180 170 160 150 140 130 120 110 1%0(2 )90 80 70 60 50 40 30 20 10 0
1 (ppm



140415.206
Hung HT-3H117 Dept CDCI3

145.09
127.55
127.08
43.86

—24000

—108.80

—22000
—20000
—18000

~16000

\ /
AN

—14000

~12000

—~10000
| 8000
6000

4000

—2000

;-2000
;—4000
;-6000
;-8000

—-10000

' --12000
--14000

—-16000

—-18000

I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I
200 190 180 170 160 150 140 130 120 110 #0? )90 80 70 60 50 40 30 20 10 0
1 (ppm



-8500
8000

7500
—7000
—6500
—~6000
—~5500
—~5000
4500
—4000
3500
3000
2500
—2000
~1500
1000
~500

—-500

124

Hung HT-3H1YS

140415.u314

M

=0'¢

/
JUU
"

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 50 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)

10.5



140415.u314

Hung HT-3H118 19F CDCI3 ~4E+05

-115.23

~3E+05
~3E+05
—3E+05

~3E+05

z

~3E+05

\ /
AN

—2E+05
;2E+05
;2E+05
;2E+05
;2E+05
;1E+05
;1E+05
;1E+05
;80000
;60000
;40000

—20000

—-20000

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
-40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
f1 (ppm)



140415.u314 3Y 8§ 92 8 3
Hung HT-3H118 13C CDC3E & 8 2 & &
I LA
|
|
|

43.24

z

N

\ /

L

~32000

—~30000

—28000

—26000

—24000

—22000

—20000

—18000

~16000

~14000

~12000

—10000

~8000

6000

4000

—2000

—-2000

190 180 170 160 150 140

120



140415.u314
Hung HT-3H118 Dept CDCI3

—~9000

146.23
—120
115
115
115
—109
-
—44.31

-8000
-7000
| ANGY -6000
| i

F / -5000
-4000
-3000
-2000

1000

—-1000

—-2000

—-3000

—-4000

—-5000

—-6000

I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I
200 190 180 170 160 150 140 130 120 110 f10(0 ) 90 80 70 60 50 40 30 20 10 0
1 (ppm



~11000
—10000

—~9000
~8000
7000
—6000
5000
—4000
3000
—2000
1000
—-1000

Hung HT-3H119 1H

140415.u315

7\

AW

—— E66T

L 8¢'T

8Ey

T Fore
—_— HW /0T

— vu /60

— vu 10T

— J H\.oo T

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 50 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

10.0

10.5



140415.u315
Hung HT-3H119 19F CDCI3

-62.51

—~1E+06

F ~1E+06

I ~1E+06

—1E+06

—9E+05

\ /
\Z

—8E+05

—/7E+05

~6E+05

—5E+05

—4E+05

—3E+05

~2E+05

~1E+05

—-1E+05

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150
f1 (ppm)



140415.u315

8 & 8% SE8SAZHGE 5 80000
Hung HT-3H119 13C CDCI3 Zl ¢ 28 SRESFSS9E $

1 N2 NI &= | 5000

F -
F 70000

F

65000
60000
N\\\ N f55000
| 50000

PV, |
45000
40000
35000
30000
25000
20000
! 15000
| 10000

Il I
i 5000

| | B

) N - " YI.LI Ay - " TR | ) ) 5 " -0
--5000
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

f1 (ppm)



140415.u315 7 RA8BALUIEZINSI

N
N

Hung HT-3H119 Dept CDCI3 ¥ SRRBSIIINRAS S
|

N an —22000

—44.61

-20000
F ;18000
;16000
= ' ;14000
I ;12000

"~ 10000
| I

= /// ~8000
;6000
;4000
;zooo

A tocasdiabd “JMNJN,‘ L L " - N N el e AL " " -0

—-2000

—-4000
—-6000
—-8000

—-10000

—-12000

—-14000

—-16000

I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I
200 190 180 170 160 150 140 130 120 110 f10? ) 90 80 70 60 50 40 30 20 10 0
1 (ppm



o o o o o o o o o o
o = o o o o = o o o o o = o o o o o o
= o o o o o o o o o o o o o o o = o o
0 N © LN < ™M N — = o = o o o o o o o —
rt.r. Y. *.v*“.7*.7*.v.*+. .. ", PP ¥.?P. Y. TP,
vw.o./. 3
om.ow = =AY
68°0

oLT
wi/

18T\ — _ _ _ l
€8 = = [ere

F
ow.ﬁ\
88'T

mN.V./.
1€p—= _— Im oz |
vm.vu\.

0¥
L

...
3

Hung HT-2H116 1 °CHCE

140416.u316

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

10.0




140416.u316
Hung HT-2H116 13C CDCI3

—151.61

—145.94

—139.71

_~128.03
~126.61

—109.38

ol

43.16

22.32

A

11.65

85000

80000

75000

—70000

65000

60000

~55000

—~50000

—45000

—40000

35000

30000

—25000

—20000

~15000

—10000

—~5000

—-5000

200

190

180

170

160

150

140

130

120

110

T
100
f1 (ppm)

90

80

70

60

50

40

30

20

10



140416.u316 % I3 998 B © o "
Hung HT-2H116 Dept CDCI3 ¢ g8 Sg% 8 3 s = ~30000
\VelA N
25000
HsC
I
¥ 20000
! !
| N
N
/ \ / 15000
—_ i
~10000
5000
e N |l _O

~-5000
~-10000
| ~-15000
~-20000

I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

f1 (ppm)



7500

~7000

—~6500

—~6000
5500

—~5000

4500

4000

3500

3000

—2500

—2000

—1500

—~1000

—500

—-500

8T,
6T,
| Y44
et

140428.u312
Hung 3H120

|

0.0

-0.5

0.5

100 95 9.0 85 8.0 7.5 7.0 6.5 6.0 5.5 50 45 40 3.5 30 25 20 1.5 1.0
f1 (ppm)

10.5



140428.u312

Hung 3H120 13C CDCI3

—151.90

—146.48

—139.94

—135.34

—121.02
116.61
116.37

—110.73

—~12000

~11000

—10000

—~9000

8000

—7000

—6000

—~5000

4000

3000

—2000

1000

—-1000

N N
/7 \ )
|
|
|
|
|
|
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)



140428.312 ® goT I 5 ®
Hung 3H120 Dept CDCI3 ¢ 2% 5 8 S
NS L5500
—
/ \ / ~5000
N
N
~4500
—~4000
N
/N \ / ~3500
S —3000
~2500
|
—2000
|
~1500
—1000
—~500
W —0
—-500
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

f1 (ppm)



140428.u313

Hung 3H121 1H CDCI3

/

—100
0

—2200
;2100
;2000
;1900
;1800
;1700
;1600
;1500
;1400
;1300
;1200
;1100
;1000
;900
;800
;700
;600
;500
;400
;300
;200

—-100

—-200

10.0

9.5

9.0

5.5

T
5.0
f1 (ppm)

4.5

4.0

3.5

3.0

2.5

2.0

1.5

1.0

0.5



Hung 3H121 13C CDC3 Ag% 9% RR4gESGEs 14000
[/ N N N ==
—13000
— i

N N/ -12000
| ///, N== ~11000

—10000

—9000

—~8000

7000

—6000

~5000

| —~4000

—~3000

|
| [ ~2000
|
—1000
—0
—-1000
L R L R L R L R L R L R L R L R L R 1
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

f1 (ppm)



140428.u313 3 9 B3 RRUBH
Hung 3H121 Dept CDCI3 ¥ € TR ASNST 4000
I VNV
= -3500
N Nerf/
X
| ~
G N -3000
2500
2000
| I
! |
! 1500
1000
500
-0
~-500
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0

f1 (ppm)



—~9000
~8000
7000
—6000
5000
4000
3000
—2000
1000

L

Janke J1J-2HSM 1H CDCI3

130603.u328

00T

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

4.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0
f1 (ppm)

10.0




....... 8500

— 147,84
14099
-140.46
132
130
130
~127
—124
122
121

130603.u328 —8000
Janke 1J-2HSM 13C CDCI3 Br L
\

Br L7500

\

N -7000
6500
6000
-5500
5000
-4500
-4000
3500
-3000
2500
-2000
1500
-1000

' -500

—-500

I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I
200 190 180 170 160 150 140 130 120 110 f10(0 ) 90 80 70 60 50 40 30 20 10 0
1 (ppm



130603.u328
Janke JJ-2HSM Dept CDCI3

—147.84

—140.46

g T
ONO M~
NOON Y
RS R ESES
o e

77.22

\

Br

Br

—2000

1800

—1600

—1400

1200

1000

—800

600

—400

—200

--400

—-600

200

190

180

170

160

150

140

130

120

110

T
100
f1 (ppm)

90

80

70

60

50

40

30

20

10



—14000

~13000

7000

6000
5000
4000
—~3000
—2000
—~1000

STZ
9T,
8T,
6T,
1L
€L
vl
9L
Lt
(L
6C'L
0€L
€eL
eeL
peL
SEL
9€L
9€’
LEL
VAN
8€L
6£L
I8 VA
WL
&L
L
it
6v'L
6v'L
0S¢
[4<yA
[4-yA
3V
pS'L
S8
85/
85
pe'8
pE'8
pE'8
LE°8
LE°8
LE°8
6v'8
6v°8
0S8
19°8

J
1
.
.
i
.
i
J
J
i
J
i
]
4
4
4
i
i

B

.

130528.211

Janke 13-2H205 1H CDCI3

i

i

%Nw.oﬁ

F oot
F 0071

0.0

0.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
f1 (ppm)

10.0



130528.211

Janke 13-2H205 13C CDCI3

ik

~45000

—40000

—35000

30000

—25000

—20000

~15000

—10000

—~5000

190

180

170

160

150

140

130

120

110

100
f1 (ppm)

90

80

70

60

50

40

30

20

10



130528.211
Janke JJ-2H205 Dept CDCI3

142.54

—110.05

;22000
;21000
;20000
;19000
;18000
;17000
;16000
;15000
;14000
;13000
;12000
;11000
;10000
;9000
;8000
;7000
;6000
;5000
;4000
;3000
;2000
;1000

—-1000
—-2000

200

190

180

170

160

150

140

130

120

110

T
100
f1 (ppm)

90

80

70

60

50

40

30

20

10



~12000
~11000
—~10000
—~9000
8000
7000
—6000
—~5000
—-1000

4000
3000
—2000
1000

Sb'9q
9%"91
VAR
VAAR

S~ = == - : oot
b9 S~ = E: Feot |

87
7 S S —— S |

ay

SE'8 i o
Ge's J o001

— 00T

I/

05'8

Janke 1J2H210 1H CDCI3

130613.203

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

10.0




140311.u301
Hung HT-1J-2H210 19F CDCI3

-112.83

—85000
;80000
F ;75000
;70000
;65000
;60000

—55000

—50000
;45000
;40000
;35000
;30000
;25000
;20000
;15000
;10000

5000

—-5000

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
-40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180
f1 (ppm)



50000

—45000

~40000

35000

—~30000

—25000

20000

—15000

—10000

—~5000

R & 8 YIREBS INIBZER
S 8 ¥F $988% S859
|| AVARERN N VA V|
130613.203
Janke JJ2H210 13C CDCI3 F
1
|
I
|
|
| | I
I L,,‘ hu,* o o I I —
I I I I I I I I I I I I I I I I I I I I
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

200

f1 (ppm)

—-5000



142.62

128.80
128.66
128.06

120.94
120.93

120.27
117.24
16:8%

—15000

~14000

~13000

—~12000

—11000

—10000

—~9000

8000

7000

6000

5000

4000

3000

—2000

1000

—-1000

N =
130613.203
Janke 3J2H210 Dept CDCI3
[
|
I|
| [
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)



—~13000
~12000
~11000
—~10000
4000
3000
—2000
1000
—-1000

~9000
8000
7000
6000
—~5000

A

9T°/A
T¢LA
£CH
SCLA
LT[
8L
8T,
T€LA
T4
CELA
XV
meg
YL
9€/
WL
WL
vl
vl
Sh'L
v'L
'L

95
957

652

0o bE'S
997 I
SN%.

SLL

S€'8
mm.w/

8¢€'8

€98
€98
vS'8
898

JJ

Janke 1J-2H214 1H CDCI3

130621.205

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

10.0

10.5



140311.u302

Hung HT-JJ-2H214 19F CDCI3 r2E+05

-62,70

~1E+05

F -1E+05

F -1E+05

~1E+05

~1E+05

—90000

80000

70000

—60000

~50000

—40000

30000

—20000

10000

—-10000

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150
f1 (ppm)



~19000
;18000
;17000
;16000
;15000
;14000
;13000
;12000
;11000
;10000
;9000
;8000
;7000
;6000
;5000
;4000
;3000
;2000

1000

—-1000

ER5BIRSRE ¥/ 8
FITHNANN I 3
NN = |
130621.205
Janke JJ-2H214  13C CDCI3 F
|
|
|
|
|
|
IWWWW
T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)

—-2000



—~5000

—4500

4000

3500

3000

—2500

—2000

—1500

1000

—500

—-500

& 83RF¥EI8RI
S BBRRINNNSS
e A
130621.205
Janke ' JJ-2H214 Dept CDCI3 F
F
[
| I
|
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)



o o o o o o o o o
(=] o o o o (=] o o o o o (=] o
(=] o o (=] o (=] o o o o o (=] o
< N o o0 O <t oV} o o o o o ~
i i iy T T T T T i ° Y i T !
—
O
/

@)

[sp]

I

F-o00¢

Mo

Fee

W&.
Y0°T

Y
NN
o

~N WOV O
ek
ki

= &

¥S'8
vS'8

Janke JJ-2H201 1H CDCI3

130503.207

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 50 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)

10.0

10.5



8] N8 B RRAIK BLANIBH ~
@ g — 3 RN S8 Ty ~10000
| Yool SN e
130503.207
Janke JJ-2H201 13C CDCI3
—9000
H,C
SN
(0]
—8000
~7000
—6000
—5000
—4000
—3000
—2000
I |
|
: 1000
| |
| |
—0
—-1000
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

f1 (ppm)



N R 8B8N8BR &R
g SN S§5948
NN A
130503.207
Janke JJ-2H201 Dept CDCI3
H,;C L
EhEN 4500
0O
4000
—~3500
—~3000
—2500
—2000
[
1500
1000
I I
Lo
[ 500
~0
—-500
—-1000
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

f1 (ppm)



—36000

130524.204 ~34000
Janke JJ-2H204 1H CDCI3 CHjy L

/
O

132000
5 30000

CHs 28000
ey

—26000

—24000

—22000
—20000
—18000

~16000

A L J "

1.82-J
;] 081

1
| 0933
| 404{

- -1.00
0.89

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6

T T T T T T T T T T T T T T T T T T T T T T T T T T T
6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 00 -0.5
f1 (ppm)



161.82
55.59

—93.72

130524.204 —~50000
Janke ' 1J-2H204 13C CDCI3

~45000

CHs
/
o

~40000

—~35000

—~30000

—25000

—20000

—15000

—10000

[ [ I 5000

—-5000

I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I
210 200 190 180 170 160 150 140 130 120 110 c %OO ) 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm



i & ®RI8 8 & o g 2
a ~ [=¥=1N o <« N ™~ n
A N S8=2 = 2 & & s
I VA2 e e 24000
130524.204
Janke JJ-2H204 Dept CDCI3
—22000
CH,
/
o) —20000
0
N 18000
CHjy
~16000
14000
~12000
[
—~10000
8000
| ] | —6000
| [
4000
| 2000
A S PR A g '"meMmeM ool kit ‘*l R e e T e e )
—-2000
I T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

f1 (ppm)



—~9000
8000
7000
6000
5000
4000
3000
—2000
1000

6TLA
SC'LA
LTLA -
6CLA
1€,
€A

XV |IJWL
YELA
e/
9¢°/+
8¢/
8¢/
LA
LA
iuds
S/
St/
LA
8hL
8h'L
€9°L
€9°L
¥9°L
S9L
99,
99°L
(9L
89°L

89 -
697 / ﬁNm.v
€81

vwx%. _ — = F-co¢
S8’

/97 Feoe
(8L

se'g

3e8 — 101
oc'g

gc'g — = 00T
6£'8
6€'8
95°'8
(S8
858
658

Janke J1J2H211 1H CDCI3

130613.207

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

4.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0
f1 (ppm)

10.0




143.51
142.86
141.21
140.63

—20000
;19000
;18000
;17000
;16000
;15000
;14000
;13000
;12000
;11000
;10000
;9000
;8000
;7000
;6000
;5000
;4000
;3000
;2000

—1000

—-1000

—-2000

HOANNNNRES
N =\
130613.207
Janke JJ2H210 13C JJ2H211
N
|
|
' | |
|
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)



130613.207
Janke JJ2H211 Dept CDCI3

143.51

—134.10

—109.77

/

—4500

4000

3500

3000

2500

—2000

—1500

—~1000

—~500

—-500

200

190

180

170

160

150

140

130

120

110

T
100
f1 (ppm)

90

80

70

60

50

40

30

20

10



—20000

—~19000

18000

~17000

~16000

~15000

~14000

—~13000

—~12000

—11000

—~10000

9000

~8000

7000

6000
5000

4000
3000
;2000
1000

—-1000

Janke J13-??? 1H CDCI3

130605.207

|

A

I/

Foe |

00T [

00°T

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

10.0



—~90000

80000

70000

60000

50000

—40000

30000

—20000

—~10000

ERISIARSENEFEAR 0
FEERANKLLRZEELE e
NSNS e |
130605.207
Janke 11-??? 13C CDCI3
|
- o
T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)



141.85

—109.25
46.45

130605.207 —30000
Janke 1]-??? Dept CDCI3

—25000

—20000

—15000

—~10000

—~5000

—-5000

—-10000

—-15000

—-20000

—-25000

I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I
200 190 180 170 160 150 140 130 120 110 fl%? ) 90 80 70 60 50 40 30 20 10 0
1 (ppm



30000

130612.u311

Janke J3-2H208 1H CDCI3 —28000

CHj;
—26000

o<

24000

!

—20000

—18000

~16000

~14000

~12000

—~10000

8000

—6000

4000

—2000

L;
=
%

1.94—=
2.92=
T
N
o
=
=

1.00—7
1 0994

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5



~1E+05

~90000

80000

—70000

60000

—~50000

~40000

30000

—20000

—10000

1 SRE SHhERSINIFRAI <« o
& F7F SERNNNESS4ng o <
| NS N
130612.u311
Janke JJ-2H208 13C CDCI3
CHj
/
O
I A L
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)



141.77

127.90
127.70

—~30000

—25000

—20000

~15000

—10000

—~5000

—-5000

—-10000

—-15000

< o
oo o< o N S
N S93H3S i ¥
\e—e !
130612.u311
Janke 13-2H208 Dept CDCI3 CH;
/
o)
|
|
[
n I _JWL L o Y
[
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)



130611.u322 5000

Janke JJ-2H209 1H CDCI3

4500

4000

3500

3000

—2500

—2000

1500

—1000

—500

_
QE
——
il
t
F
|
o

1.00;}1[
2.00-J
201

0.98
0.98

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
10.5 100 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)



130611.211 C¥8RRRE

Janke 13-2H209 13C CDCI3 TE

35.27

~1E+05

—108.91

—44.82

—1E+05

~1E+05

—~90000

80000

70000

60000

—~50000

—40000

30000

—20000

—~10000

—-10000

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)



130611.211 5 REEREBKLE & 5 N ~40000
Janke JJ-2H209 Dept CDCI3 g SEREEEEERE : 5
NN |
~35000
30000
25000
20000
15000
|
Lo
| -10000
5000
- J ! Lo
~-5000
~-10000
~-15000
|

~-20000
~-25000

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

200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0

f1 (ppm)



5500
—~5000
4500
4000
3500
—~3000
—2500
—2000
1500
1000

—~6000
—-500

o
N
~
L
A

—SSZT

— 00t

ICRENE
95°8
95'8 J

Janke 13-2H215 1H CDCI3

130626.218

5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

6.0

9.5 9.0 8.5 8.0 7.5 7.0 6.5

10.0

10.5



—23000

—108.83

—22000
130626.218 N

Janke 13-2H21513C CDCI3 —21000

N\ / \ 20000

N 19000
18000
17000
16000
15000
14000

N
\ / \ :—13000

— —~12000

~11000

10000
L9000
8000
7000
6000
5000
| 4000
3000
2000

SPUPNO R PRPRASSOTD | N T ¥A'0 W .

—-1000

—-2000

I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I
190 180 170 160 150 140 130 120 110 f10(0 ) 90 80 70 60 50 40 30 20 10 0
1 (ppm



142.01
—108.83

130626.218 ~4000
Janke JJ-2H215 Dept CDCI3 =S

N\ / \ -—3500

3000
2500
| —— 2000
1500
-1000

—500

—-500

I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I
200 190 180 170 160 150 140 130 120 110 f10(0 ) 90 80 70 60 50 40 30 20 10 0
1 (ppm



