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1 General information

All reactions that required anhydrous conditions were carried by standard procedures under nitrogen
atmosphere. Commercially available reagents were used as received. The solvents were dried by
distillation over the appropriate drying reagents. Infrared spectra were recorded on a TENSOR 27
FT-IR spectrophotometer and reported in wave numbers (cm™). *H and *C NMR spectra were
recorded on Bruker (400 MHz) spectrometer and JEOL(600 MHz) spectrometer. Chemical shifts ()
are reported in ppm relative to TMS (8 0.00) for the 'H NMR and to chloroform (& 77.0),
dimethylsulfoxide (5 39.5) for the *C NMR measurements. High resolution mass spectra were
obtained on an UltiMate 3000 spectrometer. Reactions were followed with TLC (GF 254 silica gel
plates). Visualization was accomplished with UV light. Flash chromatography separations were
performed on 200-300 mesh silica gel. Analytical grade solvents for the columnchromatography were
distilled before use. All starting materials commercially available were used directly. Substrates 2 were

synthesized according to the literature method.*
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2. Table S1. Optimization of the [3+2] Formal Cycloaddition Reaction Conditions®
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0. -0 SN
o~ SOH I l 0~ “oH
OO R R
4a: R =Ph 4f: R = 9-anthracenyl 4h: R= 9-Phenanthrenyl
4b: R = 2,4,6-(i-Pr);CgH, 4g: R =2,4,6-(i-Pr);CgH, 4i: R = 2,4,6-(CHj3)3CgH,

4c: R = 9-Phenanthrenyl
4d: R = 9-anthracenyl
4e: R=2,4,6-(CH3)3CgH,

entry 4 (X mol %) solvent yield (%)" ee (%)° dr
1 4a (10) DCM 10 15 >20:1
2 4b (10) DCM 99 >99 >20:1
3 4c (10) DCM 89 84 >20:1
4 4d (10) DCM 85 90 >20:1
5 4e (10) DCM 65 92 >20:1
6 4f (10) DCM 67 90 >20:1
7 4g (10) DCM 63 99 11:1
8 4h (10) DCM 81 -95 >20:1
9 4i (10) DCM 39 -95 >20:1
10 4b (10) DCE 47 47 >20:1
11 4b (10) Toluene 40 98 >20:1
12 4b (10) CH3CN 16 95 >20:1
13 4b (5) DCM 93 95 >20:1

% Unless otherwise noted, the reaction was carried out with 0.1 mmol scale in 2 mL solvent for 36 h at
-30 °C, and the ratio of 1a : 2a was 1.5 : 1. ° Isolated yield. ¢ Determined by chiral HPLC analysis. °
Determined by HPLC.

3. Scheme S1 Proposed Mechanism of the [3+2] Formal Cycloaddition Reaction
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4. General procedure for the synthesis of products 3

To a stirred solution of 1-styrylnaphthols 1 (0.15 mmol), azonaphthalene derivatives 2 (0.1 mmol), 100
mg 3A MS, in dichloromethane (2 mL) was added chiral phosphoric acid 4 (0.01 mmol) under N,
atmosphere at -30 °C. The reaction mixture was was stirred at -30 °C for 36 h (monitored by TLC).
After removal of the solvent, the residue was purified by flash column chromatography (petroleum

ether/AcOEt) to yield the corresponding product.

5. Characterization data of products 3

N-((1S,2S)-2-(2-Hydroxynaphthalen-1-yl)-1-phenyl-1,2-dihydro-3H-benzo[e]indol-3-yl)benzamid
e (3a)
Following the general procedure, the compound was isolated as a white solid (50

mg, 99%); mp 210-211 <C; [OL]ZDl = -343.2 (c 1.0, CHCl3 >99% ee); IR (KBr):

3423, 2924, 1654, 1267, 822, 746, 684 cm™; "H NMR (400 MHz, Chloroform-d)
OH 89.79 (s, 1H), 8.41 (s, 1H), 7.80 (d, J = 8.2 Hz, 1H), 7.72 — 7.59 (m, 5H), 7.46 —
7.38 (m, 1H), 7.31 (ddd, J = 8.3, 6.0, 2.1 Hz, 1H), 7.28 — 7.05 (m, 12H), 6.97 -

6.88 (m, 2H), 6.11 (s, 1H), 4.99 (d, J = 10.7 Hz, 1H); **C NMR (100 MHz, CDCl3) & 166.8, 155.0,
146.9, 141.1, 133.4, 132.3, 131.8, 131.5, 130.4, 130.2, 130.1, 128.9, 128.9, 128.7, 128.6, 128.6, 128.2,
127.2, 127.1, 126.6, 125.9, 123.8, 122.8, 122.7, 121.6, 120.2, 114.1, 112.7, 97.23, 69.8, 54.4; HRMS
(ESI) calcd for Ca5H,6N,0,Na m/z [M + Na]*: 529.1886, found: 529.1878; HPLC (Daicel Chiralpak IC,
i-PrOH/hexane = 15/85, flow rate 0.8 mL/min, A = 230 nm): t; (minor) = 14.7 min, t, (major) = 29.4

min.
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Integration Results
Mo. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mALl % % n.a.
1 15.016 753.170 782.212 51.78 71.87 n.a.
2 31.216 701.085 310.068 48.21 28.13 n.a.
Total: 1454.255 1102.280 100.00 100.00
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Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 14.665 3.243 4.969 0.36 0.97 n.a.
2 29.432 904.509 504.741 99.64 99.03 n.a.
Total: 907.752 509.710 100.00 100.00

N-((1S,2S)-1-(4-Chlorophenyl)-2-(2-hydroxynaphthalen-1-yl)-1,2-dihydro-3H-benzo[e]indol-3-yl)

benzamide (3b)

Following the general procedure, the compound was isolated as a white solid
(49 mg, 90%); mp 151-152 <C; [a]5 = -436.0 (¢ 1.0, CHCI; >99% ee); IR

(KBr): 3411, 2922, 2849, 1625, 1349, 1172, 957, 815, 677 cm™; *H NMR (400

MHz, Chloroform-d) 6 9.71 (s, 1H), 8.50 (s, 1H), 7.82 (d, J = 8.3 Hz, 1H),
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7.68 (dt, J = 21.5, 7.2 Hz, 5H), 7.44 (t, J = 7.6 Hz, 1H), 7.36 (t, J = 7.5 Hz, 1H), 7.32 — 6.95 (m, 13H),

6.12 (s, 1H), 4.98 (d, J = 10.6 Hz, 1H); *C NMR (100 MHz, CDCl3) & 166.9, 155.0, 147.0, 139.8,

133.3, 132.9, 132.3, 131.7, 131.5, 130.4, 130.3, 130.2, 130.2, 129.0, 128.9, 128.7, 128.6, 128.3, 127.2,

126.8, 126.2, 123.9, 123.6, 122.9, 122.1, 121.4, 120.2, 113.9, 112.7, 69.8, 53.9; HRMS (ESI) calcd for

CasHsN,0,CINa m/z [M + Na]™: 563.1497, found: 563.1485; HPLC (Daicel Chiralpak IC,

i-PrOH/hexane = 15/85, flow rate 0.8 mL/min, A = 250 nm): t; (minor) = 13.2 min, t, (major) = 21.5

min.
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Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mALl % %o n.a.
1 7.765 26.627 49.071 0.80 2.72 na.
2 13.215 1653.132 1208.864 49.96 67.12 Nn.a.
3 21.565 1587.572 509.351 48.29 28.28 n.a.
4 29.487 31.290 33.842 0.95 1.88 na.
Total 3308.621 1801.128 100.00 100.00
gﬁnﬂj
8 4004
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3 1
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200:
] 12 - 21.582
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-20- . . ; . ' .
0.0 5.0 10,0 15.0 20,0 25.0 30,0 35.0 380
Time [min]
Integration Results
No, Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mALU*min mAL %o % n.a.
1 13.249 1.325 0.414 0.23 0.26 n.a.
2 21.582 525 842 160.569 99.77 89.74 na
Total: 527.067 160.984 100.00 100.00
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N-((1S,2S)-1-(4-Bromophenyl)-2-(2-hydroxynaphthalen-1-yl)-1,2-dihydro-3H-benzo[e]indol-3-yI)

benzamide (3c)

Following the general procedure, the compound was isolated as a white

solid (54 mg, 92%); mp 158-159 <C; [a]5 = -308.4 (c 1.0, CHCl, 99% ee);

IR (KBr): 3406, 2924, 1678, 1353, 1173, 956, 816, 671 cm™; 'H NMR

(400 MHz, Chloroform-d) & 9.53 (s, 1H), 8.05 (s, 1H), 7.86 — 7.80 (m, 2H),

7.75 - 7.67 (m, 4H), 7.53 — 7.45 (m, 1H), 7.38 — 7.27 (m, 5H), 7.26 — 7.11

(m, 5H), 7.11 — 6.94 (m, 3H), 6.90 (d, J = 8.7 Hz, 1H), 6.19 (d, J = 81.4 Hz, 1H), 4.95 (d, J = 10.6 Hz,

1H); *C NMR (100 MHz, CDCl3) & 166.9, 155.0, 147.0, 140.4, 133.3, 132.4, 131.8, 131.7, 1315,

130.5, 130.4, 130.3, 130.2, 129.0, 128.7, 128.6, 128.3, 127.2, 126.8, 126.2, 123.9, 123.6, 122.9, 122.0,

121.4,121.1, 120.2, 113.9, 112.7, 69.8, 53.9; HRMS (ESI) calcd for CssH,5N,0,BrNa m/z [M + Na]™:

607.0992, found: 607.0985; HPLC (Daicel Chiralpak IC, i-PrOH/hexane = 15/85, flow rate 0.8 mL/min,

A =250 nm): t; (minor) = 13.5 min, t, (major) = 21.7 min.
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Tirme [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mALl % %o n.a.
1 13.582 220B8.572 1552.174 50.79 7163 n.a.
2 21.782 2139.752 614.793 49.21 28.37 n.a.
Total: 4348.324 2166.967 100.00 100.00
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Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Armount
min mAL*min maL % % n.a.
1 13.549 1.911 2.531 0.17 0.82 na.
2 21.782 1138.930 306.779 99.83 99.18 n.a.
Total: 1140.840 309.310 100.00 100.00

N-((1S,2S)-2-(2-Hydroxynaphthalen-1-yl)-1-(p-tolyl)-1,2-dihydro-3H-benzo[e]indol-3-yl)benzami
de (3d)
Following the general procedure, the compound was isolated as a white solid

(47 mg, 91%); mp 167-168 <T; [a]s = -475.6 (c 1.0, CHCl; 98% ee); IR

- (KBr): 3238, 2924, 2852, 1518, 1265, 1022, 813, 746 cm™; "H NMR (400 MHz,
Chloroform-d) & 9.82 (s, 1H), 8.41 (s, 1H), 7.82 (d, ] = 8.2 Hz, 1H), 7.73 — 7.66

(m, 4H), 7.44 (t, J = 7.4 Hz, 1H), 7.39 — 7.10 (m, 9H), 7.10 — 6.88 (m, 6H), 6.10 (s, 1H), 4.99 (d, J =
10.6 Hz, 1H), 2.30 (s, 3H); *C NMR (100 MHz, CDCls) & 166.8, 155.0, 146.9, 138.1, 136.6, 133.5,
132.2, 131.8, 131.5, 130.9, 130.4, 130.1, 130.0, 129.4, 128.9, 128.7, 128.7, 128.6, 128.2, 127.2, 126.5,
125.8, 123.9, 123.8, 123.1, 122.7, 121.8, 120.2, 114.3, 112.8, 69.9, 54.1; HRMS (ESI) calcd for
CaHsN,OoNa m/z [M + Na]™: 543.2043, found: 543.2033; HPLC (Daicel Chiralpak IC,
i-PrOH/hexane = 15/85, flow rate 0.8 mL/min, A = 230 nm): t; (minor) = 13.3 min, t, (major) = 29.0

min.
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 13.999 119.296 154.812 49.72 68.62 n.a.
2 29.699 120.663 70.787 50.28 31.38 n.a.
Total: 239.959 225.598 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 13.265 22.237 20.805 0.93 1.43 n.a.
2 29.049 2363.369 1433.368 99.07 98.57 n.a.
Total: 2385.606 1454.172 100.00 100.00

N-((1S,2S)-1-(4-(tert-Butyl)phenyl)-2-(2-hydroxynaphthalen-1-yl)-1,2-dihydro-3H-benzo[e]indol-

3-yl)benzamide (3e)

Following the general procedure, the compound was isolated as a white

solid (53 mg, 94%); mp 233-234 <T; [a]5 = -323.6 (c 1.0, CHCI; >99%

ee); IR (KBr): 3226, 2960, 1654, 1269, 810, 746 cm™; ‘H NMR (400

MHz, Chloroform-d) & 9.83 (s, 1H), 8.16 (s, 1H), 7.92 — 7.80 (m, 2H),

7.78 - 7.69 (m, 4H), 7.52 (t, J = 7.1 Hz, 1H), 7.42 — 7.34 (m, 4H), 7.32 —

7.26 (m, 3H), 7.22 - 7.13 (m, 3H), 7.09 (d, J = 8.0 Hz, 2H), 6.93 — 6.85 (m, 1H), 6.80 (d, J = 8.7 Hz,

1H), 6.29 — 5.81 (m, 1H), 4.98 (d, J = 10.7 Hz, 1H), 1.32 (s, 8H); *C NMR (100 MHz, CDCls) § 166.6,
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155.0, 150.2, 146.9, 137.9, 133.5, 132.4, 131.9, 131.6, 130.4, 130.1, 130.1, 128.9, 128.7, 128.6, 128.4,
128.1, 127.2, 126.6, 125.6, 125.6, 124.1, 123.9, 123.0, 122.6, 121.8, 120.2, 113.8, 112.8, 70.1, 54.1,
34.4, 31.4; HRMS (ESI) calcd for CagH34N,0,Na m/z [M + Na]": 585.2512, found: 585.2495; HPLC
(Daicel Chiralpak IC, i-PrOH/hexane = 15/85, flow rate 0.8 mL/min, A = 250 nm): t; (minor) = 11.9

min, t, (major) = 26.5 min.
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Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 11.899 295.443 557.266 49.86 72.02 n.a.
2 26.566 297117 216.476 50.14 27.98 n.a.
Total: 592.559 773.742 100.00 100.00
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Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 11.982 0.976 2.502 0.19 0.67 n.a.
2 26.549 506.389 368.655 99.81 99.33 n.a.
Total: 507.365 371.158 100.00 100.00
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N-((1S,2S)-1-(3-Bromophenyl)-2-(2-hydroxynaphthalen-1-yl)-1,2-dihydro-3H-benzo[e]indol-3-yI)

benzamide (3f)

Following the general procedure, the compound was isolated as a white solid

(57 mg, 97%); mp 154-155 <T; [a]5

= -346.4 (c 1.0, CHCl3 >99% ee); IR

(KBr): 3423, 2924, 1654, 1261, 820, 748, 687 cm™; 'H NMR (600 MHz,

CDCly) 8 9.54 (s, 1H), 7.99 (s, 1H), 7.84 (dd, J = 8.3, 3.2 Hz, 2H), 7.78 —

7.64 (m, 4H), 7.48 (t, J = 7.4 Hz, 1H), 7.36 (t, J = 7.4 Hz, 3H), 7.34 — 7.30 (m, 2H), 7.25 — 7.21 (m,

3H), 7.16 (t, J = 8.4 Hz, 3H), 7.03 (s, 1H), 6.9 (t, J = 7.6 Hz, 1H), 6.88 (d, J = 8.7 Hz, 1H), 6.04 (s,

1H), 4.92 (d, J = 10.7 Hz, 1H): *C NMR (100 MHz, CDCl5) § 166.9, 155.1, 147.2, 143.6, 133.4, 132.4,

131.8, 131.6, 130.6, 130.4, 130.4, 130.2, 129.1, 128.8, 128.7, 128.4, 127.7, 127.3, 126.9, 126.2, 124.1,

123.7, 1229, 1228, 1219, 121.4, 120.3, 113.8, 1128, 69.9, 54.2; HRMS (ESI) calcd for

CasHsN,O,BrNa m/z [M + Na]™: 607.0992, found: 607.0989; HPLC (Daicel Chiralpak IC,

i-PrOH/hexane = 15/85, flow rate 0.8 mL/min, A = 230 nm): t; (minor) = 12.9 min, t, (major) = 23.2

min.
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2500
2000
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| Y | W,
750 - T T T I T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0 343
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 12.932 275.649 320.750 49.98 71.33 n.a.
2 23.265 275.852 128.908 50.02 28.67 n.a.
Total: 551.501 449.657 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 12.915 7.753 9.970 0.33 0.91 n.a.
2 23.199 2357.490 1090.823 99.67 99.09 n.a.
Total: 2365.243 1100.793 100.00 100.00

N-((1S,2S)-2-(2-Hydroxynaphthalen-1-yl)-1,8-diphenyl-1,2-dihydro-3H-benzo[e]indol-3-yl)benza

mide (3g)

57 mg, 90%); mp 186-187 <T; [a]s

Following the general procedure, the compound was isolated as a white solid (

-610.4 (c 1.0, CHCI3 >99% ee); IR
(KBr): 3373, 2924, 1701, 1261, 1170, 943, 750, 704 cm™; *H NMR (400 MHz,
Chloroform-d) 4 9.92 (s, 1H), 8.63 (s, 1H), 7.87 — 7.63 (m, 6H), 7.55 (m, 1H),

7.44 (t,J = 7.5 Hz, 1H), 7.40 — 6.93 (m, 18H), 6.00 (s, 1H), 4.99 (d, J = 10.8 Hz,

1H); ®C NMR (100 MHz, CDCly) § 167.0, 155.1, 147.4, 140.9, 140.9, 138.8, 133.6, 132.4, 131.9,

131.9, 130.7, 130.5, 130.2, 129.8, 129.5, 129.1, 128.8, 128.8, 128.7, 128.7, 128.3, 127.4, 127.3, 127.2,

127.2, 126.0, 123.4, 122.8, 122.0, 121.8, 120.4, 114.3, 112.8, 69.1, 54.5; HRMS (ESI) calcd for

CuHsN,OoNa m/iz [M + Na]™: 605.2199, found: 605.2186; HPLC (Daicel Chiralpak IC,

i-PrOH/hexane = 20/80, flow rate 0.8 mL/min, A = 250 nm): t; (minor) = 10.9 min, t, (major) = 27.4

min.
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 10.849 446.084 722.510 50.77 88.50 n.a.
2 27.266 432.521 93.919 49.23 11.50 n.a.
Total: 878.605 816.429 100.00 100.00
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0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 41.5
Time [min]
Integration Results
No. [Peak Name Retention Time Area Height Relative Area Relative Height [ Amount
min mAU*min mAU % % n.a.
1 10.932 2.344 3.758 0.37 2.54 n.a.
2 27.416 630.520 144.278 99.63 97.46 n.a.
Total: 632.864 148.036 100.00 100.00

N-((1S,25)-2-(2-Hydroxynaphthalen-1-yl)-8-methoxy-1-phenyl-1,2-dihydro-3H-benzo[e]indol-3-yI
Ybenzamide (3h)

Following the general procedure, the compound was isolated as a white solid
(51 mg, 95%); mp 172-173 <T; [OL]ZDl = -561.6 (c 1.0, CHCl3, >99% ee); IR
(KBr): 3406, 2924, 1678, 1353, 1172, 1209, 958, 815, 674 cm™; 'H NMR

(600 MHz, CDCly) § 9.69 (s, 1H), 8.03 (s, 1H), 7.76 — 7.63 (m, 6H), 7.46 (t, J

= 7.4 Hz, 1H), 7.33 (t, J = 7.7 Hz, 3H), 7.27 — 7.14 (m, 6H), 7.14 — 7.10 (m,

1H), 7.05 (d, J = 8.6 Hz, 1H), 6.98 — 6.85 (m, 3H), 6.40 (d, J = 2.0 Hz, 1H), 4.93 (d, J = 10.7 Hz, 1H),
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3.33 (s, 3H); ®*C NMR (100 MHz, CDCls) § 166.9, 157.9, 155.1, 147.4, 140.9, 133.5, 132.2, 131.8,

131.5, 130.2, 130.0, 129.6, 128.9, 128.6, 128.6, 128.5, 128.1, 127.2, 127.0, 126.8, 125.9, 122.7, 121.9,

121.7, 120.2, 116.6, 114.2, 110.2, 102.3, 69.1, 54.6, 54.4; HRMS (ESI) calcd for CssH,sN,03Na m/z

[M + Na]*: 559.1992, found: 559.1989; HPLC (Daicel Chiralpak IC, i-PrOH/hexane = 20/80, flow rate

0.8 mL/min, A = 250 nm): t; (minor) = 12.8 min, t, (major) = 28.7 min.
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£
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0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 491
Time [min]
Integration Results
No. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 13.016 914.681 1542.899 51.77 86.38 n.a.
2 28.916 852.220 243.198 48.23 13.62 n.a.
Total: 1766.901 1786.097 100.00 100.00
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_20: T T T ‘ T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 12.765 1.791 3.519 0.32 2.09 n.a.
2 28.716 556.496 164.913 99.68 97.91 n.a.
Total: 558.287 168.432 100.00 100.00
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N-((1S,2S)-2-(2-Hydroxy-6-(trimethylsilyl)naphthalen-1-yl)-1-phenyl-1,2-dihydro-3H-benzo[e]ind
ol-3-yl)benzamide (3i)

Following the general procedure, the compound was isolated as a white solid (

56 mg, 97%); mp 155-156 C; [o]5 = -368(c 1.0, CHCl; >99% ee); IR (KBr):

~NHBz

O " 3240, 2956, 2924, 1654, 1247, 1109, 839, 694 cm™; 'H NMR (400 MHz,
OH Chloroform-d) 6 9.82 (s, 1H), 8.43 (s, 1H), 7.93 — 7.79 (m, 2H), 7.78 — 7.64 (m,

" 4H), 7.46 (q, J = 7.8 Hz, 1H), 7.42 — 7.24 (m, 7H), 7.21 — 7.11 (m, 5H), 7.08 (d,
J =85 Hz, 1H), 6.97 — 6.88 (m, 1H), 6.22 (s, 1H), 5.04 (d, J = 10.6 Hz, 1H), 0.31 (s, 9H); *C NMR
(100 MHz, CDCly) § 166.7, 155.3, 146.9, 141.2, 134.0, 133.8, 133.7, 132.2, 131.8, 131.5, 130.3, 130.3,
130.1, 129.9, 128.9, 128.7, 128.5, 128.1, 127.2, 127.0, 126.5, 123.8, 122.8, 120.7, 120.2, 114.0, 112.7,
69.7, 54.4, -1.2; HRMS (ESI) calcd for CsgH34N,0,SiNa m/z [M + Na]*: 601.2282, found: 601.2269;
HPLC (Daicel Chiralpak IC, i-PrOH/hexane = 15/85, flow rate 0.8 mL/min, A = 250 nm): t; (minor) =

11.3 min, t, (major) = 26.9 min.
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0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 496
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 11.415 143.324 220.947 49.27 7217 n.a.
2 27.716 147.594 85.205 50.73 27.83 n.a.
Total 290.919 306.152 100.00 100.00
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] L1118 !
71007 T T T ‘ T T T \I T 1
0.0 5.0 10.0 15.0 20.0 250 30.0 35.0 372
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 11.315 4.236 7.951 0.35 1.00 n.a.
2 26.866 1209.890 790.034 99.65 99.00 n.a.
Total: 1214.125 797.985 100.00 100.00
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N-((1S,2S)-7-Bromo-2-(2-Hydroxynaphthalen-1-yl)-1-phenyl-1,2-dihydro-3H-benzo[e]indol-3-yl)
benzamide (3j)

Following the general procedure, the compound was isolated as a white solid (
58mg, 99%); mp 225-226 <T; [a]5 = -323.6(c 1.0, CHCl5, >99% ee); IR (KBr):
3244, 2918, 1656, 1512, 1267, 818, 746, 700 cm™; 'H NMR (400 MHz,

Chloroform-d) 8 9.60 (s, 1H), 8.25 (s, 1H), 7.97 — 7.92 (m, 1H), 7.78 — 7.55 (m,

5H), 7.50 — 7.41 (m, 1H), 7.40 — 6.99 (m, 12H), 6.96 — 6.83 (M, 2H), 6.23 (s, 1H),
4.95 (d, J = 10.8 Hz, 1H); *C NMR (100 MHz, CDCl;) 5 167.1, 154.9, 147.4, 140.6, 133.4, 132.5,
132.2, 131.5, 130.7, 130.1, 129.7, 129.0, 128.8, 128.7, 128.6, 128.4, 128.1, 127.2, 125.9, 125.3, 122.9,
122.7,121.6, 120.1, 117.4, 114.0, 113.7, 69.9, 54.1; HRMS (ESI) calcd for CzsH,sN,0,BrNa m/z [M +
Na]": 607.0992, found: 607.0982; HPLC (Daicel Chiralpak IC, i-PrOH/hexane = 15/85, flow rate 0.8

mL/min, A = 250 nm): t; (minor) = 14.2 min, t, (major) = 18.2 min.
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_200_ r T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 14.182 990.887 1014.764 49.65 68.04 n.a.
2 18.299 1004.868 476.644 50.35 31.96 n.a.
Total: 1995.755 1491.408 100.00 100.00
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7200 - r T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 14.249 5.654 6.743 0.19 0.46 n.a.
2 18.215 2938.622 1445.791 99.81 99.54 n.a.
Total: 2944.276 1452.534 100.00 100.00
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N-((1S,2S)-2-(7-Bromo-2-hydroxynaphthalen-1-yl)-1-phenyl-1,2-dihydro-3H-benzo[e]indol-3-yl)b
enzamide (3k)

50 mg, 85%); mp 212-213 <T; [a]>

Following the general procedure, the compound was isolated as a white solid (
-290.4 (c 1.0, CHCI3 99% ee); IR (KBr):
3219, 2922, 1658, 1286, 811, 698 cm™; ‘H NMR (400 MHz, DMSO-d6) &

10.75 (s, 0.39H), 10.63 (s, 0.76H),10.25 (s, 0.3H), 9.53 (s, 0.69H), 8.28 (d, J =

32.2 Hz, 1H), 7.98 — 7.65 (m, 7H), 7.57 — 7.50 (m, 1H), 7.49 — 7.31 (m, 4H),

7.31 — 6.98 (m, 7H), 6.50 — 5.84 (s, 1H), 5.26 — 4.53 (d, J = 9.5 Hz, 1H); *C NMR (150 MHz,

DMSO-D6) 6 166.9, 157.0, 156.1, 150.5, 135.4, 133.9, 132.7, 132.1, 131.4, 130.8, 130.7, 130.5, 129.9,

129.8, 129.7, 129.6, 129.5, 129.3, 129.3, 128.6, 128.5, 128.4, 127.4, 127.2, 126.1, 123.3, 123.1, 120.6,

119.3, 70.6, 54.8; HRMS (ESI) calcd for C35H,sN,0,BrNa m/z [M + Na]*: 607.0992, found: 607.0999;

HPLC (Daicel Chiralpak IC, i-PrOH/hexane = 15/85, flow rate 0.8 mL/min, A = 250 nm): t; (minor) =

17.2 min, t, (major) = 41.3 min.
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0.0 10.0 20.0 300 400 50.0 60.0 85.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min maAL % % M.a.

1 17.815 1082.897 729.178 49.93 71.39 n.a.
2 42.582 1085.900 2092.204 50.07 28.61 n.a.
Total: 2168.797 1021.472 100.00 100.00
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Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mAL %o % n.a.
1 17.215 1.487 1.672 0.16 0.63 n.a.
2 41.332 901.480 262.465 099.84 99.37 n.a.
Total: 902.948 264.137 100.00 100.00

4-Chloro-N-((1S,25)-2-(2-hydroxynaphthalen-1-yl)-1-phenyl-1,2-dihydro-3H-benzo[e]indol-3-yl)b
enzamide (31)

Following the general procedure, the compound was isolated as a
white solid (52 mg, 96%); mp 140-141 <C; [oc]ZD1 = -340.4 (c 1.0,
CHCI; >99% ee); IR (KBr): 3239, 2925, 1652, 1267, 1100, 820, 744,

699 cm™; *H NMR (600 MHz, CDCly) & 9.63 (s, 1H), 8.14 (s, 1H),

7.80 (d, J = 8.2 Hz, 1H), 7.75 (d, J = 8.6 Hz, 1H), 7.67 (dd, J = 14.0,
8.5 Hz, 2H), 7.57 (d, J = 8.2 Hz, 2H), 7.29 (t, J = 7.2 Hz, 1H), 7.24 — 7.07 (m, 12H), 6.90 (t, J = 7.5 Hz,
1H), 6.85 (d, J = 8.6 Hz, 1H), 6.03 (s, 1H), 4.96 (d, J = 10.7 Hz, 1H); *C NMR (100 MHz, CDCls) &
166.2, 155.1, 146.8, 140.9, 138.5, 133.5, 131.6, 131.6, 130.4, 130.2, 130.2, 130.1, 129.0, 128.8, 128.8,
128.7, 128.6, 128.3, 127.1, 126.7, 126.0, 124.0, 123.9, 123.0, 122.8, 121.6, 120.2, 114.1, 112.8, 69.8,
54.5; HRMS (ESI) calcd for CssH,5N,0,CINa m/z [M + Na]™: 563.1497, found: 563.1489; HPLC

(Daicel Chiralpak IC, i-PrOH/hexane = 10/90, flow rate 0.8 mL/min, A = 250 nm): t; (minor) = 15.9

min, t, (major) = 32.3 min.
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12-25366 13- 29/848
71 OOi T T T T T ‘ T ‘ T T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 420
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 15.849 721.365 892.520 45.36 61.49 n.a.
2 25.366 65.582 67.252 412 4.63 n.a.
3 29.849 99.535 106.237 6.26 7.32 n.a.
4 32.482 703.824 385.571 44.26 26.56 n.a.
Total: 1590.306 1451.579 100.00 100.00
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Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 15.966 6.455 7.786 0.40 0.92 n.a.
2 32.316 1591.388 838.687 99.60 99.08 n.a.
Total: 1597.842 846.473 100.00 100.00

Benzyl((1S,2S)-2-(2-hydroxynaphthalen-1-yl)-1-phenyl-1,2-dihydro-3H-benzo[e]indol-3-yl)carba
mate (3m)

Following the general procedure, the compound was isolated as a white

solid (51 mg, 95%); mp 116-117 <T; [o]5 = -302.4 (c 1.0, CHCl; 96%
ee); IR (KBr): 3265, 2925, 1654, 1267, 820, 748, 687 cm™; 'H NMR

(400 MHz, Chloroform-d) & 9.37 (s, 0.81H), 9.04 (s, 0.29H), 7.88 (dd, J

= 8.8, 4.6 Hz, 2H), 7.75 (dd, J = 8.6, 5.2 Hz, 2H), 7.38 — 7.10 (m, 16H),

7.03 - 6.83 (M, 3H), 5.90 (s, 1H), 5.12 (s, 2H), 4.96 (d, J = 10.9 Hz, 1H); *C NMR (100 MHz, CDCl,)

8 155.0, 146.9, 140.8, 135.4, 133.5, 131.6, 130.2, 130.2, 130.2, 128.9, 128.8, 128.7, 128.5, 128.3, 128.2,
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128.0, 127.1, 126.6, 125.9, 123.9, 123.9, 122.7, 121.4, 120.1, 113.6, 112.8, 69.9, 67.5, 53.9; HRMS
(ESI) calcd for CagH,gN,0sNa m/z [M + Na]*: 559.1992, found: 559.1982; HPLC (Daicel Chiralpak IC,

i-PrOH/hexane = 15/85, flow rate 0.8 mL/min, A = 250 nm): t; (minor) = 9.6 min, t, (major) = 11.5

min.
ZOUU- = = =
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0+ %\&/\J R | _]I_rﬁ_‘_ :
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0.0 5.0 10.0 15.0 20.0 25.0 30.0 33.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 9.732 748.097 1894.104 46.70 63.55 n.a.
2 11.549 814.729 1033.136 50.86 34.66 n.a.
3 22.599 20.556 32.453 1.28 1.09 n.a.
4 24.666 18.404 20.809 1.15 0.70 n.a.
Total: 1601.787 2980.502 100.00 100.00
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0.0 5.0 10.0 15.0 20.0 25.0 30.0 33.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 9.615 3.339 9.106 2.07 4.38 n.a.
2 11.549 158.367 198.887 97.93 95.62 n.a.
Total: 161.706 207.993 100.00 100.00
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Methyl((1S,2S)-2-(2-hydroxynaphthalen-1-yl)-1-phenyl-1,2-dihydro-3H-benzo[e]indol-3-yl)carba
mate (3n)

Following the general procedure, the compound was isolated as a white
solid (39 mg, 85%); mp 145-146 <T; [o]5 = -335.2 (¢ 1.0, CHCl; 97%
ee); IR (KBr): 3251, 2924, 1517, 1267, 1225, 810, 744 cm?; 'H NMR
(400 MHz, Chloroform-d) & 9.46 (s, 1H), 7.93 — 7.82 (m, 2H), 7.80 —

7.62 (M, 2H), 7.47 — 7.04 (m, 11H), 7.05 — 6.90 (m, 1H), 6.86 (d, J = 8.8

Hz, 2H), 5.86 (s, 1H), 4.94 (d, J = 10.8 Hz, 1H), 3.68 (s, 3H); *C NMR (100 MHz, CDCly) § 154.9,

146.9, 141.0, 133.4, 131.6, 130.2, 130.2, 128.8, 128.8, 128.6, 128.2, 127.1, 126.6, 125.8, 123.9, 123.8,

122.7, 121.5, 120.1, 113.6, 112.7, 69.0, 54.3, 52.7; HRMS (ESI) calcd for CH,4N,O3Na m/z [M +

Na]": 483.1679, found: 483.1669; HPLC (Daicel Chiralpak IC, i-PrOH/hexane = 15/85, flow rate 0.8

mL/min, A = 250 nm): t; (minor) = 8.8 min, t, (major) = 11.4 min.
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 8.815 369.863 1075.306 48.11 64.42 n.a.
2 11.499 398.885 593.978 51.89 35.58 n.a.
Total: 768.748 1669.284 100.00 100.00
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Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 8.782 2.504 6.291 1.64 2.66 n.a.
2 11.449 150.570 230173 98.36 97.34 n.a.
Total: 153.074 236.464 100.00 100.00
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Ethyl((1S,2S)-2-(2-hydroxynaphthalen-1-yl)-1-phenyl-1,2-dihydro-3H-benzo[e]indol-3-yl)carbam
ate (30)

Following the general procedure, the compound was isolated as a white
solid (47 mg, 99%); mp 139-140 <C; [o]5 = -288.8 (c 1.0, CHCl; 98% ee);
IR (KBr): 3448, 2924, 1718, 1270, 1230, 813, 744 cm™; 'H NMR (400

MHz, Chloroform-d) & 9.49 (s, 1H), 7.93 — 7.84 (m, 2H), 7.81 — 7.67 (m,

2H), 7.39 — 7.27 (m, 4H), 7.26 — 7.06 (m, 8H), 6.87 (d, J = 8.9 Hz, 2H), 5.89 (s, 1H), 4.94 (d, J = 10.8
Hz, 1H), 4.15 (q, J = 7.3 Hz, 2H), 1.21 (t, J = 7.3 Hz, 3H); *C NMR (100 MHz, CDCl;) § 154.9, 147.1,
140.9, 133.4, 131.6, 130.2, 130.2, 130.1, 128.8, 128.7, 128.6, 128.2, 127.1, 126.5, 125.8, 123.9, 122.7,
121.4,120.1, 113.7, 112.7, 70.0, 61.8, 53.9, 14.2; HRMS (ESI) calcd for C3;H,sN,0sNa m/z [M + Na]™:
497.1836, found: 497.1823; HPLC (Daicel Chiralpak IC, i-PrOH/hexane = 15/85, flow rate 0.8 mL/min,

A =250 nm): t; (minor) = 7.9 min, t, (major) = 9.9 min.
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Time [min]
Integration Results
No. [Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 7.849 312.806 1027.658 45.69 60.96 n.a.
2 9.899 303.034 552.780 44.26 32.79 n.a.
3 16.399 33.913 70.589 4.95 4.19 n.a.
4 30.432 34.941 34.728 5.10 2.06 n.a.
Total: 684.695 1685.754 100.00 100.00
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Integration Results
No. [Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 7.882 11.558 43.817 1.15 2.31 n.a.
2 9.899 993.821 1855.227 98.85 97.69 n.a.
Total: 1005.379 1899.045 100.00 100.00

Propyl((1S,2S)-2-(2-hydroxynaphthalen-1-yl)-1-phenyl-1,2-dihydro-3H-benzo[e]indol-3-yl)carba

mate (3p)

Following the general procedure, the compound was isolated as a white
solid (42 mg, 86%); mp 105-106 <T; [a]5 = -318.2 (c 1.0, CHCI; 98%
ee); IR (KBr): 3448, 2940, 2362, 1624, 1263, 1229, 809, 748 cm™; *H

NMR (400 MHz, Chloroform-d) *H NMR (400 MHz, Chloroform-d) &

9.40 (s, 0.7H), 8 9.07 (s, 0.3H), 7.90 (dd, J = 18.7, 8.4 Hz, 2H), 7.81 —

7.69 (m, 2H), 7.43 — 7.26 (m, 3H), 7.26 — 7.02 (m, 7H), 6.96 (t, J = 7.7 Hz, 1H), 6.84 (d, J = 8.8 Hz,

1H), 4.93 (d, J = 10.8 Hz, 1H), 4.06 (s, 2H), 1.61 (s, 2H), 0.86 (t, J = 7.4 Hz, 3H); *C NMR (100 MHz,

CDClg) & 154.9, 147.1, 141.0, 133.4, 131.6, 130.2, 130.2, 130.1, 128.8, 128.7, 128.6, 128.2, 127.1,

126.6, 125.8, 123.9, 122.7, 121.3, 120.2, 113.7, 112.8, 69.9, 67.3, 54.0, 22.0, 10.1; HRMS (ESI) calcd

for CgHyN,O3Na m/z [M + Na]™: 511.1992, found: 511.1979; HPLC (Daicel Chiralpak IC,

i-PrOH/hexane = 15/85, flow rate 0.8 mL/min, A = 250 nm): t; (minor) = 7.5 min, t, (major) = 9.4 min.
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500 12-9.415
250
ol | |3-16,¢‘115 .4-24.1?2
_1 00_ r T T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0 33.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 7.432 231.206 868.324 47.19 62.57 n.a.
2 9415 240.908 492.758 49.17 35.51 n.a.
3 16.415 8.237 15.981 1.68 1.15 n.a.
4 24.182 9.627 10.692 1.96 0.77 n.a.
Total 489.978 1387.754 100.00 100.00
— 1250
=2
<
E
8 1000
= 4
w
o
5
£ 750]
500
2-9.432
250
|11-7.465
50 T T
0.0 50 10.0 15.0 20.0 250 300 33.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 7.465 1.748 8.443 1.13 2.64 n.a.
2 9.432 153.251 311.806 98.87 97.36 n.a.
Total: 154.999 320.249 100.00 100.00

Isopropyl((1S,2S)-2-(2-hydroxynaphthalen-1-yl)-1-phenyl-1,2-dihydro-3H-benzo[e]indol-3-yl)car
bamate (3q)

Following the general procedure, the compound was isolated as a white

solid (43 mg, 88%); mp 119-120 <C; [oc]ZD1 =-283.8 (c 1.0, CHCl3 98% ee);

IR (KBr): 3433, 2924, 1712, 1517, 1268, 810, 746 cm™; ‘H NMR (400

MHz, Chloroform-d) 8 9.42 (s, 0.6H), & 9.03 (s, 0.4H), 7.90 (dd, J = 17.2,

8.4 Hz, 2H), 7.80 — 7.70 (m, 2H), 7.38 — 7.31 (m, 3H), 7.27 — 7.01 (m, 6H),

6.97 (t, J = 7.7 Hz, 1H), 6.85 (s, 1H), 6.60 (s, 1H), 4.94 (d, J = 10.8 Hz, 2H), 1.24 (d, J = 36.8 Hz, 6H);
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BC NMR (100 MHz, CDCls) 6 155.0, 144.5, 141.0, 133.5, 131.6, 130.2, 130.2, 130.1, 128.8, 128.7,
128.6, 128.2, 127.1, 126.6, 125.8, 123.9, 122.7, 121.5, 120.2, 113.7, 112.8, 69.7, 54.0, 53.6, 21.9;
HRMS (ESI) calcd for CsHygN,O3Na m/z [M + Na]™: 511.1992, found: 511.1988; HPLC (Daicel

Chiralpak IC, i-PrOH/hexane = 15/85, flow rate 0.8 mL/min, A = 250 nm): t; (minor) = 6.9 min, t,

(major) = 7.8 min.
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E
o 1500
o
5 |1-6.899
o
53
8
<< 1000
12 -7.832
500
13- 15.932 4 - 20.182
0] : : | : |
_200_ r T T T T 1
0.0 5.0 10.0 15.0 25.0 30.0 33.0
Time [min]
Integration Results
No. [Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 6.899 377.804 1292.696 41.57 54.36 n.a.
2 7.832 348.485 774.546 38.35 32.57 n.a.
3 15.932 88.763 169.307 9.77 7.12 n.a.
4 20.182 93.755 141.607 10.32 5.95 n.a.
Total: 908.807 2378.156 100.00 100.00
2500
2000
=)
<
E
a 1500
Q
s 12-7.799
=0
5
3
< 10004
500
R 1146.899
of———m 4 I
72007 r T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0 33.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 6.899 6.285 30.865 1.21 2.34 n.a.
2 7.799 513.490 1288.582 98.79 97.66 n.a.
Total: 519.775 1319.447 100.00 100.00
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N-((1S,2S)-2-(2-Hydroxynaphthalen-1-yl)-1-(o-tolyl)-1,2-dihydro-3H-benzo[e]indol-3-yl)benzami

de (3r)

Following the general procedure, the compound was isolated as a white solid (96.0

mg, 92%); mp 132.0-133.0 <C; [o]} -264.8(c 1.0, CHCls, 99% ee); IR (KBr):

3232, 2925, 1652, 1267, 813, 746 cm™; *H NMR (400 MHz, CDCl;) & 9.87 (s,

1H), 8.20 (s, 1H), 7.84 (d, J = 8.2 Hz, 1H), 7.80 — 7.64 (m, 5H), 7.47 (t, = 7.5 Hz,

2H), 7.32 (t, J = 7.8 Hz, 3H), 7.23 (t, J = 8.3 Hz, 3H), 7.19 — 7.07 (m, 3H), 6.95 (d, J = 6.6 Hz, 2H),

6.85 (d, J = 7.3 Hz, 1H), 6.08 (s, 1H), 5.42 (d, J = 10.8 Hz, 1H), 1.59 (s, 3H); *C NMR (100 MHz,

CDClg) & 166.7, 155.2, 147.1, 139.5, 136.3, 133.3, 132.4, 131.8, 131.6, 130.2, 130.2, 130.0, 130.0,

129.0, 128.9, 128.7, 128.6, 128.2, 127.2, 126.9, 126.7, 126.6, 125.9, 123.9, 123.8, 123.7, 122.8, 121.3,

120.2, 114.0, 112.8, 70.1, 49.0, 18.8; HRMS (ESI) calcd for CasHzsN,0,Na m/z [M + Na]": 543.2043;

found: 543.2052; HPLC (Daicel Chiralpak IC, i-PrOH/hexane = 20/80, flow rate 0.8 mL/min, 2 = 250

nm): t; (minor) = 11.4 min, t, (major) = 25.1 min.
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53000 4
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11-11.566
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1 12-26.732
- T _ T
-200-] , , , — — — . . .
0.0 5.0 10.0 15.0 20.0 250 30.0 36.0]
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 11.566 1542.501 1533.328 49.10 68.33 n.a.
2 25.732 1599.188 710.817 50.90 31.67 n.a.
Total: 3141.688 2244144 100.00 100.00
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0.0 5.0 10.0 15.0 20.0 250 30.0 36.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 11.432 12.018 13.033 0.60 1.31 n.a.
2 25.199 1982.683 980.500 99.40 98.69 n.a.
Total: 1994.701 993.533 100.00 100.00

N-((1S,2S)-2-(2-Hydroxynaphthalen-1-yl)-1-(o-tolyl)-1,2-dihydro-3H-benzo[e]indol-3-yl)-4-metho
xybenzamide (3s)

Following the general procedure, the compound was isolated as a white solid
(102.1 mg, 93%); mp 181.0-182.0 <T; [o]% -403.4 (c 1.0, CHCl3, 99% ee); IR
(KBr): 3422, 2976, 2880, 1383, 1252, 1153, 750 cm™; '"H NMR (400 MHz,

Chloroform-d) 4 9.87 (s, 1H), 7.86 (d, J = 8.1 Hz, 2H), 7.74 (t, J = 9.0 Hz, 3H),

7.69 (d, J = 8.1 Hz, 1H), 7.52 (d, J = 19.0 Hz, 1H), 7.35 — 7.25 (m, 4H), 7.24 —
7.11 (m, 3H), 7.11 — 7.04 (m, 2H), 6.96 — 6.82 (m, 5H), 6.02 (s, 1H), 5.39 (d, J = 10.8 Hz, 1H), 3.83 (s,
3H), 1.60 (s, 3H); *C NMR (100 MHz, DMSO) & 166.4, 165.7, 162.6, 162.3, 155.6, 154.7, 150.7,
134.9, 133.7, 130.8, 130.2, 130.1, 129.9, 129.7, 129.5, 129.3, 129.2, 128.7, 128.5, 127.1, 126.8, 126.7,
126.3, 126.2, 125.7, 124.5, 122.7, 122.4, 120.2, 114.1, 114.0, 70.5, 55.8, 48.4, 19.1; HRMS (ESI) calcd
for CyHyN,OsNa m/z [M + Na]™: 573.2149; found: 573.2165; HPLC (Daicel Chiralpak IC,

i-PrOH/hexane = 30/70, flow rate 0.8 mL/min, A = 250 nm): t; (minor) = 9.0 min, t, (major) = 35.5 min.
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 9.882 507.477 526.308 49.84 83.68 n.a.
2 36.116 510.758 102.626 50.16 16.32 n.a.
Total: 1018.235 628.934 100.00 100.00
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E 4
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 9.016 40.211 24.451 0.57 1.66 n.a.
2 35.516 6983.013 1452.275 99.43 98.34 n.a.
Total: 7023.223 1476.726 100.00 100.00

4-Chloro-N-((1S,2S)-2-(2-hydroxynaphthalen-1-yl)-1-(o-tolyl)-1H-benzo[e]indol-3(2H)-yl)benzam

ide (3t)

Following the general procedure, the compound was isolated as a white solid
(102.1 mg, 92%); mp 162.0-163.0 <C; [a]; -281.4 (c 1.0, CHCl5;, 99% ee); IR

(KBr): 3258, 2926, 1653, 1269, 1093, 814, 742 cm™; 'H NMR (400 MHz,

Chloroform-d) & 9.79 (s, 1H), 8.14 (s, 1H), 7.78 (dd, J = 20.3, 8.4 Hz, 2H), 7.68
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(dd, J=14.2, 8.5 Hz, 2H), 7.59 (d, J = 8.5 Hz, 2H), 7.41 (s, 1H), 7.30 (t, J = 7.2 Hz, 1H), 7.26 — 7.02

(m, 9H), 6.90 (d, J = 3.1 Hz, 2H), 6.82 (d, J = 7.1 Hz, 1H), 5.99 (s, 1H), 5.37 (d, J = 10.9 Hz, 1H), 1.55

(s, 3H); *C NMR (100 MHz, Chloroform-d) & 166.0, 155.1, 146.8, 139.2, 138.5, 136.3, 133.9, 133.2,

131.5, 130.1, 130.1, 130.0, 129.9, 128.8, 128.7, 128.6, 128.5, 128.1, 126.8, 126.7, 126.6, 125.8, 123.9,

123.8, 123.7, 1228, 121.1, 120.0, 117.6, 113.8, 112.8, 48.9, 18.8; HRMS (ESI) calcd for

CsH,;CIN,NaO, m/z [M + Na]*: 577.1653; found: 577.1664; HPLC (Daicel Chiralpak IC,

i-PrOH/hexane = 20/80, flow rate 0.8 mL/min, A = 230 nm): t; (minor) = 9.9 min, t, (major) = 21.4 min.
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min mAU*min

Height
mAU

Relative Area
U/D

Relative Height
%

Amount
n.a.

1

9.915 3.028 3.766

0.23
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n.a.

2

21.465 1330.510 415.817

99.77

99.10

n.a.

Total:

1333.538 419.583

100.00

100.00
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Methyl ((1S,2S)-2-(2-hydroxynaphthalen-1-yl)-1-(o-tolyl)-1,2-dihydro-3H-benzo[e]indol-3-yl)ca
Rbamate (3u)

Following the general procedure, the compound was isolated as a white solid

.3 mg, 91%); mp 163.0-164. : [o], +20.4 (c 1.0, 3, 94% ee);
(86.3 mg, 91%); mp 163.0-164.0 T; [a] +20.4 (c 1.0, CHCls, 94% ee); IR

~NHCO,Me

O Con (KBr): 3421, 3235, 3067, 2924, 1649, 1275, 748 cm™; 'H NMR (400 MHz,

CDCl3) § 9.62 (s, 0.83H), 9.22 (s, 0.23H), 7.91 — 7.84 (m, 2H), 7.82 — 7.69 (m,
2H), 7.42 (s, 3H), 7.39 — 7.25 (m, 3H), 7.25 — 7.15 (m, 2H), 7.15 — 7.05 (m, 2H), 7.04 — 6.82 (m, 3H),
5.86 (s, 1H), 5.36 (d, J = 10.8 Hz, 1H), 3.69 (s, 3H), 1.59 (s, 3H); *C NMR (100 MHz, CDCl3) & 155.1,
147.1, 139.4, 136.4, 133.3, 131.7, 130.2, 130.1, 130.0, 128.9, 128.7, 128.6, 128.2, 126.9, 126.8, 126.7,
125.9, 124.0, 123.8, 123.7, 122.8, 121.3, 120.0, 113.7, 112.9, 70.1, 52.8, 48.6, 18.9; HRMS (ESI) calcd
for CyHxN,OsNa m/z [M + Na]™: 497.1836; found: 497.1843; HPLC (Daicel Chiralpak IA,

i-PrOH/hexane = 20/80, flow rate 0.8 mL/min, 4 = 250 nm): t; (minor) = 8.1 min, t, (major) = 11.6 min.
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1000: 12-12.232

4 | -
_50_\l"\"'\‘"I"‘I'"\"'\"'I"“I"'I"'\

0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0
Integration Results
No. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount

min mAU*min mAU % % n.a.

1 8.116 1311.221 2172.175 49.12 75.80 n.a.
2 12.232 1357.980 693.642 50.88 24.20 n.a.
Total: 2669.211 2865.816 100.00 100.00
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Integration Results
No. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 8.199 165.112 308.930 291 11.92 n.a.
2 11.699 5501.783 2283.113 97.09 88.08 n.a.
Total: 5666.895 2592.043 100.00 100.00

N-((1S,2S)-2-(6-Bromo-2-hydroxynaphthalen-1-yl)-1-(o-tolyl)-1,2-dihydro-3H-benzo[e]indol-3-yl)
benzamide (3v)

Following the general procedure, the compound was isolated as a white solid

(101.1 mg, 84%); mp 154.0-155.0 <T; [a]"° -421.2 (c 0.5, CHCl,, 99% ee): IR

N~NHBz

O (KBr): 3421, 2929, 1651, 1460, 1269, 812, 742 cm™; *H NMR (400 MHz, CDCls)
OH
B 3 9.88 (s, 1H), 8.09 (s, 1H), 7.90 — 7.78 (m, 4H), 7.72 (d, J = 7.5 Hz, 2H), 7.63 (d,
J=8.9Hz, 1H), 7.50 (t, J = 7.4 Hz, 1H), 7.44 (s, 1H), 7.35 (dt, J = 12.0, 7.5 Hz,
3H), 7.28 — 7.20 (m, 2H), 7.18 — 7.10 (m, 2H), 7.07 (d, J = 8.3 Hz, 1H), 6.97 (dd, J = 9.2, 2.0 Hz, 1H),
6.91 — 6.86 (m, 1H), 6.76 (d, J = 9.3 Hz, 1H), 5.98 (s, 1H), 5.38 (d, J = 10.9 Hz, 1H), 1.60 (s, 3H); *C
NMR (100 MHz, CDCl5) & 166.7, 160.7, 155.4, 146.9, 139.2, 136.2, 132.5, 131.8, 131.7, 131.6, 130.2,
130.1, 130.1, 130.0, 129.8, 129.2, 128.9, 128.7, 127.2, 127.0, 126.9, 126.7, 124.0, 123.7, 123.1, 116.4,
114.1, 112.8, 70.2, 48.9, 18.9; HRMS (ESI) calcd for CssH,;BrN,O,Na m/z [M + Na]”: 621.1148;

found: 621.1139; HPLC (Daicel Chiralpak IC, i-PrOH/hexane = 20/80, flow rate 0.8 mL/min, 1 = 230

nm): t; (minor) = 10.3 min, t, (major) = 23.1 min.
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Time [min]
Integration Results
Ma. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mALU*min mAL % % n.a.
1 6.682 46584 139.540 233 9.66 na.
2 10.282 202.807 £819.921 4522 56.74 n.a.
3 14.248 51.568 64.724 2.58 4.48 n.a.
4 23.132 995495 420.804 4986 29.12 n.a.
Total: 1996.454 1444.990 100.00 100.00
17501 |2-23.116
1500
1250
z
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K]
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0 4/\4«_j\__1_,¥'_~/\ Il —
_200 - r T T T T T T T 1
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Tims [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mAL il il Nn.8.
1 10.316 14672 15.820 0.36 0.84 n.a.
2 23.116 4112176 1664.658 00.64 99.08 n.a.
Total: 4126.848 1680.478 100.00 100.00

N-((1S,2S)-2-(2-Hydroxynaphthalen-1-yl)-8-methoxy-1-(o-tolyl)-1,2-dihydro-3H-benzo[e]indol-3-
yl)benzamide (3w)

Following the general procedure, the compound was isolated as a white solid

(95.5 mg, 87%); mp 232.0-233.0 <T; [a]s -502.0 (c 0.5, CHCl3, 95% ee); IR

O © . (KBr):3421,2924, 1620, 1462, 1228, 1024, 823, 622 cm™; *H NMR (400 MHz,
CDCly) § 9.87 (s, 1H), 8.07 (s, 1H), 7.80 — 7.63 (m, 6H), 7.53 — 7.43 (m, 2H),

7.34 (d, J = 6.9 Hz, 2H), 7.24 (d, J = 13.1 Hz, 2H), 7.18 — 7.09 (m, 2H), 7.05 (d, J = 7.5 Hz, 2H), 7.00
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(d, J = 8.4 Hz, 1H), 6.92 (d, J = 7.8 Hz, 2H), 6.83 (d, J = 7.2 Hz, 1H), 6.26 (s, 1H), 5.33 (d, J = 10.5 Hz,

1H), 3.32 (s, 3H), 1.61 (s, 3H); *C NMR (100 MHz, CDCly) § 167.0, 162.2, 157.8, 155.1, 147.5, 139.0,

136.2, 133.3, 132.1, 131.7, 131.2, 130.2, 130.0, 129.8, 129.4, 129.1, 128.6, 128.5, 128.1, 127.2, 126.8,

126.6, 125.8, 122.9, 122.7, 121.4, 120.1, 116.6, 114.1, 110.3, 102.0, 70.1, 54.5, 48.9, 18.9; HRMS (ESI)

calcd for CsH3oN,O3Na m/z [M + Na]™: 573.2149; found: 573.2159; HPLC (Daicel Chiralpak IC,

i-PrOH/hexane = 20/80, flow rate 0.8 mL/min, 2 = 230 nm): t; (minor) = 12.5 min, t, (major) = 35.2

min.
1500 4
1250
2
% 1000 - 12,848
=
2
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500 4
2504 2 - 35.518
ol M | 1
-100-3 ; . . ; . - ; ; .
0.0 50 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mAL S S n.a.
1 12.949 1013.842 545 057 50.24 81.34 n.a.
2 35.516 1004 068 217 665 49.76 18.66 n.a.
Total: 2017.910 1166.722 100.00 100.00
£UUL A ==
17504
1500
%- 1250
"E" 1000
2
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500 4 12 - 35,166
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11-12.482
| I U 7 A\ S L
-850, = ; = ; . . . ;
a.0 5.0 10.0 15.0 20,0 25.0 30.0 35.0 40.0 450
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mAL % % n.a.
1 12.482 B60.501 74 858 2.52 13.22 n.a.
2 35.166 2344921 491,227 87.48 B6.78 na.
Total: 2405.422 566.085 100.00 100.00
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N-((1S,2S)-7-Bromo-2-(2-hydroxynaphthalen-1-yl)-1-(o-tolyl)-1,2-dihydro-3H-benzo[e]indol-3-yl)

benzamide (3x)

Following the general procedure, the compound was isolated as a white solid
(114.1 mg, 95%); mp 145.0-146.0 <T; [a]y -329.2 (c 1.0, CHCl;, 99% ee); IR
(KBr): 3436, 3246, 2926, 1655, 1271, 818, 748 cm™; 'H NMR (400 MHz,

Chloroform-d) 8 9.74 (s, 1H), 8.19 (s, 1H), 8.01 — 7.94 (m, 1H), 7.79 — 7.63 (m,

6H), 7.55 — 7.39 (m, 2H), 7.39 — 7.30 (m, 2H), 7.27 — 7.20 (m, 2H), 7.21 — 7.06
(m, 3H), 6.93 (dd, J = 6.4, 2.3 Hz, 3H), 6.84 (d, J = 7.4 Hz, 1H), 6.09 (s, 1H), 5.38 (d, J = 10.8 Hz, 1H),
1.57 (s, 3H); *C NMR (100 MHz, CDCly) § 167.2, 155.1, 147.6, 139.0, 136.3, 133.4, 132.6, 132.3,
131.6, 130.8, 130.3, 130.2, 129.9, 128.8, 128.8, 128.7, 128.5, 128.5, 128.2, 127.5, 127.3, 126.9, 126.0,
125.4, 124.0, 122.9, 121.3, 120.0, 117.6, 114.0, 113.9, 70.2, 48.8, 18.9; HRMS (ESI) calcd for
Ca6H,;BrN,O,Na m/z [M + Na]™: 621.1148; found: 621.1156; HPLC (Daicel Chiralpak IA,

i-PrOH/hexane = 10/90, flow rate 1.2 mL/min, A = 250 nm): t; (minor) = 17.4 min, t, (major) = 40.5

min.
700+
600
500 11 16.582
= ]
s
£
@ 400
£
@
2
2 300+
<
200]
J 12-42.249
100+
o] |
_50 _I T T T T T 1
0.0 10.0 20.0 30.0 40.0 50.0 55.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 16.582 796.132 479.838 50.34 81.60 n.a.
2 42.249 785.293 108.221 49.66 18.40 n.a.
Total: 1581.425 588.059 100.00 100.00
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400 12 - 40.532
— 300+
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< 4
E
3
g J
2 2004
o
g o
<C
1004
o 11-17.382 ,
_50 _I T T T T T 1
0.0 10.0 20.0 30.0 40.0 50.0 55.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 17.382 2.610 2.578 0.10 0.66 n.a.
2 40.532 2674.874 385.429 99.90 99.34 n.a.
Total: 2677.484 388.007 100.00 100.00

N-((1S,2R)-7-Bromo-1-(2-bromophenyl)-2-(2-hydroxynaphthalen-1-yl)-1,2-dihydro-3H-benzo[e]i

ndol-3-yl)benzamide (3y)

Following the general procedure, the compound was isolated as a white solid

(110.2 mg, 83%); mp 192.0-193.0 <TC; [o]5 -343.6 (c 0.5, CHCl;, 96% ee); IR

(KBr): 3416, 2924, 1650, 1456, 1267, 748 cm™; '"H NMR (400 MHz, CDCl3) &

9.58 (s, 1H), 8.66 (s, 1H), 7.86 (s, 1H), 7.64 (dd, J = 21.5, 7.3 Hz, 4H), 7.51 —

7.30 (m, 4H), 7.29 — 7.16 (m, 4H), 7.18 — 6.97 (m, 6H), 6.87 (d, J = 8.7 Hz, 1H),

6.21 (s, 1H), 5.69 (d, J = 10.4 Hz, 1H); *C NMR (100 MHz, CDCly) & 167.0, 155.1, 147.4, 140.3,

133.5, 132.6, 132.5, 132.4, 131.6, 130.8, 130.4, 130.1, 129.1, 128.9, 128.6, 128.3, 127.3, 127.2, 126.0,

125.1, 124.8, 122.8, 122.7, 120.9, 119.7, 117.6, 113.6, 113.3, 70.3, 51.7; HRMS (ESI) calcd for

CasH.4BroN,O,Na m/z [M + Na]™: 685.0097; found: 685.0099; HPLC (Daicel Chiralpak IE,

i-PrOH/hexane = 20/80, flow rate 3.0 mL/min, A = 230 nm): t; (minor) = 16.2 min, t, (major) = 19.8

min.
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1000
11-16.182
750 T T T T 7_\_7 T T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 16.182 230.074 201.818 51.07 55.80 n.a.
2 19.849 220.460 159.844 48.93 44.20 n.a.
Total: 450.534 361.662 100.00 100.00
1000 12-19.599
7100 T T T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 17.565 24.013 0.000 2.36 0.00 n.a.
2 19.599 992.741 698.768 97.64 100.00 n.a.
Total: 1016.754 698.768 100.00 100.00

N-((1S,2R)-1-(2-Chlorophenyl)-2-(2-hydroxynaphthalen-1-yl)-1H-benzo[e]indol-3(2H)-yl)benzam
ide (32)

Following the general procedure, the compound was isolated as a white solid

(101.0 mg, 94%); mp 151.0-152.0 <C; [o]5 -373.6 (c 1.0, CHCls, 96 % ee); IR

O N\E:B (KBr): 3424, 2922, 1660, 1218, 1024, 773, 700 cm™; 'H NMR (400 MHz,

Chloroform-d) & 9.58 (s, 1H), 8.07 (s, 1H), 7.89 — 7.80 (m, 2H), 7.79 — 7.67 (m,
4H), 7.62 (s, 1H), 7.50 (t, J = 7.4 Hz, 1H), 7.38 (t, = 7.7 Hz, 2H), 7.31 (t, J = 7.3 Hz, 1H), 7.23 (t, J =
7.9 Hz, 4H), 7.18 — 7.11 (m, 2H), 7.06 (d, J = 8.1 Hz, 2H), 6.99 — 6.87 (m, 2H), 6.22 (s, 1H), 5.74 (d, J
=10.7 Hz, 1H); B3C NMR (100 MHz, DMSO0) 8 166.0, 155.3, 154.1, 150.0, 142.2, 133.2, 132.9, 132.0,
131.8, 130.1, 129.8, 129.7, 129.5, 129.0, 129.0, 128.6, 128.5, 128.3, 128.0, 127.8, 127.6, 127.4, 126.7,
125.8, 123.8, 122.2, 121.6, 120.5, 118.9, 117.7, 112.5, 48.4; HRMS (ESI) calcd for CzsH,5CIN,NaO,
m/z [M + Na]": 563.1497; found: 563.1508; HPLC (Daicel Chiralpak IC, i-PrOH/hexane = 20/80, flow

rate 1.4 mL/min, A =230 nm): t; (minor) = 5.8 min, t, (major) = 8.6 min.
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2500
|1-5.749
2000+
1500
|2-8.816
1000 -
500 4
_50 - J T T T T T T T T T 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 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 17.0
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 5.749 1221.213 2082.166 49.41 66.98 n.a.
2 8.816 1250.500 1026.269 50.59 33.02 n.a.
Total: 2471.712 3108.435 100.00 100.00
2000+
12- 8632
1500
1000+
500+
11-5.81
503 i 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 |
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 17.0
Integration Results
No. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 5.816 16.230 36.737 0.83 2.29 n.a.
2 8.632 1933.838 1570.864 99.17 97.71 n.a.
Total: 1950.068 1607.601 100.00 100.00

N-((1S,2R)-1-(2-Bromophenyl)-2-(2-hydroxynaphthalen-1-yl)-8-phenyl-1,2-dihydro-3H-benzol[e]i
ndol-3-yl)benzamide (3aa)
Following the general procedure, the compound was isolated as a white solid

(126.0 mg, 95%); mp 168.0-169.0 <C; [a]} -359.8 (c 1.0, CHCl, 99% ee); IR

O NHBz - (KBr): 3146, 2920, 2863, 1641, 1275, 1232, 1047, 764 cm™; 'H NMR (400 MHz,
OH Chloroform-d) & 10.08 (s, 0.04H), & 9.69 (s, 0.86H)8.28 (s, 1H), 7.89 (t, J = 7.9
Hz, 1H), 7.85 — 7.65 (m, 6H), 7.66 — 7.57 (m, 1H), 7.52 (dt, J = 10.6, 5.2 Hz,

1H), 7.45 — 7.26 (m, 10H), 7.26 — 7.15 (m, 3H), 7.14 — 7.07 (m, 1H), 7.05 — 6.91 (m, 2H), 6.56 — 6.06
(m, 1H), 5.80 (d, J = 10.7 Hz, 1H); **C NMR (100 MHz, CDCl3) & 167.0, 155.2, 147.3, 138.9, 133.6,

132.5, 132.4, 131.8, 131.1, 130.6, 130.3, 130.2, 129.8, 129.5, 128.9, 128.8, 128.7, 128.6, 128.5, 128.4,
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128.3, 127.3, 127.2, 127.1, 127.0, 126.0, 124.9, 123.4, 123.0, 122.7, 121.5, 121.1, 119.8, 113.6, 112.6,
70.0, 52.0; HRMS (ESI) calcd for C4;H20BrN,O,Na m/z [M + Na]*: 683.1305; found: 683.1324; HPLC
(Daicel Chiralpak IC, i-PrOH/hexane = 10/90, flow rate 1.2 mL/min, 2 = 250 nm): t; (minor) = 10.3

min, t, (major) = 29.2 min.

6525
2
11-10.082
£ 5001
3
=
@
E=] 4
S5 3754
2 i
< ]
2504
12-28.116
125
0] N ! 1
71 007 r T T T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 37.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 10.082 634.042 518.339 52.59 75.70 n.a.
2 28.116 571.652 166.361 47.41 24.30 n.a.
Total 1205.694 684.700 100.00 100.00
E
3 12-29.199
2 j
£ 200
=
2 i
<
1004
0; 11-10.349
_SO_I T T T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 37.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 10.349 2.533 2.294 0.30 1.01 n.a.
2 29.199 831.709 224 .865 99.70 98.99 n.a.
Total: 834.242 227.159 100.00 100.00

N-((1S,2R)-1-(2-Bromophenyl)-2-(2-hydroxynaphthalen-1-yl)-1,2-dihydro-3H-benzo[e]indol-3-yl)

benzamide(3ab)

Following the general procedure, the compound was isolated as a white solid
(88.0 mg, 75%); mp 157.0-158.0 <TC; [a]} -337.8 (¢ 1.0, CHCl;, >99% ee): IR

(KBr): 3346, 2924, 1675, 1175, 1237, 805, 674 cm™; 'H NMR (400 MHz, CDCls)

§9.61 (s, 1H), 8.14 (d, J = 19.7 Hz, 1H), 7.84 (t, J = 8.4 Hz, 2H), 7.74 (dd, J =

16.2, 8.5 Hz, 4H), 7.62 (d, J = 18.3 Hz, 1H), 7.51 (t, J = 7.4 Hz, 1H), 7.38 (t, J = 7.7 Hz, 2H), 7.36 —
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7.29 (M, 2H), 7.28 — 7.21 (m, 4H), 7.20 — 7.14 (m, 1H), 7.07 (dd, J = 7.4, 4.3 Hz, 2H), 7.01 — 6.87 (m,
2H), 6.30 (d, J = 61.1 Hz, 1H), 5.76 (d, J = 10.7 Hz, 1H); *C NMR (151 MHz, DMSO) § 167.04,
156.33, 155.17, 150.91, 144.95, 134.35, 133.95, 132.96, 132.79, 132.66, 131.08, 130.85, 130.75,
130.64, 130.44, 130.02, 129.93, 129.85, 129.39, 129.27, 128.51, 128.35, 127.59, 126.71, 124.08,
123.20, 123.13, 122.75, 121.47, 118.68, 113.53, 70.91, 52.30; HRMS (ESI) calcd for CsH,sBrN,O,Na

m/z [M + Na]*: 607.0992; found: 607.0981; HPLC (Daicel Chiralpak IC, i-PrOH/hexane = 20/80, flow

rate 0.8 mL/min, 2 =230 nm): t; (minor) = 8.4 min, t, (major) = 21.3 min.
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Integration Results

No.

Peak Name

Retention Time
min

Area
mAU*min

Height
mAU

Relative Area
%

Relative Height
%

Amount
n.a.

1

10.366

2219.198

991.325

50.04

72.99

n.a.

22.599

2215.324

366.767

49.96

27.01

n.a.

Total:

4434.521

1358.092

100.00

100.00
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Integration Results

No.

Peak Name

Retention Time
min

Area
mAU*min

Height
mAU

Relative Area
%

Relative Height
%

Amount
n.a.

1

8.416

2.014

0.000

0.07

0.00

n.a.

21.299

2949.422

618.831

99.93

100.00

n.a.

Total:

2951.436

618.831

100.00

100.00
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6. General procedure for the oxidation of dihydroindole 3a-3aa to indole atropisomers
5a-5aa

4 4
R/ — R /=
\ \
TsCl, TEA, DMAP
1 N~NHR? N~NHR2
R _ DCM RN NHR
oM s _OTs
| ~ | ~
R24+ R24+
yZ yZ
3 Ts-3 5

For one axis: corresponding 2,3-dihydroindole 3 (0.2 mmol, 1 equiv), p-toluenesulfonyl chloride (0.24
mmol, 1.2 equiv) and DMAP (0.04 mmol, 0.2 equiv) were dissolved in 15 mL of freshly distilled
CH,CI,, Subsequently, NEt; (0.3 mmol) was added to the solution. The reaction mixture was stirred for
6 h at ambient temperature. TLC revealed the absence of the starting material, the solvent was removed
under reduced pressure. The residue was purified by flash column chromatography to yield the
corresponding products Ts-3, which was then dissolved in DCM (10 mL) and was heated to 40 <C. A
solution of DDQ (0.4 mmol, 2 equiv) in DCM (10 mL) was added dropwise over 1 h and the reaction
mixture was stirred at 40 <C for 6 h. After the reaction was completed, it was quenched with sat.
NaHCO; and extracted with ethyl acetate (3 x 15 mL). The organic phase was washed with water and
brine, dried over Na,SO,, and concentrated under reduced pressure. The residue was purified by flash

column chromatography on silica gel (n-hexane/ethyl acetate = 6:1) to afford the compounds 5a-q.

For two axes: corresponding products Ts-3 ( 0.01 mmol, 0.005M) was dissolved in DCE (1.0 ml) and
was heated to 80 <C. A solution of DDQ (0.02 mmol, 2eq) in DCE (1.0 mL) was added dropwise over
1 h and the reaction mixture was stirred at 80 <C for 3-4 h. After the reaction was completed, it was
quenched with sat. NaHCO; and extracted with ethyl acetate (3 x 5 mL). The organic phase was
washed with water and brine, dried over Na,SO,4, and concentrated. The resulting residue was purified
by flash column chromatography on silica gel (n-hexane/ethyl acetate = 6:1) to afford the compounds

5r-5aa.
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7. Characterization data of products 5

(aR)-1-(3-Benzamido-1-phenyl-3H-benzo[e]indol-2-yl)naphthalen-2-yl 4-methylbenzenesulfonate

(5a)

Following the general procedure, the compound was isolated as a white solid

O NN ~NHBZ
O : OTs

(122 mg, 93%); mp 104-105 <T; [oa]zé = +4.8 (c 1.0, CHCI3 97% ee); IR (KBr):
3442, 2922, 2360, 1630, 1385, 1173, 802, 706, 565 cm™; *H NMR (600 MHz,

CDCl3) §9.36 (s, 1H), 7.97 (d, J = 8.2 Hz, 2H), 7.86 (d, J = 9.0 Hz, 1H), 7.78 (m,

2H), 7.74 (d, J = 8.0 Hz, 1H), 7.58 (d, J = 8.8 Hz, 1H), 7.49 (d, J = 7.6 Hz, 2H),

7.45 — 7.37 (m, 5H), 7.35 — 7.26 (m, 5H), 7.20 (d, J = 6.6 Hz, 1H), 7.13 (s, 2H), 7.08 (s, 1H), 7.00 (s,

1H), 6.77 (d, J = 8.0 Hz, 2H), 2.09 (s, 3H); *C NMR (100 MHz, CDCly) & 165.4, 145.8, 145.5, 135.4,

134.5, 133.9, 132.4, 132.1, 131.7, 131.6, 131.4, 130.5, 130.2, 129.9, 129.4, 128.8, 128.6, 128.0, 127.8,

127.7,127.5, 127.4, 127.2, 127.0, 126.8, 126.7, 125.5, 124.9, 123.4, 123.3, 121.7, 120.5, 120.2, 118.8,
110.9, 21.2; HRMS (ESI) calcd for C4H3,N,0,S m/z [M + H]™: 659.1999, found: 659.2012; HPLC

(Daicel Chiralpak IC, i-PrOH/hexane = 20/80, flow rate 0.8 mL/min, A = 250 nm): t; (minor) = 11.7

min, t, (major) = 13.4 min.

2000
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04 4
72007 r T T T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 17.0
Time [min]

Integration Results

No. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.

1 11.649 707.473 1669.068 50.08 63.57 n.a.

2 13.366 705.091 956.353 49.92 36.43 n.a.

Total: 1412.564 2625.421 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 11.749 6.097 16.600 1.49 2.95 n.a.
2 13.415 403.116 546.707 98.51 97.05 n.a.
Total: 409.213 563.307 100.00 100.00

(aR)-1-(3-Benzamido-1-(4-chlorophenyl)-3H-benzo[e]indol-2-yl)naphthalen-2-yl-4-methylbenzen

esulfonate (5b)
O NN ~NHBz
Cl
O ! OTs

Following the general procedure, the compound was isolated as a white solid

21
[l ) - ) D — . Y, s 9 1]
(123 mg, 89%); mp 107-108 <T; [a]” = +12.6 (¢ 1.0, CHCl; 92% ee); IR

(KBr): 3373, 2924, 1701, 1352, 1173, 941, 806, 748, 544 cm™; 'H NMR (400

MHz, Chloroform-d) & 9.36 (s, 1H), 7.96 — 7.89 (m, 3H), 7.81 — 7.71 (m, 3H),

7.67 (d, J = 8.1 Hz, 1H), 7.57 — 7.51 (m, 1H), 7.49 — 7.42 (m, 2H), 7.42 — 7.29

(m, 5H), 7.26 — 7.19 (m, 4H), 7.08 (d, J = 10.0 Hz, 2H), 7.01 — 6.87 (m, 2H), 6.73 (d, J = 8.0 Hz, 2H),

2.01 (s, 3H): ®°C NMR (100 MHz, CDCl) & 165.3, 145.7, 145.6, 134.3, 133.9, 133.9, 132.6, 132.2,

132.2, 131.6, 131.4, 131.4, 131.2, 130.4, 129.4, 128.9, 128.6, 128.3, 128.2, 128.2, 128.1, 127.9, 127 .4,

127.0, 126.9, 126.8, 125.7, 125.0, 123.5, 123.0, 121.3, 120.4, 118.8, 118.5, 110.9, 21.2; HRMS (ESI)

calcd for CsH3N,04,SCI m/z [M + H]™: 693.1609, found: 693.1622; HPLC (Daicel Chiralpak IC,

i-PrOH/hexane = 30/70, flow rate 0.8 mL/min, A = 250 nm): t; (minor) = 9.6 min, t, (major) = 26.4

min.

S42



2000
=)
=
E
o 1500
o
=
8 11-9.616
53
8
<< 1000
500 12 - 26.532
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0.0 5.0 10.0 15.0 20.0 25.0 30.0 33.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 9.616 413.969 1216.266 49.99 74.11 n.a.
2 26.532 414.060 424.833 50.01 25.89 n.a.
Total: 828.029 1641.099 100.00 100.00
JUUY T
25004
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£
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|1-9.666
4 |
_1 00_ T T T : T T T : T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0 33.0
Time [min]
Integration Results
No. [Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 9.666 31.047 107.299 4.24 12.62 n.a.
2 26.449 701.103 743.176 95.76 87.38 n.a.
Total: 732.150 850.475 100.00 100.00

(aR)-1-(3-Benzamido-1-(4-bromophenyl)-3H-benzo[e]indol-2-yl)naphthalen-2-yl-4-methylbenzen

esulfonate (5¢)

NN ~NHBz
Br
O ! OTs

4H), 7.40 — 7.27 (m, 7H), 7.21 (d, J = 8.3 Hz, 1H), 7.06 (d, J = 8.3 Hz, 1H), 6.89 (s, 1H), 6.81 (d, J =

Following the general procedure, the compound was isolated as a white solid
(134 mg, 91%); mp 119-120 <T; [a]s = +10.8 (c 1.0, CHCI; 91% ee); IR
(KBr): 3373, 2924, 1697, 1172, 801, 748, 702 cm™; 'H NMR (400 MHz,
Chloroform-d) & 9.39(s, 1H), 8.02 — 7.93 (m, 2H), 7.89 (d, J = 9.0 Hz, 1H),

7.84 —7.75 (m, 3H), 7.63 — 7.57 (m, 1H), 7.54 — 7.48 (m, 2H), 7.48 — 7.40 (m,
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8.0 Hz, 2H), 2.11 (s, 3H); *C NMR (100 MHz, CDCl,) & 165.3, 145.7, 145.6, 134.4, 134.3, 133.9,
132.3, 132.2, 131.8, 131.6, 131.4, 131.1, 131.1, 130.4, 129.5, 128.9, 128.6, 128.3, 127.9, 127.7, 127.6,
127.5, 127.0, 126.9, 126.8, 125.7, 125.1, 123.5, 123.1, 121.3, 120.9, 120.5, 118.8, 118.5, 110.9, 21.3;
HRMS (ESI) calcd for CyH3oN,0,SBr m/z [M + H]": 737.1104, found: 737.1119; HPLC (Daicel
Chiralpak 1d, i-PrOH/hexane = 30/70, flow rate 0.8 mL/min, A = 250 nm): t; (minor) = 10.1 min, t,

(major) = 27.9 min.
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] 12-27.899
4 T |
_1 00_ T T T T T T T 1
0.0 5.0 10.0 15.0 20.0 250 30.0 35.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 10.032 288.424 959.906 50.37 76.67 n.a.
2 27.899 284.233 292.086 49.63 23.33 n.a.
Total: 572.657 1251.993 100.00 100.00
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0] TAN
_200 - T T T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0 33.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 10.099 68.253 221.889 4.40 13.24 n.a.
2 27.932 1482.041 1454.436 95.60 86.76 n.a.
Total: 1550.295 1676.325 100.00 100.00
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(aR)-1-(3-Benzamido-1-(p-tolyl)-3H-benzo[e]indol-2-yl)naphthalen-2-yl-4-methylbenzenesulfonat
e (5d)

C Following the general procedure, the compound was isolated as a white solid (

O 122 mg, 91%); mp 112-113 <T; [o]5 = +4.4 (c 1.0, CHCl5, 94% ee); IR (KBr):

O NN 3411 2022, 2837, 1625, 1172, 955, 815 cm’; H NMR (400 MHz,
OO o Chloroform-d) & 9.56(s, 1H), 8.17 (t, J = 6.9 Hz, 2H), 8.08 — 7.90 (m, 4H),

7.77 (d, J = 8.8 Hz, 1H), 7.72 — 7.54 (m, 7H), 7.54 — 7.41 (m, 5H), 7.28 (s, 1H),

7.20 — 7.00 (m, 3H), 6.95 (d, J = 7.9 Hz, 2H), 2.42 (s, 3H), 2.26 (s, 3H); *C NMR (100 MHz, CDCl3) 5
165.4, 145.7, 145.5, 136.3, 134.6, 133.8, 132.4, 132.2, 132.1, 131.7, 131.6, 131.4, 130.8, 130.4, 130.0,
129.7, 129.4, 128.8, 128.7, 128.6, 127.5, 127.4, 127.2, 127.0, 126.7, 125.5, 124.8, 123.3, 123.3, 121.9,
120.5, 120.1, 118.9, 110.9, 21.3, 21.1; HRMS (ESI) calcd for Cy3H33N,0,S m/z [M + H]™: 673.2156,
found: 673.2169; HPLC (Daicel Chiralpak IC, i-PrOH/hexane = 20/80, flow rate 0.8 mL/min, A = 250

nm): t; (minor) = 13.3 min, t, (major) = 39.8 min.

25004

20004
=)
<
£
@ 15004
e 11-13.416
@
o
5
3
< 10004

500 12 - 40.766
0 T ‘ T
_200 - r T T T T T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 450 480
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.

1 13.416 563.554 1334.992 50.25 77.56 n.a.
2 40.766 557.923 386.181 49.75 22.44 n.a.
Total: 1121.477 1721.173 100.00 100.00
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2500+

2000
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1000 12 -39.849
500
|1-13.266
i ! 1
_1 00 - r T T T T T T ‘ 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 450 48.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 13.266 43.620 104.248 298 10.00 n.a.
2 39.849 1421.213 938.226 97.02 90.00 n.a.
Total: 1464.833 1042.475 100.00 100.00

(aR)-1-(3-Benzamido-1-(4-(tert-butyl)phenyl)-3H-benzo[e]indol-2-yl)naphthalen-2-yl-4-methylbe

nzenesulfonate (5e)

O NoN-nHBz 3373, 2925, 1701, 1262, 936, 817, 705 cm™; 'H NMR (600 MHz,

Following the general procedure, the compound was isolated as a white solid

(127 mg, 89%); mp 99-100 <T; [a]zg =-4.6 (c 1.0, CHCl3 94% ee); IR (KBr):

OO °® " Chloroform-d) § 9.34 (s, 1H), 7.99 — 7.94 (m, 2H), 7.89 (d, J = 9.3 Hz, 1H),

7.81 - 7.73 (m, 3H), 7.56 (d, J = 8.8 Hz, 1H), 7.50 — 7.38 (m, 7H), 7.33 — 7.27

(m, 3H), 7.25 (s, 1H), 7.11 (d, J = 13.3 Hz, 4H), 6.90 (d, J = 8.0 Hz, 1H), 6.76 — 6.70 (m, 2H), 2.06 (s,

3H), 1.23 (s, 9H); °C NMR (150 MHz, DMSO-Dg) § 167.8, 149.8, 147.9, 145.4, 134.7, 134.4, 133.2,

132.8, 132.1, 130.9, 130.3, 129.9, 129.5, 129.2, 128.9, 128.5, 128.3, 128.1, 127.6, 127.3, 126.9, 126.5,

125.6, 125.0, 124.2, 123.6, 121.7, 120.8, 119.7, 118.5, 112.0, 35.1, 32.0, 21.3; HRMS (ESI) calcd for

CusH3oN,0,S m/z [M + H]™: 715.2625, found: 715.2632; HPLC (Daicel Chiralpak ID, i-PrOH/hexane =

20/80, flow rate 0.8 mL/min, A = 250 nm): t; (minor) = 13.9 min, t, (major) = 32.1 min.
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5 |1-14.099
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12-32.249
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0: 1 | I
_200_ r T T T T T T T T 1
0.0 5.0 10.0 156.0 20.0 25.0 30.0 35.0 40.0 45.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 14.099 540.019 1266.744 48.99 71.01 n.a.
2 32.249 562.343 517.141 51.01 28.99 n.a.
Total: 1102.362 1783.885 100.00 100.00
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2000
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E
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_50: r T T ‘I T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 13.949 15.575 37.133 3.27 7.56 n.a.
2 32.132 460.229 454.281 96.73 92.44 n.a.
Total: 475.804 491.414 100.00 100.00

(aR)-1-(3-Benzamido-1-(3-bromophenyl)-3H-benzo[e]indol-2-yl)naphthalen-2-yl-4-methylbenzen

esulfonate (5f)

Br.

Following the general procedure, the compound was isolated as a white solid

(134 mg, 91%); mp 106-107 <T; [a]zé =+14.4 (¢ 1.0, CHClI3 92% ee); IR (KBr):

O N N-NHez 3383, 2924, 1597, 1352, 1173, 804, 683 cm™; *H NMR (400 MHz, Chloroform-d)

OO o §59.33 (s, 1H), 8.07 — 7.89 (m, 3H), 7.89 — 7.72 (m, 3H), 7.63 (m, , 1H), 7.58-7.40

(m, 7H), 7.40-7.29 (m, 4H), 7.25 (s, 1H), 7.13 — 6.86 (m, 3H), 6.85 - 6.73 (M, 2H),

2.11 (s, 3H); ®°C NMR (100 MHz, CDCl,) & 165.4, 145.6, 137.5, 134.4, 134.2, 132.9, 132.2, 131.7,
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131.5, 130.5, 129.8, 129.6, 129.5, 129.0, 128.6, 128.3, 127.7, 127.6, 127.4, 127.3, 127.0, 127.0, 126.8,

125.8, 125.2, 123.6, 123.1, 121.6, 121.3, 120.7, 118.6, 110.9, 21.2; HRMS (ESI) calcd for

CsHN,0,SBr m/z [M + H]": 737.1104, found: 737.1116; HPLC (Daicel Chiralpak ID,

i-PrOH/hexane = 30/70, flow rate 0.8 mL/min, A = 250 nm): t; (minor) = 11.1 min, t, (major) = 25.5

min.
— 3000+
=2
<
E
3 11-11.015
5
£ 2000+
2
=}
<<
1000+ 12-25.149
0- — ‘ :
75007 r T T T T T T 1
0.0 5.0 10.0 15.0 200 25.0 300 320
Time [min]
Integration Results
No. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 11.015 821.889 2369.156 50.57 74.63 n.a.
2 25.149 803.417 805.253 49.43 25.37 n.a.
Total 1625.306 3174.409 100.00 100.00
1000
8
£ 750
500
250 225450
1-11.149 Ji \\
e — PSS e
0.0 50 10.0 15.0 200 250 30.0 320
Time [min]
|Integration Results
Mo. |Peak Name Retention Time Area Hueight Relative Area Relative Height | Amount
min mALU*min L ) % n.a.
1 11.149 7.385 17.995 3.85 842 n.a.
2 25499 184 430 195.786 96.15 91.58 na.
Total: 191.815 213.782 100.00 100.00 .

(aR)-1-(3-Benzamido-1,8-diphenyl-3H-benzo[e]indol-2-yl)naphthalen-2-yl-4-methylbenzenesulfon

ate (59)

i O

O X N~NHBz
O ! OTs

Following the general procedure, the compound was isolated as a white solid (
134 mg, 91%); mp 109-110 <C; [a]le = +5.4 (c 1.0, CHCl3 95% ee); IR (KBr):
3373, 2924, 1701, 1261, 1173, 750 cm™; '"H NMR (600 MHz, Chloroform-d) &

9.47 (s, 1H), 8.13 (d, J = 1.8 Hz, 1H), 8.06 (dd, J = 8.5, 2.8 Hz, 2H), 7.89 — 7.81
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(m, 2H), 7.78 — 7.71 (m, 2H), 7.63 (dd, J = 8.8, 2.0 Hz, 1H), 7.55 (dg, J = 8.7, 1.8 Hz, 2H), 7.51 — 7.46
(m, 3H), 7.46 — 7.26 (m, 11H), 7.24 — 7.08 (M, 4H), 6.79 (d, J = 8.1 Hz, 2H), 2.06 (s, 3H); ** NMR
(600 MHz, CDCly) § 165.4, 145.7, 145.6, 140.9, 137.4, 135.4, 134.4, 134.1, 132.3, 132.1, 131.6, 131.5,
130.3, 129.9, 129.6, 129.4, 129.3, 128.8, 128.6, 128.1, 127.9, 127.6, 127.4, 127.4, 127.1, 127.0, 126.9,
126.9, 126.8, 126.7, 124.4, 122.3, 121.6, 121.4, 120.5, 120.2, 119.2, 111.0, 21.2; HRMS (ESI) calcd for

CugH35N,0,S m/z [M + H]*: 735.2312, found: 735.2298; HPLC (Daicel Chiralpak IC, i-PrOH/hexane =

20/80, flow rate 0.8 mL/min, A = 250 nm): t; (minor) = 12.8 min, t, (major) = 26.6 min.

SUUU 4=
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_500 - r T T T T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 450
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 12.899 1319.353 2583.253 50.78 75.60 n.a.
2 26.849 1278.768 833.761 49.22 24.40 n.a.
Total: 2598.121 3417.014 100.00 100.00
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— 1250
>
<<
E
8 1000
g 4
F=)
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2 ?50:
500
250 ] |2 - 26.599
1-12832 ‘
750i r T T ! T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0 36.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 12.832 9.440 20.695 2.38 7.41 n.a.
2 26.599 386.460 258.682 97.62 92.59 n.a.
Total: 395.900 279.378 100.00 100.00
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(aR)-1-(3-Benzamido-8-methoxy-1-phenyl-3H-benzo[e]indol-2-yl)naphthalen-2-yl-4-methylbenze

nesulfonate (5h)

O N N~NHBz
O ! OTs

8.9 Hz, 5H), 7.21 — 7.10 (m, 5H), 7.06 (dd, J = 8.8, 2.5 Hz, 3H), 6.83 (d, J = 8.1 Hz, 3H), 3.46 (s, 3H),

Following the general procedure, the compound was isolated as a white solid (

124 mg, 90%); mp 108-109 <T; [o]5> = +3.8 (¢ 1.0, CHCl; 90% ee); IR (KBr):

3373, 2925, 1624, 1228, 819, 748, 700 cm™; "H NMR (400 MHz, Chloroform-d)

§9.35 (s, 1H), 8.03 (d, J = 8.0 Hz, 1H), 7.89 (dd, J = 8.9, 5.2 Hz, 3H), 7.76 (dd,

J=12.8,85 Hz, 3H), 7.52 (d, J = 7.3 Hz, 3H), 7.49 — 7.38 (m, 5H), 7.33 (t, J =

2.16 (s, 3H); °C NMR (100 MHz, CDCl5) & 165.4, 157.5, 145.8, 145.5, 135.5, 134.5, 134.4, 132.5,

132.1, 131.7, 130.8, 130.6, 130.2, 130.1, 129.7, 129.5, 128.6, 127.9, 127.7, 127.5, 127.4, 127.2, 127.2,

127.1, 126.8, 126.7, 125.3, 124.6, 121.7, 120.5, 120.0, 118.4, 115.1, 108.5, 103.1, 54.6, 21.3; HRMS

(ESI) calcd for C43H33N,05S m/z [M + H]": 689.2105, found: 689.2110; HPLC (Daicel Chiralpak IC,

i-PrOH/hexane = 20/80, flow rate 0.8 mL/min, A = 250 nm): t; (minor) = 17.5 min, t, (major) = 28.7

min.
B - -
700
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5004
= 11-17.315
' 400+
g
£
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2004 (2 - 28,687
1004
01 T
-50 - r T T T T T T 1
0.0 10.0 20.0 30.0 40.0 50.0 50,0 65.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mALl %o % n.a.
1 17.315 458.104 469.538 50.24 71.92 n.a.
2 28.682 453.731 183.208 49.76 28.08 n.a.
Total: 911.835 652.837 100.00 100.00
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Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mAl % % n.a.

1 17.549 53.839 53.383 5.00 11.69 n.a.
2 28.732 1023.270 403.400 95.00 88.31 n.a.
Total: 1077.110 456.782 100.00 100.00

(aR)-1-(3-Benzamido-1-phenyl-3H-benzo[e]indol-2-yl)-6-(trimethylsilyl)naphthalen-2-yl-4-methyl

benzenesulfonate (5i)
O NN ~NHBz
O ! OTs
T™S

Following the general procedure, the compound was isolated as a white solid

(138 mg, 95%); mp 116-117 <T; [o]5

-22.2 (¢ 1.0, CHCI; 95% ee); IR

(KBr): 3365, 2954, 1699, 1348, 1265,835, 703 cm™; 'H NMR (400 MHz,

Chloroform-d) & 9.37 (s, 1H), 7.99 (m, 2H), 7.94 — 7.85 (m, 2H), 7.82 (m, 2H),

7.65 — 7.56 (m, 2H), 7.53 (d, J = 7.5 Hz, 2H), 7.44 (dt, J = 17.9, 8.3 Hz, 3H),

7.37 - 7.31 (m, 3H), 7.23 (s, 1H), 7.15 (d, J = 12.9 Hz, 3H), 7.03 (s, 1H), 6.79 (d, J = 8.0 Hz, 2H), 2.12

(s, 3H), 0.29 (s, 9H); °C NMR (100 MHz, CDCl) & 165.4, 145.9, 145.5, 139.1, 135.4, 134.7, 133.8,

133.3, 132.4, 132.1, 131.7, 131.6, 131.1, 130.4, 130.3, 129.9, 129.4, 128.8, 128.6, 128.5, 128.0, 127.8,

127.6, 127.5, 127.0, 126.7, 126.0, 125.5, 124.8, 123.3, 121.5, 120.4, 120.2, 118.8, 111.0, 21.3, -1.25;

HRMS (ESI) caled for CusH3gN,0,SSi m/z [M + H]™: 731.2394, found: 731.2384; HPLC (Daicel

Chiralpak IC, i-PrOH/hexane = 20/80, flow rate 0.8 mL/min, A = 250 nm): t; (minor) = 7.1 min, t;

(major) = 11.2 min.
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 7.149 29.433 104.324 50.18 80.45 n.a.
2 11.249 29.226 25.358 49.82 19.55 n.a.
Total: 58.659 129.682 100.00 100.00
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17148 |
720 : T T T T I T T T T T T 1
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Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 7.149 3.951 13.960 2.50 9.93 n.a.
2 11.232 153.827 126.662 97.50 90.07 n.a.
Total: 157.778 140.623 100.00 100.00

(aR)-1-(3-Benzamido-7-bromo-1-phenyl-3H-benzo[e]indol-2-yl)naphthalen-2-yl-4-methylbenzene

sulfonate (5j)

Br
O NN ~NHBz
O ! OTs

Following the general procedure, the compound was isolated as a white solid

(128 mg, 88%); mp 121-122 <C; [oc]zD1 =-13.8 (¢ 1.0, CHCl3 96% ee); IR (KBr):

3381, 2922, 1699, 1350, 1172, 966, 819 cm™; 'H NMR (600 MHz,

Chloroform-d) & 9.40 (s, 1H), 8.12 (d, J = 1.8 Hz, 1H), 7.95 (d, J = 8.3 Hz, 1H),

7.86 (d, J = 9.0 Hz, 1H), 7.74 (d, J = 8.0 Hz, 1H), 7.69 (d, J = 8.8 Hz, 1H), 7.65

(d, J = 8.9 Hz, 1H), 7.61 (d, J = 8.8 Hz, 1H), 7.49 (d, J = 7.5 Hz, 2H), 7.43 (dq, J = 15.3, 7.2 Hz, 3H),

7.39 - 7.26 (m, 6H), 7.21 — 7.04 (m, 4H), 6.99 (s, 1H), 6.82 (d, J = 8.1 Hz, 2H), 2.15 (s, 3H); *C NMR
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(100 MHz, CDCl3) 8 155.0, 144.5, 141.0, 133.5, 131.6, 130.2, 130.2, 130.1, 128.8, 128.7, 128.6, 128.2,
127.1, 126.6, 125.8, 123.9, 122.7, 121.5, 120.2, 113.7, 112.8, 69.7, 54.0, 53.6, 21.9; HRMS (ESI) calcd
for C,H3N,0,SBr m/z [M + H]": 737.1104, found: 737.1121; HPLC (Daicel Chiralpak IC,

i-PrOH/hexane = 20/80, flow rate 0.8 mL/min, A = 250 nm): t; (minor) = 10.3 min, t, (major) = 15.5

min.
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Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 10.065 614.320 1495.303 50.67 83.66 n.a.
2 15.149 598.185 292.089 49.33 16.34 n.a.
Total: 1212.506 1787.392 100.00 100.00
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0.0 5.0 10.0 15.0 20.0 25.0 30.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 10.265 7.209 14.290 1.88 7.69 n.a.
2 15.516 375.764 171.545 98.12 92.31 n.a.
Total: 382.972 185.835 100.00 100.00
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(aR)-1-(3-Benzamido-1-phenyl-3H-benzo[e]indol-2-yl)-7-bromonaphthalen-2-yl-4-methylbenzene

sulfonate (5k)
C Following the general procedure, the compound was isolated as a white solid
Q (131 mg, 89%); mp 123-124 <T; [a]s = -77.0 (c 1.0, CHCl 94% ee); IR
O Ny e (KBr): 3375, 2923, 1697, 1350,1170, 808, 541 cm™; H NMR (400 MHz,

Br.

OO o Chloroform-d) & 9.22 (s, 1H), 8.14 (d, J = 2.0 Hz, 1H), 7.98 (d, J = 8.0 Hz,
1H), 7.85 — 7.75 (m, 3H), 7.63 — 7.53 (m, 4H), 7.50 — 7.26 (m, 10H), 7.20 —
7.05 (m, 3H), 6.90 (d, J = 7.3 Hz, 1H), 6.75 (d, J = 8.1 Hz, 2H), 2.07 (s, 3H); *C NMR (100 MHz,
CDCls) 8 165.4, 146.5, 145.7, 135.2, 135.1, 134.0, 132.2, 131.4, 131.3, 130.5, 130.2, 130.1, 129.7,
129.5, 128.9, 128.8, 128.6, 128.5, 128.0, 127.8, 127.4, 127.1, 126.9, 125.6, 125.1, 123.5, 123.3, 122.2,
121.0, 120.5, 118.7, 110.8, 21.2; HRMS (ESI) calcd for C,,H30N,0,SBr m/z [M + H]*: 737.1104, found:
737.1122; HPLC (Daicel Chiralpak IC, i-PrOH/hexane = 25/75, flow rate 0.8 mL/min, A = 250 nm): t;

(minor) = 8.7 min, t, (major) = 11.9 min.
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 8.732 241.650 758.236 49.89 66.76 n.a.
2 12.132 242.759 377.558 50.11 33.24 n.a.
Total: 484.409 1135.794 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 8.699 16.858 59.106 2.84 6.17 n.a.
2 11.999 577.264 899.364 97.16 93.83 n.a.
Total: 594.122 958.470 100.00 100.00

(aR)-1-(3-(4-Chlorobenzamido)-1-phenyl-3H-benzo[e]indol-2-yl)naphthalen-2-yl-4-methylbenzen

esulfonate (51)

O 0 white solid (129 mg, 93%); mp 127-128 <C; [oc]zD1 =-2.6 (c 1.0, CHCI;,

NPUEN
H cl
O ! OTs

2H), 7.92 (d, J = 9.0 Hz, 1H), 7.85 (d, J = 8.7 Hz, 2H), 7.80 (d, J = 7.8 Hz, 1H), 7.64 (d, J = 8.8 Hz,

Following the general procedure, the compound was isolated as a

95% ee); IR (KBr): 3373, 2924, 1701, 1261, 1170, 943, 750, 692 cm™;

'H NMR (400 MHz, Chloroform-d) & 9.51 (s, 1H), 8.03 (t, J = 7.4 Hz,

1H), 7.55 — 7.41 (m, 6H), 7.40 — 7.02 (m, 10H), 6.85 (d, J = 8.0 Hz, 2H), 2.15 (s, 3H); *C NMR (100
MHz, CDCl3) 6 164.4, 145.8, 145.6, 138.5, 135.3, 134.5, 133.9, 132.4, 131.7, 131.5, 130.5, 130.2,
129.9, 129.5, 128.9, 128.8, 128.6, 128.5, 128.0, 127.8, 127.6, 127.5, 127.1, 126.8, 126.7, 125.6, 125.0,
123.4, 123.3, 121.6, 120.5, 120.3, 118.9, 110.8, 21.3; HRMS (ESI) calcd for C4,H3oN,04SCl m/z [M +
H]": 693.1609, found: 693.1617; HPLC (Daicel Chiralpak ID, i-PrOH/hexane = 30/70, flow rate 0.8

mL/min, X = 250 nm): t; (minor) = 10.4 min, t, (major) = 24.8 min.
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 10.466 259.807 734.294 49.99 72.11 n.a.
2 24.966 259.934 283.943 50.01 27.89 n.a.
Total: 519.741 1018.237 100.00 100.00
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Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 10.432 32.470 96.176 2.73 6.92 n.a.
2 24.816 11565.775 1293.501 97.27 93.08 n.a.
Total: 1188.245 1389.677 100.00 100.00

(aR)-1-(3-(((Benzyloxy)carbonyl)amino)-1-phenyl-3H-benzo[e]indol-2-yl)naphthalen-2-yl-4-meth

ylbenzenesulfonate (5m)

O N N\H)X\O/\Q

O ! OTs

Following the general procedure, the compound was isolated as a
white solid (125 mg, 91%); mp 101-102 <; [OL]ZDl = -25.0 (c 1.0,
CHCl3, 92% ee); IR (KBr): 3373, 2924, 1701, 1261, 1170, 943, 750
cm™; 'H NMR (600 MHz, Chloroform-d) & 7.97 (d, J = 7.3 Hz, 1H),

7.93 — 7.75 (m, 5H), 7.62 (s, 1H), 7.54 (d, J = 8.6 Hz, 1H), 7.45 -
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7.35(m, 3H), 7.31 (s, 2H), 7.21 (s, 3H), 7.06 — 6.89 (m, 3H), 7.01 (d, J = 32.2 Hz, 3H), 6.84 — 6.64 (m,
2H), 5.11 — 4.75 (m, 2H), 2.05 (s, 3H); * NMR (150 MHz, CDCly) § 154.5, 145.9, 145.2, 135.3, 134.0,
133.8, 132.4, 131.6, 131.3, 130.3, 130.2, 129.9, 129.3, 128.8, 128.4, 128.3, 128.0, 127.8, 127.7, 127.5,
127.3, 127.2, 127.1, 126.7, 126.5, 125.5, 124.8, 123.3, 123.3, 121.2, 120.6, 120.0, 118.4, 110.4, 67.3,
21.1; HRMS (ESI) calcd for C43H33N,05sS m/z [M + H]™: 689.2105; found: 689.2111; HPLC (Daicel
Chiralpak IE, i-PrOH/hexane = 30/70, flow rate 0.8 mL/min, A = 250 nm): t; (minor) = 14.8 min, t,

(major) = 16.9 min.
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Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 14.866 1330.343 2074.343 49.15 50.47 n.a.
2 16.749 1376.457 2035.617 50.85 49.53 n.a.
Total: 2706.799 4109.960 100.00 100.00
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0.0 5.0 10.0 15.0 20.0 25.0 30.0 320
Time [min]
Integration Results
No. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 14.849 20.182 34.420 3.93 4.93 n.a.
2 16.866 493.737 663.852 96.07 95.07 n.a.
Total: 513.919 698.271 100.00 100.00
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(aR)-1-(3-((Methoxycarbonyl)amino)-1-phenyl-3H-benzo[e]indol-2-yl)naphthalen-2-yl-4-methylb

enzenesulfonate (5n)
N~y

H

O E OTs

Hz, 1H), 7.53 — 7.40 (m, 3H), 7.31 (d, J = 7.2 Hz, 4H), 7.14 (s, 5H), 6.79 (s, 2H), 3.52 (s, 3H), 2.11 (s,

Following the general procedure, the compound was isolated as a white solid

EL (110 mg, 90%); mp 105-106 <T; [a]s = -10.4 (c 1.0, CHCl; 91% ee); IR
(0]

(KBr): 3378, 2925, 1725, 1156, 954, 753 cm™; 'H NMR (400 MHz,

Chloroform-d) & 8.00 (d, J = 8.0 Hz, 1H), 7.96 — 7.76 (m, 5H), 7.60 (d, J = 8.8

3H); *C NMR (100 MHz, CDCls) & 155.0, 146.0, 145.3, 135.3, 133.9, 132.6, 131.7, 131.4, 130.8,
130.4, 130.2, 130.0, 129.3, 128.8, 128.4, 127.9, 127.9, 127.4, 127.1, 126.7, 126.4, 125.6, 123.4, 123.3,
121.2, 120.7, 120.0, 118.4, 110.4, 52.8, 21.2; HRMS (ESI) calcd for C3H.N,05S m/iz [M + H]™:
613.1792; found: 613.1809; HPLC (Daicel Chiralpak IC, i-PrOH/hexane = 20/80, flow rate 0.8

mL/min, A = 250 nm): t; (minor) = 11.5 min, t, (major) = 22.1 min.
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Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 11.666 125.623 293.408 49.92 65.52 n.a.
2 22.982 126.017 154.375 50.08 34.48 n.a.
Total: 251.639 447.783 100.00 100.00
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0.0 5.0 10.0 15.0 20.0 25.0 30.0 32.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 11.482 4.425 11.717 4.41 8.64 n.a.
2 22.149 95.951 123.843 95.59 91.36 n.a.
Total: 100.376 135.560 100.00 100.00
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(aR)-1-(3-((Ethoxycarbonyl)amino)-1-phenyl-3H-benzo[e]indol-2-yl)naphthalen-2-yl-4-methylben

zenesulfonate (50)

o]
N N\N)X\o/\
H
O ! OTs

7.07 (m, 3H), 6.99 (s, 1H), 6.88 — 6.64 (m, 2H), 4.15 — 3.75 (m, 2H), 2.09 (s, 3H), 1.23 — 0.73 (M, 3H);

Following the general procedure, the compound was isolated as a white solid
(114 mg, 91%); mp 101-102 <T; [o]5 = -11.8 (c 1.0, CHCI; 93% ee); IR
(KBr): 3365, 2924, 1723, 1163, 938, 731 cm?; *H NMR (400 MHz,
Chloroform-d) & 8.00 (d, J = 8.0 Hz, 1H), 7.96 — 7.68 (m, 5H), 7.60 (d, J =

8.8 Hz, 1H), 7.45 (m, 3H), 7.38 — 7.29 (m, 2H), 7.27 — 7.19 (m, 1H), 7.19 —

3C NMR (100 MHz, CDCly) & 154.7, 146.0, 145.3, 135.3, 134.0, 132.6, 131.8, 131.3, 130.4, 130.2,
130.0, 129.3, 128.8, 128.5, 128.0, 127.8, 127.4, 127.2, 126.7, 126.4, 125.5, 124.7, 123.3, 121.3, 120.8,
120.0, 118.4, 110.5, 62.0, 21.2, 14.0; HRMS (ESI) calcd for CsgH3:N,0sS m/z [M + H]™: 627.1948;
found: 627.1955; HPLC (Daicel Chiralpak IC, i-PrOH/hexane = 20/80, flow rate 0.8 mL/min, A = 250

nm): t; (minor) = 10.9 min, t, (major) = 25.5 min.

1500
_. 12507 11-10682
=2
£
= 1000
]
=
@
E=} 4
S 750
g 4
< ]
500 12 - 24.449
250
0
72007 r T T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0 320
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 10.682 491.583 1158.615 49.82 69.81 n.a.
2 24.449 495.148 500.979 50.18 30.19 n.a.
Total: 986.731 1659.593 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 10.915 19.898 51.188 3.40 8.66 n.a.
2 25.549 564.815 539.891 96.60 91.34 n.a.
Total: 584.713 591.079 100.00 100.00

(aR)-1-(1-Phenyl-3-((propoxycarbonyl)amino)-3H-benzo[e]indol-2-yl)naphthalen-2-yl-4-methylbe

nzenesulfonate (5p)

L
®

\ N\N)X\O/\/

O ! OTs

Following the general procedure, the compound was isolated as a white

solid (120 mg, 94%); mp 109-110 <T; [o]5 =

-18.4 (c 1.0, CHCl; 92%

ee); IR (KBr): 3377, 2966, 1749, 1371, 1228, 804, 748 cm-1; 'H NMR

(400 MHz, Chloroform-d) & 8.00 (d, J = 8.0 Hz, 1H), 7.91 (d, J = 8.8 Hz,

1H), 7.86 — 7.75 (m, 3H), 7.60 (d, J = 8.7 Hz, 1H), 7.51 — 7.38 (m, 3H),

7.31 (s, 2H), 7.23(s, 1H), 7.18 — 6.92 (m, 3H), 6.77 (s, 2H), 4.11 — 3.61(m, 2H), 2.08 (s, 3H), 1.54 —

1.14(m, 2H), 0.97 — 0.28(m, 3H); *C NMR (100 MHz, CDCl3) & 154.8, 146.1, 145.3, 135.4, 134.0,

132.6, 131.8, 131.3, 130.4, 130.2, 130.0, 129.3, 128.8, 128.5, 128.0, 127.8, 127.4, 126.7, 126.4, 125.5,

124.7, 123.3, 121.3, 120.7, 120.0, 118.4, 1105, 67.5, 21.8, 21.2, 9.7; HRMS (ESI) calcd for

CagH33N,05S m/z [M + H]": 641.2105, found: 641.2126; HPLC (Daicel Chiralpak IC, i-PrOH/hexane =

20/80, flow rate 0.8 mL/min, A = 250 nm): t; (minor) = 9.9 min, t, (major) = 24.8 min.
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 9.832 1149.250 3258.513 51.36 75.35 n.a.
2 24.666 1088.539 1065.927 48.64 24.65 n.a.
Total: 2237.789 4324.440 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 9.949 55.582 143.329 4.18 9.92 n.a.
2 24.816 1273.752 1301.294 95.82 90.08 n.a.
Total: 1329.333 1444.623 100.00 100.00

(aR)-1-(3-((Isopropoxycarbonyl)amino)-1-phenyl-3H-benzo[e]indol-2-yl)naphthalen-2-yl-4-methy

Ibenzenesulfonate (5q)

Oy
H

O : OTs

Following the general procedure, the compound was isolated as a white

EL )\ solid (121 mg, 94%); mp 102-103 <C; [oc]zé =-17.2 (c 1.0, CHCl3 91% ee);
(@)

IR (KBr): 3381, 2923, 1747, 1174, 804, 748 cm™; *H NMR (600 MHz,

Chloroform-d) 6 7.97 (d, J = 7.8 Hz, 1H), 7.89 (m, 2H), 7.82 — 7.73 (m, 3H),
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7.71—7.51 (m, 2H), 7.49 — 7.35 (m, 4H), 7.31 (s, 3H), 7.19 (s, 1H), 7.10 (m, 3H), 6.95 (s, 1H), 6.71 (s,
2H), 4.75 (d, J = 49.5 Hz, 2H), 2.03 (s, 3H), 1.21 — 1.04 (m, 3H), 0.89 (d, J = 6.6 Hz, 1H), 0.62 (s, 2H);
BC NMR (100 MHz, CDCly) 6 154.3, 145.9, 145.2, 135.4, 134.0, 132.5, 131.8, 131.3, 130.4, 130.3,
130.0, 129.3, 128.8, 128.5, 128.0, 127.8, 127.4, 127.2, 126.7, 126.4, 125.5, 124.7, 123.3, 121.4, 120.8,
119.9, 118.3, 110.6, 69.8, 21.5, 21.2; HRMS (ESI) calcd for CsoH33N,0sS m/z [M + H]™: 641.2105,
found: 641.2120; HPLC (Daicel Chiralpak IC, i-PrOH/hexane = 20/80, flow rate 0.8 mL/min, A = 250

nm): t; (minor) = 8.9 min, t, (major) = 24.9 min.
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 8.899 218.495 648.737 49.83 76.28 n.a.
2 25.266 219.958 201.740 50.17 23.72 n.a.
Total: 438.453 850.476 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 8.882 19.618 60.875 4.39 13.19 n.a.
2 24.932 427.280 400.686 95.61 86.81 n.a.
Total: 446.898 461.560 100.00 100.00
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(2aR, 3aS)-1-(3-Benzamido-1-(o-tolyl)-3H-benzo[e]indol-2-yl)naphthalen-2-yl
4-methylbenzenesulfonate (5r)

XN ~NHBz

O

Following the general procedure, the compound was isolated as a white solid (5.8

mg, 83%): mp 134.0-135.0 <T; [o]? +4.4 (c 1.0, CHCls, 96% ee); IR (KB):

3375, 22923, 1701, 1263, 1177, 748 cm™; *H NMR (400 MHz, CDCls) & 9.77 (s,

1H), 8.15 (d, J = 8.5 Hz, 1H), 8.01 (d, J = 8.1 Hz, 1H), 7.90 — 7.68 (m, 4H),

7.69 — 7.50 (m, 6H), 7.50 — 7.39 (m, 3H), 7.39 — 7.20 (M, 4H), 7.21 — 7.01 (m, 5H), 6.83 (t, J = 7.4 Hz,

1H), 2.31 (s, 3H), 1.87 (5, 3H); **C NMR (100 MHz, CDCl3) 5 165.4, 146.0, 145.7, 138.6, 135.3, 134.9,

133.5, 132.2, 131.7, 131.6, 131.4, 130.9, 130.5, 130.3, 129.8, 129.6, 129.0, 128.8, 128.7, 128.6, 128.2,

127.6, 127.5, 127.3, 127.2, 127.0, 126.8, 126.0, 125.4, 124.8, 123.4, 122.6, 122.0, 120.2, 119.4, 119.1,

111.0, 21.6, 19.3; HRMS (ESI) calcd for C43H3,N,0,SNa m/z [M + Na]™: 695.1975; found: 695.1982;

HPLC (Daicel Chiralpak IA, i-PrOH/hexane = 20/80, flow rate 0.8 mL/min, A = 250 nm): t; (minor) =

14.2 min, t, (major) = 31.6 min.
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 12.149 1382.209 1931.877 28.92 45.65 n.a.
2 13.982 1068.291 1186.985 22.35 28.05 n.a.
3 31.749 973.642 589.107 20.37 13.92 n.a.
4 43.882 1355.116 524.221 28.35 12.39 n.a.
Total: 4779.259 4232.190 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 14.299 29.262 35.783 2.02 3.57 n.a.
2 31.649 1417.036 966.878 97.98 96.43 n.a.
Total: 1446.298 1002.661 100.00 100.00

(2aR,3aS)-1-(3-(4-Chlorobenzamido)-1-(o-tolyl)-3H-benzo[e]indol-2-yl)naphthalen-2-yI
4-methylbenzenesulfonate (5s)

cl Following the general procedure, the compound was isolated as a white solid (7

'0 mg, 81%); mp 148.0-149.0 T; [o] +8.4 (c 1.0, CHCl,, 99% ee); IR (KBr):

S N.N (6]
H

OO oTs Chloroform-d) & 9.66 (s, 1H), 7.97 (d, J = 7.7 Hz, 1H), 7.86 (d, J = 7.8 Hz, 1H),

3420, 3022, 2924, 1740, 1633, 1275, 764 cm™; 'H NMR (400 MHz,

7.75— 1759 (m, 3H), 7.54 (d, J = 8.6 Hz, 1H), 7.48 — 7.25 (m, 8H), 7.20 — 7.09
(m, 4H), 7.06 — 6.84 (m, 5H), 6.70 (d, J = 6.3 Hz, 1H), 2.17 (s, 3H), 1.71 (s, 3H).. **C NMR (100 MHz,
Chloroform-d )6 164.4, 146.0, 145.7, 138.5, 138.4, 135.1, 134.7, 133.4, 132.0, 131.5, 131.4, 1304,
130.2, 129.9, 129.7, 129.5, 128.9, 128.8, 128.6, 128.5, 128.1, 127.5, 127.4, 127.3, 127.3, 126.8, 126.8,
126.7, 126.0, 125.3, 124.8, 123.4, 122.5, 121.8, 120.1, 119.4, 119.1, 110.8, 110.8, 21.5, 19.2; HRMS
(ESI) caled for Cu3H3CIN,NaO,S m/z [M + Na]*™: 729.1585; found: 729.1592; HPLC (Daicel
Chiralpak IC, i-PrOH/hexane = 50/50, flow rate 0.8 mL/min, A = 260 nm): t; (minor) = 16.6 min, t,

(major) = 18.5 min.
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11-9.216
5007 2-12232
12-12. 3-16882 4 yog1s
-503 e —— T L r
0.0 25 5.0 7.5 10.0 12.5 15.0 175 20.0 22.0
Integration Results
No. [Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.

1 9.216 283.257 615.643 27.65 41.47 n.a.
2 12.232 272.434 327.463 26.59 22.06 n.a.
3 16.882 239.432 306.544 23.37 20.65 n.a.
4 18.916 229.436 234.768 22.39 15.82 n.a.
Total: 1024.559 1484.418 100.00 100.00
2500 4
2000 +
1500
1000

5007 11-16.649

SN L 12 - 18.599
50~ ‘ : : : : ; ‘ ‘ ; ]
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 22.0
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.

1 16.649 309.627 336.754 99.43 100.00 n.a.
2 18.599 1.776 0.000 0.57 0.00 n.a.
Total: 311.403 336.754 100.00 100.00

(2aR,3aS)-1-(3-(4-Methoxybenzamido)-1-(o-tolyl)-3H-benzo[e]indol-2-yl)naphthalen-2-yl
4-methylbenzenesulfonate (5t)

ome Following the general procedure, the compound was isolated as a white solid

'O (5.8 mg, 79%); mp 143.0-144.0 T; [a]¥ -15.2 (c 1.0, CHCl,, 99% ee); IR

H

OO ot Chloroform-d) & 9.54 (s, 1H), 8.00 (d, J = 8.5 Hz, 1H), 7.88 (d, J = 8.1 Hz, 1H),

O “ N~y S0 (KBI): 3419, 2924, 1633, 1261, 1168, 750 cm™ 'H NMR (600 MHz,

7.72 (dd, J = 8.9, 4.5 Hz, 2H), 7.66 (d, J = 8.2 Hz, 1H), 7.57 (d, J = 8.8 Hz, 1H),
7.48 (d, J = 8.7 Hz, 2H), 7.46 — 7.39 (m, 4H), 7.36 (t, J = 7.5 Hz, 1H), 7.30 (t, J = 7.5 Hz, 1H), 7.19 —
7.12 (m, 3H), 7.05 — 6.88 (m, 5H), 6.71 (dd, J = 16.5, 8.1 Hz, 3H), 3.70 (s, 3H), 2.21 (s, 3H), 1.70 (s,

3H); °C NMR (100 MHz, CDCl3) § 164.9, 162.7, 146.0, 145.7, 138.6, 135.3, 134.9, 133.6, 132.2,
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131.6, 131.4, 130.5, 130.3, 129.8, 129.6, 129.6, 129.1, 129.1, 129.0, 128.7, 128.2, 127.6, 127.6, 127.5,

1275, 127.1, 126.7, 126.0, 125.4, 124.7, 123.9, 123.3, 122.5, 122.0, 120.1, 119.3, 119.1, 113.8, 111.1,

55.3, 21.6, 19.3; HRMS (ESI) calcd for Cy44H34N,0sSNa m/z [M + Na]™: 725.2081; found: 725.2090;

HPLC (Daicel Chiralpak IC, i-PrOH/hexane = 25/75, flow rate 0.8 mL/min, 4 = 250 nm): t; (minor) =

19.1 min, t, (major) = 24.6 min.

IUUUi =
875
750
_ 6251
=2
<
E
2 500
=
w
E=) 4
5 12-14.182
2 375 82
<
250
125 3 - 18.299
14 -23.932
04 T
750 - r T T T T T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 11.882 331.817 352.158 35.26 39.17 n.a.
2 14.182 361.098 383.322 38.38 42.63 n.a.
3 18.299 120.153 98.260 12.77 10.93 n.a.
4 23.932 127.901 65.417 13.59 7.28 n.a.
Total: 940.968 899.157 100.00 100.00
ouuU == — —
700
600
__ 500
=2
<
E
@ 400 |2 - 24.699
=
o
=
2 300
<
200
100
0_: | |1-1|9,165 | |
_50 __\ T T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0
Time [min]
Integration Results
No. [Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 19.165 5412 4.584 0.68 1.22 n.a.
2 24.699 787.639 372.655 99.32 98.78 n.a.
Total: 793.050 377.239 100.00 100.00
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(2aR,3aS)-1-(3-((Methoxycarbonyl)amino)-1-(o-tolyl)-3H-benzo[e]indol-2-yl)naphthalen-2-yl
4-methylbenzenesulfonate (5u)

O NN SNHCOMe  (KBr): 3379, 2925, 2853, 1730, 1236, 1122, 806 cm™; *H NMR (600 MHz,

I l OTs

35.3 Hz, 5H), 6.94 (d, J = 7.4 Hz, 1H), 6.76 (s, 1H), 3.54 (d, J = 24.7 Hz, 3H), 2.33 (d, J = 21.8 Hz,

Following the general procedure, the compound was isolated as a white solid

.3 mg, 82%); mp 122.0-123. : [a]s +10.2(c 1.0, 3, 92% ee);
(5.3 mg, 82%); mp 122.0-123.0 T; [o]¥ +10.2(c 1.0, CHCl;, 92% ee); IR

Chloroform-d ) 5 8.21-7.98 (s, 1H), 7.94 (d, J = 27.1 Hz, 2H), 7.86 — 7.72 (m,

3H), 7.65 (d, J = 8.7 Hz, 1H), 7.58 — 7.44 (m, 5H), 7.37 (s, 2H), 7.09 (d, J =

3H), 1.89 (d, J = 58.1 Hz, 3H); *C NMR (100 MHz, CDCl5) & 155.5, 155.1, 145.8, 138.9, 138.7, 135.2,
135.1, 134.8, 133.6, 132.3, 131.6, 131.4, 130.4, 130.4, 130.2, 129.8, 129.6, 128.7, 128.4, 128.3, 128.1,
127.6, 127.3, 126.9, 126.6, 126.0, 124.8, 123.6, 123.4, 122.6, 120.3, 119.3, 118.9, 110.7, 52.9, 21.6,
21.4, 20.3, 19.4; HRMS (ESI) calcd for CagHsoN,OsSNa m/z [M + Na]*: 649.1768; found: 649.1785;

HPLC (Daicel Chiralpak ID, i-PrOH/hexane = 20/80, flow rate 0.8 mL/min, A = 250 nm): t; (minor) =

18.7 min, t, (major) = 20.0 min.
E=t
3
2 300+
200
] |1 - 1203D.432
100 |
13 - 27.365 14 - 38.299
] I I
207 T T T
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 42.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 19.032 112.727 151.570 29.66 39.60 n.a.
2 20.432 142.237 152.422 37.43 39.83 n.a.
3 27.365 63.724 44.679 16.77 11.67 n.a.
4 38.299 61.339 34.041 16.14 8.89 n.a.
Total: 380.026 382.712 100.00 100.00
E
8
[ =
© 4
2
S 2004
=
< g 12 -20.049
1004
11,4 18.732
4 /J\_k | t T
_20_\ T T T T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 42.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 18.732 5910 8.421 4.23 4.87 n.a.
2 20.049 133.969 164.608 95.77 95.13 n.a.
Total: 139.879 173.030 100.00 100.00
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(2aR,3aS)-1-(3-Benzamido-1-(o-tolyl)-3H-benzo[e]indol-2-y1)-6-bromonaphthalen-2-yl
4-methylbenzenesulfonate (5v)
O Following the general procedure, the compound was isolated as a white solid
O (6.4 mg, 82%); mp 220.0-221.0 T; [o]¥ -8.2 (c 1.0, CHCl,, 98% ee); IR (KBr):
O N N‘:BZ 3417, 2922, 1635, 1261, 763 cm™’; *H NMR (400 MHz, CDCl3) § 9.70 (s, 1H),
s

. OO 7.97 (t, J = 9.6 Hz, 2H), 7.90 (s, 1H), 7.81 (d, J = 8.7 Hz, 1H), 7.69 (d, J = 8.8
Hz, 1H), 7.59 (d, J = 11.4 Hz, 4H), 7.47 (s, 4H), 7.36 (d, J = 6.8 Hz, 3H), 7.25 (s,
2H), 7.07 (dd, J = 16.5, 7.3 Hz, 4H), 6.97 (d, J = 7.2 Hz, 1H), 6.82 (t, J = 6.1 Hz, 1H), 2.29 (s, 3H),
1.78 (s, 3H); 3C NMR (100 MHz, CDCls) 6 165.4, 146.1, 145.9, 138.6, 134.6, 133.8, 133.6, 132.6,
132.3, 132.0, 131.4, 130.9, 130.4, 130.3, 130.3, 129.8, 129.7, 129.6, 129.4, 128.9, 128.7, 128.2, 127 4,
127.2, 126.4, 126.1, 125.4, 125.0, 123.4, 122.5, 122.4, 121.4, 121.2, 119.6, 119.1, 110.8, 21.6, 19.2;
HRMS (ESI) calcd for Cy3H3,BrN,0,SNa m/z [M + Na]™: 773.1080; found: 773.1095; HPLC (Daicel
Chiralpak 1A, i-PrOH/hexane = 30/70, flow rate 0.8 mL/min, 2 = 230 nm): t; (minor) = 14.0 min, t,

(major) = 34.9 min.

500

400
=
=<
E
& 300
=
E
5
2

200 11-12.049

100

12 -14.388
\3-35718 14 - 57.132
1 | 1
A1 T 1 I I
-20-% . - . . - . i
0.0 10.0 200 30.0 40.0 50.0 60.0 70.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mAL i i n.a.

1 12.049 126.139 183 .464 36.32 63.97 n.a.
2 14 366 48.986 46.200 14.11 16.11 n.a.
3 35.716 46.274 22674 13.33 TN n.a.
4 57.132 125.862 34 485 36.24 12.02 n.a.
Total: 347.261 286.804 100.00 100.00
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2004

100+
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12 - 34549

-504

0.0 10.0 200 30.0 40.0 50.0 60.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mALU*min maL % % n.a.

1 13.980 6.684 7.858 0.95 247 n.a.

2 34.949 B696.650 309.950 99.05 97.53 na.

Total: 703.333 317.808 100.00 100.00

(2aR,3aS)-1-(3-Benzamido-8-methoxy-1-(o-tolyl)-3H-benzo[e]indol-2-yl)naphthalen-2-yl
4-methylbenzenesulfonate (5w)
Following the general procedure, the compound was isolated as a white solid

.7 mg, 79%); mp .0-259. : o]y +7.2 (c 0.5, 3, 87% ee);
(5.7 mg, 79%) 258.0-259.0 C; [a]¥ +7.2 (c 0.5, CHCl;, 87% ee); IR

O XV ~NHBz
] l OTs

6.90 — 6.70 (m, 2H), 3.35 (s, 3H), 2.29 (s, 3H), 1.81 (s, 3H); *C NMR (100 MHz, CDCls) & 165.4,

(KBr): 3417, 2924, 1622, 1348, 1089, 740 cm™; 'H NMR (400 MHz, CDCls) &
9.68 (s, 1H), 8.10 (d, J = 8.4 Hz, 1H), 7.82 (dd, J = 13.6, 9.0 Hz, 2H), 7.77 —

7.69 (m, 2H), 7.60 — 7.39 (M, 8H), 7.32 (t, J = 7.4 Hz, 3H), 7.14 — 6.96 (m, 6H),

157.8, 146.0, 145.8, 138.8, 135.3, 134.9, 134.0, 132.1, 131.7, 131.6, 131.4, 130.8, 130.0, 130.0, 129.7,
129.4, 128.6, 128.2 127.7, 127.5, 127.5, 127.5, 127.4, 127.2, 126.8, 126.3, 125.5, 125.0, 124.5, 121.9,
120.2, 119.2, 118.6, 115.2, 108.5, 101.7, 54.5, 21.6, 19.4; HRMS (ESI) calcd for C44H34N,OsSNa m/z
[M + Na]": 725.2081; found: 725.2091; HPLC (Daicel Chiralpak ID, i-PrOH/hexane = 35/65, flow rate

0.8 mL/min, 2 =230 nm): t; (minor) = 12.3 min, t, (major) = 20.0 min.
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1500 5 Pt —— —
1400 +
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ERGLE y1-11.066
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12-12.432
13-20.14
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0.0 5.0 10.0 15.0 20.0 25.0 30.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mALl %o % n.a.
1 11.066 249.856 5B7.633 40.17 58.69 n.a.
2 12.432 62.453 126.734 10.04 12.66 na.
3 20.149 58.960 68.681 9.48 6.86 n.a.
4 22.582 250.797 218.127 40.32 21.78 n.a.
Total: 622.065 1001.174 100.00 100.00
1 =)
1400
1200
1000
=
=T
E. 200
&
=
2
E G004
<
12 - 20.049
400 4
200+
i1-12.386
- T L
-50- . - i i
0.0 5.0 10.0 15.0 20.0 25.0 27.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min maL % % n.a.
1 12.366 25.805 B0.323 6.35 11.88 n.a.
2 20.049 380.843 447 565 93.65 88.12 n.a.
Total: 406.649 507.888 100.00 100.00
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(2aR,3aS)-1-(3-Benzamido-7-bromo-1-(o-tolyl)-3H-benzo[e]indol-2-yl)naphthalen-2-yl
4-methylbenzenesulfonate (5x)

Br Following the general procedure, the compound was isolated as a white solid (6.4

'O mg, 82%); mp 145.0-146.0 <T; [o]? -25.2 (¢ 1.0, CHCls, 97% ee); IR (KBr):

O XN ~NHBz

OO OTs  Chloroform-d) & 9.76 (s, 1H), 8.14 (d, J = 1.9 Hz, 1H), 8.08 (d, J = 8.5 Hz, 1H),

3425, 2922, 2869, 1632, 1373, 1088, 816 cm’; 'H NMR (400 MHz,

7.83(d, J=9.0 Hz, 1H), 7.80 — 7.73 (m, 1H), 7.71 (t, J = 8.5 Hz, 2H), 7.62 — 7.53
(m, 3H), 7.52 — 7.43 (m, 4H), 7.40 — 7.33 (m, 4H), 7.21 (d, J = 9.0 Hz, 1H), 7.15 — 7.05 (m, 4H), 7.04 —
6.97 (m, 1H), 6.86 — 6.78 (m, 1H), 2.34 (s, 3H), 1.78 (s, 3H); *C NMR (100 MHz, CDCl3) & 165.4,
146.2, 145.8, 135.2, 134.4, 133.5, 132.3, 132.1, 131.7, 131.6, 131.5, 130.7, 130.4, 129.8, 129.8, 129.7,
129.1, 128.7,128.2, 127.7, 127.7, 127.6, 127.6, 127.5, 127.4, 127.2, 127.1, 126.9, 125.6, 124.3, 123.7,
121.7,120.1, 119.3, 119.0, 117.0, 112.2, 21.7, 19.3; HRMS (ESI) calcd for C43H3;BrN,0O,SNa m/z [M
+ Na]": 773.1080; found: 773.1091; HPLC (Daicel Chiralpak IA, i-PrOH/hexane = 35/65, flow rate 0.8

mL/min, 2 = 250 nm): t; (minor) = 13.4 min, t, (major) = 50.6 min.

2500

1-8.862

2000

Absorbance [mAL]
@
L]
T

1000

1 12-11.088
500 4
] k 3- 35832 4 - 48.743
1 D: _IJ ! | |
0.0 10.0 200 300 400 50.0 60.0
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mALU*min maL b} % n.a.
1 8.682 758435 2220470 3477 66.48 n.a.
2 11.099 330.708 594.055 15.16 20.78 n.a.
3 35.632 336.782 184 763 15.44 5.53 n.a.
4 40.740 755.488 240.759 3463 7.21 n.a.
Total: 2181.413 3340.047 100.00 100.00
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Time [min]

Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount

min mAU*min mAU % % n.a.
1 10.949 7.712 18.409 1.07 4.29 n.a.
2 35.165 712.338 410.660 98.93 95.71 n.a.
Total: 720.050 429.069 100.00 100.00

(2aR,3aS)-1-(3-Benzamido-7-bromo-1-(2-bromophenyl)-3H-benzo[e]indol-2-yl)naphthalen-2-yl
4-methylbenzenesulfonate (5y)

B Following the general procedure, the compound was isolated as a white solid (6.8

Br
O NNV NHBz
C1) -

7.7 Hz, 2H), 7.12 (dd, J = 7.6, 1.6 Hz, 1H), 7.00 (dd, J = 10.4, 4.9 Hz, 3H), 6.90 (td, J = 7.5, 1.2 Hz,

mg, 81%); mp 149.0-150.0 <C; [a]; -8.0 (c 1.0, CHCl, 96% ee); IR (KBr): 3419,
2924, 1633, 1261, 1168, 750 cm™; *H NMR (400 MHz, CDCls) & 9.84 (s, 1H),
8.11 (s, 1H), 8.01 (d, J = 8.4 Hz, 1H), 7.85 (d, J = 9.0 Hz, 1H), 7.71 (dt, J = 20.2,

8.5 Hz, 3H), 7.62 — 7.55 (m, 2H), 7.55 — 7.39 (m, 7H), 7.36 (s, 2H), 7.31 (t, J =

1H), 2.26 (s, 3H); *C NMR (100 MHz, CDCl3) § 165.4, 145.9, 145.7, 136.1, 135.0, 133.4, 132.6,
132.3, 132.1, 132.0, 131.7, 131.7, 131.6, 131.3, 130.6, 129.6, 129.0, 128.7, 128.5, 128.2, 127.7, 127.6,
127.3, 127.2, 127.2, 127.0, 126.8, 125.8, 124.8, 123.8, 120.9, 120.7, 118.9, 117.1, 112.0, 21.6; HRMS
(ESI) calcd for CsH,sBr,N,0,SNa m/z [M + Na]™: 837.0029; found: 837.0046; HPLC (Daicel
Chiralpak 1A, i-PrOH/hexane = 40/60, flow rate 0.8 mL/min, 42 = 230 nm): t; (minor) = 13.9 min, t,

(major) = 58.2 min.
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0.0 125 250 375 50.0 62.5 75.0 87.5 100.0 112.5 125.0 140.0
Time [min]
Integration Results
No. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mAL e o n.a.
1 11.199 310.696 448 507 40.11 7548 n.a.
2 13.982 86.360 96.109 11.15 16.17 n.a.
3 59.099 00.284 22736 11.65 3.83 n.a.
4 111.299 287.364 26.860 37.09 4.52 n.a.
Total T74.705 594.212 100.00 100.00
1000
=
-E— 800+
-]
=
e
=
§ 6004
T
4004
2 - 58185
2004
LA L
b T T
-50_ r T T T T T T T T T T T T 1
0.0 125 250 ars 500 G62.5 T5.0 B7.5 100.0 1125 120
Time [min]
Integration Results
Mo. |Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min rruL rmin mALl % o .8
1 13.865 15.376 20.091 1.78 B.14 n.a.
] 58.165 B44 4561 226 638 98.21 91.86 na
Total: B59.837 246.729 100.00 100.00

(2aR,3aS)-1-(3-Benzamido-1-(2-chlorophenyl)-3H-benzo[e]indol-2-yl)naphthalen-2-yI
4-methylbenzenesulfonate (5z)

N N=NHB2
@, "B 2904, 1701, 1348, 1263, 943, 818 cm; *H NMR (400 MHz, Chloroform-d) 5 9.77

Following the general procedure, the compound was isolated as a white solid (5.8

mg, 80%); mp 139.0-140.0 <C; [o]} -9.2 (¢ 1.0, CHCl3, 95% ee); IR (KBr): 3375,

OTs
OO (s, 1H), 8.11 (d, J = 8.4 Hz, 1H), 8.00 (d, J = 8.0 Hz, 1H), 7.85 (d, J = 9.0 Hz, 2H),

7.76 (d, J = 8.1 Hz, 1H), 7.68 (d, J = 8.8 Hz, 1H), 7.65 — 7.51 (m, 4H), 7.51 — 7.37 (m, 6H), 7.33 (dt, J
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=7.4,3.9 Hz, 4H), 7.16 (d, J = 7.4 Hz, 1H), 7.10 (dd, J = 10.9, 4.5 Hz, 1H), 6.96 (d, J = 8.2 Hz, 2H),
6.87 (t, J = 7.2 Hz, 1H), 2.23 (s, 3H); **C NMR (100 MHz, CDCl;) 5 165.3, 145.7, 145.5, 135.5, 135.0,
134.4,133.4,132.1, 132.0, 131.9, 131.5, 131.5, 131.4, 130.2, 129.4, 129.2, 128.8, 128.6, 128.5, 128.2,
127.7,127.5,127.1, 127.1, 126.6, 126.2, 125.8, 124.9, 123.4, 122.8, 121.2, 120.6, 119.1, 117.2, 110.8,
21.4; HRMS (ESI) calced for CyH,gCIN,NaO,S m/z [M + Na]™: 715.1429; found: 715.1435; HPLC
(Daicel Chiralpak IF, i-PrOH/hexane = 25/75, flow rate 0.8 mL/min, A = 250 nm): t; (minor) = 16.6

min, t, (major) = 38.5 min.

1400
1200
1000
800 +
600 i1-16.299
400 12-18.649
3 - 37.866
200 4 ‘ /4 - 47.416
] 1 1
501 ' T T T
0.0 10.0 20.0 30.0 40.0 50.0 60.0
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 16.299 428.974 556.772 26.99 43.22 n.a.
2 18.649 368.097 379.908 23.16 29.49 n.a.
3 37.866 411.688 206.926 25.91 16.06 n.a.
4 47.416 380.452 144.721 23.94 11.23 n.a.
Total: 1589.212 1288.327 100.00 100.00
1400
1200
1000
800+
600 12 - 38.566
400+
2004
_)/\f\_';_,\. | 1~ 16.666
_50: r T ‘ T T T T 1
0.0 10.0 20.0 30.0 40.0 50.0 60.0
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 16.666 23.536 32.124 2.26 5.68 n.a.
2 38.566 1016.216 533.203 97.74 94.32 n.a.
Total: 1039.751 565.327 100.00 100.00
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(2aR,3aS)-1-(3-Benzamido-1-(2-bromophenyl)-8-phenyl-3H-benzo[e]indol-2-yl)naphthalen-2-yl
4-methylbenzenesulfonate (5aa)

o O Following the general procedure, the compound was isolated as a white solid (6.9
o O mg, 829%); mp 169.0-170.0 <T; [o]Y -60.8 (c 1.0, CHCls, 95% ee); IR (KBr):
Y N~S:SBZ 3375, 2024, 1701, 1348, 1263, 943, 818 cm:; *H NMR (400 MHz, Chloroform-d)
OO 5 9.82 (s, 1H), 8.09 — 8.01 (m, 2H), 7.90 — 7.81 (m, 2H), 7.81 — 7.76 (m, 2H),
7.74—7.68 (m, 1H), 7.65 (d, J = 8.8 Hz, 1H), 7.63 — 7.58 (M, 2H), 7.58 — 7.41 (m, 10H), 7.37 — 7.30
(M, 4H), 7.19 — 7.14 (m, 1H), 7.05 — 6.98 (m, 3H), 6.95 — 6.88 (m, 1H), 2.26 (s, 3H); °C NMR (100
MHz, CDCly) & 165.5, 145.9, 145.8, 1413, 137.8, 136.6, 135.1, 133.7, 132.4, 132.3, 132.3, 132.0,
131.7, 1316, 1315, 129.7, 129.5, 129.1, 129.0, 128.9, 128.7, 128.6, 128.6, 127.7, 127.6, 127.3, 127.2,
127.2,126.9, 126.8, 126.1, 124.6, 122.7, 121.3, 121.2, 120.8, 119.3, 119.2, 111.0, 21.6; HRMS (ESI)

calcd for CagH33BrN,O,SNa m/z [M + Na]*: 835.1237; found: 835.1247; HPLC (Daicel Chiralpak IA,

i-PrOH/hexane = 35/65, flow rate 0.8 mL/min, A = 250 nm): t; (minor) = 12.2 min, t, (major) = 74.8

min
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0- T ‘ T : T
_500_ T T T T T T T T T 1
0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 85.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 11.732 401.324 608.155 9.59 18.04 n.a.
2 12.999 1754.251 2248.561 41.92 66.71 n.a.
3 39.765 1638.364 459.771 39.15 13.64 n.a.
4 73.249 390.387 54.142 9.33 1.61 n.a.
Total: 4184.326 3370.629 100.00 100.00
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Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 12.282 19.133 25.280 2.71 22.30 n.a.
2 74.849 686.660 88.060 97.29 77.70 n.a.
Total: 705.793 113.340 100.00 100.00

(2aR,3aS)-1-(3-benzamido-1-(2-bromophenyl)-3H-benzo[e]indol-2-yl)naphthalen-2-yI
4-methylbenzenesulfonate(5ab)

Br O

O NNV =NHBz
] ! OTs

2H), 7.74 (d, J = 8.2 Hz, 1H), 7.64 (d, J = 8.8 Hz, 1H), 7.58 (d, J = 7.5 Hz, 2H), 7.55 — 7.47 (m, 4H),

Following the general procedure, the compound was isolated as a white solid (6.3
mg, 83%); mp 112-113 <T; [a]y -18.4 (c 0.5, CHCl;, 95% ee); IR (KBr): 3375,
2924, 1676, 1475, 1172, 802, 728 cm™; *H NMR (600 MHz, CDCls) & 9.81 (s,

1H), 8.03 (d, J = 8.5 Hz, 1H), 7.96 (d, J = 8.1 Hz, 1H), 7.83 (dd, J = 16.3, 8.9 Hz,

7.46 (d, J = 3.2 Hz, 1H), 7.45 — 7.36 (m, 4H), 7.33 — 7.26 (m, 3H), 7.14 (d, J = 7.6 Hz, 1H), 7.02 — 6.93
(m, 3H), 6.89 (t, J = 7.5 Hz, 1H), 2.23 (s, 3H); *C NMR (150 MHz, CDCls) & 165.5, 145.8, 145.7,
136.5, 135.1, 133.4, 132.5, 132.2, 132.1, 132.1, 131.6, 131.6, 131.5, 130.3, 129.6, 128.8, 128.7, 128.6,
128.5, 127.6, 127.6, 127.3, 127.2, 126.9, 126.7, 126.0, 125.9, 124.9, 123.5, 123.0, 121.2, 120.7, 119.1,
119.1, 110.8, 21.5; HRMS (ESI) calcd for CsHBrN,O,SNa m/z [M + Na]™: 759.0924; found:
759.0914; HPLC (Daicel Chiralpak IA, i-PrOH/hexane = 20/80, flow rate 0.8 mL/min, 2 = 230 nm): t;

(minor) = 18.9 min, t, (major) = 38.5 min.
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0.0 10.0 200 0.0 40.0 500 E00 0.0 200
Time [min]
Integration Results
Ma. Peak Name Retention Timea Area Height Relative Area Ralative Haight Amount
min mAL" min mALl Y Y n.a.
1 15766 BET.583 670.619 11.64 15.35 n.a.
2 19.016 2229. 726 24893.169 38 88 57.08 n.a.
3 38.782 691.101 419.087 12.05 8.58 n.a.
4 57.349 2146.539 TB5.176 3743 1798 n.a.
Total: 5734.947 4368.050 100.00 100.00
1000
= ]
= 1
E a0
§ ]
& ]
a 6004
< ] (2 - 36555
400
200
1- 18932
i J"'NL.,_ TN . 1
-Sl:l - T T T T T T I T T T
oo 0.0 n.n ann 400 &0.0 0.0 To0
Tt [min]
Integration Results
Mo.  |Peak Name Retention Time Araa Height Relative Area | Relative Helght | Amount
i1 11 mALUmin mAl % % n.a.
1 16.932 20,058 26.67T1 245 518 na.
2 36.566 TO8.B61 486.785 a7.55 a4.81 na.
Total: 818.959 513.457 100.00 100.00

(aR)- 1-(3-Benzamido-1-phenyl-3H-benzo[e]indol-2-yl)naphthalen-2-yl 4-bromobenzenesulfonate

(5a2)

)

Oy O

O\/S
o/

(0]
/7

L,

Following the general procedure, the compound was isolated as a white

solid (127 mg, 88%); mp 111-112 <C; [oc]ZD1

-23.6 (c 1.0, CHCI; 91%
ee); IR (KBr): 3373, 2942, 1701, 1261, 1166, 944, 750, 701 cm™; 'H
NMR (600 MHz, Chloroform-d) & 9.27 (s, 1H), 6 7.99 (t, J = 7.4 Hz,

2H), 7.88 (d, J = 9.0 Hz, 1H), 7.80 (d, J = 8.7 Hz, 2H), 7.76 (d, J = 8.0
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Hz, 1H), 7.57 (d, J = 8.8 Hz, 1H), 7.53 — 7.40 (m, 6H), 7.37 (d, J = 9.0 Hz, 1H), 7.30 (g, J = 7.5 Hz,

3H), 7.23 (s, 2H), 7.20 (d, J = 6.4 Hz, 1H), 7.13 (t, J = 8.2 Hz, 4H), 7.09 (s, 1H), 7.02 (s, 1H); °C

NMR (100 MHz, CDCl3) 6 165.4, 145.5, 135.3, 134.5, 134.4, 133.9, 132.2, 131.8, 131.6, 131.5, 130.5,

130.2, 129.7, 129.7, 128.9, 128.6, 128.5, 128.1, 127.9, 127.7, 127.5, 127.2, 127.0, 126.9, 125.8, 125.2,

123.6, 123.3, 121.8, 120.3, 118.7, 110.7; HRMS (ESI) calcd for CyHysN,0,SBr m/z [M + H]":

723.0948, found: 723.0942; HPLC (Daicel Chiralpak IC, i-PrOH/hexane = 20/80, flow rate 0.8 mL/min,

A =250 nm): t; (minor) = 10.5 min, t, (major) = 12.2 min.
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11-10.549
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@
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2 2000+
< 12-12.232
10004
_1 00 : r T T T T T . T T T 1
0.0 25 5.0 7.5 10.0 12,5 15.0 17.5 20.0 225 24.7
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 10.549 1124.754 3377.607 51.43 66.54 n.a.
2 12.232 1062.346 1698.757 48.57 33.46 n.a.
Total: 2187.100 5076.365 100.00 100.00
875
750
625
5 ]
<
£ 5001
3
=
f]
E=} 4
5 375
2 ]
< ]
250
125 12-12.218
] 11-10.499
04 : Tt T
71 007 r T T T T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.3
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 10.499 3.495 9.170 4.37 7.11 n.a.
2 12.216 76.443 119.776 95.63 92.89 n.a.
Total: 79.939 128.946 100.00 100.00
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8. Scheme S2. Transformation of 5a.

i O Ph,P(O)H, Q

Pd(OAC),,

. - dppp, DIPEA
o\ N~NHgz 1) LIOH-H,0 ph—Xx"N ~NHBz Ph— XN ~NHBz
ors 2 4-NOPhOTS oTf  DMSO,100°C, POPh,
OO - G ‘ v OO
5a 97% ee Tf-5a, 92% ee P-5a, 90%, 91% ee

(aR)-N-(2-(2-Hydroxynaphthalen-1-yl)-1-phenyl-3H-benzo[e]indol-3-yl)benzamide (OH-5a)*

To a solution of 5a (270 mg, 0.41 mmol) in MeOH/acetone/H,O (6 mL, v:viv =
CQ 1:1:1), was added LiOH H,0 (86 mg, 2.05 mmol). The reaction mixture was stirred
PN N\Z:BZ for 24 h at 50 T, and TLC analysis indicated that the reaction was completed. The
OO solvent was removed under reduced pressure, and the resulting slurry was taken up

in H,0O, acidified to pH 2-3 with 1 M HCI, and extracted with CH,Cl, (3 =15 mL).
The crude product was purified by flash column chromatography (20% EtOAc in hexane) gave
OH-5a (144 mg, 70% yield, 92% ee). mp 295-296 <T; [o]5 = +6.8 (c 1.0, CHCI,); IR (KBr): 3417,
2923, 1412, 1190, 972, 750 cm*; *H NMR (400 MHz, CDCl3) § 8.72 (d, J = 12.1 Hz, 1H), 7.94 (t, J =
8.9 Hz, 2H), 7.78 — 7.65 (m, 3H), 7.65 — 7.50 (m, 2H), 7.50 — 7.38 (m, 5H), 7.38 — 7.23 (m, 6H), 7.21
(t, J = 7.1 Hz, 2H), 7.16 — 7.04 (m, 2H), 6.40 (s, 1H); *C NMR (100 MHz, CDCl5) & 168.3, 154.4,
135.1, 134.8, 134.5, 132.8, 131.3, 130.8, 130.6, 130.2, 130.1, 129.0, 128.8, 128.7, 128.6, 128.4, 128.3,
128.1,127.2,127.2,126.0, 125.3, 123.7, 123.5, 123.4, 121.5, 119.2, 118.5, 110.0, 109.2; HRMS (ESI)
calcd for CasH,4N,O.Na m/z [M + Na]™: 527.1735, found: 527.1725; HPLC (Daicel Chiralpak Ic,
i-PrOH/hexane = 25/75, flow rate 0.8 mL/min, A = 230 nm): t; (minor) = 5.8 min, t, (major) = 6.8

min.
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Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 5.865 483.349 2068.140 50.52 55.85 n.a.
2 6.899 473.445 1634.578 49.48 44.15 n.a.
Total: 956.794 3702.719 100.00 100.00
1250 1-5.849
5
<
E
@ 1000
=
w
E=} 4
51
2 7504
<
500+
2504
12-6.882
0+ T
71 007 T T T T T T T T 1
0.02 1.25 2.50 3.75 5.00 6.25 7.50 8.75 10.00
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 5.849 302.196 1250.561 95.93 96.60 n.a.
2 6.882 12.832 43.973 4.07 3.40 n.a.
Total: 315.027 1294.534 100.00 100.00

(aR)-1-(3-Benzamido-1-phenyl-3H-benzo[e]indol-2-yl)naphthalen-2-yl trifluoromethanesulfonate

(Tf-5a)°

ph—XN~NHBz

OoTf

The reaction was performed using OH-5a (120 mg, 0.24 mmol, 92% ee),
4-nitrophenyl trifluoromethanesulfonate (77.4 mg, 0.28 mmol), and K,COj3 (65.7 mg,
0.48 mmol) in DMF (5.0 mL) at room temperature. After finished, H,O (15 mL) was
added to the reaction mixture. The solution was extracted with CH,Cl, (3 <10 mL),

washed with brine (8.0 mL) and dried over anhydrous Na,SO, The solvent was

evaporated under reduced pressure. The crude product was purified by flash column chromatography

(20% EtOAC in hexane) gave Tf-5a (140 mg, 92% yield, 92% ee); mp 225-226 <T; [OL]ZDl =-218(c1.0,
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CHCL); IR (KBr): 3394, 2925, 1703, 1413, 1217, 748 cm™; "H NMR (400 MHz, CDCl3) 6 8.72 (s, 1H),
7.99 (d, J = 8.1 Hz, 1H), 7.84 (d, J = 8.0 Hz, 1H), 7.79 (dd, J = 8.5, 4.2 Hz, 2H), 7.74 — 7.63 (m, 2H),
7.57 (d, J = 6.9 Hz, 1H), 7.48 — 7.25 (m, 8H), 7.25 — 7.11 (m, 5H), 7.00 (s, 2H); **C NMR (100 MHz,
CDCly) & 165.4, 145.7, 135.2, 134.7, 134.2, 132.4, 132.2, 132.0, 131.5, 130.6, 130.6, 130.0, 128.9,
128.7, 128.7, 128.3, 128.2, 127.6, 127.6, 127.5, 127.1, 127.0, 126.0, 125.8, 125.5, 123.6, 123.4, 122.2,
121.2, 119.9, 118.8, 118.6, 116.8, 110.8; HRMS (ESI) calcd for CsH,3F3N,0,SNa m/z [M + Na]™:
659.1223; found: 659.1233; HPLC (Daicel Chiralpak IC, i-PrOH/hexane = 10/90, flow rate 0.8

mL/min, A = 230 nm): t; (minor) = 9.0 min, t, (major) = 10.2 min.
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Time [min]
Integration Results
No. [Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 8.899 167.897 480.277 47.98 58.64 n.a.
2 10.032 182.053 338.807 52.02 41.36 n.a.
Total: 349.950 819.084 100.00 100.00
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g 1500+ 12-10.199
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i 11-9.01
o] |
72007 T T T T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.4
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 9.015 26.957 71.887 3.57 4.93 n.a.
2 10.199 728.553 1386.015 96.43 95.07 n.a.
Total: 755.510 1457.902 100.00 100.00
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(aR)-N-(2-(2-(Diphenylphosphoryl)naphthalen-1-yl)-1-phenyl-3H-benzo[e]indol-3-yl)ben

zamide (P-5a)*

ph— XN ~NHBz

were added. The reaction was stirred at 100 °C for 10 h.The reaction was quenched with H,O (10 mL),

A stirred solution of Pd(OAC), (3.5 mg, 0.02 mmol) and dppp (6.5 mg, 0.02 mmol)
in dry DMSO (2.0 mL) was stirred at room temperature for 0.5 h under argon
atmosphere.  Subsequently, Tf-5a (100 mg, 92%

0.16 mmol, ee),

POPh,

diphenylphosphine oxide (63.5 mg, 0.3 mmol) and DIPEA (101.5 mg, 0.79 mmol)

extracted with CH,Cl, (3 x10 mL), washed with H,O (3 <10 mL) and brine (8.0 mL), and dried over
anhydrous Na,SO, The solvent was evaporated under reduced pressure. The crude product was
purified by flash column chromatography (20% EtOAc in hexane) gave P-5a (97 mg, 90% vyield, 91%
ee): mp 177-178 <T; [o]5 = +30.2 (¢ 1.0, CHCILy); IR (KBr): 3396, 2925, 1689, 1267, 1091, 973, 700
cm™; *H NMR (400 MHz, CDCl) & 12.15 (s, 1H), 7.88 (dd, J = 16.5, 9.1 Hz, 4H), 7.78 — 7.62 (m, 6H),
7.58 (d, J = 8.1 Hz, 2H), 7.51 — 7.44 (m, 4H), 7.36 (dt, J = 14.0, 7.5 Hz, 7H), 7.23 (s, 1H), 7.17 (t, J =
7.7 Hz, 2H), 7.00 (dd, J = 14.5, 6.7 Hz, 4H), 6.71 (s, 1H), 6.04 (s, 1H); *C NMR (100 MHz, CDCl) &
165.5, 135.31 (d, J = 7.1 Hz), 135.2, 134.5, 134.4, 134.3, 133.4, 132.3, 131.99 (d, J = 6.7 Hz), 131.9,
131.52 (d, J = 2.0 Hz), 130.9, 130.8, 130.5, 130.4, 130.3, 130.0, 129.9, 128.9, 128.8, 128.7, 128.6,
128.5, 128.4, 128.3, 128.2, 127.7, 127.6, 127.5, 127.2, 127.0, 125.8, 125.0, 124.9, 123.3, 123.0, 120.0,
118.5, 111.4; HRMS (ESI) calcd for C47H33N,O.PNa m/z [M + Na]™: 711.2172; found: 711.2157;
HPLC (Daicel Chiralpak ID, i-PrOH/hexane = 15/85, flow rate 0.8 mL/min, A = 230 nm): t; (minor) =

14.7 min, t, (major) = 16.5 min.
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.

1 14.682 254.311 412.595 49.27 51.38 n.a.
2 16.382 261.892 390.490 50.73 48.62 n.a.
Total: 516.203 803.085 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 14.766 126.355 215.632 95.49 95.10 n.a.
2 16.516 5972 11.115 4.51 4.90 n.a.
Total: 132.327 226.747 100.00 100.00
9. Synthesis of 9

Ph,P(O)H, Pd(OAC),,

Q dppp, DIPEA,DMSO,

NH 120°C,4 h
85%

1) 4-NO,PhOTf, K,COs,
N DMF, Tt 8 h
h NHBz Ph

2) Sml,, CHyOH, rt.,, 4 h

o

OH

:

3a, 99% ee

81% OTf

6, 99% ee

1) BnBr, NaH, HSIClj, toluene
DMF, r.t,, 8 h 120°C,6 h
H ,
Ph —_— " P N—gp BTy — T o N=~Bn
H 2) DDQ, DCM, 95%
= POPh, 40°C,1h POPh, PPh,
" 0 C
7,99% ee 8,99% ee 9,99% ee

1-((1R,2R)-1-Phenyl-2,3-dihydro-1H-benzo[e]indol-2-yl)naphthalen-2-yl

trifluoromethanesulfonate (6)

NH

The reaction was performed using 3a (506.2 mg, 1.0 mmol, 99% ee), 4-nitrophenyl

trifluoromethanesulfonate (325.4 mg, 1.2 mmol), and K,CO; (276.4 mg, 2.0 mmol) in

Ph

OTf

(8.0 mL) and dried over anhydrous Na,SO,4 The solvent was evaporated under reduced pressure. The

DMF (10.0 mL) at room temperature. After finished, the reaction was quenched with

H,O (10 mL). The solution was extracted with CH,Cl, (3 <10 mL), washed with brine

crude product was purified by flash column chromatography (20% EtOAc in hexane) giving Tf-3a

(0.637 g, 1.0 mmol, 99% vyield, 99% ee); subsequently, Tf-3a (637.0 mg, 1.0 mmol, 99% ee) was
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treated with Sml, (5 mmol, 50 mL) in THF (5.0 mL) and CH3OH (1.0 mL) at room temperature for 4 h.
The reaction was quenched with a saturated solution of NaHCO; (10.0 mL). The solution was extracted
with CH,CI, (3 <10 mL). The combined extracts were washed with brine (8.0 mL), dried (Na,SOy,),
filtered and concentrated in vacuo. The crude product was purified by flash column chromatography
(209% EtOAc in hexane) gave 6 (0.425 g, 82% yield, 99% ee); mp 87-88 T; [oc]zD1 =+72 (c 1.0, CHCIy);
IR (KBr): 3398, 2925, 1623, 1421, 1217, 811, 607 cm™; *H NMR (400 MHz, CDCls) & 8.45 (s, 1H),
7.91 (d, J = 8.1 Hz, 1H), 7.87 (d, J = 9.1 Hz, 1H), 7.80 (d, J = 9.3 Hz, 2H), 7.53 (t, J = 7.3 Hz, 1H),
7.40 (t, J = 7.3 Hz, 1H), 7.28 (d, J = 8.8 Hz, 1H), 7.23 — 7.19 (m, 4H), 7.18 — 7.14 (m, 2H), 7.09 (d, J =
7.9 Hz, 1H), 7.02 (dd, J = 6.3, 2.8 Hz, 2H), 5.73 (d, J = 10.0 Hz, 1H), 5.30 (d, J = 10.1 Hz, 1H), 4.64 (s,
1H); **C NMR (100 MHz, CDCl;) & 148.6, 143.4, 133.5, 132.3, 131.1, 130.9, 130.2, 129.8, 129.7,
129.1, 128.8, 128.7, 128.0, 127.3, 127.0, 126.8, 126.4, 123.0, 122.2, 119.9, 119.6, 119.1, 116.8, 113.5,
67.1, 56.7; HRMS (ESI) calcd for CygH,oFsNO3;SNa m/z [M + Na]*: 542.1008; found: 542.0998; HPLC
(Daicel Chiralpak IA, i-PrOH/hexane = 15/85, flow rate 0.8 mL/min, A = 230 nm): t; (minor) = 7.3 min,

t, (major) = 8.6 min.

£2UU == S - - - _

2000

1500

11-7.282

12-8.615

1000

Absorbance [mAU]

500

04

-200-! :
0.0 2.0 4.0 6.0 8.0

12.0

10.0 14.0 180 172
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 7.282 244 979 1153.943 50.13 54.23 n.a.
2 8615 243.699 974.114 49.87 45.77 n.a.
Total: 488.678 2128.057 100.00 100.00
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0.02 1.25 2.50 3.75 5.00 6.25 7.50 8.75 10.00 11.62
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 7.299 1026.334 4971.943 99.96 99.83 n.a.
2 8.582 0.422 8.294 0.04 0.17 n.a.
Total: 1026.756 4980.236 100.00 100.00

Diphenyl(1-((1R,2R)-1-phenyl-2,3-dihydro-1H-benzo[e]indol-2-yl)naphthalen-2-yl)phosphine

oxide (7)°
Ph NH
POPh2

at 120 °C for 4 h. The reaction was quenched with H,O (10 mL). The solution was extracted with

A solution of Pd(OACc), (35.9 mg, 0.16 mmol) and dppp (66.0 mg, 0.16 mmol) in
dry DMSO (5.0 mL) was stirred at room temperature for 0.5 h at under N,.
Subsequently, 6 (415.3 mg, 0.8 mmol, 99% ee), diphenylphosphine oxide (404.4

mg, 2 mmol) and DIPEA (517 mg, 4.0 mmol) were added. The reaction was stirred

CH,CI, (3 <10 mL), washed with H,O (3 <10 mL) and brine (8.0 mL) and dried over anhydrous
Na,SO, The solvent was evaporated under reduced pressure. The crude product was purified by flash
column chromatography (30% EtOAc in hexane) gave 7 (0.388 g, 85% yield, 99% ee); mp 109-110 <T;
[a]s = +66.8 (c 1.0, CHCIy); IR (KBr): 3427, 2925, 1670, 1436, 1217,769, 515 cm™; 'H NMR (400
MHz, CDCly) & 8.36 (d, J = 8.2 Hz, 1H), 7.86 (d, J = 8.0 Hz, 1H), 7.72 (t, J = 9.0 Hz, 2H), 7.66 (dd, J
=8.7, 1.9 Hz, 1H), 7.57 — 7.36 (m, 8H), 7.31 (dd, J = 11.4, 8.0 Hz, 3H), 7.18 — 6.93 (m, 7H), 6.90 (t, J
= 7.1 Hz, 1H), 6.82 (t, J = 7.4 Hz, 2H), 6.75 (d, J = 7.3 Hz, 1H), 6.58 (d, J = 9.4 Hz, 1H), 5.48 (d, J =
9.5 Hz, 1H), 5.33 (5, 1H); *C NMR (100 MHz, CDCl,) & 148.9, 146.35 (d, J = 6.8 Hz), 143.9, 135.75
(d, J=1.6 Hz), 135.1, 132.4, 132.3, 132.0, 131.9, 131.60 (d, J = 2.0 Hz), 131.45 (d, J = 2.5 Hz), 131.16

(d, J = 1.6 Hz), 131.1, 130.7, 129.9, 129.6, 129.0, 128.7, 128.4, 128.3, 128.3, 128.1, 127.7, 127.6,
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127.5, 126.6, 126.5, 126.0, 122.7, 121.6, 120.7, 113.7, 70.25 (d, J = 7.2 Hz), 57.0; HRMS (ESI) calcd

for CyqH3NOPNa m/z [M + Na]*: 594.1957, found: 594.1946; HPLC (Daicel Chiralpak IA,

i-PrOH/hexane = 20/80, flow rate 0.8 mL/min, A = 230 nm): t; (minor) = 12.1 min, t, (major) = 13.2

min
2 600
F=1
<
4004
p12138 32w
[ | fA |
200 A
| | 1
I T
| 1 { L]
] - - e NN o
L ———————————————— —_—_—
0.0 2.0 4.0 6.0 BO 10.0 120 14,0 16.0 18.7
Time [min]
Integration Results
MNo.  |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAL*min mul) %% %o n.a.
1 12.132 137.041 333.551 50.53 5233 n.a.
2 13.232 134.148 303.837 49.47 47 67 n.a.
Total: 271.187 637,389 100.00 100.00 L
rF TFT
2500 12-13.182
= 2000
<
E
@
2 15004
@
E=}
g ]
< 1000
500
o] | ‘1-}1 /132
75007\ T T T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.4
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 12.132 3.396 10.070 0.34 0.41 n.a.
2 13.182 994.302 2431.984 99.66 99.59 n.a.
Total: 997.698 2442.054 100.00 100.00

(aR)-(1-(3-Benzyl-1-phenyl-3H-benzo[e]indol-2-yl)naphthalen-2-yl)diphenylphosphine oxide (8)

ph— Xy N=Bn

POPh,

To a stirred solution of 7 (0.388 g, 0.68 mmol, 99% ee), NaH (82 mg, 60%, 2.04
mmol) in dry DMF (3.0 mL) at the room temperature was added BnBr (349 mg,
2.04 mmol) in one portion, the mixture was stirred until TLC revealed the absence

of the starting material. The reaction was quenched with H,O (10 mL). The

solution was extracted with CH,CI, (3 >6 mL), washed with brine (6.0 mL) and dried over anhydrous

Na,SO,4, The solvent was evaporated under reduced pressure. The crude product was purified by flash
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column chromatography (30% EtOAc in hexane) gave Bn-7 (0.427 g, 95% yield, 99% ee). To a stirred
solution of Bn-7 (0.427 g, 0.64 mmol, 99% ee) in dry DCM (20.0 mL) at 40 <C was slowly added
DDQ solution (290.56 mg, 1.28 mmol in 10 mL DCM). The mixture was stirred at this temperature for
1 h, then quenched with a saturated solution of NaHCO; (10.0 mL). The solution was extracted with
CH,CI; (3 %6 mL). The combined extracts were washed with brine (8.0 mL), dried (Na,SO,), filtered
and concentrated in vacuo. The residue was purified by column chromatography (30% EtOAc in
hexane) to yield the corresponding product 8 (0.400 g, 95% vyield, 99% ee); mp 99-100 <T; [oc]zé =
+28.8 (¢ 1.0, CHCL); IR (KBr): 3417, 2920, 1439, 1218, 763, 515 cm*; *H NMR (400 MHz, CDCl;) &
7.86 (d, J = 7.1 Hz, 2H), 7.76 (dd, J = 12.8, 8.5 Hz, 2H), 7.71 — 7.61 (m, 1H), 7.57 (d, J = 8.9 Hz, 1H),
7.47 — 7.25 (m, 10H), 7.18 (q, J = 7.0 Hz, 3H), 7.13 — 6.98 (m, 6H), 6.93 (dt, J = 14.0, 6.8 Hz, 4H),
6.86 — 6.71 (M, 3H), 5.11 (d, J = 16.5 Hz, 1H), 4.93 (d, J = 16.5 Hz, 1H); **C NMR (100 MHz, CDCls)
6 137.3, 136.1, 135.43 (d, J = 7.5 Hz), 135.0, 134.88 (d, J = 5.9 Hz), 133.90 (d, J = 2.2 Hz), 133.4,
131.81 (d, J = 2.9 Hz), 131.71 (d, J = 3.1 Hz), 131.35 (d, J = 2.4 Hz), 131.13 (d, J = 4.6 Hz), 131.02 (d,
J=2.7Hz),130.82 (d, J = 9.8 Hz), 129.9, 129.5, 128.9, 128.8, 128.6, 128.6, 128.5, 128.4, 128.3, 128.0,
128.0, 127.9, 127.8, 127.7, 127.5, 127.0, 126.9, 126.8, 125.9, 124.9, 123.4, 122.8, 120.4, 120.0, 112.3,
48.7; HRMS (ESI) calcd for C4;H3,NOPNa m/z [M + Na]*: 682.2270; found: 682.2254; HPLC (Daicel
Chiralpak 1A, i-PrOH/hexane = 20/80, flow rate 0.8 mL/min, A = 230 nm): t; (minor) = 12.8 min, t,
(major) = 17.8 min.
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|2-17.816
250
125
04 T
750 - r T T T T T T T T 1
0.0 25 5.0 7.5 10.0 12.5 15.0 17.5 20.0 220
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.

1 12.732 199.117 394.791 50.62 58.71 n.a.
2 17.816 194.216 277.689 49.38 41.29 n.a.
Total: 393.334 672.480 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.

1 12.832 2.941 6.892 0.60 1.01 n.a.
2 17.766 483.921 678.558 99.40 98.99 n.a.
Total: 486.862 685.450 100.00 100.00

(aR)-3-Benzyl-2-(2-(diphenylphosphanyl)naphthalen-1-yl)-1-phenyl-3H-benzo[e]indole (9)

ph— XV =Bn

-16.1 (c 1.0, CHCIy); IR (KBr): 3352, 1652, 1274, 1261, 752, 701cm™; *H NMR (400 MHz, CDCly) &

A dried pressure tube charged with 8 (65.9 mg, 0.1 mmol) and HSIiCl; (41 mg, 0.3
mmol) in 1 mL toluene was stirred at 120 °C for 6 h under N,. After removal of the
solvent under reduced pressure, the residue was purified by column chromatography

PPh,

on silica gel (2% EtOAc in hexane) gave 9 (61.1 mg, 95% yield, 99% ee); [OL]ZDl =

7.89 (t, J = 9.3 Hz, 2H), 7.74 (t, J = 8.0 Hz, 2H), 7.58 (d, J = 8.9 Hz, 1H), 7.53 — 7.24 (m, 7TH), 7.21 —
7.06 (m, 7H), 7.08 — 6.92 (m, 9H), 6.84 (d, J = 7.5 Hz, 2H), 6.74 (t, J = 7.0 Hz, 2H), 4.83 (s, 2H); **C
NMR (100 MHz, CDCls) 8 138.1, 137.95 (d, J = 3.9 Hz), 137.80 (d, J = 3.4 Hz), 137.5, 137.1, 137.1,
136.5, 134.73 (d, J = 7.4 Hz), 133.8, 133.7, 133.5, 133.4, 133.1, 132.8, 132.6, 132.0, 130.7 (d, J = 2.1
Hz), 129.9, 129.7, 129.2, 128.8, 128.7, 128.3, 128.3, 128.2, 128.1, 127.8, 127.6, 127.09 (d, J = 2.4 Hz),
126.90 (d, J = 4.3 Hz), 126.6, 126.3, 125.3, 123.5, 123.10 (d, J = 7.5 Hz), 120.8, 120.37 (d, J = 2.6 Hz),
112.4, 51.6; HRMS (ESI) calcd for C47H3,NPNa m/z [M + Na]™: 666.2321; found: 666.2314; HPLC
(Daicel Chiralpak IA, i-PrOH/hexane = 2/98, flow rate 0.6 mL/min, A = 230 nm): t; (minor) = 9.7 min,

t, (major) = 11.2 min.
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 9.682 44.906 131.372 49.43 57.49 n.a.
2 11.132 45.934 97.159 50.57 42.51 n.a.
Total: 90.840 228.531 100.00 100.00
FOUU 4= = =
3000
2500.] 11-9715
= 2000
<C
E.
(3]
£ 1500
©
=
8 4
< 1000
500
2-11.215
0 =
_500; r T T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % na.
1 9.715 793.936 2507.947 99.54 99.56 n.a.
2 11.215 3.664 11.080 0.46 0.44 n.a.
Total: 797.599 2519.027 100.00 100.00
H3C0,C.__CO,CH;
OAc CH4(CO,CHs)s, [(allyl)PdCl],, 11, Y
X BSA, KOAC, DCM %
rt, 72h
10 11, 80%, 68% ee
In a Schlenk tube, a solution of 1,3-diphenylprop-2-en-1-yl acetate (126.1 mg, 0.5 mmol),

[Pd(C3H5)CI], (1.8 mg, 0.005 mmo), and 10 (6.43 mg, 0.01 mmol) in CH,CI, (3 mL) was stirred at
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room temperature for 40 min. Dimethyl malonate (198 mg, 1.5 mmol), KOAc (1.0 mg, 0.01 mmol),
and BSA (306 mg, 1.5 mmol) were then added. The reaction mixture was stirred for 60 h and then
quenched with saturated aqueous NH,4CI and extracted with CH,Cl, (3 <10 mL). The organic phase
was washed with saturated aqueous NaHCO3 and brine, dried over Na,SO,, and concentrated under a
reduced pressure. The residue was purified by flash chromatography on silica gel with hexane—EtOAc
(25:1) as eluent to produce 11 (138 mg, 85%) with 68% ee.

[a]s = +6.1 (c 1.0, CHCLy); IR (KBr): 3027, 2952, 1737, 1218, 771, 701 cm™; *H NMR (400 MHz,
CDCl3) & 7.31 — 7.03 (m, 10H), 6.39 (d, J = 15.8 Hz, 1H), 6.24 (dd, J = 15.7, 8.6 Hz, 1H), 4.19 (dd, J =
10.7, 8.8 Hz, 1H), 3.88 (d, J = 10.9 Hz, 1H), 3.59 (s, 3H), 3.40 (s, 3H); *C NMR (100 MHz, CDCl;) &
168.1, 167.6, 140.0, 136.7, 131.7, 129.0, 128.6, 128.4, 127.7, 127.5, 127.0, 126.3, 57.5, 52.5, 52.3, 49.1;
HRMS (ESI) calcd for CyH,0:Na m/z [M + Na]™: 347.1254, found: 347.1249; HPLC (Daicel
Chiralpak 1A, i-PrOH/hexane =10/90, flow rate 0.8 mL/min, A = 230 nm): t; (minor) = 11.7 min, t,

(major) = 15.3 min.
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11-11.649
12-15.182
200
] T : 1
_50 - r T T T T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 191
Time [min]
Integration Results
No. [Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 11.649 110.311 308.530 51.11 57.44 n.a.
2 15.182 105.536 228.614 48.89 42.56 n.a.
Total 215.846 537.143 100.00 100.00
E, 800
8
=
s
5 6004 1-11.732
]
<<
400
200
|2-15.332
0]
_1 DO_ r T T T T T 1
0.0 5.0 10.0 15.0 20.0 250 26.3
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 11.732 202.825 567.315 83.66 85.03 n.a.
2 15.332 39.629 99.872 16.34 14.97 n.a.
Total: 242.454 667.187 100.00 100.00
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10. Enantiomerisation barrier determination for 5a and 5x

The enantiomerisation barrier, corresponding to barrier to rotation for the following atropisomers,
was obtained by kinetic of racemisation of an enantiomer. The slope of the first-order kinetic line gives
the racemisation constant (Kacemisation = 2 X Kenantiomerisation)- EYring equation gives the enantiomerisation
barrier (AG”enantiomerisation) from enantiomerisation constant (Kenantiomerisation), R = 8.31451 J.K mol?,
h =6.62608 10™** J.s and kg =1.38066 10%° J.K™".

About 5 mg of enantio-enriched 5a was refluxed in 15 mL of dichlorobenzene. Samples of 10 L
of this solution were injected on Daicel Chiralpak IC (i-PrOH/hexane = 20/80, flow rate 0.8 mL/min, A
= 250 nm) to monitor the percentage decrease of the second eluted enantiomer over time.
Solvent : 1,2 - dichlorobenzene

Temperature = 180 <C

Time (min) % second eluted In ((%t-50)/(%0-50))
enantiomer (%t)

0 97.02 0

15 94.40 -0.0574

30 91.22 -0.1314

45 88.40 -0.2026

60 85.50 -0.2809

K racemisation = 7-85E-05 st
K enantiomerisation = 3-925E-05 st
AG” enantiomerisation = 191 kJ.mol™*

ty (25 °C) = 467169 years

T 10 20 30 40 50 60
-0.05 -

0.10- T Y=0.00694-0.00471X

i -
-0.15 4 ~.R=0.9987

020 N

-0.25 4

-0.35 -
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0.0 25 5.0 75 10.0 125 15.0 17.5 200 225 250
Tirme [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min AL min mALl %, % n.a.
1 11.982 222 450 492.037 49.39 62.88 n.a.
2 13.849 227.983 290.420 50.61 3r.12 M.a.
Total: 450433 T82.458 100.00 100.00
750
625
%' 1 12-13.415
= 500
8 h
s ]
S a75]
=
<< ]
250
125
11 -11.749
04 _._I/_\—r-—l
_1 00 - r T T T T T T T T T T T T 1
0.0 25 5.0 7.5 10.0 12.5 15.0 17.5 203
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mALU % % n.a.
1 11.749 6.097 16.600 1.49 2.95 n.a.
2 13.415 403.116 546.707 98.51 97.05 n.a.
Total: 409.213 563.307 100.00 100.00
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[+55 K. 15 min |
1200 4
dichlorobenzene
10004
% 12-13.318
E 2004
£
2 600
T
400
200
L 1-11589
-10:|----|- T T T T T _T_T I|--I-|- T T T T T T L 1
0.0 2.5 50 7.5 10.0 12.5 150 7.5 20,0 225 25.0
Tirme [rmin]
Integration Results
Ma. Peak Mame Retention Tima Area Haight Ralative Area Relative Height Amount
min mAL*min maL E] ] n.a.
1 11.689 18,846 37711 276 3.98 na.
2 13,316 BEB3.T65 510.880 9724 95.02 na.
Taotal: 6B2.611 948.601 100.00 100.00
12004 ||-'33$ Ks 30 min |
dichlorebenzene
1000
z v
5 800
[ =
2
]
& 600
=z
400 12-13.199
2004
-1D=I T T T T . T T T T T 1
0.0 25 5.0 7.5 10,0 12.5 15.0 17.5 20.0 225 25.0
Time [min]
|Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min AU min mALl % % n.a.
1 11.599 13.555 26.560 4.39 6.39 n.a.
2 13.199 205.358 380.405 9561 93.61 n.a.
Total: 308.914 415.965 100.00 100.00
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[453 K, 45 min |
1200+ ‘d ichlorobenzens
1000 /
3
° 8004
=
2
5
& 6004
=
4004 12 - 13.182
2004
-1 U h r T T T T T T T T T 1
0.0 25 5.0 7.5 10.0 125 15.0 17.56 20.0 225 25.0
Tirme [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mALl i e n.a.
1 11.566 17.404 37.510 5.80 8.98 n.a.
2 13.182 282.480 380.172 94 20 91.02 n.a.
Total: 299.884 417.681 100.00 100.00
LR il |
[453 K. 60 min |
1200
‘d ichlorobenzens
1000
s
E 12-13.116
§ 800
=
2
5
8 6004
ES
4004
2004
1= 11,489
0.0 2.5 5.0 7.5 10.0 125 15.0 175 20.0 225 250
Tirme [min]
Integration Results
No.  |Peak Mame Ratention Time Area Height Relative Area Realative Height Amount
min mAL"min mALl b} 3o na.
1 11.499 43.556 106.764 7.22 11.78 n.a.
2 13.116 559.813 799.778 92.78 88.22 n.a.
Total: 503.369 906.542 100.00 100.00

S94



The enantiomerisation barrier for the second axis of 5x:

About 5 mg of enantio-enriched 5x was heated to 100 °C in 3 mL of toluene. Samples of 10 pL of this
solution were injected on Daicel Chiralpak IA (i-PrOH/hexane = 35/65, flow rate 0.8 mL/min, A = 230
nm) to monitor the percentage decrease of the main eluted enantiomer over time.

Solvent : toluene

Temperature = 100

Time(min) ee In ((%t-50)/(%0-50))
0 90.59 0

15 87.14 -0.088827

30 86.4 -0.108953

45 85.22 -0.141908

60 84.26 -0.169543

90 82.42 -0.224746

330 71.64 -0.628978

k racemisation(100 °C) = 2.866E-05 s™

k enantiomerisation(100 °C) = 1.433E-05 s™
AG” enantiomerisation = 126.64 kJ.mol™
ty (25 °C) = 28 years

X

0.0 T T T T T T T T T T T T T T
[ 50 100 150 200 250 300 350

014 " g

-0.2 Y =-0.06409-0.00172X
. R =0.99978

0.3
0.4+

-0.5

-0.6 4

-0.7 -
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2500—_ Br Br. Br Br,
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= o N-NHBz N N-NHBZ NN -NHBz NN-NHBZ
z - - @, )
E oTs OTs OTs OTs
g 15004 9 e 0 00
8
2
£ 1 -
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1000
12- 11098
500 4
a-35632 1 - 48.748
104 _lj ! L
0.0 10.0 200 30.0 400 50.0 60.0
Time [min]
Integration Results
Mo. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL* min mALl S . n.a.
1 8.682 758.435 2220470 3477 66.48 n.a.
2 11.000 330.708 624.055 15.16 20.78 na.
3 35.632 336.782 184.763 15.44 553 n.a.
4 40.740 755.488 240.759 34.63 7.21 na.
Total: 2181.413 3340.047 100.00 100.00
2000 4 Br, Br,
= )
q:éﬁm— O Ny N-NHBz O Ny N-NHBz
E OTs OTs
; CO CO
= | 1- 35182
E 1000 5x | )
5x
5004
| D W . g 8s
0.0 10.0 200 30.0 40.0 500 60.0)
Tirm [rrin]
Integration Results
Ma. Peak Mame Retention Tima Ared Haight Relative Area Ralative Height Amount
miin mAL*min mALl % %o n.a.
1 35.182 1731.734 984 960 95.32 97.02 n.a.
2 48.945 85.081 30.585 4.68 2.98 na.
Total: 1816.816 1025.545 100.00 100.00
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2000 |1 - 33.532
] [73 K. 15 min |
c:'c 15004 toluene
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Tirme [min]
Integration Results
Mo. |Peak Mame Retantion Time Araa Height Relative Araa Relative Height | Amount
min mALI*min malLl b % na.
1 33.832 3225608 1947244 93.57 95.96 n.a.
2 465589 221.543 81.881 543 4.04 n.a.
Total: 3447150 2029.125 100.00 100.00
2000 4
|:€._'3 K. 30 min |1 - 33616
5 [toluene
= 1500
E
8
c
2
=
210004
=
500
|2 - 46.188
104 L\_-.m--—\_ | I
00 10.0 200 30.0 400 50.0 60.0
Time [min]
Integration Results
Mo, Peak Name Ratention Time Area Height Relative Area Ralative Height Amount
min mAL*min mALl i %o na.
1 33.616 2991.977 1842505 93.20 85.72 n.a.
2 46.199 218.377 82.440 6.80 4.28 n.a.
Total: 3210.354 1924.945 100.00 100.00
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2000 4
B3 K. 45 min |
= ]
‘E 1500 toluene
&
2 1000 4 - 34215
e
500 4
2 - 47 BE2
0 | S ] ! -
0.0 10,0 200 20,0 400 50.0 60.0
Time [min]
Integration Results
MNao. Peak Mame Retention Time Area Haight Ralative Area Ralative Height Amount
miin mAL"min mALl Yo Yo n.a.
1 3215 1569.805 847511 8261 95.44 na.
2 47.882 125254 45284 7.39 4.58 na.
Total: 1695.160 992.795 100.00 100.00
350
] B73 K. 60 min |
300+
E toluene
%-250—_
2 200
E ]
-] ]
= 1501 11 - 33,566
100
50
I . . -
B[ e m— , : : — — .
0.0 10.0 20,0 0.0 40.0 0.0 &0.0
Time [rnin]
Integration Results
Ma. Peak Mames Retention Tima Area Haight Ralative Area Ralative Height Amount
min mAL*min mALl Y Yo n.a.
1 33.866 213.867 133.907 8213 85.24 n.a.
2 47432 18263 E.700 787 4.76 n.a.
Total: 23213 140.607 100.00 100.00
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1404
1 [373 K. 90 min
‘20: Lol uene
100
=
- ]
E, 80
ﬁ ]
g a0 ] i - 32.382
=
0]
204
J 12 - 44016
oH{p— S ] | :
h 1 I:l : T T T T T T
oo 0.0 200 ana 40.0 500 Go.o
Tirra [min]
lIntegration Results
Mo,  |Peak Name Retention Time Area Helght Relative Area | Relative Helght | Amaount
man mALFmin mALl % % na.
1 32382 90.769 61.413 211 84.27 na.
2 44016 8.750 3735 878 5.73 na.
Tatal: #0.519 65.148 100.00 100,00
350 [373 K. 5.5 h |
3004 toluens
5 250
=
E
8 200
2
2
2 150
1-33.608
100 '
504
12 - 45.949
| I ]
-0 T T
0.0 10.0 200 30.0 40.0 50.0 60.0
Time [min]
|Integration Results
Mo. Peak Mame Retention Time Area Height Relative Area Relative Haight Amount
min mAL*min mAL % % n.a.
1 33.699 231.325 104.104 85.79 90.38 n.a.
2 46.949 38.312 11.075 14.21 9.62 n.a.
Total: 269.637 115.178 100.00 100.00
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11. 1D-EXSY experiment on compound Ts-3a
saturated using selnogpzs.2 sequence)

(the minor conformation was

Kair + Kiny=0.78 S_l
Kairl Kiny = 2.7

T=313K

73:27
T=313K
(sp)-Ts 3a (ap)-Ts 3a
-0.3 T T T T T
100 150 200 250 300 ms
Major
(72.9%)
.
~
0.4+ ~~ ~ =-0.30268-0.000775x
. 2
~_ R*=0.9971
~—
.
.
Minor g
(27.1%) 05 ~
\\..
-
|
J \
—T T T T -0.6 -
25 24 23 22 In(0.729-x)
93.64
95.41 9127 89.22 87.41
100 ms 150 mg 200 ms 250 ms 300 ms
12.59
150 6.36 873 10,78
- L l—rl—c —_ T T T T T
e = = o = ES] =4 =S
8 = 2 - § ; = o e ¥
25 24 23 22 25 24 23 22 25 24 23 22 25 24 23 22

25 24 23 22 21

AG” major to minor = 19.34 kcal/mol
AG” minor to major = 18.72 kcal/mol
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12. Computational Studies®

AG y94(CH,Cl,)
304 kcal/mol
15 -
(ap)-Ts-3a
o
-0.3
(sp)-TS-3a
-15 4
230
-45
DDQ
o)
@1 i
1)
H O
e
//s\\
g~o
(ap)-Ts-3a

S e
Balaakt

‘J

(sp)-Ts-3a Complex-B TS-B IM-B
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Cartesian coordinates of all optimized structures

Compound : (ap)-Ts-3a

OO0OO0OO0OITO0OO0OIO0OO0O0O0O0OIIITIOIOIIOOOOIOOOZIZ0O0IIIIIOO0O0OOO

0.278729
0.631345
1.840500
2.679084
2.330588
1.129466
-0.665737
-0.058025
3.593666
2.988955
0.853306
2.225605
2.902846
1.744079
1.124236
1.473304
0.680812
0.688417
1.287411
0.498451
1.534197
-0.743813
1.330673
2.504176
-0.951023
-1.553817
0.086755
2.145034
-1.922572
-0.070915
2.457149
3.685486
2.033533
4.466699
3.996842
2.789929
4.047158
-0.117428
-0.616259
-0.843111
-1.565495
0.053986

-5.218208
-3.873491
-3.423754
-4.326516
-5.670578
-6.118459
-5.558770
-3.176703
-3.950489
-6.369458
-7.166499
-1.980810
-1.472245
-1.239666
-1.664136
0.109282
0.522862
2.078531
0.304606
2.726985
2.747514
3.264487
3.299130
2.338399
3.817069
3.243569
3.835939
3.313379
4.230596
4.267256
1.084888
0.948186
2.285143
2.072228
-0.022986
3.460899
3.343055
2.399251
-0.243281
-1.198978
-0.154170
-1.394011

-1.214707
-1.316459
-0.767913
-0.103394
-0.015685
-0.572529
-1.628686
-1.782867
0.343010
0.492337
-0.496636
-0.771753
0.114852
-1.834446
-2.515529
-1.675634
-0.489434
-0.621692
0.390243
0.729574
1.672253
1.079035
2.935256
1.404111
2.343826
0.353824
3.275510
3.654404
2.600151
4.260078
-1.859160
-2.533485
-1.313168
-2.682584
-2.902465
-1.509606
-2.203975
-1.289059
-0.400604
0.649248
-1.400558
1.736974
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Compound: Complex-A

C
C

-2.009817
-2.729142
-0.174191
0.947733
-2.216988
-2.935820
-3.425656
-1.317054
0.538373
-3.104680
-3.816551
-1.480408
-1.388329
-1.067387
-0.316582
-2.330250
-0.021063
1.280911
-0.519121
2.104937
1.647955
0.327450
-1.540579
1.653180
3.129681
-0.037901
2.565304
2.104084
3.517943
2.784460
4.836607
2.375528
3.162825
4.410437
5.024767
5.789227
2.828642
1.428431
5.429256

5.942214
4.741535

-2.037588
-0.948650
-2.364085
-0.792272
-3.022937
-1.884934
-0.805253
-3.191530
-2.494773
-3.646653
-2.520642
-3.954510
0.802826
0.281486
-0.976794
0.332184
1.636346
1.392770
2.936554
2.479714
0.375929
4.002866
3.102662
3.792623
2.300950
5.018731
4.966666
5.697107
4.651512
5.476735
4.506013
4.748147
5.855444
5.737330
6.619248
4.406500
6.830949
4.845884
2.000231

2.340861
1.735900

0.594688

-1.448444
2.685664

1.822211

1.594363

-0.467910
-2.267314
2.618639

3.494529

1.527396

-0.492868
3.374008

-2.400417
-3.956486
-3.902523
-4.686292
-4.401800
-4.821674
-4.269577
-5.107048
-4.893561
-4.536090
-3.945644
-4.950413
-5.414610
-4.413194
-5.187812
-5.862629
-5.622143
-4.243412
-2.395599
-1.068662
-1.290029
-1.951334
-2.108072
-2.910933
-0.947204
-0.549675
-3.183034

-2.161522
-1.793747
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3.563712
3.600527
4.798398
5.970650
6.855730
4.738515
2.680972
4.822161
6.907187
2.270335
1.427906
2.083255
2.829183
1.262109
1.484252
0.343270
1.221181
0.041821
-0.335936
0.211049
-0.542402
-0.498779
-0.002607
0.519777
-0.378317
-0.837162
0.132212
-0.540911
-0.093561
-0.779100
-0.725554
-2.124728
-0.253589
-2.098970
-2.814885
0.655291
2.925309
3.772268
3.508558
3.304810
5.175717
4.876783
4167118
2.262343

2.494293
3.859824
4.456175
3.697043
1.754075
0.689061
4.431413
5.513106
4.165285
1.919705
2.568191
0.572501
0.012451
-0.171977
-0.136812
-1.066490
0.868025
-0.831731
0.428731
-1.878556
0.631614
1.241295
-1.678594
-2.855901
-0.419164
1.615144
-2.502659
-0.256981
-0.279105
0.021381
-0.800955
-0.249973
0.479333
-1.107441
-0.821024
-2.108428
-0.415101
0.623866
-1.632313
1.928400
0.360548
-1.911207
2.904052
2.184804

-1.746482
-2.052981
-2.434034
-2.488750
-2.183629
-1.505106
-1.983649
-2.683012
-2.778465
-1.278469
-0.674138
-1.556054
-1.954479
-0.732534
0.734416
1.242906
1.063372
2.703792
3.180308
3.616799
4.543950
2.481069
4.980856
3.253180
5.448398
4.899542
5.675846
6.510161
-0.953989
-2.144163
0.181081
-2.191769
-2.973258
0.135173
-1.084179
1.124213
1.080721
1.600526
0.787861
1.926467
1.771605
0.977183
2.371306
1.801569
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Q

6.033596
5.695514
5.248599
5.545101
3.779439
7.090388
6.756605
6.211279
2.692567
2.883199
3.317713
3.691015
1.176083
0.548991
0.486340
-0.804266
1.101467
-0.866267
0.996775
-1.533481
-1.307110
-1.421511
-3.005763
-3.202286
-3.399410
-3.570722
-4.200552
-2.825871
-4.177698
-4.877198
-5.946667
-4.731933
-4.717856
-2.300992
-2.690502
-5.579748
-4.515844
-3.231068
-2.822145
-3.912435
-5.186094
-1.647927
-6.715084
-3.462198

1.388252
-0.919597
-2.900055
2.638729
3.893052
1.163771
-1.105118
3.421225
-2.663162
-3.167192
-2.031244
-4.380760
-3.538985
-3.011645
-4.335828
-3.282276
-2.381120
-4.568184
-4.742204
-4.043774
-2.863815
-5.159944
-4.298834
-5.365435
-3.746495
-3.989895
-1.089667
-1.658666
-1.904214
-1.611116
-1.785992
-0.873013
-2.305318
-1.861967
-0.022595
1.670156
2.178588
2.357905
2.028774
1.646674
1.462481
2.092929
1.478963
1.464131

2.241487
1.453691
0.732070
2.532702
2.595923
2.360076
1.594801
2.883478
0.315011
-1.266488
-2.085335
-1.232196
-1.561606
-2.684266
-0.641899
-2.882626
-3.371248
-0.845995
0.224118
-1.965520
-3.748553
-0.123545
-2.155407
-2.319281
-3.012657
-1.269887
-1.152703
1.228499
1.127149
-0.066999
-0.126071
-2.075768
1.979035
2.154928
-3.091562
-0.675060
-1.582527
-1.155606
0.239854
1.173271
0.745419
0.575340
-1.078828
2.826137
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Z2 020

Compound :

OO0OIIO0OO0OO0OO0O0OIIIOIOIOO0OOIOOZITZ00IIIIIOOOOOOOON

-6.466094
-2.219618
-1.415908
-4.890240
-5.173318

TS-A
3.719253
2.810566
3.256971
4.615154
5.512614
5.066021
3.373784
1.775587
4.949133
6.556401
5.766846
2.371457
2.775464
1.033332
0.622984
0.103974
0.060419
-1.410292
0.745748
-1.569689
-1.635729
-1.601484
-1.734399
-1.595378
-1.690624
-1.543892
-1.759557
-1.781785
-1.708137
-1.830896
-1.042076
-1.248953
-1.969706
-2.459965
-0.468197
-3.233899
-3.471556

1.005786
2.888498
3.342432
2.404864
2.557854

-0.770789
-0.717531
-0.370263
-0.098061
-0.135379
-0.471301
-1.050211
-0.983374
0.156903
0.105250
-0.502897
-0.261092
-0.328529
0.003868
-0.222886
0.021987
-0.809811
-0.727282
0.170347
-0.802367
0.334445
-2.069100
0.203275
1.316655
-2.200244
-2.955811
-1.061502
1.094490
-3.189226
-1.159246
0.810873
1.848090
0.430792
2.495724
2.142818
1.060023
2.123689

1.805861

-2.010903
-2.717056
-2.938105
-4.055624

-4.581316
-3.526844
-2.243267
-2.025051
-3.086657
-4.366212
-5.572190
-3.713140
-1.027119
-2.912269
-5.195545
-1.057126
0.094128
-1.318236
-2.222682
-0.305036
0.812417
1.310234
1.806077
2.814801
3.624523
3.409920
5.008734
3.173643
4.794790
2.783647
5.598071
5.627679
5.243449
6.677510
-0.438239
-1.368692
0.519204
-1.316532
-2.059636
0.553760
-0.385600
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-1.882846
0.673461
1.694335
0.169124
2.234953
2.209506
0.657395
3.236257
1.881849
3.239834
1.684155
0.212421
3.746042
3.653743
3.621899
2.090435
4541411
-1.001688
-1.321940
-0.438472
-1.362013
-2.939061
-3.211375
-3.898007
-4.476182
-2.446628
-5.145610
-3.663089
-5.454652
-4.697847
-5.895971
-6.818565
-7.586644
-6.857902
-7.080874
-4.728415
-4.270903
-5.482151
-5.712262
-6.669143
-4.902124
-6.266059
-4.091103
-2.656989

-1.631338
-2.165937
-2.708181
-2.963722
-2.009044
-4.014711
-4.249127
-2.563478
-1.017859
-4.558018
-4.745486
-4.819194
-3.848389
-1.991407
-5.546424
-5.730095
-4.267274
-2.479082
-2.470893
-1.497608
-3.842191
-1.771845
-0.531930
-2.467577
0.022868

-0.007320
-1.887163
-3.433551
-0.636304
0.994215

-2.409264
-0.031564
-0.612202
0.997005

-0.019158
2.777307

0.681811

1.336529

2.397506

2.910916

3.590612

1.043191

-0.122041
3.321899

0.898841
0.661875
1.503590
-0.357388
2.612004
1.204723
-0.656972
3.374389
2.854408
2.015575
0.109537
-1.462982
3.078034
4.195893
1.774198
-0.104346
3.687137
-0.972108
-2.592731
-3.253298
-3.084150
-2.413050
-2.983022
-1.670623
-2.797816
-3.541895
-1.487812
-1.237237
-2.047554
-3.228113
-0.900770
-1.842297
-2.367819
-2.208783
-0.779742
-0.367903
1.446407
1.426113
0.518443
0.522555
-1.067790
2.118347
2.151155
-1.993052
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2.662603
3.504029
2.969234
1.566531
0.780003
1.274960
1.034522
3.095334
-0.803284
0.332791
3.808508
4.489177
4.886874
6.014462

OO0 OOOO0OO0OO0

(SR e]

Z2 020

Compound: IM-A
5.030500
4.024499
2.739252
2.462172
3.471848
4.752356
6.029380
4.255599
1.455435
3.257834
5.536956
1.656259
0.783081
1.672446
2.446200
0.936547
1.454612
0.349788
-0.697644
0.256413
-0.400452
0.924799
-0.393556
-0.915550
0.922885
1.446510
0.266491
-0.910189

TOITIOITIOOOOITOOZITZO0O0OIIIITITOOOOOO

3.744261
2.826612
2.001754
2.005015
3.069401
3.873197
1.098188
4.393638
3.334300
5.134732
1.160803
0.528414
2.769957
2.684514

3.027679
2.248277
2.787320
4.103945
4.867601
4.333786
2.618614
1.244332
4.492275
5.881094
4.937448
2.010801
2.472114
0.643001
0.157832
-0.179346
-0.857804
-1.655031
3.209208
-1.163824
0.036111
-1.860303
0.530437
0.590676
-1.365408
-2.784826
-0.167497
1.460660

-0.473374
0.311120
1.288983
1.576399
1.012028
0.018587
2.364691
-1.423577
1.678885
-0.702519
2.086191
2.783610
-0.015961
-0.292667

-2.379199
-1.814881
-1.650668
-2.043919
-2.623324
-2.788463
-2.496005
-1.469639
-1.922646
-2.948167
-3.235598
-1.011527
-0.294720
-1.288685
-1.737529
-0.457570
0.546758
1.194445
0.665666
2.640420
2.930419
3.651008
4.233629
2.153367
4.954208
3.417073
5.245576
4.444456
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1.432802
0.267301
-0.450326
-1.289184
-0.834365
-2.590019
-0.939646
-2.164463
-3.060373
0.615669
2.865107
3.431437
3.676690
2.654544
4.847505
5.063193
3.257912
1.581112
5.432631
5.631900
5.647992
4.657132
2.647734
6.506522
6.702650
5.115803
3.101191
3.021988
3.217221
3.922071
1.320078
0.516156
0.816166
-0.824350
0.924680
-0.528029
1.461029
-1.369822
-1.460280
-0.939848
-2.826290
-2.947918
-3.348417
-3.321049

-1.914872
0.217954

-0.439383
0.065298

-1.347050
-0.390642
0.781399

-1.807520
-1.296531
-2.718284
-0.779072
0.386851

-1.860220
1.504536

0.410451

-1.847703
2.616014

1.489422

1.571074

-0.722698
-2.719390
2.656049

3.467876

1.584160

-0.688503
3.541986

-2.988308
-3.033429
-1.660780
-4.095436
-3.486504
-2.769120
-4.556763
-3.127915
-1.940887
-4.877600
-5.110657
-4.169803
-2.566108
-5.690523
-4.531212
-5.572715
-3.889104
-4.422869

5.740067
6.260853
-0.655533
-1.659813
0.312150
-1.643870
-2.393508
0.356073
-0.647818
1.180722
0.935240
1.543919
0.640235
1.937192
1.770575
0.880273
2.480763
1.808086
2.338287
1.428651
0.608891
2.676728
2.763282
2.502425
1.608063
3.104613
0.065431
-1.629229
-2.115155
-2.046286
-1.791789
-2.674923
-1.042898
-2.801614
-3.242298
-1.168885
-0.369317
-2.045798
-3.476828
-0.577588
-2.151231
-2.471543
-2.864046
-1.180565

$109



OO0 OOOOOOITITITITITOOOO

(SR e]

Z2 0 Z20

Compound:

OO0 0O0OZ2ZITZ2Z200IIIITITOCOOOOO

-4.421903
-2.645956
-3.969817
-4.862626
-5.912449
-5.115548
-4.340855
-1.967229
-3.296358
-4.808534
-3.779929
-2.685556
-2.543693
-3.596681
-4.692848
-1.459423
-5.680663
-3.463889
-5.981429
-1.688428
-0.867481
-3.771001
-3.708966

5a
5.496418
4.156705
3.695742
4.589291
5.922998
6.378344
5.850352
3.493703
4.216799
6.610435
7.421381
2.295545
1.984863
1.348069
1.612545
0.214322
0.097578
-1.186395
-1.653392

-1.691903
-2.720476
-3.098459
-2.571111
-2.843937
-1.220612
-3.786303
-3.093528
-0.043347
1.637659
2.449606
2.969761
2.713454
2.033352
1.555466
3.101259
1.021867
1.811558
0.728264
3.745671
4.390087
2.546387
2.575898

-1.517298
-1.396768
-2.006596
-2.720294
-2.847910
-2.246476
-1.033901
-0.800515
-3.157991
-3.409484
-2.340413
-1.843849
-1.914652
-1.616492
-1.532545
-0.898914
0.480825

0.853421

2.253028

-0.610941
1.327666
1.318291
0.353363
0.390999
-1.301071
2.072513
2.088789
-2.388557
-0.970798
-1.578512
-0.836813
0.531101
1.184976
0.486954
1.265085
-1.620611
2.918200
1.307295
-1.496522
-2.013380
-2.993417
-4.158239

0.861744
0.496484
-0.678812
-1.487297
-1.113044
0.063558
1.767504
1.114152
-2.407397
-1.739054
0.352797
-1.168725
-2.347028
-0.176958
0.800568
-0.490043
-0.317756
-0.675293
-0.743414

S110



TOIOOOO0O00WMWOIIIIOIOOIOOOOOOOOOIOOOOIIIOIIOIIOOON

-2.145939
-1.572286
-2.559038
-2.200368
-1.979707
-1.191471
-2.477694
-2.936822
-1.910080
-2.797245
-0.969619
-1.271418
-1.883565
-2.545288
-0.507149
-3.233121
-3.544832
1.279825
2.350599
1.441478
2.256223
3.559103
2.616599
3.317506
1.345526
4.631207
3.659037
2.669433
4.516870
3.234195
5.546905
4577237
5.347057
0.400743
0.277085
1.315145
0.247689
-1.315136
-1.459506
-2.403856
-2.724425
-0.599270
-3.648540
-2.273079

2.770401
3.106034
4.097094
2.119951
4.436858
2.719138
4.936679
4.478779
5.082666
5.972511
-1.419099
-2.757817
-0.352252
-3.031023
-3.522890
-0.647828
-2.009807
1.244300
1.512074
1.610598
1.184204
2.109200
2.220552
1.407137
0.731311
2.329177
2.453856
2.479392
1.980200
1.133331
2.775090
2.908034
2.144792
1.423613
-0.034689
-0.937042
0.310169
-0.581124
-1.894476
0.294424
-2.338902
-2.551201
-0.164403
1.315598

-1.953129
0.366216
-2.045397
-2.821099
0.270972
1.303462
-0.931975
-2.989995
1.142221
-1.004199
-0.953480
-1.271615
-1.068916
-1.695984
-1.193393
-1.456613
-1.789005
0.122988
-0.791012
1.444660
-2.167762
-0.304880
1.931010
-3.014805
-2.540201
-1.206700
1.068252
2.982801
-2.532464
-4.061929
-0.827467
1.430387
-3.213041
2.359383
3.166784
2.649196
4.580315
2.617421
2.181194
2.675586
1.800590
2.127963
2.270568
3.014504
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-3.830917
-2.842237
-4.496711
-5.192425
-5.572967
-5.910674
-5.162694
-4.863199
-4.277654
-5.555572
-5.852716
-6.858347
-5.084796
-6.337625
-4.067552
-2.823080

T T T T ITOOOOIIITOIITO

Compound: (sp)-Ts-3a
0.897197
0.890888
2.086174
3.278922
3.285322
2.093661
-0.034654
-0.050765
4.188431
4.216311
2.097442
2.122536
2.858306
1.287132
0.643883
0.906800
0.110156
0.618381
0.383459
1.070302
2.390018
0.138023
2.771009
3.107253
0.513964
-0.894345

TOITOOOOITOOZITZO0OOIIITITIIOOOOOO

-1.486915
-3.355184
0.514181

-1.959781
-1.342906
-1.895999
-2.995211
-2.332719
0.307837

-0.044900
-1.373937
-1.640973
-3.364426
0.709233

1.329383

-4.045902

-5.669103
-4.278267
-3.561799
-4.244512
-5.633490
-6.348230
-6.219770
-3.751832
-3.668785
-6.160130
-7.432228
-2.068434
-1.402089
-1.487012
-2.065452
-0.152912
0.165802
1.574156
-0.561332
1.525079
1.203464
1.737499
1.116212
1.005470
1.632088
1.959214

1.831804
1.440158
2.285695
1.398716
0.578808
2.225384
1.050477
-2.193786
-1.491319
-1.879286
-2.247301
-2.559205
-2.456783
-1.899680
-1.202311
-1.967542

-0.519383
-0.622222
-0.486207
-0.222863
-0.136903
-0.288029
-0.608894
-0.743198
-0.086659
0.052488
-0.215366
-0.531489
0.184887
-1.467540
-1.989466
-1.361185
-0.137341
0.342292
0.623201
1.791463
2.130905
2.812778
3.469573
1.343072
4.152186
2.556798
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TOIITOIOITOOOOO0OCO0OWWOIITITITOIOOIOOOOOOOITIOOITOOOOIITIITO

1.834631
3.801436
-0.226423
2.130839
1.891374
2.894582
1.716527
3.707747
3.013588
2.526913
3.548911
-0.198129
-1.372555
-2.104058
-2.065876
-1.478533
-3.527512
-3.464347
-2.219120
-0.401654
-4.260226
-4.181532
-3.936096
-3.624404
-1.713050
-5.338745
-5.259789
-4.195520
-1.339133
-1.582553
-1.768980
-2.592387
0.026564
1.070060
0.236047
2.355144
0.883020
1.529844
-0.595871
2.604570
3.176192
1.713006
4.008580
4.090962

1.326709
0.877481
1.782085
1.248627
0.837992
0.847650
1.884986
1.953507
-0.003184
3.041741
3.072292
2.300007
0.034492
0.946800
-1.023192
1.986920
0.805824
-1.185267
2.855476
2.089691
1.723832
-0.265477
-2.033998
2.734497
3.637397
1.604747
-0.361337
3.430056
-2.029158
-2.250484
-0.930389
-3.294976
-2.893616
-1.995408
-4.271017
-2.499190
-0.930297
-4.752064
-4.941461
-3.877095
-1.803844
-5.820587
-4.400388
-5.434394

4.484550
3.719740
4.932338
5.526893
-1.533210
-2.525747
-0.653074
-2.614064
-3.188028
-0.738913
-1.748237
0.268600
-0.401173
-1.233124
0.156079
-1.974446
-1.347240
0.036389
-2.745675
-1.958953
-2.142680
-0.682467
0.519082
-2.825284
-3.304577
-2.208447
-0.775802
-3.433245
0.799914
2.455161
3.049307
2.609195
2.804056
3.029939
2.752939
3.183257
3.071528
2.926204
2.570978
3.128543
3.321479
2.870517
3.287887
2.941098

S113



I T T ITITOOCOOITIT

Compound: Complex-B

OI I T OIOIOOOOIOOZIZO0OOIIIIIOOOOOnO

4.323323
4.718430
4.376865
2.387607
3.211248
4.214285
4.855958
5.147702
3.093155
1.628770
4.493257

-0.717516
0.196230
0.022784
-1.052783
-1.963578
-1.803135
-0.580070
1.030689
-1.151096
-2.795593
-2.515612
0.891141
0.755773
1.889753
1.750833
2.664706
2.005261
2.434563
0.929746
1.240849
0.645180
0.712754
-0.439253
1.030824
-0.388146
1.160581
-0.969590
-0.882479
-0.785094
-1.819422
3.333557

-4.372474
-3.790764
4.218914
4.155907
5.252012
5.288041
6.159971
4.238410
6.097391
4.126864
1.989066

-2.997505
-2.392789
-1.056454
-0.328350
-0.931771
-2.273688
-4.036715
-2.976600
0.710692
-0.357458
-2.750662
-0.342787
0.853081
-1.097922
-2.095431
-0.559943
-0.467677
0.939043
-0.471168
1.799148
2.655435
1.738194
3.451099
2.678351
2.514502
1.068364
3.375714
4.119409
2.460480
3.992752
0.644537

4.338910
2.718993
-1.848403
0.129996
0.002126
-0.995624
-1.083835
-2.615286
0.674363
0.905337
-3.364682

4.979521
4.117469
3.731553
4.257880
5.119638
5.474548
5.262370
3.748165
3.969131
5.517408
6.141461
2.738707
2.505969
2.149937
2.048747
1.122430
-0.216601
-0.791200
-0.061953
-1.157113
-0.217620
-2.452508
-0.577942
0.794429
-2.808163
-3.181486
-1.868048
0.153877
-3.817954
-2.147644
1.391923
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OO0OO0OIITITITOIITOIOITOOOO0COCLWOIITIIITIOIIOOIIOOOOOOOITOOIOOOO

4.039180
3.301515
4.715862
4.031028
4.011055
4.732328
3.020991
2.366525
3.705388
1.376788
4.825195
3.947762
1.598109
6.092820
4.695134
5.265328
2.866615
0.757306
6.321308
6.925807
5.421725
3.059980
7.326061
0.055333
-0.545642
-0.712176
0.243635
-2.122837
-3.021178
-2.422725
-4.230291
-2.766209
-3.646200
-1.711000
-4.559742
-4.932322
-3.878196
-5.878808
-5.812642
-6.656058
-6.225564
5.439043
4.029819
4727273

0.952904

1.502881

2.148065

0.259416

2.726236

3.056351

0.780291

-1.635958
-1.879364
-2.492921
-1.114944
-2.946799
-3.536076
-1.376375
-0.320801
-3.187323
-3.751418
-4.139605
-2.418379
-0.774043
-3.999337
-4.544571
-2.612370
-2.299574
-3.433917
-4.700876
-3.392452
-2.661892
-2.630612
-2.082061
-1.964553
-3.094311
-1.434112
-2.122989
-1.353467
-1.916023
-0.967987
-0.645022
0.149093

-1.345877
-0.202195
4.283561

3.642386

4.826410

2.575892
0.313578
2.634609
3.409682
0.340120
1.538161
-1.702734
-1.114458
-1.580056
-1.558703
-1.151128
-2.508899
-2.484832
-1.622452
-0.430716
-2.976538
-2.952671
-2.801451
-2.547735
-1.271487
-3.681978
-3.669364
-2.911614
-1.116953
-0.063358
-0.768929
1.171476
0.181123
-0.886482
1.410283
-0.717700
-1.832507
1.562858
2.223102
0.504790
-1.545848
2.515383
0.675678
1.424957
1.005913
-0.263654
1.594999
-0.744636
-0.651473
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5.439545

5.985511

5.984055

4.732248

3.480920

5.262073

-2.231899
-2.705256
-3.881093
-4.732059
-4.226298
-3.068844
-5.795523
-1.233930
-5.227561
-2.478189
-4.373398
-4.767649
-1.909938
-1.284851

Oo0ooOoOoOOOOITITITITIO

(SR e]

Z2 0 Z20

Compound: TS-B

-5.312684
-4.456801
-3.172023
-2.761953
-3.617209
-4.892834
-6.307811
-4.796826
-1.771092
-3.291626
-5.561290
-2.191776
-1.229585
-2.505533
-2.888149
-1.633288
-1.136202
-0.415292
0.040039
0.978227
2.145497
1.083368

OO0 O0OITO0O0OZITZ00IIITIIOOOOOOO

5.153043
6.090171
4.528135
5.517323
3.401286
2.416672
0.787595
0.563901
1.087684
1.944099
2.211302
1.672649
2.381603
0.236422
3.219161
1.913059
0.834554
0.615105
-0.290421
-0.998162

2.850365
1.817157
1.740765
2.696020
3.731587
3.811536
2.905704
1.066484
2.606613
4.475248
4.619791
0.678656
0.398002
-0.034022
0.530845
-0.985906
-0.962589
-2.318343
0.015239
-2.179613
-2.393883
-1.839851

0.526524
0.584426
2.503680
-1.490029
-1.649586
3.535193
-0.705673
-2.105800
-2.546507
-1.669185
-0.295655
0.154966
-2.070760
-0.288547
0.679232
1.745506
-3.859592
-4.930918
-2.925164
-3.602095

2.512945
2.141990
2.695665
3.635622
3.997712
3.434318
2.082490
1.436513
4.068164
4.718792
3.716294
2.347266
3.040167
1.172083
0.413952
0.694011
-0.608691
-0.803001
-0.465870
-1.417211
-0.677156
-2.771221

s116



OITIOITITOO0OO0O0O0O0O00LWOIIIIOIOOHIOOOOOOOIOOIOOOOIIIOIOIIO

3.395467
2.080496
2.333059
0.183627
3.493866
4.292464
2.399295
4.467754
-1.240366
-1.554740
-0.507030
-1.092070
-2.116970
-0.051704
-0.342854
-1.010987
-2.079244
-3.162202
-1.954441
-3.491984
-3.979458
-2.757299
-4.533941
-2.946504
-5.033901
-3.734192
-2.571148
-5.307048
-4.764858
-5.631537
-4.348309
-6.119728
-0.997250
-1.593528
-1.974196
-2.592665
-0.110451
0.934323
0.028496
2.158894
0.803373
1.258996
-0.798627
2.347634

-2.304064
-2.636847
-1.734734
-1.650916
-1.975846
-2.466334
-1.451606
-1.883299
-2.119521
-2.468635
-2.944877
-3.677877
-1.803375
-4.204121
-4.567014
-2.914980
-0.477829
-1.345498
0.740915
-2.545520
-0.977293
1.102859
-3.345489
-2.834106
-1.831828
0.249173
2.058014
-2.998332
-4.250616
-1.535937
0.511829
-3.642511
1.646807
3.042966
3.977201
2.594786
3.557049
4.056206
3.339795
4297121
4.210404
3.598369
2.951369
4.047451

-1.290437
0.376865

-3.379428
-3.350551
-2.641576
-0.700485
-4.424966
-3.112083
1.411449

2.743829

0.567701

3.201290

3.381834

1.018605

2.378549

-1.507253
-1.681484
-2.083729
-2.329496
-1.394095
-3.203306
-3.436823
-1.810677
-0.505113
-3.614854
-3.873140
-3.912076
-2.939659
-1.256762
-4.472847
-4.729765
-3.260854
-1.908651
-1.171994
-2.225093
-0.193046
-0.368150
-1.146931
1.001680

-0.533583
-2.211314
1.594449

1.580493

0.834302
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2.991575
1.387354
3.710223
3.642269
4.285743
4.283722
0.105902
0.647067
1.062554
0.797284
1.136255
-0.109072
1.599951
0.859849
-1.305217
2.023639
2.793187
4.181903
4.928169
4.088967
2.719036
6.159721
0.726293
4.936058
1.726133
4943371
5.550195
2117777
1.597681

OO0 OOO0O0O0OOIIIITITIITITOOOOOIITIIOIIT

o a

Z2 0O Z2 0

Compound: IM-B

4.520699
3.857227
2.458492
1.729807
2.396293
3.792158
5.604128
4.425768
0.648456
1.830542
4.311201
1.688746
0.522343

OOIIIIITOOOOOO

4.654096
3.409455
4.200512
4.413687
4.998295
3.271411
-5.820034
-5.126928
-6.337940
-6.686939
-7.644315
-6.088290
-7.032612
-4.861994
-3.979037
0.636340
1.008526
0.980621
0.561373
0.163633
0.181141
0.536280
0.791499
-0.355061
-0.334493
1.328028
1.604213
1.389443
1.698057

-3.605930
-2.512583
-2.513891
-3.607835
-4.697578
-4.699442
-3.600823
-1.651004
-3.589813
-5.548663
-5.552153
-1.385231
-1.144781

-1.132624
2.656118
1.457577
2.528465
0.978542
1.344256
2.862000
0.193886
0.699147
2.044275
2.428312
3.892947
0.060569
-0.835537
4.222916
-0.082418
-1.222092
-1.190175
0.005337
1.148082
1.088862
0.035529
-0.061938
2.565258
2.411168
-2.339197
-3.293483
-2.421517
-3.414248

3.652153
3.099461
3.016200
3.501787
4.048805
4122113
3.722257
2.763814
3.428709
4.414944
4.549857
2.443448
2.678273
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OUMWOIIIIOIOOIOOOOOOOIOOIOOOOIIIOIOIOOO0OOIOOZTIZZ

2.477825
3.091283
1.905743
2.043241
1.543235
-0.342628
0.575658
-0.784145
1.071163
-1.642886
-1.177944
0.208032
2.129682
-1.151888
-2.701502
0.598393
-1.827213
1.334133
1.110254
1.082505
0.582980
1.307531
0.563499
0.293781
2.430267
2.724544
3.960242
2.114530
4.704151
4.489337
2.627660
5.885753
4.360595
5.703658
3.780602
2.077445
6.387278
6.440846
6.087338
4.164507
7.316487
0.930248
0.731469
1.086038

-0.523528
-0.988137
0.600347
0.939423
2.363480
-0.263330
2.532536
2.777162
2.438424
2.907691
2.846240
2.556033
2.265584
2.787629
3.072380
2.460278
2.863287
1.652550
1.683606
2.713220
2.846275
0.830613
3.923743
3.973333
2.972077
0.138556
0.633585
-0.968868
1.678813
0.021349
-1.550596
2.121564
2.114794
0.505167
-1.055074
-2.359044
1.540220
2.918433
0.034821
-1.488526
1.902139
-1.411706
-3.095697
-3.868674

1.630274

0.965026

1.068075

-0.199657
-0.385050
-0.665861
-1.557725
-1.352928
-2.863125
-2.443732
-0.347408
-3.950205
-3.032714
-3.742897
-2.269819
-4.958692
-4.589268
1.853563

3.240668

1.006795

3.751623

3.872514

1.521460

2.931399

-0.620343
-1.223249
-1.769390
-1.807660
-1.161792
-2.948462
-2.990057
-1.715957
-0.229077
-3.497748
-3.542823
-3.449006
-2.901731
-1.230351
-4.398819
-4.461777
-3.330326
-1.268366
-0.871585
-2.054300
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0 Qa

Z2 0O Z2 0

Compound:

@]

O 00

1.502591

-0.995850
-1.829609
-1.510620
-3.197591
-1.407406
-2.886843
-0.860048
-3.752329
-3.855286
-3.301357
-5.238373
-5.475998
-5.672717
-5.738182
-0.245881
0.311998

-0.207756
-0.494357
-0.912114
-0.462233
-0.405594
0.514979

0.374197

-2.136245
-2.684948
-4.086686
-5.019500
-4.377838
-3.006035
-6.245958
-0.795434
-5.446414
-2.265482
-4.603156
-4.988824
-1.800998
-1.037890

ent-5a

-5.765112
-4.380379
-3.570229
-4.160477

-3.243660
-3.121560
-3.518399
-2.754378
-3.571054
-3.769399
-2.813347
-2.411233
-3.224767
-3.854148
-2.519464
-3.291717
-3.387961
-4.142849
-2.383938
5.164370
5.071130
6.211051
6.257487
7.162089
5.198351
7.081329
5.032778
2.915255
0.237336
-0.157117
-0.275670
0.032440
0.562369
0.643900
-0.168843
0.248865
1.008680
1.218429
-0.830773
-1.333572
-0.458059
-0.683635

-1.375967
-1.244195
-2.386491
-3.656158

0.362509
-0.592084
-1.647955
0.655990
-1.429492
-2.613100
0.842309
1.451001
-0.184075
-2.244897
1.801573
0.034471
1.098157
-0.499737
-0.330220
3.478313
0.724856
1.294474
2.679300
3.110534
4.542427
0.676191
-0.339592
4.814932
-0.217034
-1.439813
-1.604388
-0.540102
0.668185
0.816650
-0.620822
0.028104
1.961779
2.295346
-2.802414
-3.781701
-2.517292
-3.368217

-1.173092
-1.085638
-1.019310
-1.019712
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-5.542559
-6.346530
-6.389063
-3.944660
-3.518045
-5.995463
-7.425833
-2.085464
-1.416625
-1.509728
-2.098030
-0.283308
-0.134113
1.215717
1.731062
1.283155
2.606791
1.712543
0.589836
3.039267
2.940650
2.594496
1.354073
3.716695
2.929117
0.948263
1.244924
1.920094
2.565128
0.450288
3.305198
3.611369
-1.310459
-1.664624
-2.106935
-0.925413
-2.807576
-3.242497
-1.282265
-0.065769
-3.147641
-3.579409
-3.818476
-2.400073

-3.784415
-2.644330
-0.487938
-0.251954
-4.526455
-4.771434
-2.744976
-2.309939
-3.171257
-1.216404
-0.548955
-0.717192
0.546647
0.861210
2.162300
2.722684
2.912103
3.988333
2.172553
4.174137
2.499186
4717418
4.403040
4.737621
5.702731
-1.217163
-2.451839
-0.268796
-2.735082
-3.145486
-0.602461
-1.841680
1.313051
2.560944
0.823946
3.114097
3.276088
1.515017
4.323199
2.572981
4.519989
2.721899
1.075208
5.037721

-1.117154
-1.197475
-1.210291
-1.018767
-0.938379
-1.125146
-1.267711
-0.882684
-0.333192
-1.508571
-1.988178
-1.126131
-0.559848
-0.543895
-0.076334
1.130184

-0.879293
1.526505

1.756004

-0.478401
-1.826688
0.728485

2.464519

-1.114316
1.040611

-1.492753
-2.101889
-1.110483
-2.336690
-2.349179
-1.285363
-1.942434
-0.123916
-0.734146
0.898145

-1.812481
-0.247979
1.368821

-2.363813
-2.188291
-0.840783
0.806874

2.175267

-1.872649
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-0.699553
-4.012886
-4.445154
-2.667265
-1.816571
-0.942066
-0.763040
-1.659694
0.615564
1.781304
0.649125
3.003244
1.726084
1.884205
-0.264613
3.075091
3.917601
1.919169
4.409277
4.299082
4.900114
5.076556
4.967531
4.381214
5.692648
5.993470
7.027541
5.186341
6.498229
4.168326
2.843288
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Compound: DDQ

0.119051
1.401252
1.401254
0.119054
-1.153971
-1.153971
0.138349
0.138346
-2.592469
-2.592473
2.605394

OCO0OO0OO0OO0OoO0

000

4.733788

5.056581

3.270493

5.992763

-0.416394
-0.458723
0.923319

-1.433930
-1.124641
-0.400083
-2.382916
-0.960193
0.579205

-2.915727
-2.920739
-2.224654
-0.402959
-3.881803
-2.828332
-3.646295
-3.229133
-2.082528
-2.185029
0.193425

-0.176964
-1.369093
-1.649130
-3.120009
0.455152

1.101670

-3.670700

1.458699
0.679025
-0.679023
-1.458697
-0.677380
0.677380
-2.672131
2.672132
-1.613560
1.613556
-1.441238

-3.183169
-0.460155
1.167414
-2.315409
1.452507
2.903060
3.348108
3.710657
2.382579
2.637893
1.784466
2.283446
3.096406
1.429285
1.568849
1.681835
2.466233
0.935514
1.332160
0.615737
2.228795
0.892131
-2.165116
-0.822649
-1.047253
-1.738621
-1.917677
-2.675483
-0.683690
-0.274481
-2.814109

0.000379
0.000092
0.000018
-0.000113
-0.000002
0.000087
0.000263
-0.000253
-0.000111
0.000005
-0.000055
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N 3.590695
C 2.605391
N 3.590693

Compound: DDQH,

-1.075467
0.130294
1.340928
1.340928
0.130294
-1.075467
0.192108
-0.708264
0.192108
-0.708263
-2.566544
-2.566543
2.570468
3.572186
2.570468
3.572186

TOITOOOOOOO

00

Z2 0 Z20

-2.057592
1.441241
2.057594

-0.698432
-1.418173
-0.706006
0.706006
1.418173
0.698431
2.763544
3.132783
-2.763544
-3.132783
1.599487
-1.599488
1.430513
2.019690
-1.430513
-2.019690

-0.000135
0.000033
0.000005

-0.000017
-0.000033
-0.000020
0.000021
0.000027
0.000012
0.000047
0.000053
-0.000073
0.000012
0.000030
-0.000030
0.000068
-0.000074
-0.000056
0.000094
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14. NMR spectra

FLO'Y
000°¢
91679
5269
669

062°L1
962°L1
S0°L7
H1E'Ly
91E"L]
0ZE"Ly
1£8°L
06E" L
00b"L]
£0p'L]
61b'L
LEp'L
£29'L
(29'L

SF9° L]
§99°L]
£80°L]
89°L]
@wﬁﬁﬁ
L08'L]
986"

35 30

4.0

50 45
£1 (ppm)

100 95

105

Fbps
SLoM
E1DOD 899L
DA 00 LL
EIDaD el
£ZL6
[
SORII
[l
6s871Tl
1LTT1
6LTTI
TRED]

wwﬁm_ﬁ

gl
90°LE 1A
LITLE TN
BI'RTIA
BERTI
FORTI
PLRTI
9881

mmdm_—

1§71E1
9L1El
neTEl
FrEel
L0 Tk1
P9kl
Z0°8S1

T

—

6L991

-

-10

130 120 110 100 80 80 70 60
£1 (ppm)

140

190 180 170 160

00

S125



-10

0

20

30

40

60

70

| =
Wy
<
s66 b = [°
2869 |IRE
po0'L k“ = €8'€6)
le0'L — 08'69
1v0's 3 2 €100 89°9L
890'L 9 £1000 00°LL
960 * e 0TEL
SIL - £10CI0 TELL
w_wm e oczity
_ - PEETT
181°L C e 120zl
oz'L - 6E1El
m*_wmm e zieel
06221
65T'L BT szl
LLTL . sa'ezl
9874 M L1921
86T'L . ) 9L'9z]
8EE"E] ..hl.n,_ bl 91°¢Zl
L5541 . 1£'821
SLE'L) & i 09°821
614 | 1 ° 1821
8Eb' Ly (e 06'8E1
L8] | 1 - £0'6E]
w_wwm __ e 91°0£1
61°0€1
2oL I S ST0gl
L89°L —— Irsr e
= 7} LE0E]
s02' S——— £51E1
§TLE - —_— i OFS 0L 1€
k____. hL =] N
£08'¢] PIT o pEEE T o _
828t | . - z 3
£TS'8— 5 F 660 J
L=
(=1
o
90L'6 8 — Fent 7
| o
[ =
it}
1
L =
L

80

170 160 150 140 130 120 110 100 90
£1 (ppm)
S126

180

190



o'y
BEO'p
S8R9
9069
Lon'9
10074
ZT0L
ETLL

SLU

|

Feot

83

90

100 95

105

61921
08921
91'LZl
7E'8T1
19821
[L8T1
£0621
8I0E1
LTOETT
0F0ET
£50E1
TS 1€l
6o1E1-E
SRIET
9ggely
Nm.mmg
L6PEl
9eserd
RE0PIY

3c

-10

30

40

100 90 80 70 60
£1 (ppm)

110

130

140

180 170 160

20

S127



0S4
DL9°Ly
EERIS
2094
ZOLL
OTL LA

%wavr
0§8°L
L0b'8—

BIRG—

00 -05-10 -1

20 15 1.0 05

30 235

S5 40 35

0 4

f1 (ppm)

33 3

80 75 70 635 60

90 83

120 115 11.0 105 10.0 9.5

B0'FST
6869
S0 8994
SO0 00°LL
SO0 TELL
9LEll
SThII
£2'0Z1
9L 1zl
99zz 11
LUET]
GLETI
98'£Z1
£8'571
aF 9zl _
LIUET]
S1'8Z1
95'8Z1
99'8Z1
89'871
98'871
656211
£0'0E1
S0'0ET
b OE1
68'0£11
€5 1€
78 1Ll

b2'TE 1
8FEE1
95 9 1 f
80'8¢1
$8'0p1

A

LL991

-10

20 10

30

180 170 160 150 140 130 120 110 100 90 80 70 60 30
£1 (ppm)

190

$128



-10

03

0.0

BE' 187
01 #E1
90'#S

1.0 03

0L
899L
00 LLy
e Ll
OLET]
FRET]
£T0TIL
LLTTL
19221
E0ETT
G8ET]
SORTL

1.5

30 25 20

40 35

-10

20 10

30

40

60

70

- 09571
<+ posz
25 e
" 60'821
“l 08z

19821
b= L8z
" 98211
P 900€11
010517
0L
" 95 1€
~ 68151
LETELT
1eel’s
9651
LEIPI—
L1081
00SS1—

80

90 B85

68991—

10.0 95

110 105

100 9 80
£1 (ppm)
S129

110

120

H.LJ- s
170 160 130 140 130

180

90



ucL
0L L]
€8 L
S6¥'L1
§89'L
00L L1
vILL
6TLL
£vLL
878L
PES L

s L
LS'L

686'L

eo—

=001

-1.0

1.0 05 0.0 -0.5

1.5

f1 (ppm)

12.0 11.5 11.0 10.5 100 95 90 85 80 75 7.0 6.5 6.0 55 50 45 40 35 3.0 25 20

12'p67
96'69
8Tl
6LETT
8z 0zl
seren
£6rel
I8eel
L6TL
99°€el
LUrTl
81921
269zl
ozLEl
80LEI
Ep8el
69821
[8821
11621
A
8E0€1
ol
950€ 1
91€1
BLIET
iy
IPEET
£9Ep1
LILpl
2rssin

96'991—

-10

100 9 80 70 60
£1 (ppm)

110

130

140

180 170 160

190

$130



1o v
800°¢
1469
16679
0107
BEOL
6807
080°L
oL
LETL
191°L
08l’L
Lol'L
[akars
LETL
98e'L
PLT'L
CRT'L
E6TL
BOEL
Ll
(A2
0se’L
9LEL

9psL
£987L0
FRE LY
L9°LY

989°L
o@.ﬁm
02L'L
sbi L]
(TN

LT~

61676~

L

A

-1.0

00 05

1.0 05

40 35

50 43

5.5
£1 (ppm)

6.0

80 75 70 65

9.0 B3

20 115 11.0 105 100 95

#5116
£1'69
LL9L
G0°LL
(R
18T
6ewll
BEOTI
FeITI
10gEl
8Tl
5T x4}
0091
91Lel
Zeidl
6zLEl
SELTI
1£BE1
99°8T1
1LBEL
[4:3-14)
60'6T1
BEGTI
6L6zTl
0T'0ETH
PSOEL
0L0ETH

AT

RN
06 £
sezel]
sreet’f
6.8
80P
L60p1
g Lpl
plsst?
$0°L91—

o

-10

100 90 80 70 60
£1 (ppm)

110

130

140

180 170 160

190

S$131



061"L~

orT L]
15T°L
0z Ly
€E€°L
9r¢ L
0s¥'L
9% L]
vLYL
bs9L
899'L
089'L
69°L1

e

CILL

L7081
0696

BV WY

—

Fioe

ES0'1

00’1

10

12

13

14

Ibbs
85°S
1169,
8991
00l
mmah»

92201

81011

0z 11

£991]

L2021

69'121

£6'121

891

681

28921 |

00'L21

6121

L1SEl

25871

89'81

96'3¢1

99'621

£0'0¢ 1

STOE

08 11

et |

12761

spest

S 0pl

Ov'Lbl

z1ss

S8'Ls

88991

-10

30

40

100 9 80 70 60
£1 (ppm)

110

130

140

180 170 160

190

$132



b

B

ETRG—

—=

S N SR

.
e

Fges

Foar

6e0

i
W
=

I

Lpoe
Fso

oo

-10

10 035 00 -05

1.3

80 75 70 55 30 45 40 35 30 25 20

90 83

110 105 10.0 95

f1 (ppm)

LA

b bSH
6169
89'9/
00°LL
|

seei

TORIl

bz 0z1

8L°021

58721

78'c2l

§5'921

90'L21

12421

L8z

86871

90821

06'821

L6621

91081

ze0s

88081

psIs

08'1€1

62z 1
0LEEl

88'¢E1d
80°pE1
0z 1Ry
269kl
67661 —

cLon—

vsimebened 1FMIMJMWWW

-10

10

40 20

180 170 160 150 140 130 120 110 100 90 80 70 60
£1 (ppm)

190

$133



e’y
Loa'y
19879
Fa8°9
L0679
0Z69
1679
9z0°L

Y| E— —

-10 -1

0.5

0.0

30 25 20 15 10 05

4.0 35

5.0 45

£1 (ppm)

e
[

80 75 70

9.0 85

.5 11.0 105 100 95

01 ps—

86'691
89'9L7
00 L.
NSL,
1011
£0°p11
8pLll
81021
091zl
60221
96721
8€'5Z1
L6STI
07421
81871
6H871
99'87
CLRTI+
Z06T1
61621
crostd
SL0E]
8SIE1Y
mm_mm;
6reEL]
prEE]
850p1
6E LYY
SEbS1
LoLor

—

-10

30 20 10

40

170 160 150 140 130 120 110 100 90 80 70 60
£1 (ppm)

180

5134



800°S
z50's
oL
v90°L
780'L
00L
SEI'L
'L
9sT'L
€LTL
8LI'L
£61'L
L61'L
01TL
PITL
0TTL
STTL
ETL
WL
LYTL
1ST'L
69TL
T6TL
8PEL
1LEL
9LE'L
£65°L
L6€'L
IThL]
65 Lo
vt LA
8S¥°L
69%'L—
LIS'LY
$ES° L
TS L
€91
cerd
8SLL
L6L°L
818'L
PESL
6v8'L
798'L
L98'L
USL
v88'L

o A

0€5°6
PSTO1

£19°01

F69°0

F0£0
#9L0
60

1.0 0.5 0.0 0.5 -1.0

1.5

12.0 11.5 11.0 10.5 10.0 9.5 9.0 85 8.0 75 7.0 6.5 6.0 55 50 45 40 35 3.0 25 20

f1 (ppm)

64457
8904

ve 01
POzl
Lrezig
6eEzI{
mecm__
pT LTl
ez
T 148 §
§5'871
19871
£6°671
9§'671
25621
99671
TL6Tl
986211
76671
§50E1
LLDET
LY0ET
9p g1

RS
SLTEl

et
Zrsel

95051~
91951,
8ULSTT

P

-10

180 170 160 0 140 130 120 110 100 90 8O 70 60

190

f1 (ppm)

$135



000°0-—

-1.0

1.0 0.5 0.0 -0.5

1.5

1.5 11.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 65 60 55 50 45 40 35 30 25 20

f1 (ppm)

£SHS
9869
8L9Ly

1L
mwsﬁ#

0e0zTl
BOTITI
BRTTI
TOET]
S6ET]
£0PT1
S0°9T1
1L921
LITLT T
TE'RTIN
B98I
SLRTI
0881
O8'8T1
107621

ST991°

Cl

-10

30

40

70 60

80

5136



L067~
690~
101’

878°6—
TLLY
5789
0£6'9
TI'L
v%,\.w
8SI°LE
N_N,EW
s97 LY
coe'L] ﬁ
689'L
oL
IR
seLL]
LouLyf
€E8Ly
6v8'L
3€0°6
L9€76

80
00T

* £6°0

STT

€rel
98t
w1
81’1
1 YTt

F 6zo

Fiso

70 65 60 55 50 45 40 35

80 75

-1.0

1.5 1.0 05 00 -05

30 25 20

8.5

10.5 10.0 95 9.0

f1 (ppm)

LoEs—
L L
LB
8O9LY
007 LLAL

BO'LTI
FO'RTI
CTRT I
NE'RT1
9pRLl
99°8T1
9L'8T1
CR'RTI

10881 J

o

I

"

L

-10

30

40

100 90 8 70 60
£1 (ppm)

110

130

140

160

170

$137



909°E—
126"
BROR
ECRSY
16L9
9ER9
LER9
1669
6969
0669
STLL
651°L
9L1L
SO1LY
0ge'd i
0pT'LY
mmm_mhﬁ

L

5874
962" L1
LI1EL]
Tee'L]
05E"L]
SILL]
seLif
goce]
98LE
5U8'L
88'L
¥68'L
L6
pop'e!

'k._JL

i

———= Fuy

10 0

90 B85

00 -05 -10

20 15 3

30 25

50 45 40 35

5
fl (ppm)

5.

80

110 105 100 95

5

9L7T6

1€ pg~

90°69,
89'9L
00°LLy
2e°LL
LTl

L

LTl
[ANITAR
[ANTAR
FLTTI
98'ET1
96°ET1
68'6T1
197921
E1LT1
LT'RTI
RORTI
O8'8T 14

—

98'8L1

ek JLM.,.[WW I

-10

30 20 10

40

170 160 150 140 130 120 110 100 90 80 70 60
£1 (ppm)

180

5138



L2 [

_ 3 e
[T |||U.ocw

" Lo'es—
98 19—

“ PO'0LA,
- 89°0L

-1€

10

30

40

60

70

. - 8_?
AN — Flt il
Wy

AP

FLTILY
L n® £LET
LIDEL
Ly1El
L ey |

e 665211
- 88'ST14
i 6591
~ [1°4T1-¢

80

100 90
£1 (ppm)
S139

110

120

|

L 9z'RE|

99°8Z1
! LLST1 %
C8'8T1 °

S10El

" 1Z'0sl o“\/
o 9z °0€1
L 09°1€1
" LYEE]
= S6°0F1
PlLrl
66'FS1

180 170 160 150 140 130

190




b8
980+
880’
LLSTY
01974
£90'
616F
9p6'
8789
0589
x
£96'9
£86'9
S00°L

mcc_o_
00Fa”

e Jee

—

=087

12T

tuee

B

00 05

1.0 03

1.3

100 95 90 85 80

103

80701

FOTT—

90°pS
pE'L9
£6'69
89'9L1
oocLil
Nm.tl.p
1821

TLETT
0Z°0Z 1
6E1T1
1Lzel
T6ETT
L8521
09°921
1LEt
sgsel F
99°87 1

BLRTI
SR'RTI
Srel
[AA N

87061
09°1€ 1
LSt

3p

3020 0

40

170 160 150 140 130 120 110 100 9 80 70 60
£1 (ppm)

180

5140



-10

30 20 10

40

60

70

)
(=
_J =
= (=]
wy
=
] =
611~ — Fug "~ 06°12
58217 Lu "
=
=]
y
a
= §9'€6,
i £0°ps”
y
= 8697
: e
g gl
o
44NN [ I I -} £20T1
6p6 b I g2 g €61z
£09'9 _ = Aad!
9p8'9 _ ] £6'6T1
Lh6'Y 88'sT1
9969 = 19921
9869 ANIaR
Jpmge
28174y BEEETANI 1
16144 — 2 8L'8711
8174 ——=" lgd 98'8Z 1
S6T°L ) g
c_w._._u“ \A ey
ndf . = Loz s
L1 =4 -
(@] 1
SELL w
LELL To]e
ey 4t e
68L°L )T
98] 3 N reseg
cowﬁh -
116 =
€66 o
0E0'G =
LIpg!
(=}

80

90
£1 (ppm)
S141

110 100

120

170 160 5 140 130

180




06k LY
Fo9°Ly
189744
S69°LA
oLL

e WA

I

A

FLRT

00 05 -10

1.0 03

1.5

40 35 30 25 20

5.0 45

5.5
£1 (ppm)

6.0

6.5

80 75 70

90 85

115 11.0 105 10.0 95

0881 —

60'ok—

01704

om.m_:__

00°F11Y
LT0g1
0e1el
8Ll

|
L

ok

6LEgl
PREC]
S0'ET1
16621
BOOTIY
BLOTT
S6'9T1Y
STLTIY
0T8T
69°8T 1Y
EL'RTIY
F6RTI
06T 1
00°0E1
BO0ED
0z'0el
Feoel
99'1E T
L8T1ET
0F'Zel]
LEEET
BEOET
056817
0rLwl

0g's51
6479917

-10

30 20 10

40

1300 120 110 100 90 B8O 70 60

140

180 170 160

190

f1 (ppm)

$142



8051
8CRE
9LE'S
L0FS
TERY
168
L9R9
TLRY
S8R
0689
LORY
2069
a9
oY
926
090L
0R0L
80°L
SRO'L

= 0'E

L6

=90

-05 -1.0

0.0

10 05

15

40 35 30 235 20

50 45

8.0 75 7.0

90 83

120 115 11.0 10.5 100 95

Floal—

9F8p

Bor,
00°p11]
1P|
ETOZI
Lheel
bLTEl
SSbEl
pLSEl
gz el
959z 11
04921
L8921
01'£21
288211
bLSZI
826215
SE6Z 1N
05621
64621
16621

910l
LTl
I180ET
TLEET
PO REL
047081
9L P
[N
BE'TIT
197291
6L691
L

|

Il

1

i
i

-10

30 20 10

40

180 170 160 150 140 130 120 110 100 90 80 70 60
£1 (ppm)

190

5143



8be'1
0966
486°C
$66'S
0189
828°0

£69'0]|

980°L
160°L
E1L
811'L
el
REL'L]
op1 L]
151741
81 'L

BIT'L
0gg L
BET'LY
094
98T°LY
FOE L]
126

164"

3t

—= b

!

0.0

10 05

11.0 10.5 100 95

113

0

1881

LBETTY

vL'8T1
68'87 14
0662 11
€0'0¢ 1
110¢1
81°0¢ 14
8 IE 11
cTee
££9¢ 14
7S'8E
L89b 1
01ss |4

ﬁ

509914

-10

30 20 10

40

60

70

190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

2

210

5144



16571
Y69t
£1es
Ires
£LES
1er's
£EP'S

-

Fire

Ep0'e

-1.0

1.0 05 0.0 05

L5

11.5 11.0 10.5 10.0 95 9.0 85 80 75 7.0 65 60 55 50 45 40 35 3.0 25 20

f1 (ppm)

06'81—

[AIRIEAR I8
Oe1gl
BE'TTI
ELETT
PRECT
L0l
so'sgl
ELOT1
8921
P69zl
6TRTI
Z9°RT1
SLRTI
P6'8T 1Y
FO0ET
STOET

Ly

-10

30

40

100 9% 80 70 60
£1 (ppm)

110

130

140

170 160

180

5145



WA

QL
2oL
ZREL
bk L
£8b 4]
z0s L]
0zs'L]
7T9'L
SH9L

0

"

»J,

M

OH

Br I I
3v

|

N

a0e

=001

[Z01
20l
S0l
Jeot
022
RIS
-ST'E
£01
621
811
ik
b6
AR

Fao1

0.0 -03

1.0 05

15

40 35 30 25 20

50 45

80 75

90 85

12.0 11.5 11.0 105 100 95

90681 —

0CGO8F—

ozl

Hanant
oratll
TS0t
069°eT1
LEOTFTT
LEL9T]
BEG9TL

00°LT T

0L17LTL
0TL8T1
L068T1
[AxaAl
FERGT]
Se0nel
1s0°0El
Sa00El
[ExaN!
FIO1E]
1997181
BORTIET
L087CE]
L1T9E1
ES16E]
0LR9F1
SIFSSt
BEH091

08L79917

T ———

m—

10 -10

30

40

70 60

80

100 90
£1 (ppm)

190 180 170 160 150 140 130 120 110

210 200

5146



iy
=]
000°0— ; J .=
L
(=]
_ s §8'81— -
y
509°1— S — Ta_m a
e
3 .
_ M e 88'8p— -
B s
| Mo
BIEE— — Tw_m " roeol]
4 M 1£°0111
! - STRII
! F3 859111
" 60°07 1
Fa b 121
v
g uE
W
LIES _ : TRaR |
ppes” ) Feso pal 19°971
8971
(=1 .
l -2 BI°LT1
97:9— ——— F660 60°8T 11
m_mwm __ w [P60F g Lb'sgl
P = g0 19821
pE6'D = FUI= treel]
$86'9 — 1%l mwmm"
900°L] E— LY _
8E0°L] B £6'1 66°621°f
£50°L] S0TF = 12011
8014 _s_m €211
syl NS PLTED
_ BIZE
op L] Lo 9Z'EET _
_NN_L @ LI
vet i) L Z0°6E
62€°L o _
o s ) LhLpl
Shb'L ° = L2 €18l
_ = 8LLS 1
SopL " o]
_ L9 LIyl
BpL = £6agr
bLo'L o
6L =

-10

30 20 10

40

70

80

180 170 160 150 140 130 120 110 100 90
£1 (ppm)
S147

190

210 200




=T
]
=
=]

LA |

P

e

—=

—

—00E

-1

-1.0

0.5

0.0

10 03

1.5

40 35 30 25 20

50 45

£1 (ppm)

8.0

90 85

11.0 105 100 93

06'81
LE'8 "
bz 0L

|

£0'p11
09°L11

600z Y

8¢ 121

56221

1021

Q_mm_;

£0'92 1

Sl |

vE'LEl

1Sl
5T'8El

55821

65821

SL'REI

18'821

88’821

06'62 1

02'0£ 1

0£"0E 1

P8I0E 1

E0'1E 1

A o
LI'GSST—

6eL9l—

-10

30 20 10

40

190 180 170 160 150 140 130 120 110 100 90 B0 Y0 60
f1 (ppm)

100

5148



ISL°S
8LLS
8¢C9
£p6'9
$56'9
LL6™9
LLo'L
L60°L
1IZ1°L
(AN
8S1°LY
TLI'L]
LLI'LY
I6l'L
£ET'L
0sz'L
0Le'L
PRT'L
Ie'L
1€€°L
ope'L
pLe'L
£6E'L
Elpe
6oL
L1S'LA
9€S' L7

J

—r—t

bh9'L
90L' L
16005
svL e
0L
9¢8'¢ ]

Lh8'L
LS8
L98'L
orrg’
0686~

=00°1

4
66l
817

= 2 L
m 817

Stal

ol
teeq

¥e'g
811

— Fogr

6E'E

{0 105

90 85 80 75

100 95

f1 (ppm)

St'8b
sell
9L'L11

L6 S L]

L

2004

050z 1 #
89121
27zl
p8ET1
(8521
1921
£pezl
09°21
1821
L0821
65821
05821
09'821
P0'6Z 1
L0°621
PS62 11
116217

pO0ST
81'PSIY
pE'SSI—

80991 —

=

0 200

70 60 50 40 30 20 10

80

110 100 90
f1 (ppm)

120

180 170 160 150 140 130

190

5149



noo0—

4

J\____J\_

Fesn |

10 0

50 43

fl (ppm)

90 85

13

00 05 -10

3

15

7.0 65 60 35 40 35 3.0 25 20

8.0 73

110105 100 85

Z89'1S,
06ZE11Y
6RSETL __
1SSLITL
8TLG11
188°0Z1
8FLTTI
908221
1SLFE1

L

180°5T1
066521
SLITETL
BRTLTI
BELRTL
Fo5'8T1
S06'8T1
BE1GT1
EROTOET
1LE7081
9zR0El
SEQTTETN

pObZE]
8apzeld
809zl
8IS'ES
0zE 0kl
bbbl S
Lrrsst

66091 —

—

-10

70 60 50 40 30 20 0

80

180 170 160 150 140 130 120 110 100 90
1l (ppm)

190

210 200

$150



06L'S
LIS
9169
086'9
$86'9
£66'9
L66'9
100°L
910°L
SOT'L
1ZI°L
sTI'L
LOT'L
0LT'L
LLTL
8L
L81°L
161°L
YOT'L
81T'L
65T'L
08T'L
S8TL
L6T'L
0L
8IE°L
SEEL
8€€°L
1S€°LY
5E Lo
TLE LA
68€°L~
€65°LY
POv" L
605°L
815°L]
s L
98514
065°L
L09°L
9L
L
SILL
YEL'L
6vL'L
09L°L
€LLL
Y8L'L
998°L

988°L

-1

1.0 05 0.0 -05

1.5

120 11.5 11.0 105 10.0 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

f1 (ppm)

1028
60°0L
69°Cll
09ell
98611
a1zl
[4mta
6L'eel
o0kl
8FEdl
16FE1
PO9ZI1
L0°LEL
SILEL
6T LTl
6E'LT1
PERTI
OF8gl
SSRTI
6981
SLRTI
18821
90821
£56gl
sR6gl
02081y
SENEL
P90l
[AREN o
E8TIE]

-10

110 100 9 80 70 60
£1 (ppm)

0

190 180 170 160

100

S151



9rL'S
€LLS
L7T9
$L8'9
£76'9
69
956'9
8L6'9
$66'9
090°L
890°L
9L0'L
680°L
LEI'L
9S1°L
1912
9LI'L
161°L
LETL
€STL
1LTL
€6T'L
L6T'L
€1¢L
IE€°L
6E'L
19€°L
08€°L
66€°L
68%'L
805°L
9Z5°L
€65L1
8€9°L|
80L°LA
8TL'L
LL'L
%Z.;
618'L
1482
198°L]
118
go1's)
809°6—

-0.5 -1

0.0

1.0 05

1.5

10.5 100 95 90 85 80 75 70 65 6.0 55 50 45 40 35 30 25 20

.0

fl (ppm)

867°C5
LO6'0L
9ZS Nl

R0
99" 121
9pLTTl
PErEe
00T €2l
780421
TIL9T |
885°LTT
£5£°8¢1
SIS8T1
1LT6T1
£6£°6711
Lr8 61
9266211
STO0E 1
8EF 0L
P9 0Ll
9pL g1
05801+
PROTET
869°ZE T+
68121

—

LS6TET-L
6°ee]

PSEPEl

€SO PP~
116705 T~
891°6S T~
0£€981—

00" L9T—

190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

)0

5152



NMR spectra of compound Ts-3a
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'H NMR of Ts-3a (600 MHz, C,D,Cl,) at different temperatures
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nuct 1
cusT21 6.2062140
(S -Ts 3a 1 11.90 usec
19 712 833545 usec
232 20000000 usec
Pad 150,00 usec
it 13.30000013 w
SPNAM[2] Gaus1_180x.1000
seoaLd 0.500
Sspoffs2 .98 Hz
sew2 0.00084008 W
senam[29 crpé0,20,20.10
SpoaL29 0.5
Spoffs29 0 Hz
sp29 0.07194100 w
SPNAM[30 Bip720,50,20.1
SP0AL30 0.500
Spof£s30 0 Hz
o 5.35729980 W
cpz0 11.00 %
cenam[1] susQ10.100
cezi .00 %
GenAM{2] sMsQ10.100
cez2 40.00 %
At HY 1000.00 usec

F2 = Processing parameters
s1 32768

T T T T T T T T T T T ;";g EM
85 8.0 75 7.0 6.5 6.0 55 5.0 45 ppm = 010 52

S157



$80°T,
€909
9LL'D
£00°L
6LO'L
€E1°L k

Bol'L
60TL
I§T°L
LoTL
SLTL
68T°L
Q0€'L
6IEL
18€°L
BEEL
96tL
00FL
FlFL
GTt'L
TrFL
ssti
L8Y LY
66t L
LS LY
L8SLq
FEL LY
LPLL
PLLL
T8LL
LBLL N
Lel'L a
[E€8°L z

z

/

998°L

L96'L O

186'L

S GRS
n

00

00°L
66°(1
00°1
66
00°1
= r00'q
()4
266"
Mroa.

00°1
00°g
00°1
00°7

H

—— B8

-1

0.0 05

1.0 05

1.5

30 25 20

50 45 40 35

f1 (ppm)

80 75 70 635 60 55

10 105 100 95 90 B85

6l1T
#99L
00'LL
CELL

6011 fr
GR'Bll
0T0Tl
E50TI
eLITI
SLETI
I7ECH
vl
65 ST
£L9TI
89T
BOLT
TTLTI
6F LT
B LTI
LLT1
LR°LT]
18Tl
£E98T1
GRRTI
L¥6TI
Le6Tl
6T0E1
0cocl
BIEL
£91El

91ZE I
$TE I

£6'€€ 1
AL
sprgel
LE°Spl
eg'sr1”

P9 l—

XN ~NHBz

-10

30

70 40

170 160 150 140 130 120 110 100 90

130

f1 (ppm)

5158



CHOTy
SILY
SELY
769 7~
ELG'D
1669
690°L
991°L
B61'L
LITL
LETL
08T°L
S6T'L
00€'L
LIEL
0EE'L
BFEL
9L
TOE'L]
O1FLT
0L
B LA
FEE'L
9eel
199'L 4
IR9°L
FEL'LA
EELLH

SR |

[09°L]
€06'L
L16'L

9c6'L!
We—

X N~NHBz

I l OTs

5b

Cl

=t

LT

L0

91°E
61t

*=ZI°l

Lo 05 00 035 -10

20 15

235

50 45 40 35 30

fl (ppm)

0 75 70 63 60 355

100 95 90 8BS

10.5

1.0

eI
89°9L
cqﬁﬁ/
IELL

99011
16811
et
5021
89'121
9£°€T1
BHETI
0'sT1
99°521
6L°9T1
88'07]
91°LTI
1$°LT1
19°LT1
69°LT1

£0°8T1
05821
P9'8T1
88'8 I

P62

756717
£6'6711
ST0E1
15°0€ 11
LSTEl

ILTET
IrTel-
16°EE]
[
LESE]
LE8E]
LYS¥]
tRSTI
ot 91—

S

XN ~NHBz

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

00

$159



PII'T
96L9
9189
7689
0S0°L
0L0'L
L61'L
8ITL
S6TL
SIEL
PEEL
65€'L
8€'L
SIt'L
Vvl
SEP'L
WL
St'L
69F'L
98t'L
105'L
0TS'L
LTSt
L8S'L
16S'L
019°L
919°L
€9L°L1
18L°L
£08°L1
9z8'L
8LY'L

_J

006'L—
Tso'L
€L6'L
886°L
800°8
[LE'6
_m‘m‘ovv
P6L'6

—vmod

S0°C
o1l
01’1
o1l
S8'¢
90t
£6°1
80°1
68C
0°1
98°1

E66°0

-1.0

1.0 05 00 -05

1.5

80 75 70 65 60 55 50 45 40 35 30 25 20
f1 (ppm)

11.0 10.5 10.0 95 90 85

€12,
89°9L1
00°LL
TeLLy
960111
PRI
£8'8111
05'0T1
86°0T1
9¢ 1T
11°€T1
9§°€T1
sz
£L'STI
£8'971
16'9T1
S0'LT1
05'LT1
09'LT1
INEAE
1621
6€'8T11
£9'8T11
86'8T11
056211
81'0€11
1r1€0
6I'TE1
9 1£11
LYTET
PSIEI
£0TEl
1E€°TEL
8G'EET¥
6€'El

61 bET

LY'Spl

rrerl”

8LS91—

60 50 40 30 20 10

70

100 90 80
f1 (ppm)
S160

110

120

150 140 130

XN ~NHBz
160

COo
5c
180 170

Br
190

00



mcw.ﬁ
0tr'e
95691
956'91
LL0°L]
960°L{
SEI'L]
€10aD 8§T'L
LT
Obb'L]
€5b'L]
0L L]
sive
88t
L0S°L]
st
£85°L1
165°L]
0192
19941
899°L |
889°L1
65LL7
18L°L1
«u_o.hg
6€6°L7
$96°L
186°L
S00°8
92087
8€0'8
1908

Ts18
0L1'8

XN ~NHBz

2

80
~€0e

Foot

-0.5 -1

0.0

1.0 05

1.5

60 55 50 45 40 35 30 25 20
f1 (ppm)

70 6.5

100 95 90 85 80 75

10.5

.0

9117
1124
89941
00'2L
i

$60111

868111

L1071

650711

061211

SE'ETI

6E'EC1

eavat
bS'STI
€971
80°LT11

LTLTl

6V LTI

85°LT11
£9'8711

LTI

783211

SH6T11

€671

30°0€11

P01

88°0€11

errer]
99°1€11
0LTET]

SITEl

6TTET

SHTEI

8R'EEI~E
19%€1-7
cm.cﬂx
(412l

ﬁ.mzv

Freo1I—

XN ~NHBz

O

5d

170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

180

S161



8Tl 1
850°C
¥iL9
8EL9
AW
8L
09¢T'L
ULTL
PLTL
LLTL

98TL

[aY Cvr
60€°L
£2EL
98€°L
88€°L
00b L
WrL
£0F'L
N\
1L
€Iy
91tL
61tL
£TrL
STH L
SEVL
8et'L
8Pt L]
€51 L
991 L
691" L1
08F'L
8t LA
85S°L
TLS LA
LbL L~
6L L
ICINE
o0LL L]
SLL LY
£8L°L]
88L°L]

€68°L]
£567L]
296°L
196°L
vLO6L

118 %

1vE6d

O XN ~NHBz

=66'8

F00'¢

00°C

68
661
Foce
869
28870
b1
W01
002

Fe60

-1.0

1.5 1.0 05 0.0 -05

30 25 20

50 45 40 35

55
f1 (ppm)

6.0

90 85 B8O 75 70 65

11.0 10.5 10.0 9.5

eIt—
£0'Ce
m_.me//

90°ZITy

Q1Y

Y611
88021
0L 1T
L9€TI
17bel
00°$Z11
69'STI
059711
L6911
RaTat
09°LT1
78Tl
LE'8TH
958711
363711
376211
056211
966714
€E0€1 |
76011
Izl
98°ZE 1

TTECIA
el
wver!
SSHIA
061~
pe6v1Y

88°L91—

XN ~NHBz

-10

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

180

f1 (ppm)

5162



£11'T
18L°9
0089
6889
969
9969
0669
950°L
SLOL
6STL
P8TL
[44 A
V€L
09¢°L
(43 4
69%"L
S6t'L
PIsL
£€29°L
9L
£9L°L
P8L'LA
SI8'LA
LE®L
LS8 LA
LI6'LA}

—

6£6'L—
¥86°L
:o.w%
ceo'g

cEe6—

Foog

Faoy

-1.0

-0.5

1.0 0.5 0.0

1.5

11.0 10.5 100 95 90 85 80 75 70 65 6.0 55 50 45 40 35 30 25 20

fl (ppm)

8712
8991 1
00°LL]
e

66011

298111

pLOTI

0E' 1T

99171

9I'€T

€T

17671

19'5C1

8971

00°LT1

60°LT11
st |

LTI

19221

Eat

36871

L9°8T1

106211

95°6711

€9'6711
9g'6714

950€ 11

pSIET]

PLTEL

STTEN

P6TELA

1Trel
Nw.vmﬂw
8SLET
89Syl —

€91 —

-10

170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

180

5163



=]
<
had
~

.

I s8¢

oo

40 35 30 25 20 15 10 05 00

45

55

6.0

95 90 85

10.0

f1 (ppm)

97’17,
6L°9L1
00°LLA
1704

01114

TTelly

€701

50T

I+1T1

19121

8€TTI

6¥PTl
£L°9T11

L8971

76'9T11

v6'9C11

SO'LTIA

11°LT1

LTI

$Y'LTI

09'LT11
16°LT1

T8t

198211

18°8T1

0€'6711
8¥'6T1

_ommﬁﬁ

S6'6T11

9€°0€ 1

TSIETH

LY'1E1H

61°CEl

€ETEI-
erpel
Prrel
0¥ sl
0F'LET
w'orl
09°Sv1
6L°Sr1
3

Ph

XN ~NHBz

-10

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

190

5164



=00°¢-

L1°g
S1°¢
901
LO'1
001
Mww.w\
981
LG
L0°7
LTI

=L07]

-0.5 -1

0.0

1.0 05

1.5

10.5 100 95 90 85 80 75 70 65 6.0 55 50 45 40 35 30 25 20

.0

fl (ppm)

9€' 124
L9'v$q
89°94
00°LLAq
TELLY

:.mo:fk
157801
61°STT
818114
LO0TI
¥S°0TT
9L 1TT
LYPTI
0€'STI
PLOTIY
¥8°9T11
0T°LTTA
0TLTIY
8TLTIA
L¥'LTIH
LSLTTH
€LLTI
P6'LTTH
£9°8T1
T8'8TI
£5°6T1
wn.mwﬂé
LT0ETH ﬁ
LTOETA

19°0€14
88°0¢€1 1
0L TET
SI'TEl
€57 TEIA

orPEl
wﬁiv
1§°SE1

8S'SHI-
98°sH1

£5°LS1—

SFEoI—

o

o

o

L UU”JHA

s bl

¥

W

-10

170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10
f1 (ppm)

180

5165



S6T0—

XN ~NHBz

[Fooq

100

L6°]
66°0)
61°¢
'l
0l
si'y
¥0°q
$0'g
1077
S0°g
L0

o1

-0.5 -1

0.0

1.0 05

1.5

60 55 50 45 40 35 30 25 20
f1 (ppm)

70 6.5

100 95 90 85 80 75

10.5

.0

STI-—

00°LLq
LU
FOREE
88811
TT0TI
LY0TT
95" 1T
6L'ETT
88'PTI
LSSTIA
091
6L°9T11
60°LTTH
1$°LTI1H
89°LTI
£8°LTT
6S'8T11
L9'8TTH
98'8T11
' 6T1
86'6C11
LEOETH
6¥°0€1 1
FITET
€9 1€1
1L 1€1
11°TET
SFTEI

I€°1¢
wc.cn%

ﬁ

I

1E°€CTH

68 EET-F
wn.vmﬁ\
ov.mm_\v

86°Sr1

or'ecl
PSSyl

3

O XN ~NHBz
C -
™S

5i

NMMW

-10

170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

180

5166



051°C
7189
$78'9
1669
80°L
1L
891°L
081°L
€STL
187°L
S6T'L
80€'L
1zl
1€€°L
pEC'L
9bE'L
6E'L
19€°L
9LEL
S6E°L
LOY'L
0zy'L
pev'L
Loyl
65t'L
£8F°L
96t'L
009°L
S19°L
69°L
bS9°L
£89°L1
869°L7
LEL'L
0SLL-
psg L f
698'LY
0t6'L
7S6°L
0z71'8]
€718

00t'6—

XN ~NHBz

o
&

Fsog

007

e S et e
ol

660+

00°TL

-0.5 -1

0.0

1.0 05

1.5

10.5 100 95 90 85 80 75 70 65 6.0 55 50 45 40 35 30 25 20

.0

fl (ppm)

6€'1¢
wc.cn%.
00°LLq
LU
PITIL
969111
08811
90°0T11
8+'0CI 1
9 1T1
6L°ETT
LO'STIH
6L°9T11
80°LTIA
£5°LTI
99°LT 1 ﬁ
00'8CT1
91"8T1 1
PE8TI
99°8T11
1$°6T14
8°6C11
81°0€1H
9L"0ETH
I 1€
P9 TETH
0L TETA
68'1¢1
LTTETA
OFTET

£6°EEN-E
A
PO'SEl
69°St1
1epl

EV'E91—

Br,

XN ~NHBz

O

5j

| JMMI&L 1

-10

170 160 150 140 130 120 110 100 90 80 70 60 S0 40 30 20 10
f1 (ppm)

180

5167



X N~NHBz

vy -

= 00

-0.5 -1

0.0

1.0 05

1.5

60 55 50 45 40 35 30 25 20
f1 (ppm)

70 6.5

100 95 90 85 80 75

10.5

.0

LT1T
wﬁ}
00°LL
TELL
08°011+
EL811
TS0z
PO 1T
£0TT
0E°€TI
1S°€T1
91°ST1
69°ST1
169211
0rLTIy
Q.R£
LLTI
80°8T1
85°8T11
L9°8T 1
68'8T11
86°8T 1
05°6T11
8L°6T11
rosiq
170€11
05°0€1
0€° 1€
P 1€
8TTEI

80PEI~"
SIsgl
TTsel
1LShT~,
€591

P eo1—

XN ~NHBz

Br. OO OTs

5k

oo

Lt i)

-10

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

180

f1 (ppm)

5168



€S1I'T—

9€89
9589
8LO'L
L
orlL
LST'L
S61°L
01T'L
08T'L
80€°L
€L
ovEL
19¢'L
ortL
8ttL
oYL
peYL
S0S°L
bTSLA
0£9'L
T89'Ly
88L°LA
808°L~
8L
598°L
$06'L
876°L
6008
Zqi
9v0°8
1156—

]

I 867

98’
00°T1
609
1071
£6'()
L0'g
66'(}
10°g

0.0

0.5

1.0

2.0

25

40 35 30

4.5

5.0
f1 (ppm)

6.0 55

6.5

85 80 75 70

9.0

100 9.5

e
mo,on)
00°LLA
TELLA
980111
168111
76021
75021
39171
9e7¢TI
8Y €T
CTO'STI
99°6T1
6L9T11
88°9C1 1
91I'LTIA
[S°LT1H ﬁ
19°LTI1
68°LTI
€0'8C1
05°8T11
$9°8CT1 1
88°8C11
¥6'8C1 1
Nn.mN_.i.
£6'6C11
STOEN
1S°0€1H
LS1€1
[L 1€
PTer-

16°€El
1S°PET
LE'SEl

LS'BEL
LISy

L2 ¥4

6¥'v91—

(O

o8

NS N\N

-10

170 160 150 140 130 120 110 100 9 8 70 60 S0 40 30 20 10
f1 (ppm)

180

5169



0S0°C—

Pro’v

190°
TEL9
78691
S50
L01'L]
S1TL
PSTLY
BEELY
6L+

(43 2 P

625'L
£rs L]
179
€9L° LA
LLLL]
108°]
658°L
pLS'L

0I8'%
vmo.v/

86'F
(VS

5o

—

096°L
€L6'L

Frog

0.0 -05 -1

0.5

20 15 10

3.0 25

60 55 50 45 40 3.5
fl (ppm)

6.5

7.0

80 75

8.5

9.0

10.0 9.5

LI'TZy
9¢°L91
6L9L
00°LL
1T°LLA

6¥°0111

811y

LOOTI

69°0Z11

9T 1T
0€°€T1
8€°€TI

T8FTI

9$°$T1

PS9TIT

TL9TI

orczif

8TLTI
8€°LTI

TS'LTI

LLLTI

LS'LTI

LO'STIA

TE8TI

9’ 8T1

T8'8TI

0€°6T11

Le6ziy

PTOE1

LEOET

SEIEIA

LYTET

PFTEI

88° €€

mo.vﬂv

Tesel

6TSPI~,

86°SH1<

981 —

-10

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

180

f1 (ppm)

$170



LOT'T— -

se—

86L°91
v
£0€°L
12€°L1
[ata’
eV L
o5ty
SOb" LA
v8b Loy
68 LA
p19L—
P08 'LF
978 L4 w
£68°L]
56871
168 L]
616°L]
066'L"
0108

Foog

Fsog

%m_.m
61°¢
lo°g
767
LL']
8C°9
80°1

-0.5

0.0

1.0 05

35 30 25 20 15

4.0

50 45
f1 (ppm)

60 55

6.5

7.0

7.5

8.0

8.5

9.0

100 9.5

£T1T—
$8°T81
89°9L1
00°LLA
TCLLA
$F0114
sl
oo.cm_;
6L°0T11
STITI4
CINYAR
9 ET
$9'STI1
8¥'9T11
o971t
61'LT1H
SHLTIA
06'LT11
96'LTI
LY'$TI
v8'8TI
3€°6711
90°0€14
17°0€14
170€1
S80E T
Er 1€l
€L TELA
19°7€1-8
86'€E1T
£EsEl
PESPI,
SO9F1

60°SS1—

-10

170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

180

S171



€96'0—

880C—

086 €—

bLL
PEI'L
OFI'L
PSTL
6671
T
08t'L]
ot L]
LSPLy
LA
S85'L
L09°L
w&.tﬁ

~7

0z8'LY
8T8'L]
0S8°L
206'L1
vT6'L
686'L
6008

- %m_ RS
- %oo.m\

-1.0

-0.5

0.0

1.0 05

1.5

2.0

3.0 25

35

50 45 40
fl (ppm)

60 55

7.0 6.5

8.0 75

8.5

10.0 95 9.0

90'FI~.
wTIT
10297
89°9L1
00°LLA
TeLLy
95011
€781
PO'0T1
18021
SETTI
LEETI
8LVTIH
65'STI
99T
L9711
£TLTI
LTI
68'LT1
10'8T1
58T
88T
9€'6T11
AL |
9T'0€ 11
T ST |
SECTEN
08'T€1
§9'TE1

==

SOPEL~E
6€°SE1~"

[E€6FI~
PO Op1"

LLYPST—

.

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

200

S172



979°0—

S8T'1
vom._w
mmm;\
69¢°1
¥80°C—

69L°9
0669
6E1°L
PET'L
TICL
1L
6TH'L

9SH'L ]
9Ly L
€60 L
L8S'L
609°L
S6L'L ﬁ
L18L

9Z8'L
$¥8'L
106°L]
£76'L
L86'L
L00'8

v

00 -05 -1.0

1.0 05

1.5

2.0

3.0 25

55 50 45 40 35
fl (ppm)

6.0

7.0 65

7.5

8.0

Sp
9.0 85

10.0 9.5

8L6—

1712~
€817

0597
89'9L1
00°LL
TELLT
LSO
17811+
P00
6L0T1
0£'1T1
9€'€T
LLYTH
L§'STI
L¥9T1
L'9TT
LT
88°LTH
00'8T1
78'3TH
88T
SE6T1
LO0ET
LT0ET
Ol |
LETEN
08'1€14

——

!

PoTEL—~
80'bET

0¥ SEl

[E€6FI~
8I9pT~"

98 pS1—

-10

60 50 40 30 20 10

70

90 80
f1 (ppm)
S173

100

110

120

130

NPLEN
OTs
5p
160 150 140

O
O

170




6190~
088°0

_mw.ov
o

SE0T—

80L P~
06L ¥

11L9
6¥6'9
860°L
801°L
vol'L
80€°L
Lot'L
1ev'L
8LS'L
685°L
89°L~
99L'L
18L°L
L6L'L
8L
888°L
096°L
€LO'L

Rz
FSOI
e

Ferg

Fer

S1°g
¥6'

91'e
L]
90°¢
$6'¢
$0°g
80°¢
007
'l

50 45 40 35 30 25 20 15 10 05 00 -05 -1
fl (ppm)

55

6.0

6.5

7.0

7.5

8.0

85

9.0

9.5

mm‘_m
mm._mv

88°691
89°9L1
00°LL]
€L
£9°0111
8811
666111
£8°0C11
Zarae
LesTiy|
SLFT
$ssziql
SHOTI
749z
17LE1
0F'LTH
88'LZ1
10'8211
PS'8TI
€871
XAt |
10°0€1
€01
1+ 0€1
SEIEI
08'1€14
65TE1=
60'PET
EFSEl
6T°SHI-,
86°SH1-

8E¥PSI—

-10

160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10
f1 (ppm)

170

5174



o
S
L
~

68T

Fso¢

Foo't

-0.5 -1

0.0

1.0 05

1.5

60 55 50 45 40 35 30 25 20
f1 (ppm)

70 6.5

100 95 90 85 80 75

10.5

.0

8E61
v9'1T
90’111
61611
P61l
0z0z1
£0°721
09°¢cl
el
18571
sl
L0921
18921
90421
Tl
8€'LTI
8°LT1
79421
78Tl
69821
9L°8CI
8821
80621
99621
8671
PE 01
S0
$60€1
Nate
€9°1€14

ELTETN
el
L§°€E1
16F¢1
£E°SEl
99°8€1
6L°5H1
POOFI
SpS91—

XN ~NHBz

-10

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

190

f1 (ppm)

S175



€0L1
991z
689'9
0L9
816°9
LE69
£€96'9
186'9
£€00°L
bOI'L
1L
LEI'L
SsIL
SLIL
PoTL
€871
10€°L
zIeL
TEEL
0SEL
L6EL
1L
€ES°L]
$55°L]
€197,
€69°L
§99°LA|
1697L
o1LLY
058t
698°L
296'L
186'L

—

659°6—

NN NhN

O

I l OTs

5s

Foog
Foog

Foe'

-1.0 -1

1.0 05 0.0 -05

1.5

fl (ppm)

11.0 105 100 95 9.0 85 80 75 70 65 60 55 50 45 40 35 30 25 20

-10

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
fl (ppm)

190

5176



—

o

Bl

EC0'E

=e0'¢

t0°¢
1T°¢
ere
8T'1
6C'1
(34
£0°T
0l
£0’l
60°C
L1
00°1

-1.0

1.0 05 00 -05

20 15

50 45 40 35 30 25
f1 (ppm)

6.0 55

90 85 80 75 70 65

10.5 10.0 9.5

LE6T~
§9'17-
6€°55

81111+

68°€111

Tr611

0€'6111

LTOTI

80°TT1

65°TTI

LEETI

06'€T11

PLPTI

#5214

£0'9C1

6L9T1
LTI

SSLTIA

8S°LTI

£9°LTI

S9'LTIA

vT'8TI

SL8TIA

LO6TIA

01°621]

91671

$9'6T1

m@mmiﬁ

T8°6C1

TE0E1

PS0E1

ey

T9'1E1

17°TE1

69°€€1

LEPET

SESEL

99°8€ 1

LLSET

SO'9r1

1472914

r6F91-

-10

190 180 170 160 150 140 130 120 110 100 90 8 70 60 S50 40 30 20 10
f1 (ppm)

210 200

S177



THY I~
6£6'1-
LOET
e

0T5°€~.
195°¢”

19L°9
9€6'9
669
650°L1
S11°L
€LE°LT
T6vL
POS'LY
LIS LA
LY9'L
199°L
99L'L
008'L
S08°L
SI18°L
916°L]
196'L
€10°8
6€1'8

ey, o

oo

L6°0r

PO
0T'g
#0°7
LUT

-0.5

0.0

1.0 05

1.5

2.0

60 55 50 45 40 35 30 25
fl (ppm)

6.5

7.0

7.5

100 95 90 85 8.0

0.5

761
907
Sv1e
L9'12
£6'7ST

110114

06'8111

96111

6€°0T1

09'TTI
€€
9T

18471

60'9T11

P97

£6'9T11

8E'LTI
89'LT11
61'STI
£€'8T11

Pi8T1

SL'STI

796211

08'621

8T0E11

LI 0E 11

6+'0€11

orIE

L9'1€1

8ETEL

SYEET

LSPETA

I

81'SET
STSE1/

COOMe

5u

-10

170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10
f1 (ppm)

180

S178



XN ~NHBz

86T

Foo€

91l
Tl
(4% 4
€6°0
LEY
6°¢
L0°¢
TL'l
660
00°1
00°1
4

Lot

-0.5 -1

0.0

1.0 05

1.5

20

70 65 60 55 50 45 40 35 3.0 25
f1 (ppm)

100 95 90 85 80 75

10.5

£€611
£L1T7
YOI
LI
80'6111
1€6111
91°0T1
SLITIY
TLETI
8EPTI
095711
069711
81°LT1
YT LTI
17LT1
T5°LTI
v9°LTI
89'LT11
TLLTI
vLLTI
LTTI
SL'8TI
SI'6T14
9L°6T11
78671
886711
LY 0ET
1L°0€1
£S1E1
£9'1€1
TLIE1
11°2€1
LETEL
LSEET-E
WPElT
17°5€1
18°Sh1-,
17991+

L¥Y'S91—

XN ~NHBz

COo
Br

5v

I

] \me

-10

180 170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10
f1 (ppm)

190

$179



000°0-—

PI81—

e
2089
1289
6£8°9
6669
0T0°L
0p0'L
090°L
POI°L
wrL
1€TL
YSTL
L6TL
SIEL
PEEL
9ITL
vErL]
WL
PLY LA
P6¥ LA
€08 L
LTS'L
05S°LY
0LS'L
veLLd
€ELL
SvL'L
€6L°L
9I8°L
LT8'L
0S8°L
630'8
011’8
896/

Feee
Froe

Foze

Foor1

-1,

-1.0

1.0 05 0.0 -05

1.5

f1 (ppm)

11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

161
19'124
PSS

mh_o:F

LF'8011

LUSTI

098111

916111

91°0Z1 |

v61T1
87Tl |
mqu:f

LrsTI

TE9TI

SL9TI

91'LTI

9€°LTI1
8°LTI
€5°LTI
pSLTI

Lo°Lel

0T8T

19°8T11
seott]
vL6T1

L6621

T00E1

8L0E 1

6€ €17

65 1€14

89°1€1Y

[AE438

LOEELF
om,vm#x
cm.mm_\
€8'8EL

mn.mwﬂk
tfE-

8E'CO1—

o

5w

-10

180 170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10
f1 (ppm)

190

5180



v8L'1
vPeT
96L'9
008°9
r189
6189
7689
L£89
$58'9
000°L
LI0°L
0LO'L
060'L{l
L60°L
611°Lq|
vTlL
651°L
107L
£7TL
SECL
LSE'L
9¢€°L
1LE°L
£65°L
09%'L
9LY'L
16t°L
TIS°L
£rSL
095°L
185°L
865°L
vLY'L
$89°L
LOL'LA
LTL LA
€L LA
0SL LA
89L°L
$8L°L ﬂ
$18°L7
1+8°L
TLO'S
€608
mm_.&
orls

LSL6—

XN ~NHBz

e
®

86T

Foo¢

91l
Tl
(A% 4
£6°0
LEY
6°¢
L0E
L'l
660
00°1
00°1
Il

FLot

-1

-1.0

-0.5

0.0

1.0 05

15

30 25 20

50 45 40 35
f1 (ppm)

70 65 6.0 55

90 85 80 75

10.0 9.5

££°611

£L12
YTTI
oLl
80'6111
1€6111
91'0T1
SLITT
TLETIH
8EVTI
09'$T1
06'9C1
8I'LT1
VTLTI
1¥'LT1
T5'LTH
v9'LT1
89'LT1
TLLTH
vL'LTH
LTSTH
L8z
Sr6zl
9L'6T1
86T
88'6211
L¥0OET
1L°0€ 11
€51€1
€9°1€1
TLIEN
11Z€ 1
LETET

LSEET-§
OF LT
17°5¢€1

18°SP1-
179v1<

LY S9l—

5x

-10

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

190

f1 (ppm)

5181



"
Fo
FE SH1T
97zt - 8011
7589 Lo LTLIT
0L89 LT6IT
1889 L2 89°0T1
$16'9 iehy
$96'9 L n £8°CT14
oL0L 1 06171
: Lo 1
860°L S 68'STI1
PIIL ——= Foog .
LITL [ 879711
boI'L i 89'9711
€LIL - TILTI
09T'L e LI'LTI
06'L - 65'LT11
ZIeL [ e SLLTI
0zZE'L LTSTI
LS .
1€€°L pc 658711
655°L £9°8T1
el - 8L'8T11
TIv'L 0 £T6TIH
. L =& $¥'6711
vl PR
LSY'L ] = 8T0E11
19%'L H sTIEn
08h'L 1S1€14
9€S°L L o 98111
. © £6'1€1
S6SL .
PIS'L " vO'TET
. 8 81'TE1
L8SL .
$09'L1 2 H.Mﬁ
~
TT9'Lo| R
899°L " PoSEL 7
069'L~ ~ LS'SET
S 65°SPI
“Mwmw P Trert)
i N
8L 2 "
oom.ﬁ 7 © =
£66'L1 = ) ‘cgT—
£10'8 & 6591
m%i Y "y
911'8 N o
PLL6— ~ ——— L0 o
) &
=
s
r o
L=

80 70 60 50 40 30 20 10

90
fl (ppm)
S$182

180 170 160 150 140 130 120 110 100

190




0000~ |

$9TT <

8L8°9 -

188°9 - =

L68'9 -

006'9 Mo mm;m/
5169 S6'1114
8169 -2 80°LITY
186°9 T6'811q
100°L -2 89°0Z11
SI0°L 16°0T1
610°L LS TRETIY
601°L £00°€ LLFTI
EIL L £8°CT1
8TI'L 99711
TErL | < €0°LTI
SYT'L e 9I°LTIY
687 L " 61°LTI11
80€°L [ e STLTI
LTEL - P9'LTI
19¢°L [ < LYLTIA
S0t - PT8TI
L [ < z 16°8T14
6TtL o B 998711
6EV'L = 006214
SrL 09°6T11
LSPL F o 19°0€1 1
65t L CE1ET
SLY'L L= SSIET
96t'L o0l © Lo1€1
8ISL o6zl @ ELTET
9EC LY 01 L61€1
6£6 LA ok e LOTE
£95L 207 _m.mmT
L9G" LA Sl T9'TEI
S8SL me = 6E EEN-E
0S9°L4 el No.mm_ﬂ
NE.S m o a1l 60°9€1
i : s s
THLL < 7 z AA——wv wt -

9LL /) M

LERL N - " _
6S8°L - O hi¢ Mo cheol— ]
200°8 s @ O — ' To01| o

€208 FS

hoem\ -

6£8°6 o

80 70 60 50 40 30 20 10

90
S183

170 160 150 140 130 120 110 100
f1 (ppm)

180




65T'C
076’9
6’9
9669
S00°L
L10°L
oL
LST'L
191°L
9LT'L
09T°L
LLTL
SIEL
ozeLl

PEE'L
orE'L
£5€°L
85€°L
SSh'L
€L¥'L
96t'L
1s'L
€L
ots'L
8FS'L
15S°L
895°L
1L5°L
065°L
b6S'L
9L
6£9°L
199°L
969°L
10L°L
LILL
TTL LA
69LL]
68L°L]
66L°L]
£08°L
pES'L
958°L
898°L
068'L
820'8
60°8
L50°8
8L0'8
€78°6’

o

Br Q

XN ~NHBz

O

5aa

Fooe

201
(A%
0°1
87y
86°6
0T
10°1
0Tl
L6°1
€1'e
01'e

F1o1

-0.5 -1

0.0

1.0 05

1.5

60 55 50 45 40 35 30 25 20
f1 (ppm)

70 6.5

100 95 90 85 80 75

10.5

.0

$9°1Ty
107111
E€TOI1
PE61TY
180211
vTITI
9¢'1T11
TLTTI
POPTI
819711
£8°9711
96'9711
PT LTI
8TLTI
TELTI
99'LT11
€LLTIH
09'8711
89'8T11
£L°8T1
L6'STT
PO'6T11
916211
£5°6T11
0L'6T11
£5°1€1
S9TEl
PLTET
LOTET
SETEI
LETETA
6vTEL-
€L°€€1
81'SET4
§9°9€14
P8 LET
£E P14
18°St14
L6y

pS'S91—

e

XN ~NHBz

-10

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

190

5184



X N~NHBz

Br

o
~
2]
vy

-0.5 -1

0.0

1.0 05

1.5

10.5 100 95 90 85 80 75 70 65 6.0 55 50 45 40 35 30 25 20

.0

fl (ppm)

89°9L7
00°LL
TeLL
6L°0111
6178111
0£°0T1 §
187121
0EETI |
POETI]
TSty
9851
769711
90°LT1 ]
STLTI
PSLTI
PLLTI
P6LTI
118211
<58zl
998711
66'8711
£L6711
8L'6T1
6C0€1 1
1S0€11
651€1
S9'IE1
1811
LTTEI

16°€E1E
el
mm.vm_N
1€°5€1
08°Spl—

T e9l—

XN ~NHBz

b

bl

Br

v

WA

el

i

o

-10

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

180

5185



< =00°¢

80°1
0°¢
60°1
1€
81y
8171
L1y
80°C
80°1
L0°1
0TT
SI'1
20’1

Foo

-1.0

1.0 05 0.0 -05

1.5

f1 (ppm)

12.0 11.5 11.0 10.5 10.0 9.5 90 85 80 75 70 65 6.0 55 50 45 40 35 30 25 20

¥SIT
78011
90°611
LO'6T1
0L 021
61'1T1
20°€e
8y ezl
6P
68'ST1
2091
0L'9Z1
06921
0T'LT1
TeLTl
€62l
09'LT1
78Tl
79'8T1
L9821
08'8Z1
65°6¢CI1
TE0E1
SIel
95T €l
8 1€l
L0ZET
SIZET
0TZEI
£5°ZE1

6£°EElE
AN
mm.cm_\
TLSY1

Nw.mw_v

v’ S91—

-10

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

190

5186



0000—

S L]
965" L}
2oL
169°L
€TL L
016° 4
€66' L
PS6'L
€698

XV ~NHBz

OH-5a

3

10

11

12

13

14

16

wo.oh/

00°LL
it
05€T1
sLET
9T STl
Z0'921
o1 LTI
v LT
1€821
Pr8TI
LS'STIY
PLSTIA
$8'821

.\.G.MNL
(013 _m;
wn.mm_

Irsl—

8T8I[—

ey

AN I~

.y

OH-5a

-10

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

200

f1 (ppm)

5187



B

oP 1L
TLT L
981" L1
PoT L
POT L
€CT L
18T L
86T L
o1 L
SEC L
[9¢" L
RE j
66 j
oy ﬁ
Shb L
659 L
089 L
69" L
6LL LA
884 LA
86L Ly
018" Ly
P8 Ly

PE8 LA

J

0B6'L—

STL8—

N ~NHBz

Ph

I OTf

Tf-5a

10

13

14

899
00°LL
STt
o€zl
09'€Z1
18621
66'9C1
PI Ll f
9§ LTTH
P9 LTI
S1'8TI4
€L8C1

-

m.o.wN—/W
oreel
om.Nm_N

PLSPI—

9t 91—

Tf-5a

-10

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

200

5188



000°0"—

182,
c_o.n/
891y

LSTL
87€°L]
1€ L4
T6€° L
b L
ot L]
ST IR
ot L]
Wo'L
pso'L
899"/
789°L
€TLL
148°L
068°L

LP1TI—

N ~NHBz

Ph

k180

-1

10

11

12

13

14

899/,

00°LL
JYicva
981
¢8'STI
T5 L@l
0Z'8z1
€821
£r'STI
$5'8T1
65821
0L'8T1+
6L]TIA
68°6T17
€8°0€1
€6:0€1
(81€T
96°1€1
2071
oser

——r

6F' §91—

XN ~NHBz

Ph

I POPh,

P-5a

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

200

5189



P NMR

—32.75

ph—Xyr N ~NHBz

P-5a

POPh,

r T T T T T T

50 150 140 130 120 110 100 9 80 70 60 50 40 30
fl (ppm)

5190

20

10

T

0

T

-10 20 -30 -40 -50



000'0—

%9 p—
06T'S

S1E W.V
vILS

8htr i

LI0°L

9TO'L

1€0' L
SOT L)
€er L
WL
89114
LLT L
61 L]
Lor L]
50T L
0T L
€17 4]
ozz L]
veT L
1LT L
€6T L
6TS L
WL L
SIS'L
098’1
8L
106'L
126'4

NH

Ph

10

11

13

14

99'9¢—

60'L9—
89'9L
00 RW
sffett;
91Tl
66T
0Pz
¥89T1H
L69T1
6T LTI
96" LT
€L8T1
P8']TIA
€16T1¢
6L6T17]
uw.cm_\

oP'epl—
Po8F1—

-10

30 20 10

40

190 180 170 160 150 140 130 120 110 100 90 80 70 60
f1 (ppm)

200

S191



Wil
P8 L

LO8" L

12.5

13.5

66'95—

ZToL
6T0L
899/

oo‘?w
&t

$LOTIH
91214
99721
10921
05921
19°9Z 14
9°LZ14
80'8T1
98T
€CRTIF
S8Z1
(98T
96821
LS'6TH
(8°6T1
SO TET
STIET
LITEL
o' 1ET
65" 1€14
19 1€
W6'TET
0TET
BEPI
(881

POPh,

-10

120 110 100 9 8 70 60 50 40 30 20 10

130

190 180 170 160

200

f1 (ppm)

5192



P NMR

—30.55

POth
7

4

T T T T T T T T T T T

150 140 130 120 110 100 9 8 70 60 50 40 30 20 10 0 -0 -20 -30 40 -50
f1 (ppm)

5193



000'0-—

06t
9GPL
€60 mw
Bl
88.°0
LI6O
SEGO
)
6669
9104
PEo L
60 L]
pLT L]

192 L

—

90
(¢[0

ory
o8'q
96
16T
600
LT
ozt
0r'q
oI'g

6.5
f1 (ppm)

10.5 9.5

11.5

99'8)
89°0L
00" LL
TELL

9Tl

96611

wozl

Rzl

seeTl

P6rTl

v6'$Tl

84921

88971

66921

0§°LT1

§9°LT1-

8L°LT1

68°L21

(6'21
10821

sT8TI

LERTTH

76821

868Z1

79821

LLSTTH

68871

8P'6T1

066211

[8°0ET
10°T€1

€0'IET

I IE

91

ey

o' 1€ 14
0L TET
€L TET
08'1€1
€8'1€1
o€
68°EET
16°€E
SPET
16 7€
20°$€T
6E'sET
909€ 1

ON.BML

-10

30 20 10

40

190 180 170 160 150 140 130 120 110 100 9 80 70 60

200

f1 (ppm)

5194



0.5

1.5

vy
vy

vy

11.5

v
o1

13.5

f1 (ppm)

19°16—

899
oo.t.w
oIt
€T
€€zl
Nasa
8T'STIH
§T9C1
19921
88'9Z 1+
6'9T14
logkat !
79°LT1
sLiTl
€1'821
LI'8T1
978714
€€'8T1
9871
9L'8TI
LT'6TH
89°0€1
LS'TET
SLTE
920€CT
8E'ECT
TSEET
TLEEL
o €1

—

-10

10

20

30

40

70

80

90

180 170 160 150 140 130 120 110 100
f1 (ppm)
S195

190

200



P NMR

—-14.57

Ph— Xy ~Bn

PPh,

170 160 150 140 130 120 110 100 90 80 70 t§10 5()) 40 30 20 10 0 -10 -20 -30 40 -50 -60

5196



00r'e
twm..mu/
_@w.m/
Oww.m/
9T
1328
88I't
pIES
€5TO
SLTO
LLE9
OIP'9~E

980" LA,
160" L]
€01 L4
orr L
€T L
[CAWE
65T L]
LLT'L
661" L
80T L
12T L

i

HyCO,C__CO,CH,

1"

i ik
=g =3 =]
Qa9

PP

66’
0o

e

Fieo

10

11

12

13

14

f1 (ppm)

LOGA_
0£'TS

wv.mmv
ob L5/

wo.om.
oc. RW
TELL

§T9T1
PO'LT1
SPTLT1
€L LT
SE'BTI
09821
86'8C1
6o'1E1
999¢1
PO'OF1

€9°L91~
§0'8917

H3C0,C.__CO,CHs

e

30 20 10

40

190 180 170 160 150 140 130 120 110 100 90 80 70 60
f1 (ppm)

200

5197



15. CD spectra
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Age

Calculated
40 - M06-2x
experimental
compound 3x
20
0 -
150 7200 ° 1250,/ 00 ' "400 nm
20 4
-40 -
-60 —
Calculation for 3j
167.80871 -0.00001 169.20829 -0.00002 170.60788 -0.00005
167.86702 -0.00001 169.26661 -0.00002 170.66619 -0.00005
167.92534 -0.00001 169.32492 -0.00002 170.72451 -0.00005
167.98365 -0.00001 169.38324 -0.00002 170.78283 -0.00005
168.04197 -0.00001 169.44156 -0.00002 170.84114 -0.00006
168.10029 -0.00001 169.49987 -0.00002 170.89946 -0.00006
168.15860 -0.00001 169.55819 -0.00002 170.95777 -0.00006
168.21692 -0.00001 169.61650 -0.00002 171.01609 -0.00006
168.27523 -0.00001 169.67482 -0.00002 171.07441 -0.00007
168.33355 -0.00001 169.73314 -0.00003 171.13272 -0.00007
168.39187 -0.00001 169.79145 -0.00003 171.19104 -0.00007
168.45018 -0.00001 169.84977 -0.00003 171.24935 -0.00007
168.50850 -0.00001 169.90809 -0.00003 171.30767 -0.00008
168.56682 -0.00001 169.96640 -0.00003 171.36599 -0.00008
168.62513 -0.00001 170.02472 -0.00003 171.42430 -0.00008
168.68345 -0.00001 170.08303 -0.00003 171.48262 -0.00009
168.74176 -0.00001 170.14135 -0.00003 171.54094 -0.00009
168.80008 -0.00001 170.19967 -0.00004 171.59925 -0.00009
168.85840 -0.00001 170.25798 -0.00004 171.65757 -0.00010
168.91671 -0.00001 170.31630 -0.00004 171.71588 -0.00010
168.97503 -0.00001 170.37461 -0.00004 171.77420 -0.00010
169.03334 -0.00002 170.43293 -0.00004 171.83252 -0.00011
169.09166 -0.00002 170.49125 -0.00004 171.89083 -0.00011
169.14998 -0.00002 170.54956 -0.00005 171.94915 -0.00012
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172.00746
172.06578
172.12410
172.18241
172.24073
172.29904
172.35736
172.41568
172.47399
172.53231
172.59062
172.64894
17270726
172.76557
172.82389
172.88220
172.94052
172.99884
173.05715
173.11547
173.17379
173.23210
173.29042
173.34873
173.40705
173.46537
173.52368
173.58200
173.64031
173.69863
173.75695
173.81526
173.87358
173.93189
173.99021
174.04853
174.10684
174.16516
174.22347
174.28179
174.34011
174.39842
174.45674
174.51506

-0.00012
-0.00012
-0.00013
-0.00013
-0.00014
-0.00014
-0.00015
-0.00015
-0.00016
-0.00017
-0.00017
-0.00018
-0.00019
-0.00019
-0.00020
-0.00021
-0.00021
-0.00022
-0.00023
-0.00024
-0.00025
-0.00025
-0.00026
-0.00027
-0.00028
-0.00029
-0.00030
-0.00031
-0.00032
-0.00034
-0.00035
-0.00036
-0.00037
-0.00038
-0.00040
-0.00041
-0.00043
-0.00044
-0.00045
-0.00047
-0.00049
-0.00050
-0.00052
-0.00054

174.57337
174.63169
174.69000
174.74832
174.80664
174.86495
174.92327
174.98158
175.03990
175.09822
175.15653
175.21485
175.27316
175.33148
175.38980
175.44811
175.50643
175.56474
175.62306
175.68138
175.73969
175.79801
175.85632
175.91464
175.97296
176.03127
176.08959
176.14791
176.20622
176.26454
176.32285
176.38117
176.43949
176.49780
176.55612
176.61443
176.67275
176.73107
176.78938
176.84770
176.90601
176.96433
177.02265
177.08096
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-0.00055
-0.00057
-0.00059
-0.00061
-0.00063
-0.00065
-0.00067
-0.00069
-0.00072
-0.00074
-0.00076
-0.00079
-0.00081
-0.00084
-0.00087
-0.00089
-0.00092
-0.00095
-0.00098
-0.00101
-0.00104
-0.00107
-0.00111
-0.00114
-0.00118
-0.00121
-0.00125
-0.00129
-0.00133
-0.00137
-0.00141
-0.00145
-0.00149
-0.00154
-0.00158
-0.00163
-0.00168
-0.00173
-0.00178
-0.00183
-0.00188
-0.00194
-0.00199
-0.00205

177.13928
177.19759
177.25591
177.31423
177.37254
177.43086
177.48917
177.54749
177.60581
177.66412
177.72244
177.78076
177.83907
177.89739
177.95570
178.01402
178.07234
178.13065
178.18897
178.24728
178.30560
178.36392
178.42223
178.48055
178.53886
178.59718
178.65550
178.71381
178.77213
178.83044
178.88876
178.94708
179.00539
179.06371
179.12203
179.18034
179.23866
179.29697
179.35529
179.41361
179.47192
179.53024
179.58855
179.64687

-0.00211
-0.00217
-0.00223
-0.00230
-0.00236
-0.00243
-0.00250
-0.00257
-0.00264
-0.00271
-0.00279
-0.00286
-0.00294
-0.00302
-0.00310
-0.00319
-0.00328
-0.00336
-0.00345
-0.00355
-0.00364
-0.00374
-0.00384
-0.00394
-0.00404
-0.00415
-0.00426
-0.00437
-0.00448
-0.00460
-0.00471
-0.00483
-0.00496
-0.00508
-0.00521
-0.00534
-0.00548
-0.00561
-0.00575
-0.00590
-0.00604
-0.00619
-0.00634
-0.00650



179.70519
179.76350
179.82182
179.88013
179.93845
179.99677
180.05508
180.11340
180.17171
180.23003
180.28835
180.34666
180.40498
180.46329
180.52161
180.57993
180.63824
180.69656
180.75488
180.81319
180.87151
180.92982
180.98814
181.04646
181.10477
181.16309
181.22140
181.27972
181.33804
181.39635
181.45467
181.51298
181.57130
181.62962
181.68793
181.74625
181.80456
181.86288
181.92120
181.97951
182.03783
182.09614
182.15446
182.21278

-0.00666
-0.00682
-0.00698
-0.00715
-0.00732
-0.00749
-0.00767
-0.00785
-0.00804
-0.00823
-0.00842
-0.00861
-0.00881
-0.00901
-0.00922
-0.00943
-0.00964
-0.00986
-0.01008
-0.01031
-0.01054
-0.01077
-0.01101
-0.01125
-0.01150
-0.01175
-0.01200
-0.01226
-0.01253
-0.01279
-0.01307
-0.01334
-0.01362
-0.01391
-0.01420
-0.01449
-0.01479
-0.01510
-0.01540
-0.01572
-0.01603
-0.01636
-0.01668
-0.01702

182.27109
182.32941
182.38773
182.44604
182.50436
182.56267
182.62099
182.67931
182.73762
182.79594
182.85425
182.91257
182.97089
183.02920
183.08752
183.14583
183.20415
183.26247
183.32078
183.37910
183.43741
183.49573
183.55405
183.61236
183.67068
183.72900
183.78731
183.84563
183.90394
183.96226
184.02058
184.07889
184.13721
184.19552
184.25384
184.31216
184.37047
184.42879
184.48710
184.54542
184.60374
184.66205
184.72037
184.77868

S203

-0.01735
-0.01769
-0.01804
-0.01839
-0.01875
-0.01911
-0.01947
-0.01984
-0.02022
-0.02060
-0.02099
-0.02138
-0.02177
-0.02217
-0.02258
-0.02299
-0.02340
-0.02382
-0.02424
-0.02467
-0.02511
-0.02555
-0.02599
-0.02644
-0.02689
-0.02735
-0.02781
-0.02828
-0.02875
-0.02922
-0.02970
-0.03019
-0.03067
-0.03117
-0.03166
-0.03216
-0.03267
-0.03318
-0.03369
-0.03420
-0.03472
-0.03525
-0.03577
-0.03630

184.83700
184.89532
184.95363
185.01195
185.07026
185.12858
185.18690
185.24521
185.30353
185.36185
185.42016
185.47848
185.53679
185.59511
185.65343
185.71174
185.77006
185.82837
185.88669
185.94501
186.00332
186.06164
186.11995
186.17827
186.23659
186.29490
186.35322
186.41153
186.46985
186.52817
186.58648
186.64480
186.70312
186.76143
186.81975
186.87806
186.93638
186.99470
187.05301
187.11133
187.16964
187.22796
187.28628
187.34459

-0.03684
-0.03737
-0.03791
-0.03845
-0.03900
-0.03954
-0.04009
-0.04064
-0.04120
-0.04175
-0.04231
-0.04286
-0.04342
-0.04398
-0.04454
-0.04511
-0.04567
-0.04623
-0.04679
-0.04735
-0.04792
-0.04848
-0.04904
-0.04959
-0.05015
-0.05071
-0.05126
-0.05181
-0.05236
-0.05290
-0.05344
-0.05398
-0.05451
-0.05504
-0.05556
-0.05608
-0.05659
-0.05710
-0.05760
-0.05810
-0.05858
-0.05906
-0.05953
-0.05999



187.40291
187.46122
187.51954
187.57786
187.63617
187.69449
187.75280
187.81112
187.86944
187.92775
187.98607
188.04438
188.10270
188.16102
188.21933
188.27765
188.33597
188.39428
188.45260
188.51091
188.56923
188.62755
188.68586
188.74418
188.80249
188.86081
188.91913
188.97744
189.03576
189.09407
189.15239
189.21071
189.26902
189.32734
189.38565
189.44397
189.50229
189.56060
189.61892
189.67723
189.73555
189.79387
189.85218
189.91050

-0.06044
-0.06089
-0.06132
-0.06174
-0.06215
-0.06255
-0.06294
-0.06332
-0.06368
-0.06403
-0.06436
-0.06468
-0.06498
-0.06527
-0.06554
-0.06579
-0.06602
-0.06624
-0.06643
-0.06661
-0.06676
-0.06689
-0.06700
-0.06709
-0.06715
-0.06719
-0.06720
-0.06719
-0.06715
-0.06708
-0.06698
-0.06686
-0.06670
-0.06651
-0.06628
-0.06603
-0.06574
-0.06541
-0.06505
-0.06465
-0.06422
-0.06374
-0.06322
-0.06266

189.96882
190.02713
190.08545
190.14376
190.20208
190.26040
190.31871
190.37703
190.43534
190.49366
190.55198
190.61029
190.66861
190.72692
190.78524
190.84356
190.90187
190.96019
191.01850
191.07682
191.13514
191.19345
191.25177
191.31009
191.36840
191.42672
191.48503
191.54335
191.60167
191.65998
191.71830
191.77661
191.83493
191.89325
191.95156
192.00988
192.06819
192.12651
192.18483
192.24314
192.30146
192.35977
192.41809
192.47641
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-0.06206
-0.06142
-0.06073
-0.06000
-0.05922
-0.05839
-0.05751
-0.05658
-0.05560
-0.05456
-0.05348
-0.05233
-0.05113
-0.04987
-0.04856
-0.04718
-0.04574
-0.04424
-0.04267
-0.04104
-0.03934
-0.03757
-0.03573
-0.03382
-0.03184
-0.02978
-0.02765
-0.02543
-0.02314
-0.02077
-0.01832
-0.01578
-0.01315
-0.01044
-0.00764
-0.00475
-0.00177

0.00130

0.00448

0.00774

0.01111

0.01458

0.01815

0.02182

192.53472
192.59304
192.65135
192.70967
192.76799
192.82630
192.88462
192.94294
193.00125
193.05957
193.11788
193.17620
193.23452
193.29283
193.35115
193.40946
193.46778
193.52610
193.58441
193.64273
193.70104
193.75936
193.81768
193.87599
193.93431
193.99262
194.05094
194.10926
194.16757
194.22589
194.28420
194.34252
194.40084
194.45915
194.51747
194.57579
194.63410
194.69242
194.75073
194.80905
194.86737
194.92568
194.98400
195.04231

0.02560
0.02949
0.03349
0.03760
0.04182
0.04616
0.05062
0.05519
0.05989
0.06471
0.06965
0.07472
0.07992
0.08525
0.09071
0.09631
0.10204
0.10792
0.11393
0.12009
0.12639
0.13284
0.13944
0.14619
0.15310
0.16016
0.16738
0.17476
0.18230
0.19000
0.19788
0.20592
0.21413
0.22252
0.23108
0.23982
0.24874
0.25784
0.26713
0.27660
0.28626
0.29612
0.30617
0.31641



195.10063
195.15895
195.21726
195.27558
195.33389
195.39221
195.45053
195.50884
195.56716
195.62547
195.68379
195.74211
195.80042
195.85874
195.91706
195.97537
196.03369
196.09200
196.15032
196.20864
196.26695
196.32527
196.38358
196.44190
196.50022
196.55853
196.61685
196.67516
196.73348
196.79180
196.85011
196.90843
196.96674
197.02506
197.08338
197.14169
197.20001
197.25832
197.31664
197.37496
197.43327
197.49159
197.54991
197.60822

0.32686
0.33750
0.34835
0.35940
0.37066
0.38213
0.39382
0.40571
0.41783
0.43017
0.44272
0.45550
0.46851
0.48175
0.49522
0.50892
0.52286
0.53704
0.55145
0.56611
0.58102
0.59617
0.61158
0.62723
0.64315
0.65931
0.67574
0.69243
0.70939
0.72661
0.74410
0.76186
0.77989
0.79820
0.81678
0.83565
0.85480
0.87423
0.89395
0.91396
0.93426
0.95486
0.97574
0.99693

197.66654
197.72485
197.78317
197.84149
197.89980
197.95812
198.01643
198.07475
198.13307
198.19138
198.24970
198.30801
198.36633
198.42465
198.48296
198.54128
198.59959
198.65791
198.71623
198.77454
198.83286
198.89117
198.94949
199.00781
199.06612
199.12444
199.18276
199.24107
199.29939
199.35770
199.41602
199.47434
199.53265
199.59097
199.64928
199.70760
199.76592
199.82423
199.88255
199.94086
199.99918
200.05750
200.11581
200.17413
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1.01842
1.04021
1.06230
1.08469
1.10740
1.13042
1.15374
1.17739
1.20135
1.22562
1.25022
1.27514
1.30038
1.32595
1.35184
1.37806
1.40462
1.43151
1.45873
1.48629
1.51419
1.54243
1.57100
1.59992
1.62919
1.65880
1.68876
1.71907
1.74973
1.78074
1.81210
1.84382
1.87589
1.90833
1.94112
1.97426
2.00777
2.04164
2.07588
2.11048
2.14544
2.18077
2.21646
2.25253

200.23244
200.29076
200.34908
200.40739
200.46571
200.52403
200.58234
200.64066
200.69897
200.75729
200.81561
200.87392
200.93224
200.99055
201.04887
201.10719
201.16550
201.22382
201.28213
201.34045
201.39877
201.45708
201.51540
201.57371
201.63203
201.69035
201.74866
201.80698
201.86529
201.92361
201.98193
202.04024
202.09856
202.15688
202.21519
202.27351
202.33182
202.39014
202.44846
202.50677
202.56509
202.62340
202.68172
202.74004

2.28896
2.32576
2.36293
2.40047
2.43838
2.47667
2.51532
2.55435
2.59376
2.63353
2.67368
2.71421
2.75511
2.79638
2.83803
2.88006
2.92246
2.96523
3.00838
3.05191
3.09581
3.14008
3.18473
3.22975
3.27515
3.32092
3.36706
3.41357
3.46046
3.50771
3.55534
3.60333
3.65169
3.70042
3.74952
3.79898
3.84881
3.89900
3.94955
4.00046
4.05172
4.10335
4.15533
4.20767



202.79835
202.85667
202.91498
202.97330
203.03162
203.08993
203.14825
203.20656
203.26488
203.32320
203.38151
203.43983
203.49814
203.55646
203.61478
203.67309
203.73141
203.78973
203.84804
203.90636
203.96467
204.02299
204.08131
204.13962
204.19794
204.25625
204.31457
204.37289
204.43120
204.48952
204.54783
204.60615
204.66447
204.72278
204.78110
204.83941
204.89773
204.95605
205.01436
205.07268
205.13100
205.18931
205.24763
205.30594

4.26036
4.31340
4.36679
4.42053
4.47461
4.52904
4.58381
4.63892
4.69436
4.75014
4.80625
4.86270
4.91947
4.97656
5.03398
5.09172
5.14977
5.20814
5.26682
5.32581
5.38511
5.44471
5.50460
5.56480
5.62528
5.68606
5.74712
5.80846
5.87008
5.93198
5.99415
6.05659
6.11929
6.18224
6.24546
6.30893
6.37264
6.43660
6.50079
6.56522
6.62988
6.69477
6.75987
6.82519

205.36426
205.42258
205.48089
205.53921
205.59752
205.65584
205.71416
205.77247
205.83079
205.88910
205.94742
206.00574
206.06405
206.12237
206.18068
206.23900
206.29732
206.35563
206.41395
206.47226
206.53058
206.58890
206.64721
206.70553
206.76385
206.82216
206.88048
206.93879
206.99711
207.05543
207.11374
207.17206
207.23037
207.28869
207.34701
207.40532
207.46364
207.52195
207.58027
207.63859
207.69690
207.75522
207.81353
207.87185

S206

6.89073
6.95647
7.02241
7.08854
7.15487
7.22139
7.28809
7.35496
7.42200
7.48921
7.55658
7.62410
7.69178
7.75959
7.82754
7.89563
7.96384
8.03217
8.10061
8.16916
8.23782
8.30657
8.37540
8.44432
8.51332
8.58239
8.65152
8.72071
8.78995
8.85923
8.92855
8.99790
9.06727
9.13666
9.20606
9.27546
9.34485
9.41424
9.48360
9.55294
9.62225
9.69151
9.76072
9.82988

207.93017
207.98848
208.04680
208.10512
208.16343
208.22175
208.28006
208.33838
208.39670
208.45501
208.51333
208.57164
208.62996
208.68828
208.74659
208.80491
208.86322
208.92154
208.97986
209.03817
209.09649
209.15480
209.21312
209.27144
209.32975
209.38807
209.44638
209.50470
209.56302
209.62133
209.67965
209.73797
209.79628
209.85460
209.91291
209.97123
210.02955
210.08786
210.14618
210.20449
210.26281
210.32113
210.37944
210.43776

9.89898

9.96800
10.03695
10.10581
10.17458
10.24324
10.31180
10.38023
10.44854
10.51672
10.58476
10.65265
10.72038
10.78794
10.85534
10.92254
10.98956
11.05639
11.12300
11.18940
11.25558
11.32152
11.38723
11.45268
11.51788
11.58282
11.64748
11.71186
11.77594
11.83973
11.90321
11.96637
12.02920
12.09170
12.15386
12.21567
12.27711
12.33819
12.39889
12.45920
12.51911
12.57862
12.63772
12.69640



210.49607
210.55439
210.61271
210.67102
210.72934
210.78765
210.84597
210.90429
210.96260
211.02092
211.07923
211.13755
211.19587
211.25418
211.31250
211.37082
211.42913
211.48745
211.54576
211.60408
211.66240
211.72071
211.77903
211.83734
211.89566
211.95398
212.01229
212.07061
212.12892
212.18724
212.24556
212.30387
212.36219
212.42050
212.47882
21253714
212.59545
212.65377
212.71209
212.77040
212.82872
212.88703
212.94535
213.00367

12.75464
12.81245
12.86980
12.92670
12.98313
13.03909
13.09456
13.14954
13.20402
13.25798
13.31143
13.36435
13.41673
13.46857
13.51985
13.57057
13.62071
13.67028
13.71925
13.76763
13.81539
13.86255
13.90908
13.95497
14.00022
14.04482
14.08877
14.13204
14.17464
14.21656
14.25778
14.29830
14.33811
14.37720
14.41556
14.45319
14.49007
14.52621
14.56158
14.59619
14.63002
14.66306
14.69532
14.72677

213.06198
213.12030
213.17861
213.23693
213.29525
213.35356
213.41188
213.47019
213.52851
213.58683
213.64514
213.70346
213.76177
213.82009
213.87841
213.93672
213.99504
214.05335
214.11167
214.16999
214.22830
214.28662
214.34494
214.40325
214.46157
214.51988
214.57820
214.63652
214.69483
214.75315
214.81146
214.86978
214.92810
214.98641
215.04473
215.10304
215.16136
215.21968
215.27799
215.33631
215.39462
215.45294
215.51126
215.56957

S207

14.75742
14.78725
14.81625
14.84443
14.87176
14.89825
14.92388
14.94865
14.97256
14.99558
15.01772
15.03897
15.05932
15.07876
15.09729
15.11490
15.13159
15.14733
15.16214
15.17600
15.18890
15.20085
15.21182
15.22182
15.23084
15.23887
15.24591
15.25195
15.25698
15.26100
15.26401
15.26599
15.26693
15.26685
15.26572
15.26355
15.26032
15.25604
15.25070
15.24428
15.23680
15.22823
15.21859
15.20785

215.62789
215.68620
215.74452
215.80284
215.86115
215.91947
215.97779
216.03610
216.09442
216.15273
216.21105
216.26937
216.32768
216.38600
216.44431
216.50263
216.56095
216.61926
216.67758
216.73589
216.79421
216.85253
216.91084
216.96916
217.02747
217.08579
217.14411
217.20242
217.26074
217.31906
217.37737
217.43569
217.49400
217.55232
217.61064
217.66895
217.72727
217.78558
217.84390
217.90222
217.96053
218.01885
218.07716
218.13548

15.19602
15.18310
15.16907
15.15394
15.13770
15.12035
15.10187
15.08227
15.06155
15.03969
15.01670
14.99257
14.96730
14.94089
14.91333
14.88461
14.85474
14.82372
14.79153
14.75818
14.72366
14.68798
14.65112
14.61309
14.57388
14.53350
14.49194
14.44919
14.40526
14.36014
14.31384
14.26635
14.21767
14.16780
14.11674
14.06448
14.01103
13.95638
13.90054
13.84350
13.78527
13.72583
13.66520
13.60338



218.19380
218.25211
218.31043
218.36874
218.42706
218.48538
218.54369
218.60201
218.66032
218.71864
218.77696
218.83527
218.89359
218.95191
219.01022
219.06854
219.12685
219.18517
219.24349
219.30180
219.36012
219.41843
219.47675
219.53507
219.59338
219.65170
219.71001
219.76833
219.82665
219.88496
219.94328
220.00159
220.05991
220.11823
220.17654
220.23486
220.29317
220.35149
220.40981
220.46812
220.52644
220.58476
220.64307
220.70139

13.54035
13.47613
13.41072
13.34410
13.27629
13.20729
13.13709
13.06569
12.99311
12.91933
12.84436
12.76820
12.69086
12.61232
12.53261
12.45171
12.36963
12.28637
12.20193
12.11632
12.02954
11.94159
11.85247
11.76219
11.67074
11.57814
11.48438
11.38947
11.29341
11.19620
11.09786
10.99837
10.89775
10.79600
10.69312
10.58912
10.48400
10.37777
10.27043
10.16198
10.05243

9.94179

9.83006

9.71723

220.75970
220.81802
220.87634
220.93465
220.99297
221.05128
221.10960
221.16792
221.22623
221.28455
221.34286
221.40118
221.45950
221.51781
221.57613
221.63444
221.69276
221.75108
221.80939
221.86771
221.92603
221.98434
222.04266
222.10097
222.15929
222.21761
222.27592
222.33424
222.39255
222.45087
222.50919
222.56750
222.62582
222.68413
222.74245
222.80077
222.85908
222.91740
222.97571
223.03403
223.09235
223.15066
223.20898
223.26729

S208

9.60333
9.48836
9.37231
9.25520
9.13703
9.01781
8.89753
8.77622
8.65387
8.53049
8.40608
8.28066
8.15423
8.02679
7.89835
7.76893
7.63851
7.50712
7.37476
7.24143
7.10715
6.97191
6.83574
6.69863
6.56059
6.42163
6.28176
6.14099
5.99931
5.85675
5.71331
5.56900
5.42382
5.27779
5.13091
4.98319
4.83464
4.68526
4.53508
4.38409
4.23230
4.07973
3.92637
3.77225

223.32561
223.38393
223.44224
223.50056
223.55888
223.61719
223.67551
223.73382
223.79214
223.85046
223.90877
223.96709
224.02540
224.08372
224.14204
224.20035
224.25867
224.31698
224.37530
224.43362
224.49193
224.55025
224.60856
224.66688
224.72520
224.78351
224.84183
224.90014
224.95846
225.01678
225.07509
225.13341
225.19173
225.25004
225.30836
225.36667
225.42499
225.48331
225.54162
225.59994
225.65825
225.71657
225.77489
225.83320

3.61737
3.46174
3.30537
3.14827
2.99045
2.83191
2.67267
2.51273
2.35211
2.19082
2.02887
1.86625
1.70300
1.53911
1.37459
1.20946
1.04373
0.87740
0.71049
0.54301
0.37496
0.20636
0.03721
-0.13246
-0.30266
-0.47336
-0.64457
-0.81626
-0.98844
-1.16108
-1.33418
-1.50772
-1.68170
-1.85610
-2.03092
-2.20614
-2.38175
-2.55774
-2.73410
-2.91082
-3.08789
-3.26529
-3.44301
-3.62105



225.89152
225.94983
226.00815
226.06647
226.12478
226.18310
226.24141
226.29973
226.35805
226.41636
226.47468
226.53300
226.59131
226.64963
226.70794
226.76626
226.82458
226.88289
226.94121
226.99952
227.05784
227.11616
227.17447
227.23279
227.29110
227.34942
227.40774
227.46605
227.52437
227.58268
227.64100
227.69932
227.75763
227.81595
227.87426
227.93258
227.99090
228.04921
228.10753
228.16585
228.22416
228.28248
228.34079
228.39911

-3.79939
-3.97803
-4.15694
-4.33612
-4.51556
-4.69524
-4.87516
-5.05530
-5.23566
-5.41621
-5.59696
-5.77788
-5.95897
-6.14021
-6.32160
-6.50312
-6.68476
-6.86651
-7.04836
-7.23029
-7.41230
-7.59438
-7.77651
-7.95867
-8.14087
-8.32309
-8.50532
-8.68754
-8.86974
-9.05192
-9.23406
-9.41615
-9.59818
-90.78014
-9.96202
-10.14380
-10.32548
-10.50704
-10.68847
-10.86977
-11.05091
-11.23190
-11.41271
-11.59334

228.45743
228.51574
228.57406
228.63237
228.69069
228.74901
228.80732
228.86564
228.92395
228.98227
229.04059
229.09890
229.15722
229.21553
229.27385
229.33217
229.39048
229.44880
229.50712
229.56543
229.62375
229.68206
229.74038
229.79870
229.85701
229.91533
229.97364
230.03196
230.09028
230.14859
230.20691
230.26522
230.32354
230.38186
230.44017
230.49849
230.55680
230.61512
230.67344
230.73175
230.79007
230.84838
230.90670
230.96502

S209

-11.77378
-11.95401
-12.13402
-12.31381
-12.49337
-12.67267
-12.85171
-13.03049
-13.20899
-13.38719
-13.56509
-13.74268
-13.91995
-14.09689
-14.27348
-14.44972
-14.62559
-14.80109
-14.97621
-15.15093
-15.32524
-15.49915
-15.67262
-15.84566
-16.01826
-16.19040
-16.36207
-16.53327
-16.70399
-16.87421
-17.04393
-17.21314
-17.38182
-17.54997
-17.71758
-17.88464
-18.05114
-18.21707
-18.38243
-18.54719
-18.71136
-18.87493
-19.03788
-19.20021

231.02333
231.08165
231.13997
231.19828
231.25660
231.31491
231.37323
231.43155
231.48986
231.54818
231.60649
231.66481
231.72313
231.78144
231.83976
231.89807
231.95639
232.01471
232.07302
232.13134
232.18965
232.24797
232.30629
232.36460
232.42292
232.48123
232.53955
232.59787
232.65618
232.71450
232.77282
232.83113
232.88945
232.94776
233.00608
233.06440
233.12271
233.18103
233.23934
233.29766
233.35598
233.41429
233.47261
233.53092

-19.36190
-19.52296
-19.68337
-19.84312
-20.00221
-20.16062
-20.31835
-20.47539
-20.63174
-20.78737
-20.94229
-21.09649
-21.24996
-21.40269
-21.55468
-21.70591
-21.85639
-22.00609
-22.15502
-22.30317
-22.45052
-22.59708
-22.74284
-22.88778
-23.03191
-23.17521
-23.31768
-23.45932
-23.60010
-23.74004
-23.87912
-24.01734
-24.15468
-24.29115
-24.42674
-24.56144
-24.69524
-24.82815
-24.96015
-25.09124
-25.22141
-25.35066
-25.47899
-25.60638



233.58924
233.64756
233.70587
233.76419
233.82250
233.88082
233.93914
233.99745
234.05577
234.11409
234.17240
234.23072
234.28903
234.34735
234.40567
234.46398
234.52230
234.58061
234.63893
234.69725
234.75556
234.81388
234.87219
234.93051
234.98883
235.04714
235.10546
235.16377
235.22209
235.28041
235.33872
235.39704
235.45535
235.51367
235.57199
235.63030
235.68862
235.74694
235.80525
235.86357
235.92188
235.98020
236.03852
236.09683

-25.73283
-25.85834
-25.98290
-26.10651
-26.22916
-26.35085
-26.47157
-26.59132
-26.71009
-26.82788
-26.94469
-27.06050
-27.17533
-27.28916
-27.40198
-27.51380
-27.62461
-27.73441
-27.84319
-27.95096
-28.05769
-28.16341
-28.26809
-28.37174
-28.47435
-28.57592
-28.67646
-28.77594
-28.87438
-28.97177
-29.06811
-29.16339
-29.25761
-29.35077
-29.44287
-29.53391
-29.62388
-29.71278
-29.80061
-29.88737
-29.97306
-30.05767
-30.14120
-30.22365

236.15515
236.21346
236.27178
236.33010
236.38841
236.44673
236.50504
236.56336
236.62168
236.67999
236.73831
236.79662
236.85494
236.91326
236.97157
237.02989
237.08820
237.14652
237.20484
237.26315
237.32147
237.37979
237.43810
237.49642
237.55473
237.61305
237.67137
237.72968
237.78800
237.84631
237.90463
237.96295
238.02126
238.07958
238.13789
238.19621
238.25453
238.31284
238.37116
238.42947
238.48779
238.54611
238.60442
238.66274

S210

-30.30503
-30.38532
-30.46454
-30.54267
-30.61971
-30.69567
-30.77055
-30.84433
-30.91703
-30.98864
-31.05917
-31.12860
-31.19694
-31.26420
-31.33036
-31.39544
-31.45942
-31.52232
-31.58412
-31.64484
-31.70446
-31.76300
-31.82044
-31.87680
-31.93207
-31.98626
-32.03935
-32.09136
-32.14229
-32.19213
-32.24089
-32.28857
-32.33517
-32.38069
-32.42513
-32.46849
-32.51078
-32.55200
-32.59214
-32.63121
-32.66922
-32.70616
-32.74203
-32.77684

238.72106
238.77937
238.83769
238.89600
238.95432
239.01264
239.07095
239.12927
239.18758
239.24590
239.30422
239.36253
239.42085
239.47916
239.53748
239.59580
239.65411
239.71243
239.77074
239.82906
239.88738
239.94569
240.00401
240.06232
240.12064
240.17896
240.23727
240.29559
240.35391
240.41222
240.47054
240.52885
240.58717
240.64549
240.70380
240.76212
240.82043
240.87875
240.93707
240.99538
241.05370
241.11201
241.17033
241.22865

-32.81058
-32.84327
-32.87491
-32.90548
-32.93501
-32.96348
-32.99091
-33.01729
-33.04263
-33.06692
-33.09018
-33.11241
-33.13360
-33.15377
-33.17290
-33.19101
-33.20811
-33.22418
-33.23924
-33.25329
-33.26633
-33.27836
-33.28940
-33.29943
-33.30847
-33.31652
-33.32358
-33.32966
-33.33475
-33.33887
-33.34202
-33.34419
-33.34540
-33.34565
-33.34494
-33.34327
-33.34066
-33.33710
-33.33260
-33.32716
-33.32078
-33.31348
-33.30525
-33.29610



241.28696
241.34528
241.40359
241.46191
241.52023
241.57854
241.63686
241.69517
241.75349
241.81181
241.87012
241.92844
241.98676
242.04507
242.10339
24216170
242.22002
242.27834
242.33665
242.39497
242.45328
24251160
242.56992
242.62823
242.68655
242.74486
242.80318
242.86150
242.91981
242.97813
243.03644
243.09476
243.15308
243.21139
243.26971
243.32803
243.38634
243.44466
243.50297
243.56129
243.61961
243.67792
243.73624
243.79455

-33.28603
-33.27505
-33.26317
-33.25038
-33.23669
-33.22211
-33.20663
-33.19028
-33.17304
-33.15493
-33.13594
-33.11609
-33.09538
-33.07381
-33.05139
-33.02812
-33.00401
-32.97906
-32.95328
-32.92667
-32.89924
-32.87099
-32.84194
-32.81207
-32.78140
-32.74994
-32.71768
-32.68464
-32.65081
-32.61621
-32.58084
-32.54471
-32.50781
-32.47016
-32.43176
-32.39261
-32.35273
-32.31211
-32.27077
-32.22870
-32.18592
-32.14242
-32.09822
-32.05332

243.85287
243.91119
243.96950
244.02782
244.08613
24414445
244.20277
244.26108
244.31940
24437771
244.43603
244.49435
244.55266
244.61098
244.66929
24472761
244.78593
24484424
244.90256
244.96088
245.01919
245.07751
245.13582
245.19414
245.25246
245.31077
245.36909
245.42740
245.48572
245.54404
245.60235
245.66067
245.71898
245.77730
245.83562
245.89393
245.95225
246.01056
246.06888
246.12720
246.18551
246.24383
246.30214
246.36046

S211

-32.00772
-31.96144
-31.91447
-31.86682
-31.81850
-31.76951
-31.71986
-31.66955
-31.61859
-31.56699
-31.51475
-31.46187
-31.40837
-31.35424
-31.29950
-31.24415
-31.18819
-31.13163
-31.07448
-31.01674
-30.95841
-30.89951
-30.84004
-30.78000
-30.71940
-30.65825
-30.59655
-30.53430
-30.47152
-30.40821
-30.34437
-30.28001
-30.21513
-30.14975
-30.08387
-30.01748
-29.95061
-29.88324
-29.81540
-29.74708
-29.67830
-29.60904
-29.53934
-29.46917

246.41878
246.47709
246.53541
246.59373
246.65204
246.71036
246.76867
246.82699
246.88531
246.94362
247.00194
247.06025
247.11857
247.17689
247.23520
247.29352
247.35183
247.41015
247.46847
247.52678
247.58510
247.64341
247.70173
247.76005
247.81836
247.87668
247.93500
247.99331
248.05163
248.10994
248.16826
248.22658
248.28489
248.34321
248.40152
248.45984
248.51816
248.57647
248.63479
248.69310
248.75142
248.80974
248.86805
248.92637

-29.39857
-29.32752
-29.25603
-29.18412
-29.11178
-29.03902
-28.96585
-28.89227
-28.81828
-28.74390
-28.66913
-28.59398
-28.51844
-28.44253
-28.36625
-28.28961
-28.21260
-28.13525
-28.05754
-27.97950
-27.90111
-27.82240
-27.74336
-27.66400
-27.58432
-27.50434
-27.42404
-27.34345
-27.26257
-27.18139
-27.09993
-27.01819
-26.93618
-26.85390
-26.77136
-26.68856
-26.60550
-26.52220
-26.43865
-26.35487
-26.27085
-26.18660
-26.10213
-26.01745



248.98468
249.04300
249.10132
249.15963
249.21795
249.27626
249.33458
249.39290
249.45121
249.50953
249.56785
249.62616
249.68448
249.74279
249.80111
249.85943
249.91774
249.97606
250.03437
250.09269
250.15101
250.20932
250.26764
250.32595
250.38427
250.44259
250.50090
250.55922
250.61753
250.67585
250.73417
250.79248
250.85080
250.90912
250.96743
251.02575
251.08406
251.14238
251.20070
251.25901
251.31733
251.37564
251.43396
251.49228

-25.93255
-25.84744
-25.76213
-25.67662
-25.59091
-25.50502
-25.4189%4
-25.33269
-25.24626
-25.15966
-25.07289
-24.98596
-24.89888
-24.81165
-24.72427
-24.63675
-24.54909
-24.46129
-24.37337
-24.28533
-24.19716
-24.10888
-24.02049
-23.93199
-23.84339
-23.75469
-23.66590
-23.57702
-23.48806
-23.39901
-23.30989
-23.22069
-23.13143
-23.04210
-22.95271
-22.86327
-22.77377
-22.68422
-22.59464
-22.50501
-22.41534
-22.32564
-22.23592
-22.14617

251.55059
251.60891
251.66722
251.72554
251.78386
251.84217
251.90049
251.95880
252.01712
252.07544
252.13375
252.19207
252.25038
252.30870
252.36702
252.42533
252.48365
252.54197
252.60028
252.65860
252.71691
252.77523
252.83355
252.89186
252.95018
253.00849
253.06681
253.12513
253.18344
253.24176
253.30007
253.35839
253.41671
253.47502
253.53334
253.59165
253.64997
253.70829
253.76660
253.82492
253.88323
253.94155
253.99987
254.05818

S212

-22.05639
-21.96660
-21.87680
-21.78699
-21.69717
-21.60735
-21.51753
-21.42771
-21.33790
-21.24811
-21.15833
-21.06857
-20.97883
-20.88912
-20.79943
-20.70978
-20.62017
-20.53059
-20.44106
-20.35157
-20.26213
-20.17274
-20.08341
-19.99413
-19.90492
-19.81577
-19.72669
-19.63768
-19.54875
-19.45989
-19.37111
-19.28241
-19.19380
-19.10527
-19.01684
-18.92850
-18.84025
-18.75211
-18.66407
-18.57613
-18.48830
-18.40058
-18.31297
-18.22548

254.11650
254.17482
254.23313
254.29145
254.34976
254.40808
254.46640
254.52471
254.58303
254.64134
254.69966
254.75798
254.81629
254.87461
254.93292
254.99124
255.04956
255.10787
255.16619
255.22450
255.28282
255.34114
255.39945
255.45777
255.51609
255.57440
255.63272
255.69103
255.74935
255.80767
255.86598
255.92430
255.98261
256.04093
256.09925
256.15756
256.21588
256.27419
256.33251
256.39083
256.44914
256.50746
256.56577
256.62409

-18.13810
-18.05084
-17.96371
-17.87670
-17.78982
-17.70307
-17.61645
-17.52996
-17.44362
-17.35741
-17.27134
-17.18542
-17.09964
-17.01401
-16.92853
-16.84320
-16.75802
-16.67300
-16.58814
-16.50345
-16.41891
-16.33454
-16.25033
-16.16629
-16.08242
-15.99873
-15.91520
-15.83186
-15.74869
-15.66569
-15.58288
-15.50026
-15.41781
-15.33555
-15.25348
-15.17160
-15.08991
-15.00841
-14.92710
-14.84599
-14.76508
-14.68436
-14.60384
-14.52353



256.68241
256.74072
256.79904
256.85735
256.91567
256.97399
257.03230
257.09062
257.14894
257.20725
257.26557
257.32388
257.38220
257.44052
257.49883
257.55715
257.61546
257.67378
257.73210
257.79041
257.84873
257.90704
257.96536
258.02368
258.08199
258.14031
258.19862
258.25694
258.31526
258.37357
258.43189
258.49020
258.54852
258.60684
258.66515
258.72347
258.78179
258.84010
258.89842
258.95673
259.01505
259.07337
259.13168
259.19000

-14.44341
-14.36350
-14.28380
-14.20430
-14.12501
-14.04592
-13.96705
-13.88839
-13.80994
-13.73170
-13.65368
-13.57587
-13.49828
-13.42091
-13.34376
-13.26682
-13.19011
-13.11362
-13.03735
-12.96131
-12.88549
-12.80990
-12.73453
-12.65939
-12.58448
-12.50980
-12.43535
-12.36113
-12.28714
-12.21338
-12.13986
-12.06657
-11.99351
-11.92069
-11.84810
-11.77575
-11.70364
-11.63176
-11.56012
-11.48872
-11.41756
-11.34664
-11.27596
-11.20551

259.24831
259.30663
259.36495
259.42326
259.48158
259.53989
259.59821
259.65653
259.71484
259.77316
259.83147
259.88979
259.94811
260.00642
260.06474
260.12306
260.18137
260.23969
260.29800
260.35632
260.41464
260.47295
260.53127
260.58958
260.64790
260.70622
260.76453
260.82285
260.88116
260.93948
260.99780
261.05611
261.11443
261.17274
261.23106
261.28938
261.34769
261.40601
261.46432
261.52264
261.58096
261.63927
261.69759
261.75591

S213

-11.13531
-11.06535
-10.99564
-10.92616
-10.85693
-10.78794
-10.71919
-10.65068
-10.58242
-10.51441
-10.44664
-10.37911
-10.31183
-10.24479
-10.17800
-10.11145
-10.04515
-9.97910
-9.91329
-0.84773
-0.78241
-0.71734
-9.65252
-0.58794
-90.52361
-9.45953
-9.39569
-9.33210
-9.26876
-9.20566
-0.14281
-9.08021
-90.01785
-8.95575
-8.89388
-8.83227
-8.77090
-8.70977
-8.64890
-8.58826
-8.52788
-8.46774
-8.40785
-8.34820

261.81422
261.87254
261.93085
261.98917
262.04749
262.10580
262.16412
262.22243
262.28075
262.33907
262.39738
262.45570
262.51401
262.57233
262.63065
262.68896
262.74728
262.80559
262.86391
262.92223
262.98054
263.03886
263.09717
263.15549
263.21381
263.27212
263.33044
263.38876
263.44707
263.50539
263.56370
263.62202
263.68034
263.73865
263.79697
263.85528
263.91360
263.97192
264.03023
264.08855
264.14686
264.20518
264.26350
264.32181

-8.28879
-8.22963
-8.17072
-8.11205
-8.05363
-7.99545
-7.93751
-7.87982
-7.82237
-7.76516
-7.70820
-7.65147
-7.59499
-7.53876
-7.48276
-7.42700
-7.37149
-7.31621
-7.26118
-7.20639
-7.15183
-7.09751
-7.04344
-6.98960
-6.93599
-6.88263
-6.82950
-6.77661
-6.72395
-6.67153
-6.61934
-6.56739
-6.51567
-6.46419
-6.41294
-6.36192
-6.31113
-6.26058
-6.21025
-6.16016
-6.11029
-6.06066
-6.01125
-5.96207



264.38013
264.43844
264.49676
264.55508
264.61339
264.67171
264.73003
264.78834
264.84666
264.90497
264.96329
265.02161
265.07992
265.13824
265.19655
265.25487
265.31319
265.37150
265.42982
265.48813
265.54645
265.60477
265.66308
265.72140
265.77971
265.83803
265.89635
265.95466
266.01298
266.07129
266.12961
266.18793
266.24624
266.30456
266.36288
266.42119
266.47951
266.53782
266.59614
266.65446
266.71277
266.77109
266.82940
266.88772

-5.91312
-5.86440
-5.81590
-5.76763
-5.71958
-5.67176
-5.62416
-5.57679
-5.52964
-5.48271
-5.43600
-5.38952
-5.34325
-5.29721
-5.25138
-5.20577
-5.16038
-5.11521
-5.07025
-5.02551
-4.98099
-4.93668
-4.89258
-4.84870
-4.80503
-4.76157
-4.71833
-4.67529
-4.63247
-4.58985
-4.54744
-4.50524
-4.46325
-4.42146
-4.37988
-4.33850
-4.29733
-4.25637
-4.21560
-4.17504
-4.13468
-4.09452
-4.05456
-4.01480

266.94604
267.00435
267.06267
267.12098
267.17930
267.23762
267.29593
267.35425
267.41256
267.47088
267.52920
267.58751
267.64583
267.70414
267.76246
267.82078
267.87909
267.93741
267.99573
268.05404
268.11236
268.17067
268.22899
268.28731
268.34562
268.40394
268.46225
268.52057
268.57889
268.63720
268.69552
268.75383
268.81215
268.87047
268.92878
268.98710
269.04541
269.10373
269.16205
269.22036
269.27868
269.33700
269.39531
269.45363

S214

-3.97524
-3.93587
-3.89671
-3.85774
-3.81896
-3.78038
-3.74200
-3.70381
-3.66581
-3.62801
-3.59039
-3.55297
-3.51573
-3.47869
-3.44183
-3.40516
-3.36868
-3.33239
-3.29628
-3.26036
-3.22461
-3.18906
-3.15368
-3.11849
-3.08348
-3.04865
-3.01400
-2.97953
-2.94523
-2.91111
-2.87717
-2.84341
-2.80982
-2.77641
-2.74317
-2.71010
-2.67721
-2.64448
-2.61193
-2.57955
-2.54733
-2.51529
-2.48341
-2.45170

269.51194
269.57026
269.62858
269.68689
269.74521
269.80352
269.86184
269.92016
269.97847
270.03679
270.09510
270.15342
270.21174
270.27005
270.32837
270.38668
270.44500
270.50332
270.56163
270.61995
270.67826
270.73658
270.79490
270.85321
270.91153
270.96985
271.02816
271.08648
271.14479
271.20311
271.26143
271.31974
271.37806
271.43637
271.49469
271.55301
271.61132
271.66964
271.72795
271.78627
271.84459
271.90290
271.96122
272.01953

-2.42016
-2.38878
-2.35757
-2.32653
-2.29564
-2.26492
-2.23436
-2.20396
-2.17373
-2.14365
-2.11373
-2.08398
-2.05437
-2.02493
-1.99564
-1.96651
-1.93754
-1.90871
-1.88004
-1.85153
-1.82317
-1.79495
-1.76689
-1.73898
-1.71122
-1.68361
-1.65615
-1.62883
-1.60166
-1.57463
-1.54776
-1.52102
-1.49443
-1.46799
-1.44168
-1.41552
-1.38950
-1.36362
-1.33788
-1.31228
-1.28682
-1.26150
-1.23631
-1.21126



272.07785
272.13617
272.19448
272.25280
272.31112
272.36943
272.42775
272.48606
272.54438
272.60270
272.66101
272.71933
272.77764
272.83596
272.89428
272.95259
273.01091
273.06922
273.12754
273.18586
273.24417
273.30249
273.36080
273.41912
27347744
273.53575
273.59407
273.65238
273.71070
273.76902
273.82733
273.88565
273.94397
274.00228
274.06060
274.11891
274.17723
274.23555
274.29386
274.35218
274.41049
274.46881
274.52713
274.58544

-1.18635
-1.16157
-1.13693
-1.11242
-1.08805
-1.06380
-1.03970
-1.01572
-0.99187
-0.96815
-0.94457
-0.92111
-0.89778
-0.87458
-0.85151
-0.82856
-0.80574
-0.78305
-0.76048
-0.73803
-0.71571
-0.69351
-0.67144
-0.64948
-0.62765
-0.60594
-0.58435
-0.56288
-0.54152
-0.52029
-0.49917
-0.47817
-0.45729
-0.43653
-0.41588
-0.39534
-0.37492
-0.35462
-0.33442
-0.31435
-0.29438
-0.27452
-0.25478
-0.23515

274.64376
274.70207
274.76039
274.81871
274.87702
274.93534
274.99365
275.05197
275.11029
275.16860
275.22692
275.28523
275.34355
275.40187
275.46018
275.51850
275.57682
275.63513
275.69345
275.75176
275.81008
275.86840
275.92671
275.98503
276.04334
276.10166
276.15998
276.21829
276.27661
276.33492
276.39324
276.45156
276.50987
276.56819
276.62650
276.68482
276.74314
276.80145
276.85977
276.91809
276.97640
277.03472
277.09303
277.15135

S215

-0.21562
-0.19621
-0.17691
-0.15771
-0.13863
-0.11965
-0.10078
-0.08201
-0.06336
-0.04480
-0.02636
-0.00801
0.01023
0.02836
0.04639
0.06432
0.08215
0.09987
0.11750
0.13502
0.15244
0.16976
0.18699
0.20411
0.22114
0.23806
0.25489
0.27163
0.28826
0.30480
0.32125
0.33759
0.35385
0.37001
0.38607
0.40204
0.41792
0.43371
0.44940
0.46500
0.48051
0.49593
0.51126
0.52650

277.20967
277.26798
277.32630
277.38461
277.44293
277.50125
277.55956
277.61788
277.67619
277.73451
277.79283
277.85114
277.90946
277.96777
278.02609
278.08441
278.14272
278.20104
278.25935
278.31767
278.37599
278.43430
278.49262
278.55094
278.60925
278.66757
278.72588
278.78420
278.84252
278.90083
278.95915
279.01746
279.07578
279.13410
279.19241
279.25073
279.30904
279.36736
279.42568
279.48399
279.54231
279.60062
279.65894
279.71726

0.54165
0.55671
0.57168
0.58656
0.60135
0.61605
0.63067
0.64520
0.65965
0.67400
0.68828
0.70246
0.71656
0.73058
0.74451
0.75836
0.77212
0.78580
0.79940
0.81292
0.82635
0.83970
0.85297
0.86616
0.87927
0.89230
0.90524
0.91811
0.93090
0.94361
0.95624
0.96879
0.98126
0.99366
1.00598
1.01822
1.03038
1.04247
1.05449
1.06642
1.07828
1.09007
1.10178
1.11342



279.77557
279.83389
279.89220
279.95052
280.00884
280.06715
280.12547
280.18379
280.24210
280.30042
280.35873
280.41705
280.47537
280.53368
280.59200
280.65031
280.70863
280.76695
280.82526
280.88358
280.94189
281.00021
281.05853
281.11684
281.17516
281.23347
281.29179
281.35011
281.40842
281.46674
281.52506
281.58337
281.64169
281.70000
281.75832
281.81664
281.87495
281.93327
281.99158
282.04990
282.10822
282.16653
282.22485
282.28316

1.12498
1.13647
1.14788
1.15922
1.17049
1.18168
1.19281
1.20386
1.21484
1.22574
1.23658
1.24734
1.25804
1.26866
1.27921
1.28970
1.30011
1.31045
1.32073
1.33094
1.34107
1.35114
1.36114
1.37108
1.38094
1.39074
1.40048
1.41014
1.41974
1.42927
1.43874
1.44814
1.45747
1.46675
1.47595
1.48509
1.49417
1.50318
1.51213
1.52101
1.52983
1.53859
1.54728
1.55591

282.34148
282.39980
282.45811
282.51643
282.57474
282.63306
282.69138
282.74969
282.80801
282.86632
282.92464
282.98296
283.04127
283.09959
283.15791
283.21622
283.27454
283.33285
283.39117
283.44949
283.50780
283.56612
283.62443
283.68275
283.74107
283.79938
283.85770
283.91601
283.97433
284.03265
284.09096
284.14928
284.20759
284.26591
284.32423
284.38254
284.44086
284.49917
284.55749
284.61581
284.67412
284.73244
284.79076
284.84907

S216

1.56448
1.57299
1.58143
1.58981
1.59813
1.60639
1.61459
1.62273
1.63080
1.63882
1.64677
1.65467
1.66250
1.67028
1.67799
1.68565
1.69325
1.70079
1.70827
1.71569
1.72305
1.73035
1.73760
1.74479
1.75192
1.75900
1.76601
1.77297
1.77988
1.78672
1.79352
1.80025
1.80693
1.81355
1.82012
1.82663
1.83309
1.83949
1.84584
1.85213
1.85837
1.86456
1.87069
1.87676

284.90739
284.96570
285.02402
285.08234
285.14065
285.19897
285.25728
285.31560
285.37392
285.43223
285.49055
285.54886
285.60718
285.66550
285.72381
285.78213
285.84044
285.89876
285.95708
286.01539
286.07371
286.13203
286.19034
286.24866
286.30697
286.36529
286.42361
286.48192
286.54024
286.59855
286.65687
286.71519
286.77350
286.83182
286.89013
286.94845
287.00677
287.06508
287.12340
287.18171
287.24003
287.29835
287.35666
287.41498

1.88279
1.88876
1.89467
1.90054
1.90635
1.91210
1.91781
1.92346
1.92906
1.93461
1.94010
1.94555
1.95094
1.95628
1.96157
1.96681
1.97200
1.97714
1.98222
1.98726
1.99225
1.99718
2.00207
2.00691
2.01169
2.01643
2.02112
2.02576
2.03035
2.03489
2.03939
2.04383
2.04823
2.05258
2.05688
2.06113
2.06534
2.06949
2.07360
2.07767
2.08168
2.08565
2.08958
2.09345



287.47329
287.53161
287.58993
287.64824
287.70656
287.76488
287.82319
287.88151
287.93982
287.99814
288.05646
288.11477
288.17309
288.23140
288.28972
288.34804
288.40635
288.46467
288.52298
288.58130
288.63962
288.69793
288.75625
288.81456
288.87288
288.93120
288.98951
289.04783
289.10614
289.16446
289.22278
289.28109
289.33941
289.39773
289.45604
289.51436
289.57267
289.63099
289.68931
289.74762
289.80594
289.86425
289.92257
289.98089

2.09728
2.10107
2.10480
2.10850
2.11214
2.11574
2.11930
2.12281
2.12627
2.12969
2.13306
2.13639
2.13968
2.14292
2.14612
2.14927
2.15238
2.15544
2.15846
2.16144
2.16437
2.16727
2.17011
2.17292
2.17568
2.17840
2.18108
2.18371
2.18630
2.18885
2.19136
2.19383
2.19625
2.19864
2.20098
2.20328
2.20554
2.20776
2.20993
2.21207
2.21417
2.21622
2.21824
2.22022

290.03920
290.09752
290.15583
290.21415
290.27247
290.33078
290.38910
290.44741
290.50573
290.56405
290.62236
290.68068
290.73900
290.79731
290.85563
290.91394
290.97226
291.03058
291.08889
291.14721
291.20552
291.26384
291.32216
291.38047
291.43879
291.49710
291.55542
291.61374
291.67205
291.73037
291.78868
291.84700
291.90532
291.96363
292.02195
292.08026
292.13858
292.19690
292.25521
292.31353
292.37185
292.43016
292.48848
292.54679

S217

2.22215
2.22405
2.22591
2.22772
2.22950
2.23124
2.23294
2.23460
2.23622
2.23780
2.23935
2.24085
2.24232
2.24375
2.24514
2.24650
2.24781
2.24909
2.25033
2.25154
2.25270
2.25383
2.25493
2.25598
2.25700
2.25799
2.25893
2.25984
2.26072
2.26156
2.26236
2.26313
2.26386
2.26455
2.26522
2.26584
2.26643
2.26699
2.26751
2.26800
2.26845
2.26887
2.26925
2.26961

292.60511
292.66343
292.72174
292.78006
292.83837
292.89669
292.95501
293.01332
293.07164
293.12995
293.18827
293.24659
293.30490
293.36322
293.42153
293.47985
293.53817
293.59648
293.65480
293.71312
293.77143
293.82975
293.88806
293.94638
294.00470
294.06301
294.12133
294.17964
294.23796
294.29628
294.35459
294.41291
294.47122
294.52954
294.58786
294.64617
294.70449
294.76280
294.82112
294.87944
294.93775
294.99607
295.05438
295.11270

2.26992
2.27020
2.27045
2.27067
2.27085
2.27100
2.27112
2.27120
2.27125
2.27127
2.27126
2.27121
2.27113
2.27102
2.27088
2.27070
2.27050
2.27026
2.26999
2.26969
2.26936
2.26900
2.26860
2.26818
2.26772
2.26724
2.26672
2.26618
2.26560
2.26500
2.26436
2.26370
2.26300
2.26228
2.26153
2.26074
2.25993
2.25909
2.25823
2.25733
2.25640
2.25545
2.25447
2.25346



295.17102
295.22933
295.28765
295.34597
295.40428
295.46260
295.52091
295.57923
295.63755
295.69586
295.75418
295.81249
295.87081
295.92913
295.98744
296.04576
296.10407
296.16239
296.22071
296.27902
296.33734
296.39565
296.45397
296.51229
296.57060
296.62892
296.68723
296.74555
296.80387
296.86218
296.92050
296.97882
297.03713
297.09545
297.15376
297.21208
297.27040
297.32871
297.38703
297.44534
297.50366
297.56198
297.62029
297.67861

2.25242
2.25136
2.25026
2.24914
2.24800
2.24682
2.24562
2.24439
2.24314
2.24185
2.24055
2.23921
2.23785
2.23646
2.23505
2.23361
2.23214
2.23065
2.22914
2.22760
2.22603
2.22444
2.22282
2.22118
2.21952
2.21783
2.21611
2.21437
2.21261
2.21083
2.20902
2.20718
2.20532
2.20344
2.20154
2.19961
2.19766
2.19569
2.19369
2.19167
2.18963
2.18757
2.18548
2.18337

297.73692
297.79524
297.85356
297.91187
297.97019
298.02850
298.08682
298.14514
298.20345
298.26177
298.32009
298.37840
298.43672
298.49503
298.55335
298.61167
298.66998
298.72830
298.78661
298.84493
298.90325
298.96156
299.01988
299.07819
299.13651
299.19483
299.25314
299.31146
299.36977
299.42809
299.48641
299.54472
299.60304
299.66135
299.71967
299.77799
299.83630
299.89462
299.95294
300.01125
300.06957
300.12788
300.18620
300.24452

S218

2.18124
2.17909
2.17692
2.17472
2.17251
2.17027
2.16801
2.16573
2.16343
2.16111
2.15877
2.15641
2.15402
2.15162
2.14920
2.14675
2.14429
2.14181
2.13930
2.13678
2.13424
2.13168
2.12910
2.12650
2.12389
2.12125
2.11860
2.11592
2.11323
2.11052
2.10780
2.10505
2.10229
2.09951
2.09671
2.09389
2.09106
2.08821
2.08534
2.08246
2.07956
2.07664
2.07371
2.07076

300.30283
300.36115
300.41946
300.47778
300.53610
300.59441
300.65273
300.71104
300.76936
300.82768
300.88599
300.94431
301.00262
301.06094
301.11926
301.17757
301.23589
301.29420
301.35252
301.41084
301.46915
301.52747
301.58579
301.64410
301.70242
301.76073
301.81905
301.87737
301.93568
301.99400
302.05231
302.11063
302.16895
302.22726
302.28558
302.34389
302.40221
302.46053
302.51884
302.57716
302.63547
302.69379
302.75211
302.81042

2.06779
2.06481
2.06181
2.05880
2.05577
2.05272
2.04966
2.04659
2.04350
2.04039
2.03727
2.03413
2.03098
2.02781
2.02463
2.02144
2.01823
2.01501
2.01177
2.00852
2.00525
2.00198
1.99868
1.99538
1.99206
1.98873
1.98539
1.98203
1.97866
1.97527
1.97188
1.96847
1.96505
1.96162
1.95817
1.95472
1.95125
1.94777
1.94428
1.94078
1.93726
1.93374
1.93020
1.92665



302.86874
302.92706
302.98537
303.04369
303.10200
303.16032
303.21864
303.27695
303.33527
303.39358
303.45190
303.51022
303.56853
303.62685
303.68516
303.74348
303.80180
303.86011
303.91843
303.97674
304.03506
304.09338
304.15169
304.21001
304.26832
304.32664
304.38496
304.44327
304.50159
304.55991
304.61822
304.67654
304.73485
304.79317
304.85149
304.90980
304.96812
305.02643
305.08475
305.14307
305.20138
305.25970
305.31801
305.37633

1.92309
1.91953
1.91595
1.91236
1.90875
1.90514
1.90152
1.89789
1.89425
1.89060
1.88694
1.88327
1.87959
1.87590
1.87220
1.86849
1.86478
1.86105
1.85732
1.85357
1.84982
1.84606
1.84229
1.83851
1.83473
1.83094
1.82713
1.82333
1.81951
1.81568
1.81185
1.80801
1.80417
1.80031
1.79645
1.79258
1.78871
1.78483
1.78094
1.77705
1.77314
1.76924
1.76532
1.76140

305.43465
305.49296
305.55128
305.60959
305.66791
305.72623
305.78454
305.84286
305.90117
305.95949
306.01781
306.07612
306.13444
306.19276
306.25107
306.30939
306.36770
306.42602
306.48434
306.54265
306.60097
306.65928
306.71760
306.77592
306.83423
306.89255
306.95086
307.00918
307.06750
307.12581
307.18413
307.24244
307.30076
307.35908
307.41739
307.47571
307.53403
307.59234
307.65066
307.70897
307.76729
307.82561
307.88392
307.94224

S219

1.75748
1.75355
1.74961
1.74566
1.74171
1.73776
1.73380
1.72984
1.72586
1.72189
1.71791
1.71392
1.70993
1.70594
1.70194
1.69793
1.69392
1.68991
1.68589
1.68187
1.67785
1.67382
1.66978
1.66575
1.66171
1.65766
1.65361
1.64956
1.64551
1.64145
1.63739
1.63332
1.62926
1.62519
1.62112
1.61704
1.61296
1.60888
1.60480
1.60072
1.59663
1.59254
1.58845
1.58435

308.00055
308.05887
308.11719
308.17550
308.23382
308.29213
308.35045
308.40877
308.46708
308.52540
308.58371
308.64203
308.70035
308.75866
308.81698
308.87529
308.93361
308.99193
309.05024
309.10856
309.16688
309.22519
309.28351
309.34182
309.40014
309.45846
309.51677
309.57509
309.63340
309.69172
309.75004
309.80835
309.86667
309.92498
309.98330
310.04162
310.09993
310.15825
310.21656
310.27488
310.33320
310.39151
310.44983
310.50814

1.58026
1.57616
1.57206
1.56796
1.56386
1.55976
1.55566
1.55155
1.54744
1.54334
1.53923
1.53512
1.53101
1.52689
1.52278
1.51867
1.51456
1.51044
1.50633
1.50221
1.49810
1.49399
1.48987
1.48576
1.48164
1.47753
147341
1.46930
1.46519
1.46107
1.45696
1.45285
1.44874
1.44463
1.44052
1.43641
1.43230
1.42820
1.42409
1.41999
1.41589
1.41178
1.40768
1.40359



310.56646
310.62478
310.68309
310.74141
310.79973
310.85804
310.91636
310.97467
311.03299
311.09131
311.14962
311.20794
311.26625
311.32457
311.38289
311.44120
311.49952
311.55783
311.61615
311.67447
311.73278
311.79110
311.84941
311.90773
311.96605
312.02436
312.08268
312.14100
312.19931
312.25763
312.31594
312.37426
312.43258
312.49089
312.54921
312.60752
312.66584
312.72416
312.78247
312.84079
312.89910
312.95742
313.01574
313.07405

1.39949
1.39539
1.39130
1.38721
1.38312
1.37903
1.37495
1.37086
1.36678
1.36270
1.35862
1.35455
1.35048
1.34641
1.34234
1.33828
1.33421
1.33015
1.32610
1.32204
1.31799
1.31394
1.30990
1.30586
1.30182
1.29778
1.29375
1.28972
1.28569
1.28167
1.27765
1.27364
1.26962
1.26562
1.26161
1.25761
1.25361
1.24962
1.24563
1.24165
1.23767
1.23369
1.22972
1.22575

313.13237
313.19068
313.24900
313.30732
313.36563
313.42395
313.48226
313.54058
313.59890
313.65721
313.71553
313.77385
313.83216
313.89048
313.94879
314.00711
314.06543
314.12374
314.18206
314.24037
314.29869
314.35701
314.41532
314.47364
314.53195
314.59027
314.64859
314.70690
314.76522
314.82353
314.88185
314.94017
314.99848
315.05680
315.11512
315.17343
315.23175
315.29006
315.34838
315.40670
315.46501
315.52333
315.58164
315.63996

S220

1.22178
1.21782
1.21387
1.20992
1.20597
1.20203
1.19809
1.19415
1.19023
1.18630
1.18238
1.17847
1.17456
1.17065
1.16675
1.16286
1.15897
1.15508
1.15121
1.14733
1.14346
1.13960
1.13574
1.13189
1.12804
1.12419
1.12036
1.11653
1.11270
1.10888
1.10506
1.10126
1.09745
1.09365
1.08986
1.08608
1.08230
1.07852
1.07475
1.07099
1.06724
1.06349
1.05974
1.05600

315.69828
315.75659
315.81491
315.87322
315.93154
315.98986
316.04817
316.10649
316.16480
316.22312
316.28144
316.33975
316.39807
316.45638
316.51470
316.57302
316.63133
316.68965
316.74797
316.80628
316.86460
316.92291
316.98123
317.03955
317.09786
317.15618
317.21449
317.27281
317.33113
317.38944
317.44776
317.50607
317.56439
317.62271
317.68102
317.73934
317.79765
317.85597
317.91429
317.97260
318.03092
318.08923
318.14755
318.20587

1.05227
1.04855
1.04483
1.04111
1.03741
1.03371
1.03001
1.02632
1.02264
1.01897
1.01530
1.01164
1.00798
1.00433
1.00069
0.99706
0.99343
0.98980
0.98619
0.98258
0.97898
0.97538
0.97180
0.96822
0.96464
0.96107
0.95751
0.95396
0.95041
0.94688
0.94334
0.93982
0.93630
0.93279
0.92929
0.92579
0.92230
0.91882
0.91535
0.91188
0.90842
0.90497
0.90152
0.89808



318.26418
318.32250
318.38082
318.43913
318.49745
318.55576
318.61408
318.67240
318.73071
318.78903
318.84734
318.90566
318.96398
319.02229
319.08061
319.13892
319.19724
319.25556
319.31387
319.37219
319.43050
319.48882
319.54714
319.60545
319.66377
319.72209
319.78040
319.83872
319.89703
319.95535
320.01367
320.07198
320.13030
320.18861
320.24693
320.30525
320.36356
320.42188
320.48019
320.53851
320.59683
320.65514
320.71346
320.77177

0.89465
0.89123
0.88781
0.88441
0.88100
0.87761
0.87423
0.87085
0.86748
0.86411
0.86076
0.85741
0.85407
0.85074
0.84741
0.84410
0.84079
0.83749
0.83419
0.83091
0.82763
0.82436
0.82110
0.81784
0.81459
0.81135
0.80812
0.80490
0.80168
0.79848
0.79528
0.79208
0.78890
0.78572
0.78256
0.77939
0.77624
0.77310
0.76996
0.76683
0.76371
0.76060
0.75750
0.75440

320.83009
320.88841
320.94672
321.00504
321.06335
321.12167
321.17999
321.23830
321.29662
321.35494
321.41325
321.47157
321.52988
321.58820
321.64652
321.70483
321.76315
321.82146
321.87978
321.93810
321.99641
322.05473
322.11304
322.17136
322.22968
322.28799
322.34631
322.40462
322.46294
322.52126
322.57957
322.63789
322.69620
322.75452
322.81284
322.87115
322.92947
322.98779
323.04610
323.10442
323.16273
323.22105
323.27937
323.33768

S221

0.75131
0.74823
0.74516
0.74210
0.73904
0.73599
0.73296
0.72992
0.72690
0.72389
0.72088
0.71788
0.71489
0.71191
0.70893
0.70597
0.70301
0.70006
0.69712
0.69418
0.69126
0.68834
0.68543
0.68253
0.67964
0.67675
0.67388
0.67101
0.66815
0.66530
0.66245
0.65962
0.65679
0.65397
0.65116
0.64836
0.64557
0.64278
0.64000
0.63723
0.63447
0.63172
0.62898
0.62624

323.39600
323.45431
323.51263
323.57095
323.62926
323.68758
323.74589
323.80421
323.86253
323.92084
323.97916
324.03747
324.09579
324.15411
324.21242
324.27074
324.32906
324.38737
324.44569
324.50400
324.56232
324.62064
324.67895
324.73727
324.79558
324.85390
324.91222
324.97053
325.02885
325.08716
325.14548
325.20380
325.26211
325.32043
325.37874
325.43706
325.49538
325.55369
325.61201
325.67032
325.72864
325.78696
325.84527
325.90359

0.62351
0.62079
0.61808
0.61538
0.61268
0.60999
0.60732
0.60465
0.60198
0.59933
0.59668
0.59405
0.59142
0.58879
0.58618
0.58358
0.58098
0.57839
0.57581
0.57324
0.57067
0.56812
0.56557
0.56303
0.56050
0.55798
0.55546
0.55296
0.55046
0.54797
0.54548
0.54301
0.54054
0.53808
0.53563
0.53319
0.53076
0.52833
0.52591
0.52351
0.52110
0.51871
0.51632
0.51395



325.96191
326.02022
326.07854
326.13685
326.19517
326.25349
326.31180
326.37012
326.42843
326.48675
326.54507
326.60338
326.66170
326.72001
326.77833
326.83665
326.89496
326.95328
327.01159
327.06991
327.12823
327.18654
327.24486
327.30317
327.36149
327.41981
327.47812
327.53644
327.59476
327.65307
327.71139
327.76970
327.82802
327.88634
327.94465
328.00297
328.06128
328.11960
328.17792
328.23623
328.29455
328.35286
328.41118
328.46950

0.51158
0.50922
0.50686
0.50452
0.50218
0.49985
0.49753
0.49522
0.49291
0.49061
0.48832
0.48604
0.48377
0.48150
0.47924
0.47699
0.47475
0.47252
0.47029
0.46807
0.46586
0.46366
0.46146
0.45928
0.45710
0.45492
0.45276
0.45060
0.44846
0.44632
0.44418
0.44206
0.43994
0.43783
0.43573
0.43363
0.43155
0.42947
0.42740
0.42533
0.42328
0.42123
0.41919
0.41715

328.52781
328.58613
328.64444
328.70276
328.76108
328.81939
328.87771
328.93603
328.99434
329.05266
329.11097
329.16929
329.22761
329.28592
329.34424
329.40255
329.46087
329.51919
329.57750
329.63582
329.69413
329.75245
329.81077
329.86908
329.92740
329.98571
330.04403
330.10235
330.16066
330.21898
330.27729
330.33561
330.39393
330.45224
330.51056
330.56888
330.62719
330.68551
330.74382
330.80214
330.86046
330.91877
330.97709
331.03540

S222

0.41513
0.41311
0.41110
0.40909
0.40710
0.40511
0.40313
0.40116
0.39919
0.39723
0.39528
0.39334
0.39140
0.38947
0.38755
0.38564
0.38373
0.38183
0.37994
0.37805
0.37617
0.37430
0.37244
0.37059
0.36874
0.36690
0.36506
0.36323
0.36141
0.35960
0.35780
0.35600
0.35421
0.35242
0.35064
0.34887
0.34711
0.34536
0.34361
0.34186
0.34013
0.33840
0.33668
0.33497

331.09372
331.15204
331.21035
331.26867
331.32698
331.38530
331.44362
331.50193
331.56025
331.61856
331.67688
331.73520
331.79351
331.85183
331.91014
331.96846
332.02678
332.08509
332.14341
332.20173
332.26004
332.31836
332.37667
332.43499
332.49331
332.55162
332.60994
332.66825
332.72657
332.78489
332.84320
332.90152
332.95983
333.01815
333.07647
333.13478
333.19310
333.25141
333.30973
333.36805
333.42636
333.48468
333.54300
333.60131

0.33326
0.33156
0.32987
0.32818
0.32650
0.32483
0.32316
0.32150
0.31985
0.31820
0.31656
0.31493
0.31331
0.31169
0.31007
0.30847
0.30687
0.30528
0.30369
0.30211
0.30054
0.29898
0.29742
0.29586
0.29432
0.29278
0.29125
0.28972
0.28820
0.28668
0.28518
0.28368
0.28218
0.28069
0.27921
0.27774
0.27627
0.27480
0.27335
0.27190
0.27045
0.26902
0.26758
0.26616



333.65963
333.71794
333.77626
333.83458
333.89289
333.95121
334.00952
334.06784
334.12616
334.18447
334.24279
334.30110
334.35942
334.41774
334.47605
334.53437
334.59268
334.65100
334.70932
334.76763
334.82595
334.88426
334.94258
335.00090
335.05921
335.11753
335.17585
335.23416
335.29248
335.35079
335.40911
335.46743
335.52574
335.58406
335.64237
335.70069
335.75901
335.81732
335.87564
335.93395
335.99227
336.05059
336.10890
336.16722

0.26474
0.26333
0.26192
0.26052
0.25912
0.25773
0.25635
0.25498
0.25361
0.25224
0.25088
0.24953
0.24818
0.24684
0.24551
0.24418
0.24286
0.24154
0.24023
0.23892
0.23762
0.23633
0.23504
0.23376
0.23249
0.23121
0.22995
0.22869
0.22744
0.22619
0.22495
0.22371
0.22248
0.22126
0.22004
0.21882
0.21761
0.21641
0.21521
0.21402
0.21283
0.21165
0.21048
0.20931

336.22553
336.28385
336.34217
336.40048
336.45880
336.51712
336.57543
336.63375
336.69206
336.75038
336.80870
336.86701
336.92533
336.98364
337.04196
337.10028
337.15859
337.21691
337.27522
337.33354
337.39186
337.45017
337.50849
337.56680
337.62512
337.68344
337.74175
337.80007
337.85838
337.91670
337.97502
338.03333
338.09165
338.14997
338.20828
338.26660
338.32491
338.38323
338.44155
338.49986
338.55818
338.61649
338.67481
338.73313

S223

0.20814
0.20698
0.20583
0.20468
0.20354
0.20240
0.20127
0.20014
0.19902
0.19790
0.19679
0.19568
0.19458
0.19348
0.19239
0.19131
0.19023
0.18915
0.18808
0.18701
0.18595
0.18490
0.18385
0.18280
0.18176
0.18073
0.17970
0.17867
0.17765
0.17663
0.17562
0.17462
0.17362
0.17262
0.17163
0.17064
0.16966
0.16868
0.16771
0.16674
0.16578
0.16482
0.16387
0.16292

338.79144
338.84976
338.90807
338.96639
339.02471
339.08302
339.14134
339.19965
339.25797
339.31629
339.37460
339.43292
339.49123
339.54955
339.60787
339.66618
339.72450
339.78282
339.84113
339.89945
339.95776
340.01608
340.07440
340.13271
340.19103
340.24934
340.30766
340.36598
340.42429
340.48261
340.54092
340.59924
340.65756
340.71587
340.77419
340.83250
340.89082
340.94914
341.00745
341.06577
341.12409
341.18240
341.24072
341.29903

0.16197
0.16103
0.16010
0.15917
0.15824
0.15732
0.15640
0.15549
0.15458
0.15368
0.15278
0.15189
0.15100
0.15011
0.14923
0.14835
0.14748
0.14661
0.14575
0.14489
0.14403
0.14318
0.14234
0.14150
0.14066
0.13982
0.13899
0.13817
0.13735
0.13653
0.13572
0.13491
0.13410
0.13330
0.13251
0.13171
0.13092
0.13014
0.12936
0.12858
0.12781
0.12704
0.12628
0.12552



341.35735
341.41567
341.47398
341.53230
341.59061
341.64893
341.70725
341.76556
341.82388

0.12476
0.12401
0.12326
0.12251
0.12177
0.12103
0.12030
0.11957
0.11884

341.88219
341.94051
341.99883
342.05714
342.11546
34217377
342.23209
342.29041
342.34872

S224

0.11812
0.11740
0.11669
0.11598
0.11527
0.11457
0.11387
0.11317
0.11248

342.40704
342.46535
342.52367
342.58199
342.64030
342.69862

0.11179
0.11110
0.11042
0.10974
0.10907
0.10840



Calculation for 3x

169.03060
169.08844
169.14628
169.20412
169.26196
169.31981
169.37765
169.43549
169.49333
169.55118
169.60902
169.66686
169.72470
169.78254
169.84039
169.89823
169.95607
170.01391
170.07176
170.12960
170.18744
170.24528
170.30312
170.36097
170.41881
170.47665
170.53449
170.59233
170.65018
170.70802
170.76586
170.82370
170.88155
170.93939
170.99723
171.05507
171.11291
171.17076
171.22860
171.28644
171.34428
171.40213

0.00003
0.00003
0.00003
0.00003
0.00004
0.00004
0.00004
0.00004
0.00004
0.00004
0.00005
0.00005
0.00005
0.00005
0.00005
0.00006
0.00006
0.00006
0.00006
0.00007
0.00007
0.00007
0.00008
0.00008
0.00008
0.00009
0.00009
0.00009
0.00010
0.00010
0.00011
0.00011
0.00012
0.00012
0.00013
0.00013
0.00014
0.00014
0.00015
0.00015
0.00016
0.00017

171.45997
171.51781
171.57565
171.63349
171.69134
171.74918
171.80702
171.86486
171.92271
171.98055
172.03839
172.09623
172.15407
172.21192
172.26976
172.32760
172.38544
172.44329
172.50113
172.55897
172.61681
172.67465
172.73250
172.79034
172.84818
172.90602
172.96387
173.02171
173.07955
173.13739
173.19523
173.25308
173.31092
173.36876
173.42660
173.48444
173.54229
173.60013
173.65797
173.71581
173.77366
173.83150

S225

0.00017
0.00018
0.00019
0.00020
0.00020
0.00021
0.00022
0.00023
0.00024
0.00025
0.00026
0.00027
0.00028
0.00029
0.00030
0.00032
0.00033
0.00034
0.00035
0.00037
0.00038
0.00040
0.00041
0.00043
0.00044
0.00046
0.00048
0.00050
0.00052
0.00054
0.00056
0.00058
0.00060
0.00062
0.00064
0.00067
0.00069
0.00072
0.00075
0.00077
0.00080
0.00083

173.88934
173.94718
174.00502
174.06287
174.12071
174.17855
174.23639
174.29424
174.35208
174.40992
174.46776
174.52560
174.58345
174.64129
174.69913
174.75697
174.81482
174.87266
174.93050
174.98834
175.04618
175.10403
175.16187
175.21971
175.27755
175.33540
175.39324
175.45108
175.50892
175.56676
175.62461
175.68245
175.74029
175.79813
175.85598
175.91382
175.97166
176.02950
176.08734
176.14519
176.20303
176.26087

0.00086
0.00089
0.00093
0.00096
0.00099
0.00103
0.00107
0.00111
0.00115
0.00119
0.00123
0.00127
0.00132
0.00136
0.00141
0.00146
0.00151
0.00157
0.00162
0.00168
0.00174
0.00180
0.00186
0.00192
0.00199
0.00206
0.00213
0.00220
0.00228
0.00235
0.00243
0.00251
0.00260
0.00269
0.00278
0.00287
0.00296
0.00306
0.00316
0.00327
0.00338
0.00349



176.31871
176.37655
176.43440
176.49224
176.55008
176.60792
176.66577
176.72361
176.78145
176.83929
176.89713
176.95498
177.01282
177.07066
177.12850
177.18635
177.24419
177.30203
177.35987
177.41771
177.47556
177.53340
177.59124
177.64908
177.70693
177.76477
177.82261
177.88045
177.93829
177.99614
178.05398
178.11182
178.16966
178.22751
178.28535
178.34319
178.40103
178.45887
178.51672
178.57456
178.63240
178.69024
178.74809
178.80593

0.00360
0.00372
0.00384
0.00397
0.00409
0.00423
0.00436
0.00450
0.00465
0.00480
0.00495
0.00511
0.00527
0.00544
0.00561
0.00579
0.00597
0.00615
0.00635
0.00654
0.00675
0.00696
0.00717
0.00739
0.00762
0.00785
0.00809
0.00834
0.00859
0.00885
0.00912
0.00939
0.00968
0.00997
0.01026
0.01057
0.01088
0.01121
0.01154
0.01188
0.01223
0.01259
0.01295
0.01333

178.86377
178.92161
178.97945
179.03730
179.09514
179.15298
179.21082
179.26867
179.32651
179.38435
179.44219
179.50003
179.55788
179.61572
179.67356
179.73140
179.78924
179.84709
179.90493
179.96277
180.02061
180.07846
180.13630
180.19414
180.25198
180.30982
180.36767
180.42551
180.48335
180.54119
180.59904
180.65688
180.71472
180.77256
180.83040
180.88825
180.94609
181.00393
181.06177
181.11962
181.17746
181.23530
181.29314
181.35098

S226

0.01372
0.01412
0.01453
0.01494
0.01537
0.01582
0.01627
0.01673
0.01721
0.01770
0.01820
0.01871
0.01924
0.01977
0.02033
0.02089
0.02148
0.02207
0.02268
0.02331
0.02395
0.02461
0.02528
0.02597
0.02668
0.02740
0.02814
0.02890
0.02968
0.03047
0.03129
0.03212
0.03298
0.03385
0.03475
0.03566
0.03660
0.03756
0.03854
0.03955
0.04058
0.04163
0.04271
0.04381

181.40883
181.46667
181.52451
181.58235
181.64020
181.69804
181.75588
181.81372
181.87156
181.92941
181.98725
182.04509
182.10293
182.16078
182.21862
182.27646
182.33430
182.39214
182.44999
182.50783
182.56567
182.62351
182.68135
182.73920
182.79704
182.85488
182.91272
182.97057
183.02841
183.08625
183.14409
183.20193
183.25978
183.31762
183.37546
183.43330
183.49115
183.54899
183.60683
183.66467
183.72251
183.78036
183.83820
183.89604

0.04494
0.04609
0.04727
0.04847
0.04971
0.05097
0.05226
0.05357
0.05492
0.05630
0.05771
0.05915
0.06062
0.06212
0.06366
0.06523
0.06683
0.06847
0.07014
0.07185
0.07360
0.07538
0.07721
0.07907
0.08097
0.08291
0.08489
0.08691
0.08898
0.09109
0.09324
0.09544
0.09768
0.09997
0.10231
0.10469
0.10712
0.10961
0.11214
0.11472
0.11736
0.12005
0.12279
0.12559



183.95388
184.01173
184.06957
184.12741
184.18525
184.24309
184.30094
184.35878
184.41662
184.47446
184.53231
184.59015
184.64799
184.70583
184.76367
184.82152
184.87936
184.93720
184.99504
185.05289
185.11073
185.16857
185.22641
185.28425
185.34210
185.39994
185.45778
185.51562
185.57346
185.63131
185.68915
185.74699
185.80483
185.86268
185.92052
185.97836
186.03620
186.09404
186.15189
186.20973
186.26757
186.32541
186.38326
186.44110

0.12844
0.13135
0.13431
0.13734
0.14042
0.14357
0.14677
0.15004
0.15337
0.15677
0.16023
0.16376
0.16735
0.17102
0.17475
0.17856
0.18243
0.18638
0.19040
0.19450
0.19867
0.20293
0.20726
0.21167
0.21616
0.22073
0.22539
0.23013
0.23496
0.23987
0.24487
0.24997
0.25515
0.26043
0.26580
0.27127
0.27683
0.28249
0.28825
0.29411
0.30007
0.30614
0.31231
0.31859

186.49894
186.55678
186.61462
186.67247
186.73031
186.78815
186.84599
186.90384
186.96168
187.01952
187.07736
187.13520
187.19305
187.25089
187.30873
187.36657
187.42442
187.48226
187.54010
187.59794
187.65578
187.71363
187.77147
187.82931
187.88715
187.94500
188.00284
188.06068
188.11852
188.17636
188.23421
188.29205
188.34989
188.40773
188.46557
188.52342
188.58126
188.63910
188.69694
188.75479
188.81263
188.87047
188.92831
188.98615

S227

0.32497
0.33147
0.33808
0.34480
0.35163
0.35858
0.36565
0.37283
0.38014
0.38756
0.39512
0.40279
0.41060
0.41853
0.42659
0.43479
0.44311
0.45158
0.46018
0.46892
0.47780
0.48682
0.49599
0.50531
0.51477
0.52438
0.53415
0.54406
0.55414
0.56437
0.57476
0.58531
0.59602
0.60691
0.61795
0.62917
0.64056
0.65212
0.66386
0.67577
0.68787
0.70014
0.71260
0.72525

189.04400
189.10184
189.15968
189.21752
189.27537
189.33321
189.39105
189.44889
189.50673
189.56458
189.62242
189.68026
189.73810
189.79595
189.85379
189.91163
189.96947
190.02731
190.08516
190.14300
190.20084
190.25868
190.31653
190.37437
190.43221
190.49005
190.54789
190.60574
190.66358
190.72142
190.77926
190.83711
190.89495
190.95279
191.01063
191.06847
191.12632
191.18416
191.24200
191.29984
191.35768
191.41553
191.47337
191.53121

0.73809
0.75111
0.76433
0.77774
0.79135
0.80516
0.81917
0.83338
0.84780
0.86243
0.87726
0.89231
0.90758
0.92306
0.93877
0.95469
0.97084
0.98722
1.00383
1.02067
1.03774
1.05505
1.07260
1.09039
1.10843
1.12671
1.14524
1.16403
1.18306
1.20236
1.22192
1.24173
1.26182
1.28217
1.30279
1.32368
1.34485
1.36630
1.38803
1.41004
1.43234
1.45493
1.47781
1.50099



191.58905
191.64690
191.70474
191.76258
191.82042
191.87826
191.93611
191.99395
192.05179
192.10963
192.16748
192.22532
192.28316
192.34100
192.39884
192.45669
192.51453
192.57237
192.63021
192.68806
192.74590
192.80374
192.86158
192.91942
192.97727
193.03511
193.09295
193.15079
193.20864
193.26648
193.32432
193.38216
193.44000
193.49785
193.55569
193.61353
193.67137
193.72922
193.78706
193.84490
193.90274
193.96058
194.01843
194.07627

1.52446
1.54823
1.57231
1.59669
1.62139
1.64639
1.67171
1.69734
1.72330
1.74958
1.77619
1.80312
1.83039
1.85799
1.88593
1.91421
1.94283
1.97180
2.00112
2.03080
2.06083
2.09121
2.12196
2.15308
2.18456
2.21642
2.24864
2.28125
2.31423
2.34760
2.38136
2.41550
2.45004
2.48497
2.52030
2.55603
2.59217
2.62871
2.66567
2.70304
2.74083
2.77904
2.81767
2.85673

194.13411
194.19195
194.24979
194.30764
194.36548
194.42332
194.48116
194.53901
194.59685
194.65469
194.71253
194.77037
194.82822
194.88606
194.94390
195.00174
195.05959
195.11743
195.17527
195.23311
195.29095
195.34880
195.40664
195.46448
195.52232
195.58017
195.63801
195.69585
195.75369
195.81153
195.86938
195.92722
195.98506
196.04290
196.10075
196.15859
196.21643
196.27427
196.33211
196.38996
196.44780
196.50564
196.56348
196.62133

S228

2.89622
2.93615
2.97651
3.01731
3.05855
3.10024
3.14237
3.18496
3.22801
3.27151
3.31547
3.35990
3.40480
3.45017
3.49601
3.54233
3.58913
3.63641
3.68418
3.73244
3.78120
3.83045
3.88019
3.93045
3.98120
4.03247
4.08424
4.13653
4.18934
4.24267
4.29653
4.35091
4.40581
4.46126
4.51724
4.57375
4.63081
4.68841
4.74656
4.80527
4.86452
4.92433
4.98470
5.04563

196.67917
196.73701
196.79485
196.85269
196.91054
196.96838
197.02622
197.08406
197.14190
197.19975
197.25759
197.31543
197.37327
197.43112
197.48896
197.54680
197.60464
197.66248
197.72033
197.77817
197.83601
197.89385
197.95170
198.00954
198.06738
198.12522
198.18306
198.24091
198.29875
198.35659
198.41443
198.47228
198.53012
198.58796
198.64580
198.70364
198.76149
198.81933
198.87717
198.93501
198.99286
199.05070
199.10854
199.16638

5.10713
5.16919
5.23183
5.29503
5.35882
5.42318
5.48812
5.55365
5.61976
5.68646
5.75376
5.82164
5.89013
5.95921
6.02890
6.09919
6.17009
6.24159
6.31371
6.38644
6.45979
6.53375
6.60834
6.68355
6.75938
6.83584
6.91293
6.99065
7.06901
7.14800
7.22762
7.30789
7.38879
7.47034
7.55253
7.63537
7.71886
7.80299
7.88778
7.97322
8.05931
8.14605
8.23346
8.32152



199.22422
199.28207
199.33991
199.39775
199.45559
199.51344
199.57128
199.62912
199.68696
199.74480
199.80265
199.86049
199.91833
199.97617
200.03401
200.09186
200.14970
200.20754
200.26538
200.32323
200.38107
200.43891
200.49675
200.55459
200.61244
200.67028
200.72812
200.78596
200.84381
200.90165
200.95949
201.01733
201.07517
201.13302
201.19086
201.24870
201.30654
201.36439
201.42223
201.48007
201.53791
201.59575
201.65360
201.71144

8.41024
8.49962
8.58966
8.68036
8.77173
8.86376
8.95646
0.04982
9.14385
9.23855
9.33392
9.42995
9.52666
9.62403
9.72208
9.82079
9.92018
10.02024
10.12097
10.22237
10.32444
10.42719
10.53060
10.63469
10.73945
10.84487
10.95097
11.05774
11.16518
11.27328
11.38205
11.49149
11.60159
11.71236
11.82379
11.93589
12.04865
12.16206
12.27613
12.39087
12.50625
12.62229
12.73898
12.85632

201.76928
201.82712
201.88497
201.94281
202.00065
202.05849
202.11633
202.17418
202.23202
202.28986
202.34770
202.40555
202.46339
202.52123
202.57907
202.63691
202.69476
202.75260
202.81044
202.86828
202.92612
202.98397
203.04181
203.09965
203.15749
203.21534
203.27318
203.33102
203.38886
203.44670
203.50455
203.56239
203.62023
203.67807
203.73592
203.79376
203.85160
203.90944
203.96728
204.02513
204.08297
204.14081
204.19865
204.25650

S229

12.97431
13.09295
13.21223
13.33214
13.45270
13.57390
13.69573
13.81819
13.94128
14.06500
14.18933
14.31429
14.43987
14.56606
14.69286
14.82026
14.94827
15.07688
15.20608
15.33588
15.46627
15.59723
15.72878
15.86090
15.99360
16.12686
16.26068
16.39506
16.52999
16.66547
16.80149
16.93805
17.07514
17.21276
17.35089
17.48954
17.62870
17.76837
17.90853
18.04918
18.19032
18.33194
18.47403
18.61658

204.31434
204.37218
204.43002
204.48786
204.54571
204.60355
204.66139
204.71923
204.77708
204.83492
204.89276
204.95060
205.00844
205.06629
205.12413
205.18197
205.23981
205.29766
205.35550
205.41334
205.47118
205.52902
205.58687
205.64471
205.70255
205.76039
205.81823
205.87608
205.93392
205.99176
206.04960
206.10745
206.16529
206.22313
206.28097
206.33881
206.39666
206.45450
206.51234
206.57018
206.62803
206.68587
206.74371
206.80155

18.75960
18.90306
19.04697
19.19132
19.33610
19.48131
19.62693
19.77296
19.91939
20.06621
20.21342
20.36100
20.50896
20.65727
20.80594
20.95495
21.10430
21.25397
21.40396
21.55426
21.70486
21.85575
22.00692
22.15837
22.31007
22.46203
22.61423
22.76666
22.91931
23.07218
23.22524
23.37850
23.53194
23.68555
23.83932
23.99324
24.14729
24.30147
24.45577
24.61017
24.76466
24.91923
25.07387
25.22857



206.85939
206.91724
206.97508
207.03292
207.09076
207.14861
207.20645
207.26429
207.32213
207.37997
207.43782
207.49566
207.55350
207.61134
207.66919
207.72703
207.78487
207.84271
207.90055
207.95840
208.01624
208.07408
208.13192
208.18977
208.24761
208.30545
208.36329
208.42113
208.47898
208.53682
208.59466
208.65250
208.71034
208.76819
208.82603
208.88387
208.94171
208.99956
209.05740
209.11524
209.17308
209.23092
209.28877
209.34661

25.38331
25.53809
25.69288
25.84769
26.00249
26.15727
26.31203
26.46674
26.62140
26.77599
26.93050
27.08492
27.23923
27.39342
27.54748
27.70139
27.85514
28.00872
28.16210
28.31529
28.46825
28.62099
28.77348
28.92572
29.07768
29.22935
29.38072
29.53178
29.68250
29.83287
29.98289
30.13253
30.28177
30.43061
30.57903
30.72701
30.87454
31.02160
31.16817
31.31425
31.45981
31.60485
31.74933
31.89326

209.40445
209.46229
209.52014
209.57798
209.63582
209.69366
209.75150
209.80935
209.86719
209.92503
209.98287
210.04072
210.09856
210.15640
210.21424
210.27208
210.32993
210.38777
210.44561
210.50345
210.56130
210.61914
210.67698
210.73482
210.79266
210.85051
210.90835
210.96619
211.02403
211.08188
211.13972
211.19756
211.25540
211.31324
211.37109
211.42893
211.48677
211.54461
211.60245
211.66030
211.71814
211.77598
211.83382
211.89167

$230

32.03660
32.17935
32.32150
32.46301
32.60389
32.74410
32.88364
33.02249
33.16064
33.29806
33.43474
33.57066
33.70581
33.84017
33.97372
34.10646
34.23835
34.36939
34.49955
34.62883
34.75720
34.88464
35.01115
35.13670
35.26127
35.38486
35.50744
35.62900
35.74951
35.86897
35.98735
36.10464
36.22083
36.33588
36.44980
36.56256
36.67414
36.78453
36.89371
37.00166
37.10837
37.21383
37.31800
37.42088

211.94951
212.00735
212.06519
212.12303
212.18088
212.23872
212.29656
212.35440
212.41225
212.47009
212.52793
212.58577
212.64361
212.70146
212.75930
212.81714
212.87498
212.93283
212.99067
213.04851
213.10635
213.16419
213.22204
213.27988
213.33772
213.39556
213.45341
213.51125
213.56909
213.62693
213.68477
213.74262
213.80046
213.85830
213.91614
213.97399
214.03183
214.08967
214.14751
214.20535
214.26320
214.32104
214.37888
214.43672

37.52246
37.62270
37.72160
37.81915
37.91531
38.01009
38.10345
38.19539
38.28589
38.37493
38.46249
38.54857
38.63313
38.71618
38.79768
38.87763
38.95601
39.03280
39.10799
39.18156
39.25350
39.32379
39.39241
39.45935
39.52460
39.58813
39.64994
39.71001
39.76832
39.82486
39.87962
39.93257
39.98371
40.03302
40.08049
40.12610
40.16983
40.21168
40.25163
40.28967
40.32578
40.35995
40.39216
40.42241



214.49456
21455241
214.61025
214.66809
214.72593
214.78378
214.84162
214.89946
214.95730
215.01514
215.07299
215.13083
215.18867
215.24651
215.30436
215.36220
215.42004
215.47788
215.53572
215.59357
215.65141
215.70925
215.76709
215.82494
215.88278
215.94062
215.99846
216.05630
216.11415
216.17199
216.22983
216.28767
216.34552
216.40336
216.46120
216.51904
216.57688
216.63473
216.69257
216.75041
216.80825
216.86610
216.92394
216.98178

40.45068
40.47695
40.50121
40.52346
40.54367
40.56184
40.57796
40.59200
40.60396
40.61383
40.62160
40.62725
40.63077
40.63215
40.63138
40.62845
40.62335
40.61607
40.60659
40.59491
40.58102
40.56490
40.54655
40.52596
40.50311
40.47801
40.45063
40.42097
40.38903
40.35479
40.31824
40.27938
40.23820
40.19469
40.14884
40.10065
40.05011
39.99721
39.94194
39.88431
39.82429
39.76189
39.69711
39.62992

217.03962
217.09746
217.15531
217.21315
217.27099
217.32883
217.38667
217.44452
217.50236
217.56020
217.61804
217.67589
217.73373
217.79157
217.84941
217.90725
217.96510
218.02294
218.08078
218.13862
218.19647
218.25431
218.31215
218.36999
218.42783
218.48568
218.54352
218.60136
218.65920
218.71705
218.77489
218.83273
218.89057
218.94841
219.00626
219.06410
219.12194
219.17978
219.23763
219.29547
219.35331
219.41115
219.46899
219.52684

S231

39.56033
39.48834
39.41394
39.33711
39.25787
39.17620
39.09210
39.00556
38.91659
38.82517
38.73131
38.63500
38.53624
38.43502
38.33135
38.22521
38.11661
38.00555
37.89203
37.77604
37.65758
37.53665
37.41325
37.28738
37.15904
37.02822
36.89494
36.75919
36.62097
36.48028
36.33712
36.19149
36.04340
35.89284
35.73983
35.58435
35.42642
35.26604
35.10320
34.93791
34.77018
34.60001
34.42741
34.25236

219.58468
219.64252
219.70036
219.75821
219.81605
219.87389
219.93173
219.98957
220.04742
220.10526
220.16310
220.22094
220.27878
220.33663
220.39447
220.45231
220.51015
220.56800
220.62584
220.68368
220.74152
220.79936
220.85721
220.91505
220.97289
221.03073
221.08858
221.14642
221.20426
221.26210
221.31994
221.37779
221.43563
221.49347
221.55131
221.60916
221.66700
221.72484
221.78268
221.84052
221.89837
221.95621
222.01405
222.07189

34.07489
33.89500
33.71269
33.52796
33.34082
33.15127
32.95933
32.76500
32.56828
32.36918
32.16771
31.96387
31.75767
31.54912
31.33822
31.12499
30.90943
30.69154
30.47135
30.24885
30.02405
29.79697
29.56762
29.33599
29.10211
28.86598
28.62762
28.38702
28.14421
27.89920
27.65199
27.40259
27.15103
26.89730
26.64143
26.38342
26.12328
25.86103
25.59669
25.33026
25.06175
24.79119
24.51858
24.24394



222.12974
222.18758
222.24542
222.30326
222.36110
222.41895
222.47679
222.53463
222.59247
222.65032
222.70816
222.76600
222.82384
222.88168
222.93953
222.99737
223.05521
223.11305
223.17089
223.22874
223.28658
223.34442
223.40226
223.46011
223.51795
223.57579
223.63363
223.69147
223.74932
223.80716
223.86500
223.92284
223.98069
224.03853
224.09637
224.15421
224.21205
224.26990
22432774
224.38558
224.44342
22450127
22455911
224.61695

23.96727
23.68861
23.40795
23.12532
22.84072
22.55418
22.26571
21.97532
21.68303
21.38886
21.09281
20.79492
20.49518
20.19362
19.89026
19.58511
19.27819
18.96951
18.65909
18.34696
18.03312
17.71760
17.40041
17.08157
16.76109
16.43901
16.11533
15.79007
15.46325
15.13490
14.80502
14.47365
14.14079
13.80647
13.47070
13.13351
12.79492
12.45495
12.11360
11.77092
11.42691
11.08160
10.73500
10.38715

224.67479
224.73263
224.79048
224.84832
224.90616
224.96400
225.02185
225.07969
225.13753
225.19537
225.25321
225.31106
225.36890
225.42674
225.48458
225.54243
225.60027
225.65811
225.71595
225.77379
225.83164
225.88948
225.94732
226.00516
226.06300
226.12085
226.17869
226.23653
226.29437
226.35222
226.41006
226.46790
226.52574
226.58358
226.64143
226.69927
226.75711
226.81495
226.87280
226.93064
226.98848
227.04632
227.10416
227.16201

S232

10.03805
9.68773
9.33620
8.98350
8.62964
8.27465
7.91854
7.56133
7.20305
6.84372
6.48336
6.12199
5.75964
5.39632
5.03205
4.66687
4.30079
3.93383
3.56602
3.19738
2.82793
2.45769
2.08668
1.71494
1.34247
0.96931
0.59547
0.22098

-0.15413

-0.52986

-0.90616

-1.28303

-1.66043

-2.03835

-2.41675

-2.79563

-3.17495

-3.55470

-3.93484

-4.31536

-4.69624

-5.07744

-5.45895

-5.84074

227.21985
227.27769
227.33553
227.39338
227.45122
227.50906
227.56690
227.62474
227.68259
227.74043
227.79827
227.85611
227.91396
227.97180
228.02964
228.08748
228.14532
228.20317
228.26101
228.31885
228.37669
228.43454
228.49238
228.55022
228.60806
228.66590
228.72375
228.78159
228.83943
228.89727
228.95511
229.01296
229.07080
229.12864
229.18648
229.24433
229.30217
229.36001
229.41785
229.47569
229.53354
229.59138
229.64922
229.70706

-6.22280

-6.60509

-6.98760

-7.37030

-7.75316

-8.13618

-8.51931

-8.90255

-9.28586

-9.66922
-10.05261
-10.43601
-10.81940
-11.20274
-11.58603
-11.96923
-12.35232
-12.73528
-13.11809
-13.50072
-13.88316
-14.26537
-14.64734
-15.02905
-15.41046
-15.79157
-16.17234
-16.55276
-16.93280
-17.31244
-17.69165
-18.07043
-18.44873
-18.82655
-19.20386
-19.58064
-19.95686
-20.33251
-20.70756
-21.08200
-21.45579
-21.82893
-22.20138
-22.57313



229.76491
229.82275
229.88059
229.93843
229.99627
230.05412
230.11196
230.16980
230.22764
230.28549
230.34333
230.40117
230.45901
230.51685
230.57470
230.63254
230.69038
230.74822
230.80607
230.86391
230.92175
230.97959
231.03743
231.09528
231.15312
231.21096
231.26880
231.32665
231.38449
231.44233
231.50017
231.55801
231.61586
231.67370
231.73154
231.78938
231.84722
231.90507
231.96291
232.02075
232.07859
232.13644
232.19428
232.25212

-22.94416
-23.31444
-23.68396
-24.05269
-24.42062
-24.78772
-25.15397
-25.51935
-25.88384
-26.24743
-26.61009
-26.97180
-27.33254
-27.69230
-28.05105
-28.40877
-28.76545
-29.12106
-29.47559
-29.82902
-30.18133
-30.53250
-30.88251
-31.23134
-31.57898
-31.92540
-32.27060
-32.61455
-32.95723
-33.29862
-33.63872
-33.97749
-34.31494
-34.65102
-34.98574
-35.31908
-35.65101
-35.98152
-36.31059
-36.63822
-36.96438
-37.28905
-37.61223
-37.93389

232.30996
232.36780
232.42565
232.48349
232.54133
232.59917
232.65702
232.71486
232.77270
232.83054
232.88838
232.94623
233.00407
233.06191
233.11975
233.17760
233.23544
233.29328
233.35112
233.40896
233.46681
233.52465
233.58249
233.64033
233.69818
233.75602
233.81386
233.87170
233.92954
233.98739
234.04523
234.10307
234.16091
234.21876
234.27660
234.33444
234.39228
234.45012
234.50797
234.56581
234.62365
234.68149
234.73933
234.79718

5233

-38.25402
-38.57261
-38.88964
-39.20510
-39.51896
-39.83123
-40.14187
-40.45088
-40.75825
-41.06396
-41.36799
-41.67034
-41.97098
-42.26991
-42.56712
-42.86258
-43.15630
-43.44825
-43.73842
-44.02680
-44.31338
-44.59815
-44.88110
-45.16220
-45.44146
-45.71886
-45.99440
-46.26805
-46.53981
-46.80967
-47.07762
-47.34364
-47.60773
-47.86989
-48.13009
-48.38833
-48.64460
-48.89890
-49.15120
-49.40151
-49.64982
-49.89611
-50.14038
-50.38262

234.85502
234.91286
234.97070
235.02855
235.08639
235.14423
235.20207
235.25991
235.31776
235.37560
235.43344
235.49128
235.54913
235.60697
235.66481
235.72265
235.78049
235.83834
235.89618
235.95402
236.01186
236.06971
236.12755
236.18539
236.24323
236.30107
236.35892
236.41676
236.47460
236.53244
236.59029
236.64813
236.70597
236.76381
236.82165
236.87950
236.93734
236.99518
237.05302
237.11087
237.16871
237.22655
237.28439
237.34223

-50.62283
-50.86099
-51.09710
-51.33115
-51.56313
-51.79304
-52.02087
-52.24662
-52.47027
-52.69182
-52.91127
-53.12861
-53.34383
-53.55693
-53.76790
-53.97674
-54.18344
-54.38800
-54.59042
-54.79068
-54.98879
-55.18474
-55.37852
-55.57014
-55.75959
-55.94686
-56.13195
-56.31487
-56.49560
-56.67415
-56.85050
-57.02467
-57.19664
-57.36642
-57.53400
-57.69938
-57.86256
-58.02354
-58.18232
-58.33889
-58.49326
-58.64542
-58.79538
-58.94313



237.40008
237.45792
237.51576
237.57360
237.63144
237.68929
237.74713
237.80497
237.86281
237.92066
237.97850
238.03634
238.09418
238.15202
238.20987
238.26771
238.32555
238.38339
238.44124
238.49908
238.55692
238.61476
238.67260
238.73045
238.78829
238.84613
238.90397
238.96182
239.01966
239.07750
239.13534
239.19318
239.25103
239.30887
239.36671
239.42455
239.48240
239.54024
239.59808
239.65592
239.71376
239.77161
239.82945
239.88729

-59.08867
-59.23201
-59.37314
-59.51206
-59.64877
-59.78328
-59.91559
-60.04569
-60.17358
-60.29928
-60.42277
-60.54407
-60.66316
-60.78006
-60.89477
-61.00728
-61.11761
-61.22575
-61.33170
-61.43547
-61.53705
-61.63647
-61.73371
-61.82877
-61.92167
-62.01241
-62.10099
-62.18741
-62.27167
-62.35379
-62.43377
-62.51160
-62.58730
-62.66086
-62.73230
-62.80162
-62.86882
-62.93391
-62.99689
-63.05777
-63.11655
-63.17324
-63.22785
-63.28037

239.94513
240.00298
240.06082
240.11866
240.17650
240.23434
240.29219
240.35003
240.40787
240.46571
240.52355
240.58140
240.63924
240.69708
240.75492
240.81277
240.87061
240.92845
240.98629
241.04413
241.10198
241.15982
241.21766
241.27550
241.33335
241.39119
241.44903
241.50687
241.56471
241.62256
241.68040
241.73824
241.79608
241.85393
241.91177
241.96961
242.02745
242.08529
242.14314
242.20098
242.25882
242.31666
24237451
242.43235

S234

-63.33083
-63.37921
-63.42554
-63.46980
-63.51202
-63.55220
-63.59034
-63.62645
-63.66054
-63.69261
-63.72267
-63.75073
-63.77680
-63.80087
-63.82297
-63.84310
-63.86125
-63.87746
-63.89171
-63.90402
-63.91439
-63.92284
-63.92937
-63.93399
-63.93671
-63.93753
-63.93647
-63.93354
-63.92873
-63.92207
-63.91355
-63.90320
-63.89101
-63.87700
-63.86117
-63.84354
-63.82411
-63.80289
-63.77990
-63.75514
-63.72862
-63.70035
-63.67034
-63.63860

242.49019
242.54803
242.60587
242.66372
242.72156
242.77940
242.83724
242.89509
242.95293
243.01077
243.06861
243.12645
243.18430
243.24214
243.29998
243.35782
243.41566
243.47351
243.53135
243.58919
243.64703
243.70488
243.76272
243.82056
243.87840
243.93624
243.99409
244.05193
24410977
24416761
244.22546
244.28330
24434114
244.39898
244.45682
24451467
24457251
244.63035
244.68819
244.74604
244.80388
24486172
244.91956
24497740

-63.60514
-63.56997
-63.53310
-63.49454
-63.45430
-63.41239
-63.36881
-63.32359
-63.27673
-63.22823
-63.17812
-63.12640
-63.07308
-63.01817
-62.96168
-62.90362
-62.84401
-62.78285
-62.72015
-62.65593
-62.59020
-62.52296
-62.45423
-62.38401
-62.31233
-62.23918
-62.16459
-62.08856
-62.01110
-61.93222
-61.85194
-61.77026
-61.68720
-61.60277
-61.51697
-61.42983
-61.34135
-61.25154
-61.16041
-61.06798
-60.97426
-60.87925
-60.78297
-60.68543



245.03525
245.09309
245.15093
245.20877
245.26662
245.32446
245.38230
245.44014
245.49798
245.55583
245.61367
245.67151
245.72935
245.78720
245.84504
245.90288
245.96072
246.01856
246.07641
246.13425
246.19209
246.24993
246.30778
246.36562
246.42346
246.48130
246.53914
246.59699
246.65483
246.71267
246.77051
246.82835
246.88620
246.94404
247.00188
247.05972
247.11757
247.17541
247.23325
247.29109
247.34893
247.40678
247.46462
247.52246

-60.58664
-60.48662
-60.38536
-60.28290
-60.17923
-60.07436
-59.96832
-59.86111
-59.75274
-59.64322
-59.53256
-59.42078
-59.30789
-59.19390
-59.07882
-58.96265
-58.84542
-58.72714
-58.60781
-58.48744
-58.36606
-58.24366
-58.12026
-57.99588
-57.87051
-57.74418
-57.61690
-57.48867
-57.35951
-57.22943
-57.09844
-56.96655
-56.83378
-56.70012
-56.56561
-56.43023
-56.29402
-56.15697
-56.01910
-55.88042
-55.74094
-55.60068
-55.45963
-55.31782

247.58030
247.63815
247.69599
247.75383
247.81167
247.86951
247.92736
247.98520
248.04304
248.10088
248.15873
248.21657
248.27441
248.33225
248.39009
248.44794
248.50578
248.56362
248.62146
248.67931
248.73715
248.79499
248.85283
248.91067
248.96852
249.02636
249.08420
249.14204
249.19989
249.25773
249.31557
249.37341
249.43125
249.48910
249.54694
249.60478
249.66262
249.72046
249.77831
249.83615
249.89399
249.95183
250.00968
250.06752

$235

-55.17526
-55.03195
-54.88790
-54.74314
-54.59766
-54.45148
-54.30460
-54.15705
-54.00883
-53.85995
-53.71042
-53.56025
-53.40946
-53.25805
-53.10603
-52.95341
-52.80021
-52.64644
-52.49210
-52.33720
-52.18176
-52.02579
-51.86929
-51.71228
-51.55476
-51.39675
-51.23825
-51.07928
-50.91984
-50.75995
-50.59962
-50.43885
-50.27765
-50.11604
-49.95402
-49.79161
-49.62881
-49.46563
-49.30208
-49.13817
-48.97391
-48.80932
-48.64439
-48.47914

250.12536
250.18320
250.24104
250.29889
250.35673
250.41457
250.47241
250.53026
250.58810
250.64594
250.70378
250.76162
250.81947
250.87731
250.93515
250.99299
251.05084
251.10868
251.16652
251.22436
251.28220
251.34005
251.39789
251.45573
251.51357
251.57142
251.62926
251.68710
251.74494
251.80278
251.86063
251.91847
251.97631
252.03415
252.09200
252.14984
252.20768
252.26552
252.32336
252.38121
252.43905
252.49689
252.55473
252.61257

-48.31357
-48.14771
-47.98154
-47.81510
-47.64837
-47.48138
-47.31413
-47.14662
-46.97888
-46.81090
-46.64270
-46.47429
-46.30566
-46.13684
-45.96782
-45.79863
-45.62926
-45.45972
-45.29003
-45.12019
-44.95021
-44.78009
-44.60985
-44.43949
-44.26902
-44.09845
-43.92779
-43.75704
-43.58621
-43.41531
-43.24435
-43.07333
-42.90227
-42.73116
-42.56002
-42.38885
-42.21766
-42.04646
-41.87526
-41.70405
-41.53286
-41.36168
-41.19052
-41.01940



252.67042
252.72826
252.78610
252.84394
252.90179
252.95963
253.01747
253.07531
253.13315
253.19100
253.24884
253.30668
253.36452
253.42237
253.48021
253.53805
253.59589
253.65373
253.71158
253.76942
253.82726
253.88510
253.94295
254.00079
254.05863
254.11647
254.17431
254.23216
254.29000
254.34784
254.40568
254.46353
25452137
254.57921
254.63705
254.69489
254.75274
254.81058
254.86842
254.92626
254.98411
255.04195
255.09979
255.15763

-40.84830
-40.67726
-40.50626
-40.33531
-40.16443
-39.99362
-39.82288
-39.65223
-39.48166
-39.31119
-39.14081
-38.97055
-38.80039
-38.63035
-38.46044
-38.29066
-38.12101
-37.95151
-37.78215
-37.61295
-37.44390
-37.27502
-37.10631
-36.93777
-36.76942
-36.60125
-36.43327
-36.26549
-36.09790
-35.93053
-35.76337
-35.59642
-35.42969
-35.26319
-35.09692
-34.93089
-34.76510
-34.59955
-34.43425
-34.26921
-34.10442
-33.93990
-33.77565
-33.61166

255.21547
255.27332
255.33116
255.38900
255.44684
255.50468
255.56253
255.62037
255.67821
255.73605
255.79390
255.85174
255.90958
255.96742
256.02526
256.08311
256.14095
256.19879
256.25663
256.31448
256.37232
256.43016
256.48800
256.54584
256.60369
256.66153
256.71937
256.77721
256.83506
256.89290
256.95074
257.00858
257.06642
257.12427
257.18211
257.23995
257.29779
257.35564
257.41348
257.47132
257.52916
257.58700
257.64485
257.70269

S236

-33.44796
-33.28453
-33.12139
-32.95853
-32.79597
-32.63371
-32.47174
-32.31008
-32.14873
-31.98769
-31.82697
-31.66656
-31.50648
-31.34673
-31.18730
-31.02821
-30.86946
-30.71104
-30.55297
-30.39525
-30.23788
-30.08086
-29.92419
-29.76789
-29.61195
-29.45637
-29.30117
-29.14633
-28.99187
-28.83779
-28.68408
-28.53076
-28.37782
-28.22528
-28.07312
-27.92135
-27.76998
-27.61901
-27.46843
-27.31826
-27.16849
-27.01914
-26.87018
-26.72165

257.76053
257.81837
257.87622
257.93406
257.99190
258.04974
258.10758
258.16543
258.22327
258.28111
258.33895
258.39679
258.45464
258.51248
258.57032
258.62816
258.68601
258.74385
258.80169
258.85953
258.91737
258.97522
259.03306
259.09090
259.14874
259.20659
259.26443
259.32227
259.38011
259.43795
259.49580
259.55364
259.61148
259.66932
259.72717
259.78501
259.84285
259.90069
259.95853
260.01638
260.07422
260.13206
260.18990
260.24775

-26.57352
-26.42581
-26.27851
-26.13164
-25.98519
-25.83916
-25.69355
-25.54837
-25.40362
-25.25930
-25.11542
-24.97196
-24.82894
-24.68636
-24.54422
-24.40251
-24.26125
-24.12043
-23.98005
-23.84012
-23.70064
-23.56160
-23.42301
-23.28487
-23.14719
-23.00995
-22.87317
-22.73685
-22.60097
-22.46556
-22.33060
-22.19610
-22.06206
-21.92848
-21.79536
-21.66270
-21.53051
-21.39877
-21.26751
-21.13670
-21.00636
-20.87648
-20.74707
-20.61813



260.30559
260.36343
260.42127
260.47911
260.53696
260.59480
260.65264
260.71048
260.76833
260.82617
260.88401
260.94185
260.99969
261.05754
261.11538
261.17322
261.23106
261.28890
261.34675
261.40459
261.46243
261.52027
261.57812
261.63596
261.69380
261.75164
261.80948
261.86733
261.92517
261.98301
262.04085
262.09870
262.15654
262.21438
262.27222
262.33006
262.38791
262.44575
262.50359
262.56143
262.61928
262.67712
262.73496
262.79280

-20.48965
-20.36164
-20.23410
-20.10702
-19.98041
-19.85428
-19.72861
-19.60340
-19.47867
-19.35441
-19.23062
-19.10730
-18.98444
-18.86206
-18.74015
-18.61870
-18.49773
-18.37722
-18.25719
-18.13763
-18.01853
-17.89991
-17.78175
-17.66407
-17.54685
-17.43010
-17.31382
-17.19801
-17.08267
-16.96779
-16.85338
-16.73944
-16.62597
-16.51296
-16.40041
-16.28834
-16.17672
-16.06557
-15.95489
-15.84467
-15.73491
-15.62561
-15.51678
-15.40840

262.85064
262.90849
262.96633
263.02417
263.08201
263.13986
263.19770
263.25554
263.31338
263.37122
263.42907
263.48691
263.54475
263.60259
263.66044
263.71828
263.77612
263.83396
263.89180
263.94965
264.00749
264.06533
264.12317
264.18101
264.23886
264.29670
264.35454
264.41238
264.47023
264.52807
264.58591
264.64375
264.70159
264.75944
264.81728
264.87512
264.93296
264.99081
265.04865
265.10649
265.16433
265.22217
265.28002
265.33786

S237

-15.30049
-15.19303
-15.08604
-14.97950
-14.87342
-14.76780
-14.66263
-14.55792
-14.45366
-14.34986
-14.24651
-14.14361
-14.04117
-13.93917
-13.83763
-13.73653
-13.63588
-13.53568
-13.43592
-13.33661
-13.23774
-13.13932
-13.04134
-12.94380
-12.84670
-12.75004
-12.65381
-12.55803
-12.46268
-12.36776
-12.27328
-12.17923
-12.08562
-11.99243
-11.89967
-11.80735
-11.71545
-11.62397
-11.53292
-11.44230
-11.35209
-11.26231
-11.17295
-11.08401

265.39570
265.45354
265.51139
265.56923
265.62707
265.68491
265.74275
265.80060
265.85844
265.91628
265.97412
266.03197
266.08981
266.14765
266.20549
266.26333
266.32118
266.37902
266.43686
266.49470
266.55255
266.61039
266.66823
266.72607
266.78391
266.84176
266.89960
266.95744
267.01528
267.07312
267.13097
267.18881
267.24665
267.30449
267.36234
267.42018
267.47802
267.53586
267.59370
267.65155
267.70939
267.76723
267.82507
267.88292

-10.99548
-10.90737
-10.81968
-10.73240
-10.64553
-10.55908
-10.47303
-10.38740
-10.30217
-10.21735
-10.13293
-10.04892
-9.96531
-0.88210
-9.79929
-0.71688
-0.63486
-9.55325
-90.47202
-9.39119
-9.31076
-9.23071
-9.15105
-0.07178
-8.99290
-8.91440
-8.83628
-8.75855
-8.68120
-8.60423
-8.52763
-8.45141
-8.37557
-8.30010
-8.22501
-8.15028
-8.07593
-8.00194
-7.92832
-7.85507
-7.78218
-7.70965
-7.63748
-7.56568



267.94076
267.99860
268.05644
268.11428
268.17213
268.22997
268.28781
268.34565
268.40350
268.46134
268.51918
268.57702
268.63486
268.69271
268.75055
268.80839
268.86623
268.92408
268.98192
269.03976
269.09760
269.15544
269.21329
269.27113
269.32897
269.38681
269.44466
269.50250
269.56034
269.61818
269.67602
269.73387
269.79171
269.84955
269.90739
269.96523
270.02308
270.08092
270.13876
270.19660
270.25445
270.31229
270.37013
270.42797

-7.49423
-7.42314
-7.35240
-7.28202
-7.21199
-7.14232
-7.07299
-7.00401
-6.93538
-6.86709
-6.79915
-6.73155
-6.66429
-6.59738
-6.53080
-6.46455
-6.39865
-6.33307
-6.26783
-6.20292
-6.13834
-6.07409
-6.01017
-5.94657
-5.88330
-5.82035
-5.75772
-5.69541
-5.63342
-5.57175
-5.51039
-5.44934
-5.38861
-5.32819
-5.26809
-5.20829
-5.14879
-5.08961
-5.03072
-4.97215
-4.91387
-4.85589
-4.79821
-4.74083

270.48581
270.54366
270.60150
270.65934
270.71718
270.77503
270.83287
270.89071
270.94855
271.00639
271.06424
271.12208
271.17992
271.23776
271.29561
271.35345
271.41129
271.46913
271.52697
271.58482
271.64266
271.70050
271.75834
271.81619
271.87403
271.93187
271.98971
272.04755
272.10540
272.16324
272.22108
272.27892
272.33677
272.39461
272.45245
272.51029
272.56813
272.62598
272.68382
272.74166
272.79950
272.85734
272.91519
272.97303

S238

-4.68375
-4.62696
-4.57047
-4.51427
-4.45835
-4.40273
-4.34740
-4.29235
-4.23759
-4.18311
-4.12892
-4.07500
-4.02137
-3.96802
-3.91494
-3.86214
-3.80961
-3.75736
-3.70538
-3.65367
-3.60224
-3.55107
-3.50016
-3.44952
-3.39915
-3.34904
-3.29919
-3.24961
-3.20028
-3.15121
-3.10240
-3.05384
-3.00554
-2.95749
-2.90970
-2.86215
-2.81486
-2.76781
-2.72101
-2.67445
-2.62815
-2.58208
-2.53626
-2.49067

273.03087
273.08871
273.14656
273.20440
273.26224
273.32008
273.37792
273.43577
273.49361
273.55145
273.60929
273.66714
273.72498
273.78282
273.84066
273.89850
273.95635
274.01419
274.07203
274.12987
274.18772
274.24556
274.30340
274.36124
274.41908
274.47693
274.53477
274.59261
274.65045
274.70830
274.76614
274.82398
274.88182
274.93966
274.99751
275.05535
275.11319
275.17103
275.22888
275.28672
275.34456
275.40240
275.46024
275.51809

-2.44533
-2.40023
-2.35536
-2.31074
-2.26634
-2.22218
-2.17826
-2.13456
-2.09110
-2.04787
-2.00486
-1.96208
-1.91953
-1.87721
-1.83511
-1.79323
-1.75157
-1.71014
-1.66892
-1.62792
-1.58714
-1.54658
-1.50623
-1.46610
-1.42618
-1.38647
-1.34698
-1.30769
-1.26861
-1.22975
-1.19108
-1.15263
-1.11438
-1.07634
-1.03849
-1.00085
-0.96342
-0.92618
-0.88914
-0.85230
-0.81565
-0.77921
-0.74296
-0.70690



275.57593
275.63377
275.69161
275.74945
275.80730
275.86514
275.92298
275.98082
276.03867
276.09651
276.15435
276.21219
276.27003
276.32788
276.38572
276.44356
276.50140
276.55925
276.61709
276.67493
276.73277
276.79061
276.84846
276.90630
276.96414
277.02198
277.07983
277.13767
277.19551
277.25335
277.31119
277.36904
277.42688
277.48472
277.54256
277.60041
277.65825
277.71609
277.77393
277.83177
277.88962
277.94746
278.00530
278.06314

-0.67104
-0.63537
-0.59989
-0.56460
-0.52950
-0.49460
-0.45988
-0.42534
-0.39100
-0.35683
-0.32286
-0.28906
-0.25545
-0.22203
-0.18878
-0.15571
-0.12282
-0.09011
-0.05758
-0.02523
0.00695
0.03895
0.07078
0.10244
0.13392
0.16523
0.19637
0.22734
0.25813
0.28876
0.31923
0.34952
0.37965
0.40961
0.43941
0.46904
0.49851
0.52782
0.55696
0.58595
0.61477
0.64343
0.67193
0.70028

278.12099
278.17883
278.23667
278.29451
278.35235
278.41020
278.46804
278.52588
278.58372
278.64156
278.69941
278.75725
278.81509
278.87293
278.93078
278.98862
279.04646
279.10430
279.16214
279.21999
279.27783
279.33567
279.39351
279.45136
279.50920
279.56704
279.62488
279.68272
279.74057
279.79841
279.85625
279.91409
279.97194
280.02978
280.08762
280.14546
280.20330
280.26115
280.31899
280.37683
280.43467
280.49252
280.55036
280.60820

$239

0.72847
0.75650
0.78437
0.81209
0.83965
0.86706
0.89432
0.92142
0.94837
0.97516
1.00181
1.02831
1.05466
1.08085
1.10690
1.13281
1.15856
1.18417
1.20963
1.23495
1.26012
1.28515
1.31003
1.33477
1.35937
1.38383
1.40815
1.43232
1.45636
1.48026
1.50401
1.52763
1.55112
1.57446
1.59767
1.62074
1.64368
1.66648
1.68915
1.71168
1.73408
1.75635
1.77849
1.80049

280.66604
280.72388
280.78173
280.83957
280.89741
280.95525
281.01310
281.07094
281.12878
281.18662
281.24446
281.30231
281.36015
281.41799
281.47583
281.53367
281.59152
281.64936
281.70720
281.76504
281.82289
281.88073
281.93857
281.99641
282.05425
282.11210
282.16994
282.22778
282.28562
282.34347
282.40131
282.45915
282.51699
282.57483
282.63268
282.69052
282.74836
282.80620
282.86405
282.92189
282.97973
283.03757
283.09541
283.15326

1.82236
1.84410
1.86572
1.88720
1.90855
1.92977
1.95087
1.97184
1.99268
2.01339
2.03398
2.05444
2.07477
2.09499
2.11507
2.13504
2.15487
2.17459
2.19418
2.21366
2.23301
2.25223
2.27134
2.29033
2.30920
2.32795
2.34657
2.36508
2.38348
2.40175
2.41991
2.43795
2.45587
2.47368
2.49137
2.50894
2.52641
2.54375
2.56098
2.57810
2.59511
2.61200
2.62878
2.64545



283.21110
283.26894
283.32678
283.38463
283.44247
283.50031
283.55815
283.61599
283.67384
283.73168
283.78952
283.84736
283.90521
283.96305
284.02089
284.07873
284.13657
284.19442
284.25226
284.31010
284.36794
284.42578
284.48363
284.54147
284.59931
284.65715
284.71500
284.77284
284.83068
284.88852
284.94636
285.00421
285.06205
285.11989
285.17773
285.23558
285.29342
285.35126
285.40910
285.46694
285.52479
285.58263
285.64047
285.69831

2.66200
2.67845
2.69478
2.71100
272711
2.74311
2.75901
2.77479
2.79046
2.80603
2.82148
2.83683
2.85207
2.86721
2.88224
2.89716
2.91197
2.92668
2.94129
2.95579
2.97018
2.98447
2.99866
3.01274
3.02672
3.04059
3.05436
3.06803
3.08160
3.09507
3.10843
3.12170
3.13486
3.14792
3.16088
3.17375
3.18651
3.19917
3.21173
3.22420
3.23657
3.24883
3.26101
3.27308

285.75616
285.81400
285.87184
285.92968
285.98752
286.04537
286.10321
286.16105
286.21889
286.27674
286.33458
286.39242
286.45026
286.50810
286.56595
286.62379
286.68163
286.73947
286.79732
286.85516
286.91300
286.97084
287.02868
287.08653
287.14437
287.20221
287.26005
287.31789
287.37574
287.43358
287.49142
287.54926
287.60711
287.66495
287.72279
287.78063
287.83847
287.89632
287.95416
288.01200
288.06984
288.12769
288.18553
288.24337

S240

3.28505
3.29693
3.30872
3.32040
3.33199
3.34349
3.35489
3.36619
3.37740
3.38851
3.39953
3.41046
3.42129
3.43203
3.44267
3.45322
3.46368
3.47405
3.48433
3.49451
3.50460
3.51460
3.52451
3.53433
3.54406
3.55369
3.56324
3.57270
3.58207
3.59135
3.60054
3.60964
3.61865
3.62758
3.63641
3.64516
3.65383
3.66240
3.67089
3.67929
3.68761
3.69584
3.70398
3.71204

288.30121
288.35905
288.41690
288.47474
288.53258
288.59042
288.64827
288.70611
288.76395
288.82179
288.87963
288.93748
288.99532
289.05316
289.11100
289.16885
289.22669
289.28453
289.34237
289.40021
289.45806
289.51590
289.57374
289.63158
289.68943
289.74727
289.80511
289.86295
289.92079
289.97864
290.03648
290.09432
290.15216
290.21000
290.26785
290.32569
290.38353
290.44137
290.49922
290.55706
290.61490
290.67274
290.73058
290.78843

3.72001
3.72790
3.73570
3.74342
3.75105
3.75860
3.76607
3.77345
3.78075
3.78796
3.79510
3.80215
3.80912
3.81600
3.82281
3.82953
3.83617
3.84273
3.84921
3.85561
3.86193
3.86817
3.87432
3.88040
3.88640
3.89232
3.89816
3.90393
3.90961
3.91521
3.92074
3.92619
3.93157
3.93686
3.94208
3.94722
3.95229
3.95728
3.96219
3.96702
3.97179
3.97647
3.98108
3.98562



290.84627
290.90411
290.96195
291.01980
291.07764
291.13548
291.19332
291.25116
291.30901
291.36685
291.42469
291.48253
291.54038
291.59822
291.65606
291.71390
291.77174
291.82959
291.88743
291.94527
292.00311
292.06096
292.11880
292.17664
292.23448
292.29232
292.35017
292.40801
292.46585
292.52369
292.58154
292.63938
292.69722
292.75506
292.81290
292.87075
292.92859
292.98643
293.04427
293.10211
293.15996
293.21780
293.27564
293.33348

3.99008
3.99447
3.99878
4.00302
4.00719
4.01128
4.01530
4.01924
4.02311
4.02691
4.03064
4.03430
4.03788
4.04140
4.04484
4.04821
4.05151
4.05474
4.05790
4.06098
4.06400
4.06695
4.06983
4.07264
4.07538
4.07806
4.08066
4.08320
4.08567
4.08807
4.09040
4.09266
4.09486
4.09699
4.09906
4.10106
4.10299
4.10486
4.10666
4.10839
4.11006
4.11167
411321
4.11469

293.39133
293.44917
293.50701
293.56485
293.62269
293.68054
293.73838
293.79622
293.85406
293.91191
293.96975
294.02759
294.08543
294.14327
294.20112
294.25896
294.31680
294.37464
294.43249
294.49033
294.54817
294.60601
294.66385
294.72170
294.77954
294.83738
294.89522
294.95307
295.01091
295.06875
295.12659
295.18443
295.24228
295.30012
295.35796
295.41580
295.47365
295.53149
295.58933
295.64717
295.70501
295.76286
295.82070
295.87854

S241

411610
411745
4.11873
4.11995
412111
4.12220
4.12323
4.12420
412511
4.12596
412674
412746
412812
412872
4.12926
4.12973
4.13015
4.13051
4.13080
4.13104
413122
4.13134
4.13140
4.13140
4.13134
413122
4.13105
4.13081
4.13053
4.13018
412977
4.12931
4.12880
412822
4.12759
4.12691
4.12616
4.12537
412451
4.12361
4.12265
4.12163
4.12056
4.11943

295.93638
295.99422
296.05207
296.10991
296.16775
296.22559
296.28344
296.34128
296.39912
296.45696
296.51480
296.57265
296.63049
296.68833
296.74617
296.80402
296.86186
296.91970
296.97754
297.03538
297.09323
297.15107
297.20891
297.26675
297.32460
297.38244
297.44028
297.49812
297.55596
297.61381
297.67165
297.72949
297.78733
297.84518
297.90302
297.96086
298.01870
298.07654
298.13439
298.19223
298.25007
298.30791
298.36576
298.42360

4.11826
4.11702
4.11574
4.11440
4.11301
4.11157
4.11007
4.10853
4.10693
4.10528
4.10357
4.10182
4.10002
4.09816
4.09626
4.09430
4.09230
4.09024
4.08814
4.08598
4.08378
4.08153
4.07923
4.07688
4.07449
4.07205
4.06956
4.06702
4.06443
4.06180
4.05912
4.05640
4.05363
4.05081
4.04795
4.04504
4.04209
4.03910
4.03605
4.03297
4.02984
4.02666
4.02345
4.02019



298.48144
298.53928
298.59712
298.65497
298.71281
298.77065
298.82849
298.88633
298.94418
299.00202
299.05986
299.11770
299.17555
299.23339
299.29123
299.34907
299.40691
299.46476
299.52260
299.58044
299.63828
299.69613
299.75397
299.81181
299.86965
299.92749
299.98534
300.04318
300.10102
300.15886
300.21671
300.27455
300.33239
300.39023
300.44807
300.50592
300.56376
300.62160
300.67944
300.73729
300.79513
300.85297
300.91081
300.96865

4.01688
4.01354
4.01015
4.00672
4.00324
3.99973
3.99617
3.99257
3.98893
3.98525
3.98153
3.97776
3.97396
3.97012
3.96624
3.96232
3.95835
3.95435
3.95031
3.94624
3.94212
3.93797
3.93378
3.92955
3.92528
3.92097
3.91663
3.91226
3.90784
3.90339
3.89891
3.89438
3.88983
3.88523
3.88060
3.87594
3.87125
3.86651
3.86175
3.85695
3.85212
3.84725
3.84235
3.83742

301.02650
301.08434
301.14218
301.20002
301.25787
301.31571
301.37355
301.43139
301.48923
301.54708
301.60492
301.66276
301.72060
301.77844
301.83629
301.89413
301.95197
302.00981
302.06766
302.12550
302.18334
302.24118
302.29902
302.35687
302.41471
302.47255
302.53039
302.58824
302.64608
302.70392
302.76176
302.81960
302.87745
302.93529
302.99313
303.05097
303.10882
303.16666
303.22450
303.28234
303.34018
303.39803
303.45587
303.51371

S242

3.83245
3.82746
3.82243
3.81736
3.81227
3.80715
3.80199
3.79680
3.79158
3.78634
3.78106
3.77575
3.77041
3.76504
3.75964
3.75421
3.74876
3.74327
3.73776
3.73222
3.72665
3.72105
3.71542
3.70977
3.70409
3.69838
3.69265
3.68689
3.68111
3.67529
3.66945
3.66359
3.65770
3.65179
3.64585
3.63989
3.63390
3.62788
3.62185
3.61579
3.60970
3.60360
3.59747
3.59131

303.57155
303.62940
303.68724
303.74508
303.80292
303.86076
303.91861
303.97645
304.03429
304.09213
304.14998
304.20782
304.26566
304.32350
304.38134
304.43919
304.49703
304.55487
304.61271
304.67055
304.72840
304.78624
304.84408
304.90192
304.95977
305.01761
305.07545
305.13329
305.19113
305.24898
305.30682
305.36466
305.42250
305.48035
305.53819
305.59603
305.65387
305.71171
305.76956
305.82740
305.88524
305.94308
306.00093
306.05877

3.58514
3.57894
3.57272
3.56648
3.56021
3.55392
3.54762
3.54129
3.53494
3.52857
3.52218
3.51577
3.50933
3.50288
3.49641
3.48992
3.48341
3.47688
3.47033
3.46377
3.45718
3.45058
3.44396
3.43732
3.43066
3.42399
3.41730
3.41059
3.40387
3.39712
3.39037
3.38359
3.37680
3.37000
3.36317
3.35634
3.34949
3.34262
3.33574
3.32884
3.32193
3.31501
3.30807
3.30112



306.11661
306.17445
306.23229
306.29014
306.34798
306.40582
306.46366
306.52151
306.57935
306.63719
306.69503
306.75287
306.81072
306.86856
306.92640
306.98424
307.04209
307.09993
307.15777
307.21561
307.27345
307.33130
307.38914
307.44698
307.50482
307.56266
307.62051
307.67835
307.73619
307.79403
307.85188
307.90972
307.96756
308.02540
308.08324
308.14109
308.19893
308.25677
308.31461
308.37246
308.43030
308.48814
308.54598
308.60382

3.29415
3.28717
3.28018
3.27317
3.26615
3.25912
3.25208
3.24502
3.23796
3.23088
3.22379
3.21668
3.20957
3.20244
3.19531
3.18816
3.18100
3.17384
3.16666
3.15947
3.15227
3.14507
3.13785
3.13063
3.12339
3.11615
3.10890
3.10163
3.09437
3.08709
3.07980
3.07251
3.06521
3.05790
3.05058
3.04326
3.03593
3.02860
3.02125
3.01390
3.00655
2.99919
2.99182
2.98445

308.66167
308.71951
308.77735
308.83519
308.89304
308.95088
309.00872
309.06656
309.12440
309.18225
309.24009
309.29793
309.35577
309.41362
309.47146
309.52930
309.58714
309.64498
309.70283
309.76067
309.81851
309.87635
309.93420
309.99204
310.04988
310.10772
310.16556
310.22341
310.28125
310.33909
310.39693
310.45477
310.51262
310.57046
310.62830
310.68614
310.74399
310.80183
310.85967
310.91751
310.97535
311.03320
311.09104
311.14888

S243

2.97707
2.96968
2.96229
2.95490
2.94750
2.94009
2.93268
2.92527
2.91785
2.91043
2.90301
2.89558
2.88814
2.88071
2.87327
2.86582
2.85838
2.85093
2.84348
2.83602
2.82856
2.82111
2.81364
2.80618
2.79872
2.79125
2.78378
2.77631
2.76884
2.76137
2.75390
2.74643
2.73895
2.73148
2.72401
2.71653
2.70906
2.70158
2.69411
2.68663
2.67916
2.67169
2.66422
2.65675

311.20672
311.26457
311.32241
311.38025
311.43809
311.49593
311.55378
311.61162
311.66946
311.72730
311.78515
311.84299
311.90083
311.95867
312.01651
312.07436
312.13220
312.19004
312.24788
312.30573
312.36357
312.42141
312.47925
312.53709
312.59494
312.65278
312.71062
312.76846
312.82631
312.88415
312.94199
312.99983
313.05767
313.11552
313.17336
313.23120
313.28904
313.34689
313.40473
313.46257
313.52041
313.57825
313.63610
313.69394

2.64928
2.64181
2.63434
2.62688
2.61941
2.61195
2.60449
2.59703
2.58957
2.58212
2.57467
2.56722
2.55977
2.55233
2.54489
2.53745
2.53002
2.52259
2.51516
2.50774
2.50031
2.49290
2.48549
2.47808
2.47067
2.46327
2.45588
2.44848
2.44110
2.43371
2.42634
2.41896
2.41160
2.40423
2.39688
2.38953
2.38218
2.37484
2.36750
2.36018
2.35285
2.34554
2.33822
2.33092



313.75178
313.80962
313.86746
313.92531
313.98315
314.04099
314.09883
314.15668
314.21452
314.27236
314.33020
314.38804
314.44589
314.50373
314.56157
314.61941
314.67726
314.73510
314.79294
314.85078
314.90862
314.96647
315.02431
315.08215
315.13999
315.19784
315.25568
315.31352
315.37136
315.42920
315.48705
315.54489
315.60273
315.66057
315.71842
315.77626
315.83410
315.89194
315.94978
316.00763
316.06547
316.12331
316.18115
316.23900

2.32362
2.31633
2.30904
2.30177
2.29449
2.28723
2.27997
2.27272
2.26548
2.25824
2.25101
2.24379
2.23658
2.22937
2.22217
2.21498
2.20780
2.20062
2.19345
2.18630
2.17914
2.17200
2.16487
2.15774
2.15063
2.14352
2.13642
2.12933
2.12225
2.11518
2.10812
2.10106
2.09402
2.08698
2.07996
2.07294
2.06594
2.05894
2.05195
2.04498
2.03801
2.03105
2.02410
2.01717

316.29684
316.35468
316.41252
316.47036
316.52821
316.58605
316.64389
316.70173
316.75957
316.81742
316.87526
316.93310
316.99094
317.04879
317.10663
317.16447
317.22231
317.28015
317.33800
317.39584
317.45368
317.51152
317.56937
317.62721
317.68505
317.74289
317.80073
317.85858
317.91642
317.97426
318.03210
318.08995
318.14779
318.20563
318.26347
318.32131
318.37916
318.43700
318.49484
318.55268
318.61053
318.66837
318.72621
318.78405

5244

2.01024
2.00333
1.99642
1.98952
1.98264
1.97577
1.96890
1.96205
1.95521
1.94838
1.94156
1.93475
1.92795
1.92116
1.91439
1.90762
1.90087
1.89413
1.88740
1.88068
1.87397
1.86728
1.86059
1.85392
1.84726
1.84061
1.83397
1.82735
1.82074
1.81414
1.80755
1.80097
1.79441
1.78786
1.78132
1.77479
1.76828
1.76178
1.75529
1.74881
1.74235
1.73589
1.72946
1.72303

318.84189
318.89974
318.95758
319.01542
319.07326
319.13111
319.18895
319.24679
319.30463
319.36247
319.42032
319.47816
319.53600
319.59384
319.65168
319.70953
319.76737
319.82521
319.88305
319.94090
319.99874
320.05658
320.11442
320.17226
320.23011
320.28795
320.34579
320.40363
320.46148
320.51932
320.57716
320.63500
320.69284
320.75069
320.80853
320.86637
320.92421
320.98206
321.03990
321.09774
321.15558
321.21342
321.27127
321.32911

1.71662
1.71022
1.70383
1.69746
1.69110
1.68475
1.67841
1.67209
1.66578
1.65949
1.65321
1.64694
1.64068
1.63444
1.62821
1.62200
1.61579
1.60961
1.60343
1.59727
1.59112
1.58499
1.57887
1.57277
1.56667
1.56059
1.55453
1.54848
1.54244
1.53642
1.53041
1.52442
1.51844
1.51247
1.50652
1.50058
1.49465
1.48874
1.48285
1.47696
1.47110
1.46524
1.45940
1.45358



321.38695
321.44479
321.50264
321.56048
321.61832
321.67616
321.73400
321.79185
321.84969
321.90753
321.96537
322.02322
322.08106
322.13890
322.19674
322.25458
322.31243
322.37027
322.42811
322.48595
322.54379
322.60164
322.65948
322.71732
322.77516
322.83301
322.89085
322.94869
323.00653
323.06437
323.12222
323.18006
323.23790
323.29574
323.35359
323.41143
323.46927
323.52711
323.58495
323.64280
323.70064
323.75848
323.81632
323.87417

1.44777
1.44197
1.43619
1.43042
1.42467
1.41893
1.41321
1.40750
1.40180
1.39612
1.39046
1.38481
1.37917
1.37355
1.36794
1.36235
1.35677
1.35120
1.34566
1.34012
1.33460
1.32910
1.32361
1.31813
1.31267
1.30722
1.30179
1.29638
1.29097
1.28559
1.28021
1.27486
1.26951
1.26419
1.25887
1.25358
1.24829
1.24302
1.23777
1.23253
1.22731
1.22210
1.21691
1.21173

323.93201
323.98985
324.04769
324.10553
324.16338
324.22122
324.27906
324.33690
324.39475
324.45259
324.51043
324.56827
324.62611
324.68396
324.74180
324.79964
324.85748
324.91533
324.97317
325.03101
325.08885
325.14669
325.20454
325.26238
325.32022
325.37806
325.43590
325.49375
325.55159
325.60943
325.66727
325.72512
325.78296
325.84080
325.89864
325.95648
326.01433
326.07217
326.13001
326.18785
326.24570
326.30354
326.36138
326.41922

S245

1.20656
1.20141
1.19628
1.19116
1.18605
1.18096
1.17589
1.17083
1.16578
1.16075
1.15574
1.15074
1.14575
1.14078
1.13583
1.13089
1.12596
1.12105
1.11615
1.11127
1.10641
1.10155
1.09672
1.09190
1.08709
1.08230
1.07752
1.07276
1.06801
1.06328
1.05856
1.05386
1.04917
1.04450
1.03984
1.03520
1.03057
1.02595
1.02135
1.01677
1.01220
1.00764
1.00310
0.99858

326.47706
326.53491
326.59275
326.65059
326.70843
326.76628
326.82412
326.88196
326.93980
326.99764
327.05549
327.11333
327.17117
327.22901
327.28686
327.34470
327.40254
327.46038
327.51822
327.57607
327.63391
327.69175
327.74959
327.80744
327.86528
327.92312
327.98096
328.03880
328.09665
328.15449
328.21233
328.27017
328.32801
328.38586
328.44370
328.50154
328.55938
328.61723
328.67507
328.73291
328.79075
328.84859
328.90644
328.96428

0.99407
0.98957
0.98509
0.98062
0.97617
0.97173
0.96731
0.96290
0.95851
0.95413
0.94977
0.94542
0.94108
0.93676
0.93246
0.92816
0.92389
0.91963
0.91538
0.91114
0.90692
0.90272
0.89853
0.89435
0.89019
0.88605
0.88191
0.87779
0.87369
0.86960
0.86552
0.86146
0.85742
0.85338
0.84937
0.84536
0.84137
0.83739
0.83343
0.82948
0.82555
0.82163
0.81773
0.81383



329.02212
329.07996
329.13781
329.19565
329.25349
329.31133
329.36917
329.42702
329.48486
329.54270
329.60054
329.65839
329.71623
329.77407
329.83191
329.88975
329.94760
330.00544
330.06328
330.12112
330.17897
330.23681
330.29465
330.35249
330.41033
330.46818
330.52602
330.58386
330.64170
330.69955
330.75739
330.81523
330.87307
330.93091
330.98876
331.04660
331.10444
331.16228
331.22012
331.27797
331.33581
331.39365
331.45149
331.50934

0.80996
0.80609
0.80224
0.79841
0.79459
0.79078
0.78698
0.78320
0.77944
0.77568
0.77195
0.76822
0.76451
0.76081
0.75713
0.75346
0.74980
0.74616
0.74253
0.73891
0.73531
0.73172
0.72815
0.72459
0.72104
0.71750
0.71398
0.71047
0.70698
0.70350
0.70003
0.69657
0.69313
0.68970
0.68629
0.68289
0.67950
0.67612
0.67276
0.66941
0.66607
0.66275
0.65944
0.65614

331.56718
331.62502
331.68286
331.74070
331.79855
331.85639
331.91423
331.97207
332.02992
332.08776
332.14560
332.20344
332.26128
332.31913
332.37697
332.43481
332.49265
332.55050
332.60834
332.66618
332.72402
332.78186
332.83971
332.89755
332.95539
333.01323
333.07108
333.12892
333.18676
333.24460
333.30244
333.36029
333.41813
333.47597
333.53381
333.59166
333.64950
333.70734
333.76518
333.82302
333.88087
333.93871
333.99655
334.05439

S246

0.65286
0.64959
0.64633
0.64308
0.63985
0.63663
0.63342
0.63023
0.62704
0.62387
0.62072
0.61757
0.61444
0.61132
0.60822
0.60512
0.60204
0.59897
0.59591
0.59287
0.58984
0.58682
0.58381
0.58082
0.57783
0.57486
0.57191
0.56896
0.56602
0.56310
0.56019
0.55730
0.55441
0.55154
0.54867
0.54582
0.54299
0.54016
0.53734
0.53454
0.53175
0.52897
0.52620
0.52345

334.11223
334.17008
334.22792
334.28576
334.34360
334.40145
334.45929
334.51713
334.57497
334.63281
334.69066
334.74850
334.80634
334.86418
334.92203
334.97987
335.03771
335.09555
335.15339
335.21124
335.26908
335.32692
335.38476
335.44261
335.50045
335.55829
335.61613
335.67397
335.73182
335.78966
335.84750
335.90534
335.96319
336.02103
336.07887
336.13671
336.19455
336.25240
336.31024
336.36808
336.42592
336.48377
336.54161
336.59945

0.52070
0.51797
0.51525
0.51254
0.50984
0.50716
0.50448
0.50182
0.49917
0.49652
0.49390
0.49128
0.48867
0.48607
0.48349
0.48092
0.47835
0.47580
0.47326
0.47073
0.46822
0.46571
0.46321
0.46073
0.45825
0.45579
0.45334
0.45090
0.44847
0.44604
0.44364
0.44124
0.43885
0.43647
0.43410
0.43175
0.42940
0.42706
0.42474
0.42243
0.42012
0.41783
0.41554
0.41327



336.65729
336.71513
336.77298
336.83082
336.88866
336.94650
337.00434
337.06219
337.12003
337.17787
337.23571
337.29356
337.35140
337.40924
337.46708
337.52492
337.58277
337.64061
337.69845
337.75629
337.81414
337.87198
337.92982
337.98766
338.04550
338.10335
338.16119
338.21903
338.27687
338.33472
338.39256
338.45040
338.50824
338.56608

0.41101
0.40875
0.40651
0.40428
0.40206
0.39984
0.39764
0.39545
0.39327
0.39109
0.38893
0.38678
0.38464
0.38250
0.38038
0.37827
0.37616
0.37407
0.37199
0.36991
0.36785
0.36579
0.36375
0.36171
0.35968
0.35766
0.35566
0.35366
0.35167
0.34969
0.34772
0.34576
0.34381
0.34186

338.62393
338.68177
338.73961
338.79745
338.85530
338.91314
338.97098
339.02882
339.08666
339.14451
339.20235
339.26019
339.31803
339.37588
339.43372
339.49156
339.54940
339.60724
339.66509
339.72293
339.78077
339.83861
339.89645
339.95430
340.01214
340.06998
340.12782
340.18567
340.24351
340.30135
340.35919
340.41703
340.47488
340.53272

S247

0.33993
0.33801
0.33609
0.33418
0.33229
0.33040
0.32852
0.32665
0.32479
0.32293
0.32109
0.31926
0.31743
0.31561
0.31380
0.31200
0.31021
0.30843
0.30666
0.30489
0.30313
0.30139
0.29965
0.29792
0.29619
0.29448
0.29277
0.29107
0.28938
0.28770
0.28603
0.28437
0.28271
0.28106

340.59056
340.64840
340.70625
340.76409
340.82193
340.87977
340.93761
340.99546
341.05330
341.11114
341.16898
341.22683
341.28467
341.34251
341.40035
341.45819
341.51604
341.57388
341.63172
341.68956
341.74741
341.80525
341.86309
341.92093
341.97877
342.03662
342.09446
342.15230
342.21014
342.26799
342.32583
342.38367
342.44151
342.49935

0.27942
0.27779
0.27616
0.27455
0.27294
0.27134
0.26975
0.26816
0.26659
0.26502
0.26346
0.26190
0.26036
0.25882
0.25729
0.25577
0.25425
0.25275
0.25125
0.24975
0.24827
0.24679
0.24532
0.24386
0.24241
0.24096
0.23952
0.23809
0.23666
0.23525
0.23383
0.23243
0.23104
0.22965



