Supporting Information

Iron-Catalyzed Asymmetric Epoxidation of B,3-Disubstituted Enones

Yasuhiro Nishikawa and Hisashi Yamamoto
Department of Chemistry, The University of Chicago

5735 S. Ellis Avenue, Chicago, Illinois, 60637 (USA)

Contents
1. General Information S2
2. Experimental procedure for preparation of ligand (L1-6) and characterization data

2.1. SI-1 and characterization data S2
2.2. Sl-2-5 and characterization data S3
2.3. L1-6 and characterization data S4

3. Experimental procedure for preparation of starting materials 1a- o and characterization data ~ S6
4. Experimental procedure for iron-catalyzed asymmetric epoxidation and characterization data
(2a-n) S10
4.1. Another example of the iron-catalyzed asymmetric epoxidation. S13
5. Experimental procedure for Lewis acid mediated rearrangement and characterization data

(33, 3l, and 30) S14
6. Experimental procedure for the synthesis of the isoxazoline 4a and characterization data S15
7. References S15
8. Complete ref 17a S16
9. X-ray crystallographic analysis of [Fe(L3),(CH;CN)(OTf)](OTf) S16
10. Copies of *H-NMR and **C-NMR spectra (S1-2-5, L1-6) S38
11. Copies of "H-NMR and *C-NMR spectra (1a-m, 10) S48
12. Copies of *H-NMR, *C-NMR spectra and HPLC analysis (2a-n) S62
13. Copies of *H-NMR, *C-NMR spectra and HPLC analysis (3a, 3, 30 and 4a) S90

S1



1. General Information. All reactions were carried out in flame-dried glassware under nitrogen atmosphere
and stirred via magnetic stir-plates. All reactions were monitored by analytical thin-layer chromatography using
Whatman pre-coated silica gel plates with F254 indicator. Visualization was accomplished by UV light (256
nm), phosphomolybdic acid, iodine, or anisaldehyde. Flash column chromatography was performed using
Biotage Isolera one with Biotage SNAP cartridge KP-sil or KP-NH. All reactions were carried out with
anhydrous solvents unless otherwise noted. Anhydrous acetonitrile was dried with M BRAUN solvent
purification system (A2 Alumina). FeCl, and peracetic acid were purchased from Aldrich and used as received.
Fe(OTf), was purchased from Strem and used as received. All other reagents and starting materials, unless
otherwise noted, were purchased from commercial vendors. Infrared spectra were recorded as thin films on
sodium chloride plates using a Nicolet 20 SXB FTIR. *H NMR and *C NMR spectra were recorded on a
Bruker Avance 500 (500 MHz 'H, 126 MHz **C). Chemical shift values () are reported using tetramethylsilane
in CDClI; or residual CD,HOD (8H 3.31) and CD30D (6C 49.15) in CD3;0D or residual DMSO-ds (3H 2.50)
and DMSO-ds (5C 39.51). The *H NMR spectra are reported as follows & (number of protons, multiplicity,
coupling constant J). Multiplicities are indicated by s (singlet), d (doublet), t (triplet), q (quartet), dd (doublet of
doublet), m (multiplet) and br (broad).

2. Experimental procedure for preparation of ligands L1-L6 and characterization data.

2.1. Experimental procedure for preparation of SI-1 and characterization data.

0, e T
Br THF, -78 °C;
L T (1)

SI-1

Br

SI-1:  SI-1  was synthesized by modified literature  procedure.’ To a solution of
(R)-2,2’-dibromo-1,1’-binaphthyl? (2.51 g, 6.09 mmol) in THF (30 mL) was added n-BuLi (1.6M solution in
Hex, 3.8 mL, 6.1 mmol) at -78 °C. After stirring at that temperature for 1 h, the reaction was quenched by
adding saturated aqueous NH,CI, warmed up to room temperature and then diluted with EtOAc. The organic
layer was separated, washed with brine, dried with Na,SO, and evaporated to give the crude product which was
purified by a short pad of silica gel. The obtained oil was crystallized from hexane to furnish the title
compound (87%) concomitant with a small amount of 1,1’-binaphthyl as white-pink crystal. *"H-NMR (CDCl5)
8.00 (1H, d, J=8.5), 7.97 (1H, d, J=8.5), 7.91 (1H, d, J=8.0), 7.83 (1H, d, J=8.5), 7.80 (1H, d, J=8.5), 7.64 (1H,
dd, J=8.3, 7.3), 7.49 (2H, m), 7.41 (1H, dd, J=7.0, 1.0), 7.31 (1H, ddd, J=8.3, 7.0, 1.0), 7.27 (1H, m), 7.22 (1H,
d, J=8.5), 7.18 (1H, d, J=8.5). *C NMR (CDCl3) & 138.1, 137.3, 134.4, 133.6, 132.3, 132.0, 129.9, 129.3, 12
8.3, 127.95, 127.92, 126.9, 126.8, 126.3, 126.1, 126.0, 125.7, 125.5, 122.7.
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2.2. General procedure for preparation of SI-2~5 and characterization data.

To a mixture of 3,8-dibromophenanthroline® (676 mg, 2.0 mmol), Pd(PPhs), (347 mg, 0.3 mmol), and a
corresponding boronic acid (5.0 mmol) were added a degassed mixture of THF (14 mL) and toluene (14 mL) at
room temperature under nitrogen atmosphere. After the addition of a degassed ag. Na,COj3 (1 M solution, 5.0
mL, 5.0 mmol), the reaction mixture was heated to reflux for 18 h. After cooling to room temperature, the
reaction was poured into 1 M aqueous NaOH (20 mL) and extracted three times with CH,Cl,. The organic layer
was dried with Na,SO, and evaporated to give the crude product which was purified by silica gel

chromatography. The obtained oil was crystallized from hexane/EtOAc to furnish a desired product.

SI-2*% 81% yield as a white solid, m.p. 186-190 °C (CH,CL,), lit. * m.p.
O =N  N= O 190-191 °C (benzene-petroleum ether); 'H NMR (CDCl,) & 9.45 (2H, d, J =

si-2 2.0 Hz), 8.41 (2H, 1, J = 1.9 Hz), 7.89 (2H, d, J = 1.6 Hz), 7.80 (4H, d, J = 8.2
Hz), 757 (4H, t J = 7.6 Hz), 748 (2H, t J = 71 Hz); “C NMR (CDCl)

§149.5, 145.1, 137.6, 135.8, 133.4, 129.2, 128.5, 128.4, 127.6, 127.1; IR (neat) 2362, 2338, 1653, 1600, 1558,
1443, 1426, 1274, 908, 761, 724, 699 cm™; MS (ESI*) m/z (%): 665 ([2M+H]", 30), 333 ([M+H]*, 100).

/ \ SI-3: 61 % as white crystal, m.p. 157-160 °C; "H NMR (CDCls) & 9.22 (2H, d,
O N e O J=22Hz), 822 (2H, d, J = 2.2 Hz), 7.88 (2H, ), 7.36-7.45 (8H, m), 2.38
si-3 (6H, 5); *C NMR (CDCl)8 151.2, 144.8, 137.9, 136.8, 135.9, 135.5, 130.7,

130.2, 128.4, 128.1, 126.9, 126.2, 20.5; IR (neat) 3017, 2959, 1559, 1457, 1423, 918, 757 cm™; MS (ESI*) m/z
(%): 361 ([M+H]", 100).

/ \ SI-4: 66% vyield as yellow solid, m.p. 208-212 °C; 'H NMR (CDCl,) 5 9.42

O N e O (2H, d, J = 2.3 Hz), 8.39 (2H, d, J = 2.2 Hz), 7.88 (2H, s), 7.40 (4H, s), 7.12

Si-4 (2H, s), 2.46 (12H, s); *C NMR (CDCl5)5 149.6, 145.0, 138.8, 137.5, 135.

9, 133.3, 130.0, 128.4, 127.0, 125.4, 21.4; IR (neat) 3030, 2917, 2860, 1603, 1435, 1366, 1221, 1038, 849, 736,
699 cm™; MS (ESI") m/z (%): 777 ([2M+H]", 50), 389 ([M+H]", 100).

Et et SI-5: 54 % yield as a brown solid, m.p. 132-134 °C; 'H NMR (CDCls) &
O / \ O 9.43 (2H, d, J= 2.2 Hz), 8.38 (2H, d, J = 2.1 Hz), 7.87 (2H, s), 7.43 (4H, s),
—NNT 7.16 (2H, s), 2.77 (8H, q, J = 7.6), 1.34 (12H, t, J = 7.6 Hz); *C NMR

Et SI5 Et

(CDCl3) §149.7, 145.3, 145.0, 137.7, 136.1, 133.3, 128.4, 127.6, 127.0, 1
24.6,28.9, 15.7; IR (neat) 3023, 2963, 2931, 2871, 1600, 1423, 1370, 868, 736, 705 cm™; MS (ESI*) m/z (%):
445 ([M+H]", 100).
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2.3. Representative procedure for the preparation of L1-6 and characterization data.
1) nBuLi, TMEDA

OO THF, -78 °C;
Br R(@}R
N N=
OO 2) o-Chroranil
benzene, rt
SI-1

To a solution of SI-1 (858 mg, 2.57 mmol) in THF (13 mL) was added TMEDA (0.44 mL, 2.9 mmol) at room

temperature. After cooling to -78 °C, n-BuLi (1.6 M solution in Hex, 1.8 mL, 2.9 mmol) was added dropwise to

L5
(R = m-xylyl)

the mixture which was stirred at that temperature for 1 h. To this solution was added a THF solution (26 mL in
2 portions) of SI-4 (1.50 g, 3.86 mmol) which was pre-dried by azeotropic removal of water with toluene.
Warmed up to room temperature overnight, the reaction was further stirred for 12 h at room temperature. The
reaction was quenched by adding water and extracted three times with CH,Cl, and the combined organic layers
were dried with Na,SO, and evaporated. To the obtained residue in benzene (20 mL) was added a solution of
o-chloranil (696 mg, 2.83 mmol) in benzene (6 mL) at room temperature. After stirring at the same temperature
for 2 h, the reaction was quenched by adding 1 M aqueous NaOH solution. The mixture was filtered with celite,
and the filtrate was extracted three times with CH,Cl,. The combined organic layers were dried over Na,SO,
and evaporated. The resulting crude product was purified by silica gel chromatography (EtOAc/n-Hex) to give

L5 (1.03 g) which was further purified by recrystallization from n-hexane/EtOAc.

L1 (86% yield): White solid, m.p. 195-200 °C; 'H NMR (CD;OD) & 9.06 (1H, d, J = 2.0
Hz), 8.39 (1H, dd, J = 8.1, 1.5 Hz), 8.27 (1H, d, J = 8.5 Hz), 8.06 (1H, d, J = 8.2 Hz),
7.91 (1H, s), 7.90 (1H, d, J = 5.8 Hz), 7.86 (1H, d, J = 8.0 Hz), 7.78 (1H, dt, J = 8.7, 1.6
Hz), 7.71-7.76 (2H, m), 7.70 (1H, dt, J = 8.4, 1.7 Hz), 7.65 (1H, dt, J = 8.8, 1.7 Hz), 7.54
L1 (1H,t,J = 7.4 Hz), 7.46 (1H, d, J = 8.5 Hz), 7.41 (1H, dd, J = 8.1, 7.0 Hz), 7.24-7.39 (4H,
m), 7.07-7.12 (1H, m), ; **C NMR (CDsOD) 5 161.3, 150.8, 146.8, 146.5, 140.0, 138.2, 137.93, 137.90, 136.3,
135.3, 135.1, 134.9, 134.5, 131.0, 130.6, 129.9, 129.7, 129.4, 128.4, 128.2, 127.8, 127.67, 127.65, 127.59,
127.55, 127.1, 126.6, 125.7, 124.6; IR (neat) 2361, 2337, 1653, 1559, 1540, 1506, 752 cm™; MS (ESI*) m/z
(%): 433 ([M+H]", 100); [o]p** +316 (MeOH, ¢ 0.36)

L2 (53% vyield): Pale brown solid, m.p. 124-127 °C (decomp.); *H NMR (CDCl5) &
9.24 (1H, dd, J = 4.3, 1.6 Hz), 8.48 (1H, d, J = 8.6 Hz), 8.17 (1H, dd, J = 8.1, 1.5
Hz), 8.16 (1H, d, J = 8.9 Hz), 8.00 (1H, d, J = 8.2 Hz), 7.85 (1H, d, J = 7.8 Hz),
7.80 (1H, d, J = 8.4 Hz), 7.65 (1H, d, J = 8.7 Hz), 7.60 (1H, dd, J = 7.9, 4.6 Hz),
7.59 (1H, d, J = 8.4 Hz), 7.55 (1H, d, J = 8.7 Hz), 7.50 (1H, t, J = 7.4 Hz),
7.34-7.39 (2H, m), 7.28 (1H, d, J = 8.4 Hz), 7.21-7.27 (2H, m), 7.18 (1H, d, J = 8.5 Hz), 7.01 (1H, d, J = 8.4
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Hz), 1.98 (3H, s); *C NMR (CDCls) & 159.1, 150.3, 146.5, 146.0, 138.4, 135.9, 135.7, 135.2, 134.8, 134.5,
134.0, 133.8, 132.6, 131.8, 129.1, 128.78, 128.75, 128.6, 128.1, 127.9, 127.8, 126.8, 126.7, 126.45, 126.40,
126.3, 126.1, 124.8, 123.4, 122.6, 20.9; IR (neat) 2361, 1588, 1507, 1487, 853, 814, 751 cm™; MS (ESI*) m/z
(%): 447 ([M+H]", 100); [a]o?® +299 (CHCls, ¢ 0.95)

L3 (78% yield): White semisolid; *H NMR (DMSO-dg, VT80) & 9.39 (1H, d,
J = 2.0 Hz), 8.68 (1H, d, J = 2.0 Hz), 8.17 (1H, d, J = 8.4 Hz), 8.09 (1H, s),
8.08 (1H, d, J = 7.4 Hz), 7.97 (1H, d, J = 8.8 Hz), 7.92-7.97 (4H, m), 7.88 (1H,
d, J = 8.8 Hz), 7.72 (1H, br-d, J = 8.0 Hz), 7.69 (1H, d, J = 8.5 Hz), 7.61 (2H,
t, J = 7.7 Hz), 7.48-7.55 (2H, m), 7.27 (1H, ddd, J = 8.2, 7.1, 1.1 Hz), 7.22
(1H, br-t, J = 7.2 Hz), 7.15-7.20 (1H, m), 7.14 (1H, t, J = 7.6 Hz), 7.04-7.12
(1H, m), 7.01 (1H, d, J = 8.5 Hz), 6.74-6.98 (5H, m); **C NMR (DMSO-dg, VT80)5 157.6, 148.0,

1442, 143.0, 141.6, 138.5, 138.08, 138.05, 136.6, 136.1, 135.4, 135.2, 134.3, 134.1, 132.6, 132.3, 132.2, 132.0,
131.6, 128.8, 128.7, 128.1, 127.9, 127.6, 127.3, 127.1, 127.0, 126.8, 126.7, 126.6, 126.3, 125.9, 125.7, 125.6, 1

24.8,124.5, 124.1; IR (neat) 2361, 1506, 1410, 803, 779, 751, 697 cm™ ; MS (ESI*) m/z (%): 585 ([M+H]",
100); [a]p?® +248 (CHCls, ¢ 0.5)

L4 (58% yield): White solid, m.p. 250-252 °C; *H NMR (DMSO-ds, VT80) &
9.08 (1M, d, J = 1.6 Hz), 8.42 (1H, d, J = 2.1 Hz), 8.07-8.12 (2H, m), 8.03 (1H,
d, J = 8.2 Hz), 7.97 (1H, d, J = 8.8 Hz), 7.90 (1H, d, J = 8.8 Hz), 7.79-7.87
(1H, br-s), 7.80 (1H, d, J = 8.2 Hz), 7.71-7.76 (1H, m), 7.48 (1H, t, J= 7.5
Hz), 7.36-7.46 (4H, m), 7.34 (1H, t, J = 7.4 Hz), 7.22 (3H, t, J = 7.2 Hz), 7.04
(1H, br-t, J = 7.4 Hz), 6.93 (1H, d, J = 8.4 Hz), 6.75-7.10 (5H, m), 3.06 (3H, s), 2.38 (3H, s); °C NMR
(DMSO-dg, VT80) 5 149.7, 143.9, 143.0, 138.4, 137.3, 137.1, 137.0, 135.6, 135.3, 135.0, 134.9, 134.5, 132.5
,132..1, 132.0, 131.9, 130.20, 130.15, 129.9, 129.6, 127.77, 127.74, 127..6, 127.14, 127.05, 126.8, 126.46, 126.
43,126.3, 126.1, 125.9, 125.8, 125.7, 125.5, 125.0, 124.7, 124.24, 124.18, 78.7, 19.6; IR (neat) 3055, 2957,
1494, 1455, 1430, 1408, 1216, 1074, 924, 803, 752 cm'™’; MS (ESI*) m/z (%): 613 ((M+H]", 100); [o]p? +507
(CHClI;, ¢ 0.93)

L5 (62% vyield): Yellow solid, m.p. 145-148 °C (decomp.); ‘H NMR
(DMSO-dg, VT80) & 9.37 (1H, d, J = 2.0 Hz), 8.64 (1H, d, J = 1.9 Hz), 8.18
(1H, d, J = 8.4 Hz), 8.08 (1H, d, J = 8.2 Hz), 8.03 (2H, s), 7.97 (1H, d, J = 8.4
Hz) 7.95 (1H, d, J = 10.0 Hz), 7.85 (1H, d, J = 8.8 Hz), 7.72 (1H, br-d, J = 7.5
Hz), 7.68 (1H, d, J = 8.7 Hz), 7.53 (2H, s), 7.51 (1H, ddd, J = 8.1, 6.9, 1.2 Hz),
7.25 (1H, ddd, J = 8.3, 7.0, 1.2 Hz), 7.19-7.28 (1H, m), 7.13 (1H, br-s), 7.11
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(1H, d, J = 7.8 Hz), 6.99 (1H, d, J = 8.5 Hz), 6.91 (1H, t, J = 7.2 Hz), 6.74 (1H, br-s), 6.48 (2H, br-s), 2.43 (6H,
5), 2.02 (6H, br-s); *C NMR (DMSO-dg, VT80) § 157.7, 148.0, 144.1, 142.9, 138.7, 138.0, 137.8, 136.5, 13
6.2, 135.8, 135.6, 135.0, 134.3, 134.2, 132.5, 132.2, 132.0, 131.6, 129.4, 128.8, 127.6, 127.0, 126.8, 126.72, 12
6.66, 126.5, 126.21, 125.81, 125.77, 125.5, 124.6, 124.5, 123.9,20.5, 20.3 ; IR (neat) 1602, 1407, 1218, 849,
802, 747 cm'™; MS (ESI") m/z (%): 641 ([M+H]", 100); [o]p? +432 (CHClI5, ¢ 1.00)

Et L6 (24% vyield): Yellow solid, m.p. 153-158 °C (decomp.); 'H NMR
(DMSO-ds, VT80) & 9.38 (1H, d, J = 2.0 Hz), 8.65 (1H, br-s), 8.20 (1H, d,
J = 8.4 Hz), 8.05-8.13 (3H, m), 7.99 (1H, d, J = 8.4 Hz), 7.96 (1H, d, J =
8.9 Hz ), 7.87 (1H, d, J = 8.7 Hz), 7.65-7.73 (2H, m), 7.57 (2H, br-s), 7.51
(1H, ddd, J = 8.0, 7.1, 0.9 Hz), 7.24 (1H, br-t, J = 7.2 Hz), 7.19 (1H, br-s),
7.11 (1H, br-t, J = 7.6 Hz), 6.98 (1H, d, J = 8.4 Hz), 6.88 (1H, br-t, J = 7.3
Hz), 6.82 (2H, br-s), 6.59 (2H, br-s), 2.76 (4H, g, J = 7.6 Hz), 2.28-2.42 (4H, m), 1.31 (6H, t, J = 7.6 Hz), 0.95
(6H, t, J = 7.6 Hz); IR (neat) 1598, 1458, 1408, 1216, 869, 745, 709 cm™; MS (ESI") m/z (%): 697 ([M+H]",
100); [a]p?* +331 (CHCls, ¢ 0.57)

3. Experimental procedure for preparation of starting material 2a-d and characterization data.

0 o0
T , MeNH(OMe)+HCl ,
i EtO R O iPrMgCl R O
.OMe
R* "R® NaH RzMOEt THF RzM’?‘
THF Me
RMgX or RLi m
THF RZTNRE

General procedure®: To a suspension of NaH (60 % dispersion in oil, 12.0 mmol) in THF (10 mL) was added
a solution of triethyl phosphonoacetate (12.0 mmol) in THF (5 mL) under an nitrogen atmosphere at 0 °C. After
being stirred at room temperature for 30 min, a solution of a corresponding ketone (10 mmol) in THF (5 mL)
was added to the reaction mixture at 0 °C. After being further stirred at room temperature for 16 h, the reaction
was quenched by adding sat. ag. NaHCO; and diluted with EtOAc. The organic layer was separated and
washed with brine, dried over MgSO,4 and concentrated at reduced pressure. The residue was purified by silica

gel column chromatography (Et,O:n-Hex=0:100 to 10:90) to afford the corresponding o, 3-unsaturated ester.
To a suspension of the o,fB-unsaturated ester (3.0 mmol) obtained above and N,O-dimethylhydroxylamine

hydrochloride (6.0 mmol) in THF (6.0 mL) was added dropwise iPrMgCl (2.0 M solution in THF, 6.0 mmol)

under nitrogen atmosphere at -5 to -10 °C. After being stirring at 0 °C for 30 min, the reaction was quenched by
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adding sat. ag. NH4CI and diluted with EtOAc. The organic layer was separated and washed with brine, dried
over MgSO, and concentrated at reduced pressure. The residue was purified by silica gel column

chromatography (EtOAc:n-Hex=10:90 to 40:60) to afford the corresponding Weinreb amide.

To a solution of the Weinreb amide (1.0 mmol) obtained above in THF (2.0 mL) was added dropwise a solution
of the corresponding Grignard reagent or lithium reagent (1.5 mmol) under nitrogen atmosphere at -30 °C.
After being stirring at 0 °C for 30 min, the reaction was quenched by adding sat. ag. NH4Cl and diluted with
EtOAc. The organic layer was separated and washed with brine, dried over MgSO,4 and concentrated at reduced
pressure. The residue was purified by silica gel column chromatography (EtOAc:n-Hex=0:100 to 10:90) to

afford the corresponding B,B-disubstituted enone.

Me O 1a (43% vyield) °: yellow oil; *H NMR (CDCls) & 7.98-8.02 (2H, m), 7.53-7.59 (3H, m),

P Ph 7.45.7.50 (2H, m), 7.38-7.45 (3H, m), 7.17 (1H, d, J = 1.3 Hz), 2.60 (3H, d, J = 1.3 Hz); ©*C

1a NMR (CDCl;) § 191.8, 155.0, 142.7, 139.3, 132.5, 129.1, 128.6, 128.5, 128.2, 126.4, 122.1,

18.8; IR (neat) 3058, 1658, 1599, 1493, 1448, 1275, 1214, 1047, 1025, 951, 854, 753 cm™; MS (ESI*) m/z (%):
223 ([M+H]", 100).

Me O 1b (26% vyield): yellow oil; *H NMR (CDCl5) & 8.00 (2H, d, J = 8.9 Hz), 7.55-7.59
NN (2H, m), 7.37-7.45 (3H, m), 7.13 (1H, d, J = 1.2 Hz), 6.96 (2H, d, J = 8.9 Hz), 3.88
1b ome (3H:9). 257 (3H, d, = 1.2 Hz); °C NMR (CDCly) 5 1007, 1632, 153.7, 142.9,

132.2, 130.6, 128.9, 128.6, 126.4, 122.3, 113.7, 55.5, 18.8; IR (neat) 3062, 3030,
2975, 2938, 2879, 1691, 1598, 1450, 1402, 1228, 1001, 946, 845, 751; MS (ESI*) m/z (%): 253 ([M+H]", 100).

Me O 1c (45% yield): yellow oil; *H NMR (CDCly) & 7.91 (2H, d, J = 8.2 Hz), 7.57 (1H, dd,
X J=8.0, 1.5 Hz), 7.37-7.45 (3H, m), 7.27 (2H, d, J = 8.0 Hz), 7.15 (1H, d, J = 1.0 Hz),
lc ve 258 (3H,d,J=1.1Hz),2.42 (3H, s); °C NMR (CDCl;) & 191.6, 154.4, 143.3, 142.9,

136.8, 129.2, 129.0, 128.6, 128.4, 126.5, 122.3, 21.6, 18.8; IR (neat) 3056, 3029,
2920, 1653, 1608, 1573, 1446, 1276, 1221, 1206, 1179, 1049, 945, 822 cm™; MS (ESI") m/z (%): 237 ([M+H]",
100).

Me O 1d (46% vyield): yellow oil; *H NMR (CDCl3) & 8.02 (2H, m), 7.55-7.59 (2H, m),
Ph)\)K@ 7.38-7.45 (3H, m), 7.15 (2H, t, J =8.6 Hz), 7.12 (1H, s), 2.59 (3H, s); *C NMR
14 £ (CDCly) & 190.3,165.4 (d, J = 254 Hz), 155.4, 142.6, 135.7 (d, J =2.4 Hz), 130.8 (d,

J =9.2 Hz), 129.2, 128.6, 121.7, 115.6 (d, J = 21.8 Hz), 18.9; IR (neat) 3061, 1656,
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1599, 1504, 1446, 1276, 1213, 1155, 841, 766 cm™; MS (ESI*) m/z (%): 241 ([M+H]", 100).

Me O 1e (39% vyield): yellow solid; *H NMR (CDCls) 5 8.08 (2H, d, J = 8.16 Hz), 7.74
P,H\)K@\ (1H, d, J = 8.12 Hz), 7.55-7.62 (2H, m), 7.40-7.47 (3H, m), 7.15 (1H, s), 2.64 (3H,
le cr, 9 CNMR (CDCly) 5 190.4, 1572, 142.5, 142.2, 133.8 (g, J = 32.6 H2), 1295,

128.7, 128.5, 1265, 125.8 (q, J = 5.2 Hz), 123.7 (g, J = 272 Hz), 121.2, 19.1.; IR
(neat) 1661 1596, 1575, 1447, 1410, 1325, 1276, 1213, 1129, 1112, 1067, 1015, 950, 844, 768, 746, 694 cm’™;
MS (ESI*) m/z (%): 291 ([M+H]"*, 100).

Me O 1f (29% vield): yellow oil; *H NMR (CDCl3) & 7.77-7.81 (2H, m), 7.56-7.59 (2H, m),
Me  739-7.45 (3H, m), 7.39-7.33 (2H, m), 7.14 (1H, d, J = 1.1 Hz), 2.59 (3H, d, J = 1.1
le Hz), 2.42 (3H, s); °C NMR (CDCly) & 192.1, 154.7, 142.8, 139.4, 138.3, 133.3,
129.1, 128.8, 128.6, 128.4, 126.5, 125.5, 122.3, 21.4, 18.8; IR (neat) 3058, 2920,

1656, 1594, 1446, 1378, 1278, 1241, 1164, 761 cm™; MS (ESI*) m/z (%): 237 ([M+H]", 100).

Ph

cf%

Me O Me 19 (28% vyield): yellow oil; *H NMR (CDCl3) & 7.58-7.61 (1H, m), 7.53-7.56 (2H, m),
7.35-7.42 (4H, m), 7.25-7.28 (2H, m), 6.89 (1H, d, J = 1.3 Hz), 2.58 (3H, d, J = 1.2 Hz),
19 2.53 (3H, s); *C NMR (CDCly) 5 196.1, 154.4 , 142.5, 140.6, 137.3, 131.5, 130.7, 129.
2,128.6, 128.4, 126.5, 125.6, 125.3, 20.6, 18.6; IR (neat) 1659, 1593, 1573, 1446, 1212,

1040, 942, 756, 695 cm™’; MS (ESI*) m/z (%): 237 ([M+H]", 100).

Ph

S

Me O 1h (43% yield)®: ; "H NMR (CDCls) & 8.50 (1H, br-s), 8.09 (1H, dd, J = 8.6, 1.7 Hz),

ph X OO 7.97 (1H, d, J=8.1 Hz), 7.93 (1H, d, J = 8.6 Hz), 7.89 (1H, d, J = 7.9 Hz), 7.63 (2H,

h m), 7.60 (1H, ddd, J = 8.1, 6.8, 1.3 Hz), 7.55 (1H, ddd, J = 8.1, 6.8, 1.3 Hz),

7.40-7.49 (2H, m), 7.32 (1H, d, J = 1.3 Hz), 2.64 (3H, d, J = 1.3 Hz); *C NMR

(CDCly) 8 191.8, 155.0, 142.8, 136.6, 135.3, 132.6, 129.7, 129.5, 129.1, 128.6, 128.4, 128.2, 127.8, 126.7,

126.5, 124.3, 122.2, 18.9; IR (neat) 3056, 1650, 1626, 1595, 1572, 1446, 1380, 1281, 1183, 1124, 856, 821, 763
cm™; MS (ESI) m/z (%): 273 ([M+H]", 100).

1

Me O 1i (31% yield): yellow oil; *H NMR (CDCl3) & 7.96-8.00 (2H, m), 7.56 (1H, t, J = 7.4
pn  Hz), 7.46-7.53 (4H, m), 7.39 (2H, d, J = 8.6 Hz), 7.14 (1H, d, J = 1.2 Hz), 2.56 (3H, d,
J = 1.1 Hz); ®*C NMR (CDCl) & 191.7, 153.4, 141.0, 139.1, 135.1, 132.7, 128.8,
128.6, 128.2, 127.8, 122.4, 18.7; IR (neat) 1655, 1600, 1489, 1447, 1276, 1214, 1095,
1046, 1011, 825, 780, 691 cm’; MS (ESI*) m/z (%): 259 ([M+H+2]+, 30), 257 ([M+H]", 100).

;)

Cl 1
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Me O 1j (54% yield): yellow oil; 'H NMR (CDCls) & 8.00-8.05 (3H, m), 7.84-7.92 (3H, m),

N"pp  7.70 (1H, dd, J = 8.6 Hz), 7.57 (1H, tt, J = 7.4, 1.3 Hz), 7.47-7.54 (4H, m), 7.32 (1H,

OO 1j d, J = 1.2 Hz), 271 (3H, d, J = 1.2 Hz); *C NMR (CDCl;) 5 191.9, 154.8, 139.9,

139.4, 133.5, 133.2, 132.5, 128.6, 128.5, 128.29, 128.25, 127.6, 126.8, 126.6, 126.2,

124.1, 122.5, 18.9; IR (neat) 3057, 1655, 1600, 1447, 1281, 1268, 1237, 1211, 855, 818, 737, 698 cm™; MS
(ESI*) m/z (%): 273 ([M+H]", 100).

Me O 1Kk (45% yield): colorless oil; *H NMR (CDCls) § 7.92 (2H, d, J = 7.3 Hz), 7.52 (1H, t, J =

N\—"“pp, 7.3Hz),7.45 (2H,t,J = 7.5 Hz), 6.73 (1H, s), 2.24 (2H, t, J = 7.6 Hz), 2.19 (3H, s), 1.61

1k (2H, sext, J = 7.5 Hz), 0.97 (3H, t, J = 7.4 Hz); *C NMR (CDCl5) § 191.7, 160.2, 139.4,

132.2, 128.4,128.1, 120.6, 43.5, 20.8, 19.7, 13.7; IR (neat) 1660, 1611, 1448, 1239, 1179, 1037, 1022, 775, 700,
667 cm™; MS (ESI*) m/z (%): 189 ([M+H]*, 100).

Bt O 1] (21% yield)®: yellow oil; *H NMR (CDCl3) & 7.99 (2H, d, J = 7.8 Hz), 7.52-7.57 (3H, m),

Ph/vLPh 7.47 (2H,t,J = 7.6 Hz), 7.37-7.45 (3H, m), 7.04 (1H, s), 3.08 (2H, g, J = 7.5 Hz), 1.13 (3H, t,

U J=17.5Hz); °C NMR (CDCls) 5 191.5, 161.4, 141.6, 139.3, 132.5, 129.0, 128.6, 128.5, 128.3,

126.8, 121.9, 25.1, 13.6; IR (neat) 3058, 2970, 2933, 2873, 1657, 1599, 1493, 1448, 1377, 1290, 1240, 1213,
1178, 1046, 1002, 993, 761, 696 cm™; MS (ESI*) m/z (%): 237 ([M+H]"*, 100).

Ph O 1m (18% yield): yellow oil; *H NMR (CDCly) & 7.83 (2H, d, J = 8.4 Hz), 7.44 (1H, t, J = 7.4
Me)\/leh Hz), 7.34 (2H, t, J = 7.7 Hz), 7.16-7.26 (5H, m), 6.69 (1H, s), 2.31 (3H, s); *C NMR
im (CDCly) 5 193.1, 152.4, 140.6, 138.0, 132.5, 128.7, 128.2, 128.04, 127.95, 127.4, 124.2,
26.5; IR (neat) 1663, 1653, 1636, 1616, 1597, 1577, 1492, 1448, 1240, 1201, 1176, 1025, 977,

848, 778, 761, 736, 696, 668 cm™; MS (ESI*) m/z (%): 223 ([M+H]*, 100).

Me O 10 (43% vyield)”: colorless oil; *H NMR (CDCls) § 7.47-7.51 (2H, m), 7.35-7.41 (3H, m),
Ph)\/”\/ 6.50 (1H, d, J = 1.2 Hz), 2.57 (2H, g, J = 7.3), .55 (3H, d, J = 1.1 Hz), 1.13 (3H, t, J = 7.3);
1o BC NMR (CDCls) § 201.9, 153.5, 142.7, 129.0, 128.5, 126.4, 124.0, 38.0, 18.4, 8.2; IR

(neat) 1684, 1604, 1447, 1377, 1124, 1045, 951, 756, 695 cm™.
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4. Experimental procedure for Iron-catalyzed asymmetric epoxidations and characterization data.

3 Fe(OTf), (5 mol%) 3
R* O L5 (10 mol%) R* O

RZJ\)LRI RzJQO)LRl

32% CHyCO3H
CH4CN, 0 °C

General procedure: A solution of Fe(OTf), (0.025 M solution in CH3CN, 0.31 mL, 7.8 umol) was added to L5
(10 mg, 15.6 umol) under nitrogen atmosphere at room temperature. After rinsed with additional CH;CN (0.31
mL), the reaction mixture was stirred at room temperature for 3 h. To the solution of iron complex was added a
solution of a corresponding enone (0.156 mmol) in CH3CN (0.1 mL) and the mixture was cooled in ice bath.
To the reaction was rapidly added CH3CO3H (32 wt% solution in CH3CO,H, 50 pL, 0.234 mmol). After being
stirred in ice bath for 30 min, the reaction was quenched by adding a mixture of 10 % ag. Na,S,03 and sat. aq.
NaHCO;, and diluted with EtOAc. The organic layer was separated and washed with brine, dried over MgSO,
and concentrated at reduced pressure. The residue was purified by silica gel column chromatography and
NH-silica gel column chromatography (EtOAc:n-Hex=0:100 to 15:85) to afford the corresponding

o,B-epoxyketone.

Mey @ 2a (80 % yield, 91 % ee)®: white solid; *H NMR (CDCls) § 7.96 (2H, d, J = 7.8 Hz), 7.62 (1H,
Ph)\?/lLPh t, J = 7.4 Hz), 7.46-7.52 (4H, m), 7.43 (2H, t, J = 7.5 Hz), 7.37 (1H, t, J = 7.2 Hz), 4.16 (1H,

2a s), 1.64 (3H, s); *C NMR (CDCls) & 193.0, 140.4, 135.6, 134.0, 128.9, 128.8, 128.2, 125.1,
66.9, 62.8, 16.9; IR (neat) 1691, 1598, 1449, 1383, 1229, 957, 848, 751 cm?; MS (ESI") m/z (%): 499
([2M+Na]", 30), 239 ([M+H]", 100); [o]o> -137 (CHCIs, ¢ 0.66); lit.”® for (2S, 3R)-isomer: [a]p® +147
(CHCI;, ¢ 1.3); chiral HPLC analysis (Chiralcel AS-H, iPrOH:n-Hex=5/95, flow rate = 1.0 mL/min, A = 254
nm), t. (minor) = 12.4 min, t, (major) = 29.3 min.

e 0 2b (78% yield, 90 % ee): yellowish oil; *H NMR (CDCls) 5 7.96 (2H, d, J = 8.9 Hz),

NO)
oG 7.46-7.50 (2H, m), 7.43 (2H, t, J = 7.6 Hz), 7.34-7.39 (1H, m), 6.96 (2H, d, J = 8.9
2b ome 12 411 (1H, 5), 3.88 (3H, 5), 162 (3H, 5); “*C NMR (CDCI;) 5 191.3, 164.1,

140.6, 130.6, 128.7, 128.1, 125.1, 114.1, 66.8, 62.5, 55.5, 17.0; IR (neat) 1682,
1600, 1261, 1239, 1171, 1025, 956, 857, 765, 699; MS (ESI*) m/z (%): 559 ([2M+Na]", 30), 269 ([M+H]*, 50),
135 (100); [o]p? -115 (CHCls, ¢ 0.90); chiral HPLC analysis (Chiralcel AS-H, iPrOH:n-Hex=10/90, flow rate
= 1.0 mL/min, A = 254 nm), t, (minor) = 18.7 min, t, (major) = 46.1 min.

Me_ O 2¢ (77 % vield, 92 % ee): white solid; *H NMR (CDCly) & 7.82 (2H, d, J = 8.2 Hz),
o 7.49 (2H, d, J = 7.2 Hz), 7.43 (2H, t, J = 7.4 Hz), 7.37 (1H, t, J = 7.2 Hz), 7.29 (2H, d,
2¢ ve J=81H2),4.14 (1H,s), 243 (3H,), 162 (3H, 5); *°C NMR (CDCls) 5 1925, 145.0,

140.5, 133.1, 129.6, 128.7, 128.3, 128.2, 125.1, 66.8, 62.7, 21.8, 17.0; IR (neat) 1688,
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1606, 1382, 1232, 1181, 955, 761, 699 cm™; MS (ESI") m/z (%): 527 ([2M+Na]*, 30), 253 ([M+H]*, 70), 119
(100); [a]p?* -128 (CHCl5, ¢ 0.72); chiral HPLC analysis (Chiralcel AS-H, iPrOH:n-Hex=10/90, flow rate = 1.0
mL/min, A = 254 nm), t, (minor) = 12.7 min, t, (major) = 34.6 min.

Me_ O 2d (78 % yield, 92 % ee): white solid; *H NMR (CDCls) § 8.02 (2H, m), 7.46-7.51 (2H,
Ph% m), 7.43 (2H, t, J = 7.4 Hz), 7.35-7.40 (1H, m), 7.17 (2H, t, J = 8.6 Hz), 4.11 (1H, 9),
o £ 163 (3H,s); °C NMR (CDCl5) § 1915, 166.2 (d, J = 257 Hz), 140.2, 132.1, 131.0

(d, J = 9.6 Hz), 128.8, 128.3, 125.1, 116.2 (d, J = 22.1 Hz), 66.7, 62.3, 17.0; IR (neat)
1691, 1598, 1506, 1231, 1156, 958, 860, 763, 699 cm™; MS (ESI*) m/z (%): 535 ([2M+Na]*, 30), 257 ([M+H]",
70), 123 (100); [a]p* -129 (CHCls, ¢ 0.58); chiral HPLC analysis (Chiralcel AS-H, iPrOH:n-Hex=10/90, flow
rate = 1.0 mL/min, A = 254 nm), t, (minor) = 13.5 min, t, (major) = 34.0 min.

Me_ O 2e (70 % yield, 89 % ee): white solid; *H NMR (CDCls) & 8.09 (2H, d, J = 8.1 Hz),

o N 7.77 (2H, d, J = 8.2 Hz), 7.46-7.50 (2H, m), 7.44 (2H, t, J = 7.5 Hz), 7.37-7.41 (1H,
)\:J\@C& m), 4.15 (1H, s), 1.64 (3H, s).; °C NMR (CDCls) & 192.3, 140.0, 138.1, 135.1 (q, J

= 32.9 Hz), 128.8, 128.7, 128.4, 126.0 (q, J = 3.7 Hz), 125.1, 123.4 (g, J = 273 Hz),

66.8, 63.1, 17.0.; IR (neat) 1699, 1414, 1326, 1227, 1171, 1131, 1107, 1067, 1015, 958, 863, 766, 698 cm™; MS

(ESIM) m/z (%): 307 ([M+H]", 20), 173 (100); [a]o”® -115 (CHCls, ¢ 0.78); chiral HPLC analysis (Chiralcel
AS-H, iPrOH:n-Hex=10/90, flow rate = 1.0 mL/min, A = 254 nm), t, (minor) = 7.2 min, t, (major) = 10.9 min.

Me_ O 2f (67 % yield, 90 % ee): white solid; 'H NMR (CDCls) & 7.80 (1H, s), 7.74 (1H, d, J
Ph)\\?/k@“"e = 7.6 Hz), 7.47-7.53 (2H, m), 7.41-7.47 (3H, m), 7.37 (2H, t, = 7.7 Hz), 2.42 (3H, s),
of 1.63 (3H, s); ©°C NMR (CDCly) & 193.2, 140.5, 138.9, 135.6, 134.8, 128.74, 128.73,

128.6, 128.2, 125.5, 125.1, 66.9, 62.8, 21.3, 17.0; IR (neat) 1691, 1382, 1254, 1169,
934, 759, 699 cm™; MS (ESI") m/z (%): 253 ([M+H]", 60), 119 (100); [a]o®® -139 (CHClIs, ¢ 0.93); chiral
HPLC analysis (Chiralcel AS-H, iPrOH:n-Hex=10/90, flow rate = 1.0 mL/min, A = 254 nm), t, (minor) = 8.5

min, t; (major) = 19.6 min.

Me O Me 20 (6L % yield, 92 % ee): white solic 'H NMR (CDCly) & 7.65 (1H, d, J = 7.8 Hz),
o 7.46-7.50 (2H, m), 7.39-7.46 (3H, m), 7.34-7.38 (1H, m), 7.29 (2H, t, J = 8.2 Hz), 3.99
)\2;”\© (1H, s), 2.59 (3H, s), 1.69 (3H, s); °C NMR (CDCls) § 195.8, 140.5, 139.4, 135.2, 132.4,
132.3, 129.3, 128.7, 128.2, 125.9, 125.1, 67.9, 63.2, 21.2, 16.7; IR (neat) 1691, 1455, 1381, 1221, 956, 752,
731, 698, 656 cm™; MS (ESI*) m/z (%): 527 ([2M+Na]", 10), 253 ([M+H]", 50), 119 (100); [o]p? -154 (CHCl5,

¢ 0.80); chiral HPLC analysis (Chiralcel AS-H, iPrOH:n-Hex=10/90, flow rate = 1.0 mL/min, A = 254 nm), t,

(minor) = 8.1 min, t, (major) = 13.3 min.
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e, O 2h (88 % vield, 92 % ee): yellow oil; *H NMR (CDCl5) & 8.49 (1H, s), 8.03 (1H, dd,
o J=8.6Hz),7.94 (2H, t, J = 7.4 Hz), 7.89 (1H, d, J = 8.2 Hz), 7.63 (1H, t, J = 7.5
2h OO Hz), 7.52-7.59 (3H, m), 7.47 (2H, t, J = 7.5 Hz), 7.40 (1H, br-t, J = 7.3 Hz), 4.29 (1H,
s), 1.67 (3H, s); BC NMR (CDCly) 6 192.9, 140.5, 135.9, 132.9, 132.4, 130.4, 129.7, 129.0, 128.9, 128.8,
128.2, 127.9, 127.0, 125.1, 123.5, 66.9, 62.9, 17.1; IR (neat) 2361, 2337, 1685, 1394, 1276, 1181, 942, 762,
699 cm™; MS (ESI") m/z (%): 601 ([2M+Na]*, 10), 289 ([M+H]", 70), 155 (100); [a]o> -72.0 (CHCl3, ¢ 1.70);
chiral HPLC analysis (Chiralcel AS-H, iPrOH:n-Hex=10/90, flow rate = 1.0 mL/min, X = 254 nm), t, (minor) =
12.4 min, t, (major) = 29.3 min.

e O 2i (88 % vield, 92 % ee): white solid; *"H NMR (CDCls) & 7.95 (2H, d, J = 7.3 Hz),
7.63 (1H, td, J = 7.5, 0.8 Hz), 7.50 (2H, t, J = 7.7 Hz), 7.38-7.45 (4H, m), 4.11 (1H, s),
2i 1.62 (3H, s); BC NMR (CDCly) 6 192.6, 139.0, 135.5, 134.2, 134.0, 129.0, 128.2,

126.6, 66.8, 62.3, 16.8; IR (neat) 1692, 1598, 1495, 1450, 1383, 1229, 1093, 1013,
957, 700, 667 cm™; MS (ESI") m/z (%): 567 ([2M+Na]", 40), 275 ([M+H+2]*, 60), 273 ([M+H]", 95), 105
(100); [a]n? -184 (CHCl5, ¢ 0.82); chiral HPLC analysis (Chiralcel AS-H, iPrOH:n-Hex=10/90, flow rate = 1.0
mL/min, A = 254 nm), t, (minor) = 10.1 min, t, (major) = 30.8 min.

Me O 2j (45 % yield, 92 % ee): yellow oil; *H NMR (CDCl3) & 7.96-7.99 (3H, m), 7.91

EAp, (1M, d,J=8.7 H2), 7.86-7.90 (2H, m), 7.62 (1H, tt, J = 7.4, 1.2 Hz), 7.56 (1H, dd, J

OO 2] = 8.6, 1.9 Hz), 7.51-7.55 (2H, m), 7.49 (2H, t, J = 7.8 Hz), 4.25 (1H, s), 1.75 (3H, s);
B3C NMR (CDCl3) 8 192.9, 137.8, 135.6, 134.0, 133.1, 133.0, 128.9, 128.7, 128.2, 128.1, 127.7, 126.6, 126.5,
124.6, 122.5, 67.0, 62.9, 16.9; IR (neat) 2361, 2337, 1685, 1449, 1386, 1228, 1181, 962, 820, 707, 669 cm™;
MS (ESI") m/z (%): 289 ([M+H]", 100), 105 (60); [a]p™* -185 (CHCls, ¢ 1.47); chiral HPLC analysis (Chiralcel
AS-H, iPrOH:n-Hex=10/90, flow rate = 1.0 mL/min, A = 254 nm), t, (minor) = 12.6 min, t, (major) = 26.8 min.

e O 2k (20 % vyield, 51 % ee): colorless oil; 'H NMR (CDCly) 6 7.99 (2H, dd, J =7.4, 1.0
/\)\Q/U\ph Hz), 7.62 (1H, td, J = 7.4, 1.1 Hz), 7.51 (2H, t, J = 7.7 Hz), 4.06 (1H, s), 1.79 (2H, m),
2k 1.57 (2H, sext, J = 7.6 Hz), 1.23 (3H, s), 1.02 (3H, t, J = 7.3 Hz); *C NMR (CDCls) &

194.4, 135.8, 133.7, 128.8, 128.2, 63.9, 63.5, 40.1, 18.4, 16.3, 14.1; IR (neat) 1691,

1598, 1450, 1401, 1385, 1229, 928, 693 cm™; MS (ESI*) m/z (%): 187 ([M+H]", 20), 105 (100); [a]o® -7.7
(CHCI3, ¢ 0.19); chiral HPLC analysis (Chiralcel AS-H, iPrOH:n-Hex=10/90, flow rate = 1.0 mL/min, A = 254

nm), t. (minor) = 7.1 min, t, (major) = 38.0 min.

Bty © 21 (72 % yield, 92 % ee)®: white solid, m.p. 49-51 °C; *H NMR (CDCls) & 7.99-8.05 (2H, m),

e,
Ph/K)LPh 7.63 (1M, tt, J = 7.4, 1.3 Hz), 7.48-7.54 (4H, m), 7.44 (2H, t, J = 7.5 Hz), 7.37 (1H, tt, J = 7.6,
2
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1.3 Hz), 4.15 (1H, s), 2.13 (1H, sext, J = 7.4 Hz), 1.62 (1H, sext, J = 7.3 Hz), 0.91 (3H, t, J = 7.4 Hz); °C
NMR (CDCly) 8 193.1, 138.7, 135.6, 133.9, 128.9, 128.7, 128.2, 128.0, 125.8, 67.4, 67.1, 23.7, 9.4; IR (neat)
3062, 2975, 2938, 2879, 1691, 1598, 1450, 1228, 946, 845, 751 cm™; MS (ESI") m/z (%): 253 ([M+H]", 100),
105 (80); [o]n> -82 (CHCIs, ¢ 1.3); chiral HPLC analysis (Chiralcel AS-H, iPrOH:n-Hex=10/90, flow rate =
1.0 mL/min, A = 254 nm), t, (minor) = 8.8 min, t, (major) = 16.9 min.

Ph O 2m (33 % vyield, 6 % ee): yellow solid; 'H NMR (CDCly) 6 7.82 (2H, d, J = 8.4 Hz), 7.54
Me)\\?/u\ph (AH,t,J=7.4Hz), 7.41 (2H, t, J = 7.8 Hz), 7.31 (2H, d, J = 8.2 Hz), 7.13-7.21 (3H, m),
2m 4.34 (1H, s), 1.93 (3H, s); *C NMR (CDCl5) & 192.5, 136.6, 135.5, 133.5, 128.6, 128.0,
127.9, 127.8, 126.2, 66.1, 64.5, 24.4; IR (neat) 1684, 1228, 9757, 763, 700, 689 cm™; MS (ESI*) m/z (%):
239 ([M+H]", 100), 261 ([M+Na]", 50); chiral HPLC analysis (Chiralcel AS-H, iPrOH:n-Hex=10/90, flow rate
= 1.0 mL/min, A = 254 nm), t, (minor) = 7.9 min, t, (major) = 33.0 min.

Me 2n (50 % yield, 87 % ee)™: colorless oil; *"H NMR (CDCls) & 7.44-7.48 (2H, m), 7.35-7.41 (6H,
ph)\\?/Ph m), 7.30-7.34 (2H, m), 3.98 (1H, s), 1.47 (3H, s); *C NMR (CDCls) & 142.3, 135.9, 128.4,
2n 128.2, 127.7, 127.5, 126.5, 125.1, 67.1, 63.1, 16.7; IR (neat) 1496, 1449, 1381, 1279, 1065,
1027, 763, 741, 698, 605 cm™; MS (ESI") m/z (%): 211 ([M+H]", 100); [a]p** -107 (EtOH, ¢ 0.50); lit.*®® for
(R, R)-isomer (95.5% ee): [o]p” +113.9 (EtOH, c 0.9); chiral HPLC analysis (Chiralcel OD-H,
iPrOH:n-Hex=3/97, flow rate = 1.0 mL/min, A = 225 nm), t; (minor) = 14.1 min, t, (major) = 5.5 min.

4.1. Another example of the iron-catalyzed asymmetric epoxidation.

Fe(OTf), (5 mol%)

0 L5 (10 mol%) o9
Phﬁ)kOMe 32% CH,CO3H Ph/ﬂAOMe
Me CH3CN, 0°C Me

49%, 89% ee

Some of a,B-unsaturated esters can be epoxidized. For example, a-methyl trans-cinnamic acid methyl ester
was converted to the corresponding epoxide in 49% and 89% ee.
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5. Representative procedure for Lewis acid mediated rearrangement and characterization data.

Me_ O BF,OFEt, (05eq) & ;>CHc;,h
Jek o
Ph Ph Et,0 I
o 35 °C, 30 min
3a

To a solution of 2a (16 mg, 0.067 mmol, 91% ee) in Et,O (0.7 mL) was added BF3 OEt; (4 uL, 0.033 mmol).
After being stirred at 35 °C for 30 min, the reaction was quenched by adding sat. ag. NaHCO; and diluted with
EtOAc. The organic layer was separated and washed with brine, dried over MgSO,4 and concentrated at reduced
pressure. The residue was purified by silica gel column chromatography (EtOAc:n-Hex=0:100 to 15:85) to
afford 3a (15.3 mg).

Me CHO  3a (95 % yield, 90 % ee)™: colorless oil; *H NMR (CDCl3) § 9.93 (1H, s), 7.62 (2H, d, J = 8.1
ph)\WPh Hz), 7.41-7.48 (3H, m), 7.32-7.40 (3H, m), 7.29 (2H, t, J = 7.8 Hz), 1.87 (3H, s); *C NMR
O (CDCls3) 6 200.6, 196.6, 136.0, 134.4, 133.1, 129.9, 129.6, 128.4, 128.3, 127.0, 65.5, 17.5; IR

(neat) 1729, 1684, 1666, 1597, 1578, 1494, 1447, 1260, 972, 760, 700 cm™; MS (ESI") m/z (%):
260 ([M+Na]", 20), 239 ([M+H]", 10), 225 (90), 163 (100); [o]p>* +425 (CHCls, ¢ 1.06); lit. ™ for (S)-isomer:
[o]o® -411 (CHClIs, ¢ 1.1); chiral HPLC analysis (Chiralcel AS-H, iPrOH:n-Hex=5/95, flow rate = 1.0 mL/min,
A = 254 nm), t, (major) = 10.4 min, t; (minor) = 12.1 min.

3a

Et. cHo 31 (58 % yield, 90 % ee): colorless oil ; ‘*H NMR (CDCly) 8 9.97 (1H, d, J = 1.6 Hz), 7.62-7.66

Ph):\[( PR (2H, m), 7.446 (1H, tt, J = 7.4, 1.2 Hz), 7.38-7.43 (2H, m), 7.27-7.37 (5H, m), 2.82 (1H, sext, J

0o =7.2 Hz), 2.31 (1H, sextd, J = 7.1, 1.6 Hz), 0.84 (3H, t, J = 7.4 Hz); *C NMR (CDCl5) & 199.8,

3 196.3, 135.8, 135.1, 133.1, 129.6, 128.4, 128.2, 127.3, 69.5, 24.6, 9.5; IR (neat) 1727, 1663,

1596, 1578, 1447, 1236, 758, 715, 700 cm™; MS (ESI*) m/z (%): 275 ([M+Na]", 10), 253 ([M+H]", 20);

[o]o? +411 (CHCls, ¢ 0.63); chiral HPLC analysis (Chiralcel AS-H, iPrOH:n-Hex=5/95, flow rate = 1.0
mL/min, A = 254 nm), t, (minor) = 7.2 min, t, (major) = 8.6 min.

Me. CHO 30 (35 % yield, 77 % ee): colorless oil ; '"H NMR (CDCls) & 9.92 (1H, s), 7.44 (2H, t, J = 7.6

Ph ; Hz), 7.37 (1H, t, J = 7.3 Hz), 7.24-7.28 (2H, m), 2.36 (2H, g, J = 7.2 Hz), 1.70 (3H, s), 1.01

0 (3H, t, J = 7.2 Hz); *C NMR (CDCl,) 6 210.5, 198.9, 135.7, 129.4, 128.3, 127.0, 66.9, 32.2,

% 16.0, 7.9; IR (neat) 1729, 1702, 1494, 1459, 1446, 1377, 1344, 1187, 1091, 1026, 971, 759,

701 cm™; MS (ESI*) m/z (%): 191 ([M+H]", 100); [a]o® +156 (CHCIs, ¢ 0.34); chiral HPLC analysis

(Chiralcel AS-H, iPrOH:n-Hex=5/95, flow rate = 1.0 mL/min, A = 210 nm), t, (minor) = 22.9 min, t, (major) =
9.3 min.

S14



6. Experimental procedure for the synthesis of isoxazoline 4a and characterization data.

NH,OH-HCl

. O\N
P~ > “Ph  Pyridine, EtOH Ph" 7 "Ph
2a reflux, 3 h HO
4a

To a solution of 2a (25 mg, 0.10 mmol, 91% ee) in EtOH (0.66 mL) was added NH,OH- HCI (11 mg, 0.16
mmol) and pyridine (73 mL, 0.90 mmol). After refluxing for 3 h, the reaction was quenched by adding 0.5 M
ag. HCI and diluted with Et,0. The organic layer was separated and dried over MgSO, and concentrated at
reduced pressure. The obtained residue was dissolved in CHClI3, and the solution was filtered through short pad
of silica gel. The filtrate was concentrated until white solid was precipitated which was collected to afford the

oxime 4a (17 mg, 99% ee).

4a (65 % yield, 99 % ee): white crystal ; '"H NMR (DMSO-dg) & 7.71-7.76 (2H, m), 7.39-7.43 (5H, m), 7.36
(2H,t,J=7.6 Hz), 7.26 (1H, t, J = 7.2 Hz), 6.34 (1H, d, J = 8.1 Hz), 5.18 (1H, d, J = 8.1), 1.63 (3H, s);
3C NMR (DMSO-dg) & 157.7, 144.2, 130.0, 128.9, 128.8, 128.4, 127.3, 126.8, 124.7, 90.2, 82.1, 20.6; IR
(neat) 3295, 1568, 1496, 1448, 1350, 1049, 928, 919, 757, 697 cm™; MS (ESI") m/z (%): 254 ([M+H]",
100); [a]p® -35 (CHClI;, ¢ 0.12); chiral HPLC analysis (Chiralcel AS-H, iPrOH:n-Hex=10/90, flow rate = 1.0
mL/min, A = 254 nm), t, (minor) = 8.8 min, t, (major) = 11.8 min.
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9. X-ray crystallographic analysis of [Fe(L3),(CH;CN)(OTf)](OTf)

[Fe(L3)2(CH3CN)(OTH](OTH): To rac-L3 (30 mg, 0.051 mmol) was added Fe(OTf), (0.025 M solution in
CH3CN, 1.0 mL) and CHsCN (0.5 mL) at room temperature under nitrogen atmosphere. After being stirred for
3 h at the same temperature, the solution was placed without stirring. Crystals were observed after 1 week,
which were collected by filtration, washed with cold ether, and dried under nitrogen stream to yield the title
compound as crystal (9.1 mg, 25% vield). MS (ESI") m/z (%): 612 ([Fe(L3),]**, 20).

The obtained crystal was tested for the epoxidation as follows: A suspension of the obtained crystal (6.1 mg,
4.3 umol) and la (19 mg, 86.2 umol) in CH;CN (0.34 mL) was cooled in ice bath. To the suspension,
CH3CO3H (32 wt% solution in CH3CO,H, 27 ulL, 0.129 mmol) was rapidly added. After being stirred in ice
bath for 30 min, the reaction was quenched and purified by the same way as described in general procedure of

the epoxidation to afford the a,3-epoxyketone 2a (12 mg. 58% yield).
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Crystallographic Experimental Section

Data Collection
A well formed rhomb (0.16 x 0.12 x 0.10 mm) was selected under a stereo-

microscope while immersed in Fluorolube oil to avoid possible reaction with air. The
crystal was removed from the oil using a tapered glass fiber that also served to hold the
crystal for data collection. The crystal was mounted and centered on a Bruker SMART
APEX system at 100 K. Rotation and still images showed the diffractions to be sharp.
Frames separated in reciprocal space were obtained and provided an orientation matrix
and initial cell parameters. Final cell parameters were obtained from the full data set.

A “full sphere” data set was obtained which samples approximately all of
reciprocal space to a resolution of 0.75 A using 0.3° steps in ® using 10 second
integration times for each frame. Data collection was made at 100 K. Integration of
intensities and refinement of cell parameters were done using SAINT [1]. Absorption

corrections were applied using SADABS [1] based on redundant diffractions.

Structure solution and refinement
The space group was determined as P1(bar) based on systematic absences and

intensity statistics. Direct methods were used to locate the Fe and some C atoms from the
E-map. Repeated difference Fourier maps allowed recognition of all expected C and N
atoms. In addition two C,H3N and CF;O03S molecules were present, one of the former
bonded to Fe through its N atom and one of the latter bonded to Fe through an O atom.
In addition two isolated atoms are present which were assigned as O with occupancies of
0.73 and 0.44; presumably these are H,O molecules. Following anisotropic refinement of
all non-H atoms, ideal H-atom positions were calculated except for the two isolated O
atoms. Final refinement was anisotropic for all non-H atoms, and isotropic-riding for H
atoms. The C;H3N and CF303S molecules bonded to Fe showed moderate disorder while
those not bonded molecules showed severe disorder. No other anomalous bond lengths
or thermal parameters were noted. All ORTEP diagrams have been drawn with 50%

probability ellipsoids.
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Equations of interest:
Rint = 2 | Fo? - <Fo>> |1 2 | Fod| RL=3||Fo|-| Fel/ Z| Fol

WR2 = [Z [w (FZ=F)] /= [w (FA) 1" GooF =S =[2 [w (Fo? F?) 4/ (n-p)*?

where: w = q /o? (F,%) + (aP)? + bP; n= number of independent reflections;
g, a, b, P as defined in [1] p = number of parameters refined.
References

[1] All software and sources of scattering factors are contained in the SHELXTL (version 5.1) program
library (G. Sheldrick, Bruker Analytical X-ray Systems, Madison, WI).
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Table 1. Crystal and structure refinement for Nish02.

Identification Code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space Group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient
F(000)

Crystal size, color, habit
Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Reflections with | > 4c(F,)
Absorption correction

Max. and min. transmission
Refinement method
Weighting scheme

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [I > 2 sigma(l)]
R indices (all data)

Largest diff. peak and hole

Nish02

CagHsgFeNy + 2C,H3N + 2CF305S + 20
1621.47

100 K

0.71073 A
Triclinic
P1(bar)
a=12581(2) A
b =16.682(3) A
c=21.338(4) A
3892.9(12) A®

2

1.383 Mg/m*
0.325 mm™
1672

0.16 x 0.12 x 0.10 mm, pale yellow, rhomb
1.76 -28.35°

-16<h<16,-22<k<22, -28<1<27
47,447

18,748 (Rint = 0.0288)

10,808

SADABS based on redundant diffractions
1.0, 0.849

Full-matrix least squares on F?

w =q[o” (Fo) + (aP)? + bP]™* where:
P=(F?+2F:?)/3,a=0.0783,b=0.0,q =1
18748 /0/ 1058

0.897

R1=0.0632, wR2 = 0.1515

R1=0.1084, wR2 = 0.1684

1.338,-0.579 eA

a=108511(3) °
B=90.726(3) °
y =112.000(3) °
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Table 2. Atomic coordinates [ x 10%] and equivalent isotropic
displacement parameters [A? x 10°] for Nish02. U(eq) is defined as one
third of the trace of the orthogonalized U;; tensor.

X y z u(eq) SOF
c(D) 6278(3) -1576(2) 7885(2) 21(1)
C(2) 6604(3) -1948(2) 8325(2) 21(2)
cC(3) 7134(3) -1340(2) 8963(2) 23(D)
C(4) 7311(3) -410(2) 9153(2) 22(D)
C(5) 6932(3) -114(2) 8677(2) 20(D)
C(6) 7820(3) 236(2) 9811(2) 26(1)
@) 7948(3) 1123(2) 9974(2) 25()
C(8) 7564(3) 1437(2) 9501(2) 23(D)
C(9) 7046(3) 819(2) 8853(2) 20(D)
C(10) 7626(3) 2338(2) 9662(2) 23(D)
c(1D) 7155(3) 2590(2) 9210(2) 20(D)
C(12) 6672(3) 1925(2) 8561(2) 19(2)
C(13) 7126(3) 3519(2) 9427(2) 25()
c(14) 6090(3) 3614(2) 9345(2) 27(D)
C(15) 6051(3) 4476(2) 9596(2) 33(D)
C(16) 7041(4) 5247(2) 9926(2) 37()
c@an 8079(3) 5160(2) 10012(2) 36(1)
c(18) 8120(3) 4298(2) 9766(2) 28(1)
C(19) 6337(3) -2946(2) 8112(2) 20(D)
C(20) 6284(3) -3371(2) 8582(2) 24(1)
c(21) 5967(3) -4318(2) 8374(2) 28()
C(22) 5717(3) -4849(2) 7707(2) 33(D)
C(23) 5797(3) -4425(2) 7236(2) 34(1)
C(24) 6111(3) -3485(2) 7435(2) 27()
C(25) 6168(3) 2166(2) 8041(1) 20()
C(26) 4946(3) 1787(2) 7888(2) 22(D)
cQ27n) 4417(3) 1996(2) 7438(2) 25()
C(28) 5086(3) 2544(2) 7085(2) 23(D)
C(29) 6318(3) 2918(2) 7229(2) 21(1)
C(30) 6857(3) 2765(2) 7747(2) 20(D)
C(31) 4556(3) 2698(2) 6569(2) 28(1)
C(32) 5214(3) 3182(2) 6198(2) 31(1)
C(33) 6424(3) 3541(2) 6336(2) 29(D)
C(3%) 6969(3) 3424(2) 6837(2) 24(1)
C(35) 8142(3) 3226(2) 7954(2) 21(2)
C(36) 8778(3) 2707(2) 7908(2) 24(1)
C(37) 9981(3) 3101(2) 8106(2) 29(D)
C(38) 10559(3) 4041(2) 8352(2) 28(1)
C(39) 9946(3) 4612(2) 8418(2) 24(1)
C(40) 8727(3) 4213(2) 8226(2) 21(1)
C(41) 10528(3) 5586(2) 8684(2) 28(1)
C(42) 9925(3) 6134(2) 8771(2) 29(D)
C(43) 8723(3) 5738(2) 8595(2) 27()
C(44) 8131(3) 4803(2) 8332(2) 25()
C(45) 7099(3) 1010(2) 6380(2) 24(1)
C(46) 7005(3) 1311(2) 5842(2) 26(1)
cn) 5910(3) 1157(2) 5591(2) 25()
C(48) 4938(3) 707(2) 5848(2) 23(D)
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C(49)
C(50)
C(51)
C(52)
C(53)
C(54)
C(55)
C(56)
c(67)
C(58)
C(59)
C(60)
C(61)
C(62)
C(63)
Cc(64)
C(65)
C(66)
Cc(67)
C(68)
C(69)
C(70)
C(71D)
C(72)
C(73)
C(74)
C(75)
C(76)
cn
C(78)
C(79)
C(80)
C(81)
C(82)
C(83)
Cc(84)
C(85)
C(86)
C(87)
C(88)
C(89)
C(90)
C(91)
C(92)
C(93)
C(94)
F(1)

F(2)

F(3)

F(4)

F(5)

F(6)

Fe(D)
N(1)

N(2)

NC3)

N(4)

5121(3)
4147(3)
3035(3)
2879(3)
3792(3)
2103(3)
2277(3)
3424(3)
1270(3)
1276(3)
303(3)
-671(3)
-689(3)
275(3)
3624(3)
4057(3)
4209(3)
3962(3)
3523(3)
3331(3)
4168(3)
3925(3)
3512(3)
3333(3)
2894(3)
3583(3)
3260(3)
2233(3)
1482(3)
1786(3)
994(3)
-33(3)
-314(3)
416(3)
8041(3)
9004(3)
9942(4)
9919(4)
8968(3)
8034(3)
9000(4)
10087(5)
6887(3)
1514(7)

1813(11)

1136(4)
6022(2)
7802(2)
7135(2)

357(3)

699(3)
1148(3)
6250(1)
6436(2)
6622(2)
6202(2)
4344(2)

404(2)
-106(2)
-251(2)

93(2)
543(2)
-712(2)
~1028(2)
-903(2)
~1469(2)
~1123(2)
~1503(3)
~2232(3)
~2571(3)
~2185(2)
~1331(2)
-765(2)
~1144(2)
~2090(3)
~2667(2)
~2270(2)
~2485(3)
~3405(3)
~3966(3)
~3607(2)
~2874(2)
~2721(2)
~3307(2)
~4062(2)
~4242(2)
~3643(2)
-3832(2)
~4595(2)
~5203(3)
-5029(3)
1725(2)
1507(3)
1844(4)
2399(3)
2584(2)
2248(2)
333(3)
183(5)
~2414(3)
2463(15)
3630(8)
1644(3)
~3091(1)
~2209(2)
~2711(2)

832(3)
2167(4)
1819(4)

-18(1)
-701(2)
1069(2)

571(2)
-431(2)
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6371(2)
6626(2)
6373(2)
5861(2)
5605(2)
6654(2)
7150(2)
7349(2)
7460(2)
8147(2)
8423(2)
8023(2)
7338(2)
7055(2)
7833(2)
8507(2)
8967(2)
8777(2)
8103(2)
7626(2)
9243(2)
9046(2)
8381(2)
7918(2)
6910(2)
6431(2)
5758(2)
5568(2)
6032(2)
6712(2)
7160(2)
6956(2)
6287(2)
5838(2)
5550(2)
5588(2)
5270(2)
4904(2)
4844(2)
5158(2)
7441(2)
7379(3)
5791(2)
6764(3)
6786(5)
9398(2)
5887(1)
6227(1)
5179(1)
9108(2)
9258(3)
10023(2)
7383(1)
8045(1)
8386(1)
6637(1)
7111(1)

21(1)
20(1)
23(1)
26(1)
26(1)
25(1)
23(1)
21(1)
26(1)
30(1)
37(1)
38(1)
36(1)
32(1)
22(1)
26(1)
30(1)
30(1)
25(1)
22(1)
38(1)
43(1)
38(1)
31(1)
22(1)
25(1)
30(1)
35(1)
33(1)
26(1)
28(1)
36(1)
47(1)
44(1)
33(1)
60(1)
74(2)
61(1)
36(1)
31(1)
41(1)
103(2)
39(1)
227(11)
242(8)
58(1)
48(1)
60(1)
51(1)
161(2)
169(2)
144(2)
20(1)
19(1)
19(1)
21(1)
20(1)



N(S)
N(6)
o(1)
0(2)
0(3)
0(4)
0(5)
0(6)
o(7)
0(8)
S(1)
S(2)

8158(2)
1521(14)
6290(2)
5542(2)
7587(2)
2306(4)
2831(4)
3217(3)
3163(5)
9971(7)
6542(1)
2522(1)

430(2)
2031(14)
~1202(1)
~1746(2)
-739(2)
1594(5)
1165(3)
2695(2)
3627(4)
9968(7)
~1409(1)
1790(1)

7463(1)
6880(9)
6598(1)
5431(1)
5817(1)
8460(2)
9310(2)
9513(3)
8278(3)
5681(5)
5917(1)
9141(1)

23(1)
348(11)
27(1)
36(1)
39(1)
196(3)
107(2)
180(3)
95(3)
103(5)
28(1)
50(1)

0.44
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Table 3. Bond lengths [A] and angles [°] for Nish02.

C(1)-N(L) 1.324(4) C(45)-N(3) 1.328(4)
c(1)-c(2) 1.407(4) C(45)-C(46) 1.409(4)
c(2)-c(3) 1.385(4) C(46)-C(47) 1.371(4)
c(2)-C(19) 1.480(4) C(46)-C(83) 1.478(4)
c(3)-C(4) 1.401(4) C(47)-C(48) 1.397(4)
c(4)-C(5) 1.409(4) C(48)-C(49) 1.411(4)
c(4)-C(6) 1.429(4) c(48)-C(53) 1.420(4)
c(5)-N(1) 1.359(4) C(49)-N(3) 1.358(4)
c(5)-C(9) 1.429(4) C(49)-C(50) 1.432(4)
c(6)-C(7) 1.352(4) C(50)-N(4) 1.370(4)
c(7)-C(8) 1.430(4) c(50)-C(51) 1.397(4)
c(8)-C(10) 1.401(4) c(51)-C(54) 1.400(4)
c(8)-C(9) 1.402(4) c(51)-C(52) 1.430(4)
C(9)-N(2) 1.367(4) c(52)-C(53) 1.345(4)
c(10)-C(11) 1.375(4) c(54)-C(55) 1.372(4)
c(11)-C(12) 1.419(4) C(55)-C(56) 1.418(4)
c(11)-Cc(13) 1.485(4) c(55)-C(57) 1.488(4)
c(12)-N(2) 1.332(4) C(56)-N(4) 1.343(4)
c(12)-C(25) 1.502(4) C(56)-C(63) 1.495(4)
c(13)-c(14) 1.387(5) c(57)-C(62) 1.392(4)
C(13)-C(18) 1.392(4) c(57)-C(58) 1.395(5)
c(14)-C(15) 1.386(4) c(58)-C(59) 1.385(5)
C(15)-C(16) 1.380(5) C(59)-C(60) 1.381(5)
c(16)-C(17) 1.383(5) c(60)-C(61) 1.386(5)
c(17)-C(18) 1.386(5) c(61)-C(62) 1.389(5)
C(19)-C(20) 1.390(4) C(63)-C(68) 1.382(4)
c(19)-C(24) 1.397(4) C(63)-C(64) 1.410(4)
c(20)-C(21) 1.389(4) c(64)-C(65) 1.371(4)
c(21)-C(22) 1.375(5) C(65)-C(66) 1.405(5)
c(22)-C(23) 1.385(5) C(66)-C(67) 1.415(5)
c(23)-C(24) 1.379(4) C(66)-C(69) 1.424(4)
c(25)-C(30) 1.381(4) c(67)-C(72) 1.412(4)
C(25)-C(26) 1.413(4) c(67)-C(68) 1.441(4)
c(26)-C(27) 1.361(4) C(68)-C(73) 1.496(4)
c(27)-C(28) 1.411(4) C(69)-C(70) 1.365(5)
c(28)-C(31) 1.418(4) C(70)-C(71) 1.391(5)
c(28)-C(29) 1.424(4) c(71)-C(72) 1.365(4)
C(29)-C(34) 1.424(4) C(73)-C(74) 1.372(4)
C(29)-C(30) 1.426(4) C(73)-C(78) 1.438(4)
c(30)-C(35) 1.495(4) c(74)-C(75) 1.406(4)
C(31)-C(32) 1.373(5) C(75)-C(76) 1.365(5)
c(32)-C(33) 1.399(5) c(76)-C(77) 1.402(5)
C(33)-C(34) 1.367(4) c(77)-C(82) 1.420(5)
C(35)-C(36) 1.367(4) c(77)-C(78) 1.425(5)
C(35)-C(40) 1.436(4) C(78)-C(79) 1.409(4)
C(36)-C(37) 1.401(4) C(79)-C(80) 1.371(4)
C(37)-C(38) 1.370(5) c(80)-C(81) 1.411(5)
C(38)-C(39) 1.411(4) c(81)-C(82) 1.358(5)
C(39)-C(40) 1.418(4) c(83)-C(88) 1.389(5)
C(39)-C(41) 1.418(4) c(83)-C(84) 1.398(5)
C(40)-C(44) 1.413(4) c(84)-C(85) 1.390(6)
C(41)-C(42) 1.363(5) C(85)-C(86) 1.395(6)
c(42)-C(43) 1.395(4) c(86)-C(87) 1.358(6)
C(43)-C(44) 1.366(4) c(87)-C(88) 1.380(5)
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C(89)-N(5)
C(89)-C(90)
C(91)-F(1)
C(91)-F(3)
C(91)-F(2)
c(91)-S(1)
C(92)-N(6)
C(92)-C(93)
C(94)-F(6)
C(94)-F(4)
C(94)-F(5)
c(94)-S(2)

N(1)-C(1)-C(2)
c(3)-C(2)-C(1)
C(3)-C(2)-C(19)
C(1)-C(2)-C(19)
C(2)-C(3)-C(4)
c(3)-C(4)-C(5)
C(3)-C(4)-C(6)
C(5)-C(4)-C(6)
N(1)-C(5)-C(4)
N(1)-C(5)-C(9)
C(4)-C(5)-C(9)
C(7)-C(6)-C(4)
C(6)-C(7)-C(8)
C(10)-C(8)-C(9)
C(10)-C(8)-C(7)
C(9)-C(8)-C(7)
N(2)-C(9)-C(8)
N(2)-C(9)-C(5)
C(8)-C(9)-C(5)
C(11)-C(10)-C(8)
C(10)-C(11)-C(12)
C(10)-C(11)-C(13)
C(12)-C(11)-C(13)
N(2)-C(12)-C(11)
N(2)-C(12)-C(25)
C(11)-C(12)-C(25)
C(14)-C(13)-C(18)
C(14)-C(13)-C(11)
C(18)-C(13)-C(11)
C(15)-C(14)-C(13)
C(16)-C(15)-C(14)
C(15)-C(16)-C(17)
C(16)-C(17)-C(18)
C(17)-C(18)-C(13)
C(20)-C(19)-C(24)
C(20)-C(19)-C(2)
C(24)-C(19)-C(2)
C(21)-C(20)-C(19)
C(22)-C(21)-C(20)
C(21)-C(22)-C(23)
C(24)-C(23)-C(22)
C(23)-C(24)-C(19)
C(30)-C(25)-C(26)
C(30)-C(25)-C(12)
C(26)-C(25)-C(12)
C(27)-C(26)-C(25)
C(26)-C(27)-C(28)
C(27)-C(28)-C(31)
C(27)-C(28)-C(29)

RPRRPRRPRRPRORRRRRER

.129(4)
.480(6)
.317(4)
.328(4)
.336(4)
.826(4)
.84(3)

.82(2)

.270(5)
.279(5)
.294(5)
.787(5)

124.
116.
.8(3)
.6(3)
120.
118.
122.
.1(3)
121.
118.
120.
120.

122
120

119

121

122

118

117

119

120
119

120

120

119
120

116

119

4(3)
6(3)

8(3)
0(3)
8(3)

6(3)
1(3)
3(3)
6(3)

203
117.
122.
119.
.4(3)
.6(3)
119.
121.
.6(3)
.103)
123.
122.
117.
.1(3)
103)
120.
120.
120.
.4(3)
119.
119.
120.
118.

4(3)
8(3)
7(3)

0(3)
0(3)

2(3)
9(3)
0(3)

4(3)
3(3)
1(3)

9(3)
8(3)
6(3)
6(3)

7(3)
120.
119.
121.
003
.4(3)
120.
121.
121.

7(3)
9(3)
2(3)

7(3)
1(3)
9(3)

-9(3)
120.
120.
121.

.4(3)

7(3)
2(3)
2(3)
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Fe(1)-N(3)
Fe(1)-N(1)
Fe(1)-0(1)
Fe(1)-N(5)
Fe(1)-N(2)
Fe(1)-N(4)
0(1)-S(1)
0(2)-S(1)
0(3)-S(1)
0(4)-S(2)
0(5)-S(2)
0(6)-S(2)

C(31)-C(28)-C(29)
C(28)-C(29)-C(34)
C(28)-C(29)-C(30)
C(34)-C(29)-C(30)
C(25)-C(30)-C(29)
C(25)-C(30)-C(35)
C(29)-C(30)-C(35)
C(32)-C(31)-C(28)
C(31)-C(32)-C(33)
C(34)-C(33)-C(32)
C(33)-C(34)-C(29)
C(36)-C(35)-C(40)
C(36)-C(35)-C(30)
C(40)-C(35)-C(30)
C(35)-C(36)-C(37)
C(38)-C(37)-C(36)
C(37)-C(38)-C(39)
C(38)-C(39)-C(40)
C(38)-C(39)-C(41)
C(40)-C(39)-C(41)
C(44)-C(40)-C(39)
C(44)-C(40)-C(35)
C(39)-C(40)-C(35)
C(42)-C(41)-C(39)
C(41)-C(42)-C(43)
C(44)-C(43)-C(42)
C(43)-C(44)-C(40)
N(3)-C(45)-C(46)

C(47)-C(46)-C(45)
C(47)-C(46)-C(83)
C(45)-C(46)-C(83)
C(46)-C(47)-C(48)
C(47)-C(48)-C(49)
C(47)-C(48)-C(53)
C(49)-C(48)-C(53)
N(3)-C(49)-C(48)

N(3)-C(49)-C(50)

C(48)-C(49)-C(50)
N(4)-C(50)-C(51)

N(4)-C(50)-C(49)

C(51)-C(50)-C(49)
C(50)-C(51)-C(54)
C(50)-C(51)-C(52)
C(54)-C(51)-C(52)
C(53)-C(52)-C(51)
C(52)-C(53)-C(48)
C(55)-C(54)-C(51)
C(54)-C(55)-C(56)
C(54)-C(55)-C(57)

PRPERPEPEFPENNNNNDN

.132(2)
.136(2)
.166(2)
.217(3)
.227(2)
.245(3)
.451(2)
.429(2)
.442(2)
.384(4)
.381(4)
.381(4)

119.
118.
.6(3)
.3(3)
118.
120.
120.
.9(3)
119.
121.
120.
118.

119
122

120

120

120

120

118

122

121
120

120

121

118
119

120

119

3(3)
1(3)

5(3)
8(3)
7(3)

7(3)
2(3)
8(3)
7(3)

.0(3)
121.
122.
119.
.3(3)
.0(3)
121.
119.
.5(3)
.6(3)
118.
120.
120.
.0(3)
73
124.
116.
122.
.7(3)
121.
117.
123.
119.

3(3)
5(3)
7(3)

0(3)
0(3)

8(3)
8(3)
0(3)

2(3)
7(3)
5(3)

3(3)
6(3)
0(3)
4(3)

.8(3)
118.
119.
122.
.6(3)
.0(3)
117.
120.
122.

5(3)
7(3)
4(3)

8(3)
1(3)
0(3)

-8(3)
121.
120.
117.

.1(3)

0(3)
9(3)
7(3)



C(56)-C(55)-C(57)
N(4)-C(56)-C(55)

N(4)-C(56)-C(63)

C(55)-C(56)-C(63)
C(62)-C(57)-C(58)
C(62)-C(57)-C(55)
C(58)-C(57)-C(55)
C(59)-C(58)-C(57)
C(60)-C(59)-C(58)
C(59)-C(60)-C(61)
C(60)-C(61)-C(62)
C(61)-C(62)-C(57)
C(68)-C(63)-C(64)
C(68)-C(63)-C(56)
C(64)-C(63)-C(56)
C(65)-C(64)-C(63)
C(64)-C(65)-C(66)
C(65)-C(66)-C(67)
C(65)-C(66)-C(69)
C(67)-C(66)-C(69)
C(72)-C(67)-C(66)
C(72)-C(67)-C(68)
C(66)-C(67)-C(68)
C(63)-C(68)-C(67)
C(63)-C(68)-C(73)
C(67)-C(68)-C(73)
C(70)-C(69)-C(66)
C(69)-C(70)-C(71)
C(72)-C(71)-C(70)
C(71)-C(72)-C(67)
C(74)-C(73)-C(78)
C(74)-C(73)-C(68)
C(78)-C(73)-C(68)
C(73)-C(74)-C(75)
C(76)-C(75)-C(74)
C(75)-C(76)-C(77)
C(76)-C(77)-C(82)
C(76)-C(77)-C(78)
C(82)-C(77)-C(78)
C(79)-C(78)-C(77)
C(79)-C(78)-C(73)
C(77)-C(78)-C(73)
C(80)-C(79)-C(78)
C(79)-C(80)-C(81)
C(82)-C(81)-C(80)
C(81)-C(82)-C(77)
C(88)-C(83)-C(84)
C(88)-C(83)-C(46)
C(84)-C(83)-C(46)
C(85)-C(84)-C(83)
C(84)-C(85)-C(86)
C(87)-C(86)-C(85)
C(86)-C(87)-C(88)
C(87)-C(88)-C(83)
N(5)-C(89)-C(90)

123.
122.
2203
.0(3)
119.
119.
120.

118
119

120

120

121

119

121

118
122

119

118

119
120

118

120
120

117

120

121

2(3)
8(3)

4(3)
8(3)
6(3)

.0(3)
120.
119.
120.
103
22(3)
120.
118.
29(3)
J1(3)
119.
121.
118.
.6(3)
.3(3)
119.
119.
121.
2203
120.
120.
120.
121.

5(3)
9(3)
1(3)

1(3)
6(3)

6(3)
7(3)
7(3)

1(3)
0(3)
6(3)

7(4)
4(3)
5(4)
1(4)

.8(3)
119.
121.
122.
.6(3)
.6(3)
120.
120.
118.

6(3)
5(3)
3(3)

9(3)
4(3)
8(3)

73
123.
118.
121.
.0(3)
.5(3)
120.
.5(3)
121.
.9(3)
120.
119.
119.
120.

1(3)
2(3)
1(3)

9(3)
1(3)
8(4)
7(4)

8(4)
5(4)

.6(4)
177.

4(4)

F(1)-C(91)-F(3)
F(1)-C(91)-F(2)
F(3)-C(91)-F(2)
F(1)-C(91)-S(1)
F(3)-C(91)-S(1)
F(2)-C(91)-S(1)
N(6)-C(92)-C(93)
F(6)-C(94)-F(4)
F(6)-C(94)-F(5)
F(4)-C(94)-F(5)
F(6)-C(94)-S(2)
F(4)-C(94)-S(2)
F(5)-C(94)-S(2)
N(3)-Fe(1)-N(1)
N(3)-Fe(1)-0(1)
N(1)-Fe(1)-0(1)
N(3)-Fe(1)-N(5)
N(1)-Fe(1)-N(5)
0(1)-Fe(1)-N(5)
N(3)-Fe(1)-N(2)
N(1)-Fe(1)-N(2)
0(1)-Fe(1)-N(2)
N(5)-Fe(1)-N(2)
N(3)-Fe(1)-N(4)
N(1)-Fe(1)-N(4)
0(1)-Fe(1)-N(4)
N(5)-Fe(1)-N(4)
N(2)-Fe(1)-N(4)
C(1)-N(1)-C(5)
C(1)-N(1)-Fe(1)
C(5)-N(1)-Fe(1)
C(12)-N(2)-C(9)
C(12)-N(2)-Fe(1)
C(9)-N(2)-Fe(1)
C(45)-N(3)-C(49)
C(45)-N(3)-Fe(1)
C(49)-N(3)-Fe(1)
C(56)-N(4)-C(50)
C(56)-N(4)-Fe(1)
C(50)-N(4)-Fe(1)
C(89)-N(5)-Fe(1)
S(1)-0(1)-Fe(1)
0(2)-S(1)-0(3)
0(2)-S(1)-0(1)
0(3)-S(1)-0(1)
0(2)-S(1)-C(91)
0(3)-S(1)-C(91)
0(1)-S(1)-C(91)
0(6)-5(2)-0(5)
0(6)-S(2)-0(4)
0(5)-S(2)-0(4)
0(6)-S(2)-C(94)
0(5)-S(2)-C(94)
0(4)-S(2)-C(94)

109.
.5(3)
.0(3)
.43
.9(3)
.8(3)
.4(19)
.9(5)
22(5)
.3(5)
.6(3)
.44
.6(4)
.91(10)
.68(9)
.36(9)
.12(10)
.84(9)
.89(9)
.77(9)
.22(9)
.52(9)
.29(9)
.36(9)
.18(9)
.84(9)
.85(9)
.48(9)
.6(3)
e
.26(19)
.6(3)
7(2)
.65(19)
.3(3)
7(2)
114.
118.
.3(2)
.65(19)
7(3)
.65(13)
.29(15)
.14(15)
.37(14)
7717
.51(17)
.35(15)
.0(3)
115.
114.
.6(3)
.5(2)
22(2)

1(3)

84(19)
1(3)

6(4)
2(4)
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Table 4.

The anisotropic displacement factor exponent takes the form:

Anisotropic displacement parameters [A? x 10°] for Nish02.

-2n[h?a"U+ ... + 2hka"b Uys]
U1a Uz Uzs Uzs Uiz U2

c() 21(2) 17(2) 22(2) 8(1) 2(1) 4(1)
c(2) 19(2) 19(2) 25(2) 11() 3(1) 6(1)
c(3d) 25(2) 23(2) 27(2) 14(1) 2(1) 12(1)
c(4) 22(2) 19(2) 24(2) 9(1) 0(1) 7(1)
c(5) 20(2) 19(2) 22(2) 11(D) 3(1) 7(1)
c(6) 30(2) 27(2) 23(2) 11(1) -3(D) 10(2)
c(?) 30(2) 22(2) 22(2) 6(1) -1(D) 10(1)
c(8) 21(2) 22(2) 24(2) 10(1) 3(1) 7(1)
c(9) 21(2) 18(2) 22(2) 9(1) 4(1) 7(1)
c(10)  25(2) 19(2) 20(2) 6(1) 1(1) 6(1)
c1l) 222 16(2) 21(2) 8(1) 6(1) 5(1)
c(12)  20(2) 19(2) 23(2) 11(1) 4(1) 8(1)
c(13)  39(2) 22(2) 19(2) 10(1) 7(1) 14(2)
c(14)  38(2) 25(2) 21(2) 10(1) 5(1) 14(2)
c(15)  52(2) 36(2) 24(2) 15(2) 11(2) 28(2)
c(16)  69(3) 24(2) 28(2) 12(2) 13(2) 26(2)
c(17)  57(3) 22(2) 23(2) 8(2) 2(2) 10(2)
c(18)  39(2) 23(2) 22(2) 9(1) 1(2) 10(2)
c(19)  18(2) 18(2) 30(2) 12(1) 4(1) 7(1)
c(20)  22(2) 23(2) 30(2) 13(1) 2(1) 10(1)
c(2l)  28(2) 25(2) 38(2) 19(2) 3(2) 11(2)
c(22)  38(2) 16(2) 46(2) 12(2) 1(2) 11(2)
c(23)  42(2) 24(2) 34(2) 8(2) 1(2) 14(2)
c28)  31(2) 22(2) 33(2) 14(2) 5(2) 12(2)
c(25)  26(2) 14(1) 18(2) 4(1) 2(1) 7(1)
c(26)  24(2) 18(2) 23(2) 7(1) 2(1) 6(1)
cen)  23(2) 19(2) 31(2) 8(1) -1(D) 8(1)
c(28)  28(2) 16(2) 26(2) 7(1) —2() 10(1)
c(29)  26(2) 12(1) 21(2) 4(1) —2() 6(1)
c(30)  24(2) 13(1) 20(2) 5(1) 2(1) 5(1)
c(3)  33(2) 20(2) 30(2) 10(2) -6(2) 9(2)
c(32)  44(2) 19(2) 26(2) 7(1) -8(2) 11(2)
c(33)  42(2) 19(2) 24(2) 10(1) 4(2) 8(2)
c(34)  32(2) 15(2) 23(2) 9(1) 1(1) 5(1)
c(35)  25(2) 18(2) 19(2) 10(1) 3(1) 5(1)
c(36)  25(2) 20(2) 23(2) 7(1) 2(1) 6(1)
c3)  27(2) 30(2) 33(2) 14(2) 5(2) 13(2)
c(38)  21(2) 32(2) 30(2) 13(2) 1(D) 7(2)
c(3®)  28(2) 21(2) 18(2) 7(1) 3(1) 5(1)
C(40)  24(2) 21(2) 18(2) 9(1) 4(1) 6(1)
c(4)  25(2) 28(2) 24(2) 11(2) 2(1) 1(2)
c(42)  33(2) 16(2) 29(2) 5(1) 1(2) 2(1)
c(43) 3102 18(2) 28(2) 7(1) 1) 7(1)
c(4d) 272 23(2) 23(2) 11(1) 2(1) 7(1)
c(45)  24(2) 20(2) 25(2) 11(1) 1(1) 6(1)
c(46)  28(2) 21(2) 25(2) 11(1) 3(1) 4(1)
c(a7)  31(2) 22(2) 26(2) 15(1) 6(1) 10(1)
c(48)  30(2) 17(2) 22(2) 8(1) 2(1) 10(1)
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C(49)
C(50)
c(51)
C(52)
C(53)
Cc(54)
C(55)
C(56)
c(7)
C(58)
C(59)
C(60)
Cc(61)
C(62)
C(63)
Cc(64)
C(65)
C(66)
Cc(67)
C(68)
C(69)
C(70)
C(71D)
C(72)
C(73)
C(74)
C(75)
C(76)
can
C(78)
C(79)
C(80)
Cc(81)
C(82)
C(83)
Cc(84)
C(85)
C(86)
c(87)
C(88)
Cc(89)
C(90)
c(oD)
C(92)
C(93)
Cc(94)
F(D

F(2)

F(3)

F(4)

F(5)

F(6)

Fe(l)
N(1)

N(2)

NC3)

N(4)

28(2)
27(2)
28(2)
27(2)
32(2)
22(2)
24(2)
25(2)
25(2)
26(2)
33(2)
24(2)
19(2)
28(2)
17(2)
22(2)
22(2)
23(2)
17(2)
15(2)
34(2)
41(2)
29(2)
23(2)
22(2)
20(2)
31(2)
38(2)
32(2)
27(2)
28(2)
30(2)
35(2)
42(2)
29(2)
34(2)
30(2)
32(2)
44(2)
37(2)
49(3)
79(4)
43(2)
56(5)
273(17)
51(3)
65(2)
63(2)
70(2)
99(3)
83(3)
117(3)
24(1)
18(1)
20(1)
24(1)
22(1)

14(2)
15(2)
19(2)
25(2)
25(2)
23(2)
17(2)
17(2)
26(2)
38(2)
56(3)
53(2)
38(2)
34(2)
25(2)
29(2)
44(2)
47(2)
32(2)
24(2)
72(3)
71(3)
47(2)
33(2)
19(2)
22(2)
28(2)
33(2)
28(2)
23(2)
24(2)
36(2)
38(2)
37(2)
38(2)
93(4)
126(5)
91(4)
28(2)
23(2)
33(2)
146(6)
42(2)
560(30)
252(14)
62(3)
31(1)
74(2)
52(2)
113(3)
229(5)
311(6)
16(1)
18(1)
15(1)
18(1)
15(1)

21(2)
20(2)
24(2)
26(2)
25(2)
29(2)
27(2)
20(2)
32(2)
35(2)
37(2)
53(2)
50(2)
36(2)
24(2)
25(2)
20(2)
27(2)
30(2)
26(2)
27(2)
52(3)
56(3)
44(2)
26(2)
31(2)
27(2)
23(2)
29(2)
26(2)
27(2)
33(2)
39(2)
27(2)
31(2)
66(3)
75(3)
57(3)
26(2)
29(2)
36(2)
87(4)
35(2)
22(3)
102(8)
61(3)
58(2)
62(2)
44(1)
152(4)
307(6)
53(2)
19(1)
21(1)
23(D)
24(1D)
20(D)
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6(1)
6(1)
9(1)
12(1)
13(1)
10(1)
9(1)
7(1)
17(2)
19(2)
27(2)
38(2)
23(2)
18(2)
14(1)
10(2)
13(2)
22(2)
20(2)
15(1)
30(2)
49(2)
37(2)
26(2)
12(1)
14(1)
13(2)
6(2)
11(2)
14(1)
13(2)
16(2)
15(2)
6(2)
20(2)
60(3)
66(4)
48(3)
11(2)
11(2)
6(2)
4(4)
16(2)
40(8)
-15(9)
36(3)
25(1)
29(1)
16(1)
-11(3)
200(5)
55(3)
9(1)
10(1)
10(1)
11(1)
8(L)

4(1)
2(1)
2(1)
o)
1(1)
0(1)
2(1)
2(1)
4(1)
6(2)
11(2)
12(2)
1(2)
4(2)
4(1)
4(1)
3(L)
9(1)
4(1)
4(1)
14(2)
26(2)
15(2)
7(2)
1(1)
3(1)
9(2)
3(2)
1(2)
1(1)
1(1)
3(2)
-3(2)
1(2)
3(2)
8(2)
7(2)
7(2)
7(2)
6(2)
-2(2)
6(3)
6(2)
9(3)
43(8)
-3(2)
14(1)
2(1)
24(1)
70(3)
46(3)
27(2)
1(1)
2(1)
3(L)
5(1)
2(1)

8(1)
8(1)
10(1)
9(1)
12(2)
7(1)
7(1)
5(1)
10(1)
16(2)
23(2)
15(2)
4(2)
10(2)
4(1)
6(1)
11(2)
15(2)
7(1)
2(1)
29(2)
37(2)
19(2)
9(2)
5(1)
4(1)
6(2)
5(2)
1(2)
6(1)
3(1)
-1(2)
-16(2)
-7(2)
4(2)
12(2)
16(3)
2(2)
2(2)
5(2)
16(2)
79(4)
19(2)
122(10)
62(12)
10(2)
19(1)
44(2)
40(1)
-39(2)
93(3)
143(4)
6(1)
5(1)
4(1)
6(1)
4(D



N(5) 23(2) 21(1) 28(2) 12(1) 5(1) 9(1)
N(6) 333(18) 520(20) 500(30) 340(20) 266(18) 348(19)

o) 32(1) 22(1) 23(1) 9(1) 8(1) 8(1)
02 39(2) 41(2) 30(1) 17(1) -2(1) 15(1)
03 34(1) 33(1) 46(2) 21(1) 11(1) 4(1)
0(4) 61(3) 424(10) 101(4) 152(5) 25(3) 43(4)
o(5) 128(4) 93(3) 169(4) 90(3) 76(3) 79(3)
0(6) 47(2) 33(2) 385(9) -15(3) 27(4) 12(2)
o) 92(4) 104(5) 129(5) 67(4) 32(4) 61(4)
0(8) 55(6) 141(10) 134(9) 65(7) 35(5) 48(6)
S(1) 31(1) 26(1) 28(1) 13(1) 5(1) 10(1)
s(2) 47(1) 40(1) 57(1) 25(1) 4(1) 5(1)
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Table 5. Hydrogen coordinates [ x 10%] and isotropic displacement
parameters [A? x 10%] for Nish02.

X y z uceq)
H(L) 5921 ~1981 7444 25
H(3) 7381 ~1557 9275 28
H(6) 8070 41 10136 32
H(7) 8300 1545 10412 30
H(10) 7999 2780 10091 27
H(14) 5405 3088 9115 32
H(15) 5338 4537 9540 40
H(16) 7010 5836 10095 45
H(17) 8763 5690 10238 43
H(18) 8833 4239 9829 34
H(20) 6465 -3015 9046 28
H(21) 5921 ~4604 8699 34
H(22) 5494 ~5497 7570 39
H(23) 5634 ~4783 6773 40
H(24) 6174 -3201 7107 32
H(26) 4489 1383 8100 27
H(27) 3596 1772 7362 30
H(31) 3734 2462 6479 34
H(32) 4849 3273 5850 37
H(33) 6875 3872 6076 35
H(34) 7792 3682 6925 29
H(36) 8390 2054 7736 29
H(37) 10394 2718 8071 35
H(38) 11377 4310 8478 34
H(41) 11347 5860 8804 33
H(42) 10325 6786 8950 35
H(43) 8309 6125 8659 32
H(44) 7311 4547 8219 30
H(45) 7853 1129 6570 28
H(47) 5811 1359 5234 30
H(52) 2121 4 5699 31
H(53) 3669 753 5257 31
H(54) 1339 -808 6498 30
H(58) 1947 -628 8427 37
H(59) 306 ~1260 8891 45
H(60) -1328 ~2500 8216 46
H(61) -1361 ~3068 7062 43
H(62) 255 ~2411 6585 38
H(64) 4244 -122 8642 32
H(65) 4486 -760 9422 35
H(69) 4477 -2104 9695 46
H(70) 4038 ~3664 9366 52
H(71) 3354 ~4605 8248 45
H(72) 3076 ~3995 7463 37
H(74) 4303 -2201 6558 29
H(75) 3753 ~3178 5438 35
H(76) 2025 ~4469 5116 42
H(79) 1175 ~3425 7611 33
H(80) -555 ~4713 7265 a4
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H(81)
H(82)
H(84)
H(85)
H(86)
H(87)
H(88)
H(90A)
H(90B)
H(90C)
H(93A)
H(93B)
H(93C)

-1019
210
9017
10596
10567
8944
7372
9984
10717
10280
1085
2330
2186

-5737
-5440
1124
1697
2646
2948
2377
-386
705
131
3675
3773
4070

6150
5388
5833
5302
4697
4585
5104
7460
7709
6929
6674
6461
7235

56
53
72
89
74
44
37
155
155
155
362
362
362
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Table 6.

Torsion angles [°] for Nish02.

N(1)-C(1)-C(2)-C(3)
N(1)-C(1)-C(2)-C(19)
C(L-CD-C-CD
C(19)-C(2)-C(3)-C(4)
C(2)-C(3)-C(4)-C(5)
C(2)-C(3)-C(4)-C(6)
C(3)-C(4)-C(5)-N(1)
C(6)-C(4)-C(5)-N(1)
C(3)-C(4)-C(5)-C(9)
C(6)-C(4)-C(5)-C(9)
C(3)-C(4)-C(6)-C(7)
C(5)-C(4)-C(6)-C(N)
C(4)-C(6)-C(7)-C(8)
C(6)-C(7)-C(8)-C(10)
C(6)-C(M-C(BI-C(9)
C(10)-C(8)-C(9)-N(2)
C(N-CB-C(N-N2)
C(10)-C(8)-C(9)-C(5)
C(7)-C(8)-C(N-C(5)
N(1)-C(5)-C(9)-N(2)
C(4)-C(5)-C(9-N(2)
N(1)-C(5)-C(9)-C(8)
C(4)-C(5)-C(9N-C(B)
C(9)-C(8)-C(10)-C(11)
C(7)-C(8)-C(10)-C(11)
C(8)-C(10)-C(11)-C(12)
C(8)-C(10)-C(11)-C(13)
C(10)-C(11)-C(12)-N(2)
C(13)-C(11)-C(12)-N(2)
C(10)-C(11)-C(12)-C(25)
C(13)-C(11)-C(12)-C(25)
C(10)-C(11)-C(13)-C(14)
C(12)-C(11)-C(13)-C(14)
C(10)-C(11)-C(13)-C(18)
C(12)-C(11)-C(13)-C(18)
C(18)-C(13)-C(14)-C(15)
C(11)-C(13)-C(14)-C(15)
C(13)-C(14)-C(15)-C(16)
C(14)-C(15)-C(16)-C(17)
C(15)-C(16)-C(17)-C(18)
C(16)-C(17)-C(18)-C(13)
C(14)-C(13)-C(18)-C(17)
C(11)-C(13)-C(18)-C(17)
C(3)-C(2)-C(19)-C(20)
C(1)-C(2)-C(19)-C(20)
C(3)-C(2)-C(19)-C(24)
C(1)-C(2)-C(19)-C(24)
C(24)-C(19)-C(20)-C(21)
C(2)-C(19)-C(20)-C(21)
C(19)-C(20)-C(21)-C(22)
€(20)-C(21)-C(22)-C(23)
C(21)-C(22)-C(23)-C(24)
C(22)-C(23)-C(24)-C(19)
€(20)-C(19)-C(24)-C(23)
C(2)-C(19)-C(24)-C(23)
N(2)-C(12)-C(25)-C(30)
C(11)-C(12)-C(25)-C(30)
N(2)-C(12)-C(25)-C(26)
C(11)-C(12)-C(25)-C(26)
C(30)-C(25)-C(26)-C(27)
C(12)-C(25)-C(26)-C(27)
C(25)-C(26)-C(27)-C(28)
C(26)-C(27)-C(28)-C(31)
C(26)-C(27)-C(28)-C(29)
C(27)-C(28)-C(29)-C(34)
C(31)-C(28)-C(29)-C(34)
C(27)-C(28)-C(29)-C(30)

177

177

=177

.7(5)
176.
.0(48
-176.
.1(5)
177.
-1.
-179.

8(3)
4(3)
9(3)

7(4)
6(3)

.3(3)
.6(5)
-178.
-0.
.0(5)
176.
-0.
o)
.5(3)
-178.
28
.8(4
223
.5(3)
.5(4)
.5(5)
223
.98
.3(3)
408
703
7(3)
28
.6(3)
.5(4)
1D
.8(3)
.1(5)
.9(3)
.3(5)
.3(5)
.2(5)

5(3)
7(5)

5(3)
1(5)

0(3)
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C(31)-C(28)-C(29)-C(30)
C(26)-C(25)-C(30)-C(29)
€(12)-C(25)-C(30)-C(29)
€(26)-C(25)-C(30)-C(35)
C(12)-C(25)-C(30)-C(35)
C(28)-C(29)-C(30)-C(25)
€(34)-C(29)-C(30)-C(25)
€(28)-C(29)-C(30)-C(35)
€(34)-C(29)-C(30)-C(35)
C(27)-C(28)-C(31)-C(32)
€(29)-C(28)-C(31)-C(32)
€(28)-C(31)-C(32)-C(33)
C(31)-C(32)-C(33)-C(34)
€(32)-C(33)-C(34)-C(29)
€(28)-C(29)-C(34)-C(33)
€(30)-C(29)-C(34)-C(33)
€(25)-C(30)-C(35)-C(36)
€(29)-C(30)-C(35)-C(36)
€(25)-C(30)-C(35)-C(40)
€(29)-C(30)-C(35)-C(40)
€(40)-C(35)-C(36)-C(37)
€(30)-C(35)-C(36)-C(37)
C(35)-C(36)-C(37)-C(38)
€(36)-C(37)-C(38)-C(39)
C(37)-C(38)-C(39)-C(40)
C(37)-C(38)-C(39)-C(41)
C(38)-C(39)-C(40)-C(44)
C(41)-C(39)-C(40)-C(44)
€(38)-C(39)-C(40)-C(35)
C(41)-C(39)-C(40)-C(35)
C(36)-C(35)-C(40)-C(44)
€(30)-C(35)-C(40)-C(44)
€(36)-C(35)-C(40)-C(39)
€(30)-C(35)-C(40)-C(39)
C(38)-C(39)-C(41)-C(42)
€(40)-C(39)-C(41)-C(42)
€(39)-C(41)-C(42)-C(43)
C(41)-C(42)-C(43)-C(44)
C(42)-C(43)-C(44)-C(40)
€(39)-C(40)-C(44)-C(43)
C(35)-C(40)-C(44)-C(43)
N(3)-C(45)-C(46)-C(47)
N(3)-C(45)-C(46)-C(83)
C(45)-C(46)-C(47)-C(48)
C(83)-C(46)-C(47)-C(48)
C(46)-C(47)-C(48)-C(49)
C(46)-C(47)-C(48)-C(53)
C(47)-C(48)-C(49)-N(3)
€(53)-C(48)-C(49)-N(3)
C(47)-C(48)-C(49)-C(50)
C(53)-C(48)-C(49)-C(50)
N(3)-C(49)-C(50)-N(4)
C(48)-C(49)-C(50)-N(4)
N(3)-C(49)-C(50)-C(51)
C(48)-C(49)-C(50)-C(51)
N(4)-C(50)-C(51)-C(54)
€(49)-C(50)-C(51)-C(54)
N(4)-C(50)-C(51)-C(52)
€(49)-C(50)-C(51)-C(52)
C(50)-C(51)-C(52)-C(53)
c(54)-C(51)-C(52)-C(53)
C(51)-C(52)-C(53)-C(48)
c(47)-C(48)-C(53)-C(52)
€(49)-C(48)-C(53)-C(52)
€(50)-C(51)-C(54)-C(55)
€(52)-C(51)-C(54)-C(55)
C(51)-C(54)-C(55)-C(56)

-179.
176.
174.

171,

-173.

-175.

-0.
-0.
178.
-120.
-119.
61.
-178.
-0.

178.
176.
2.

179.
-175.

179.
-177.

-0.
-0.
179.
-174.
175.
-0.
179.
-177.
-176.

176.
177.
-3.

-176.
-179.
179.

178.
-0.

-179.
2.

9(3)



C(51)-C(54)-C(55)-C(57)
C(54)-C(55)-C(56)-N(4)

c(57)-C(55)-C(56)-N(4)

C(54)-C(55)-C(56)-C(63)
c(57)-C(55)-C(56)-C(63)
€(54)-C(55)-C(57)-C(62)
C(56)-C(55)-C(57)-C(62)
C(54)-C(55)-C(57)-C(58)
€(56)-C(55)-C(57)-C(58)
€(62)-C(57)-C(58)-C(59)
€(55)-C(57)-C(58)-C(59)
C(57)-C(58)-C(59)-C(60)
c(58)-C(59)-C(60)-C(61)
€(59)-C(60)-C(61)-C(62)
€(60)-C(61)-C(62)-C(57)
C(58)-C(57)-C(62)-C(61)
€(55)-C(57)-C(62)-C(61)
N(4)-C(56)-C(63)-C(68)

C(55)-C(56)-C(63)-C(68)
N(4)-C(56)-C(63)-C(64)

€(55)-C(56)-C(63)-C(64)
C(68)-C(63)-C(64)-C(65)
C(56)-C(63)-C(64)-C(65)
C(63)-C(64)-C(65)-C(66)
C(64)-C(65)-C(66)-C(67)
€(64)-C(65)-C(66)-C(69)
€(65)-C(66)-C(67)-C(72)
€(69)-C(66)-C(67)-C(72)
C(65)-C(66)-C(67)-C(68)
€(69)-C(66)-C(67)-C(68)
€(64)-C(63)-C(68)-C(67)
C(56)-C(63)-C(68)-C(67)
C(64)-C(63)-C(68)-C(73)
c(56)-C(63)-C(68)-C(73)
c(72)-C(67)-C(68)-C(63)
C(66)-C(67)-C(68)-C(63)
C(72)-C(67)-C(68)-C(73)
c(66)-C(67)-C(68)-C(73)
€(65)-C(66)-C(69)-C(70)
C(67)-C(66)-C(69)-C(70)
C(66)-C(69)-C(70)-C(71)
€(69)-C(70)-C(71)-C(72)
C(70)-C(71)-C(72)-C(67)
€(66)-C(67)-C(72)-C(71)
C(68)-C(67)-C(72)-C(71)
€(63)-C(68)-C(73)-C(74)
c(67)-C(68)-C(73)-C(74)
€(63)-C(68)-C(73)-C(78)
C(67)-C(68)-C(73)-C(78)
C(78)-C(73)-C(74)-C(75)
c(68)-C(73)-C(74)-C(75)
C(73)-C(74)-C(75)-C(76)
C(74)-C(75)-C(76)-C(77)
C(75)-C(76)-C(77)-C(82)
C(75)-C(76)-C(77)-C(78)
C(76)-C(77)-C(78)-C(79)
C(82)-C(77)-C(78)-C(79)
C(76)-C(77)-C(78)-C(73)
c(82)-C(77)-C(78)-C(73)
C(74)-C(73)-C(78)-C(79)
C(68)-C(73)-C(78)-C(79)
C(74)-C(73)-C(78)-C(77)
c(68)-C(73)-C(78)-C(77)
c(77)-C(78)-C(79)-C(80)
C(73)-C(78)-C(79)-C(80)
C(78)-C(79)-C(80)-C(81)
c(79)-C(80)-C(81)-C(82)
c(80)-C(81)-C(82)-C(77)
C(76)-C(77)-C(82)-C(81)
C(78)-C(77)-C(82)-C(81)
c(47)-C(46)-C(83)-C(88)

175.

-179.
-0.
178.
-2.
-2.
176.
-176.

-173.
-177.
-0.
-1.
-179.

21.

7(3)

-8(3)
2(3)
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C(45)-C(46)-C(83)-C(88)
C(47)-C(46)-C(83)-C(84)
C(45)-C(46)-C(83)-C(84)
C(88)-C(83)-C(84)-C(85)
C(46)-C(83)-C(84)-C(85)
C(83)-C(84)-C(85)-C(86)
C(84)-C(85)-C(86)-C(87)
C(85)-C(86)-C(87)-C(88)
C(86)-C(87)-C(88)-C(83)
C(84)-C(83)-C(88)-C(87)
C(46)-C(83)-C(88)-C(87)
C(2)-C(1)-N(1)-C(5)
C(2)-C(1)-N(D)-Fe(D)
C(4)-C(5)-N(1)-C(1)
C(9)-C(5)-N(1)-C(1)
C(4)-C(5)-N(D)-Fe(D)
C(9)-C(5)-N(1D)-Fe(D)
N(3)-Fe(1)-N(1)-C(1)
0(1)-Fe(1)-N(1)-C(D)
N(5)-Fe(1)-N(1)-C(1)
N(2)-Fe(1)-N(1)-C(1)
N(4)-Fe(1)-N(1)-C(1)
N(3)-Fe(1)-N(1)-C(5)
0(1)-Fe(1)-N(1)-C(5)
N(5)-Fe(1)-N(1)-C(5)
N(2)-Fe(1)-N(1)-C(5)
N(4)-Fe(1)-N(1)-C(5)
C(11)-C(12)-N(2)-C(9)
C(25)-C(12)-N(2)-C(9)
C(11)-C(12)-N(2)-Fe(1)
C(25)-C(12)-N(2)-Fe(1)
C(8)-C(9)-N(2)-C(12)
C(5)-C(9)-N(2)-C(12)
C(8)-C(9)-N(2)-Fe(D)
C(5)-C(9)-N(2)-Fe(D)
N(3)-Fe(1)-N(2)-C(12)
N(1)-Fe(1)-N(2)-C(12)
0(1)-Fe(1)-N(2)-C(12)
N(5)-Fe(1)-N(2)-C(12)
N(4)-Fe(1)-N(2)-C(12)
N(3)-Fe(1)-N(2)-C(9)
N(1)-Fe(1)-N(2)-C(9)
0(1)-Fe(1)-N(2)-C(9)
N(5)-Fe(1)-N(2)-C(9)
N(4)-Fe(1)-N(2)-C(9)
C(46)-C(45)-N(3)-C(49)
C(46)-C(45)-N(3)-Fe(1)
C(48)-C(49)-N(3)-C(45)
C(50)-C(49)-N(3)-C(45)
C(48)-C(49)-N(3)-Fe(1)
C(50)-C(49)-N(3)-Fe(1)
N(1)-Fe(1)-N(3)-C(45)
0(1)-Fe(1)-N(3)-C(45)
N(5)-Fe(1)-N(3)-C(45)
N(2)-Fe(1)-N(3)-C(45)
N(4)-Fe(1)-N(3)-C(45)
N(1)-Fe(1)-N(3)-C(49)
0(1)-Fe(1)-N(3)-C(49)
N(5)-Fe(1)-N(3)-C(49)
N(2)-Fe(1)-N(3)-C(49)
N(4)-Fe(1)-N(3)-C(49)
C(55)-C(56)-N(4)-C(50)
C(63)-C(56)-N(4)-C(50)
C(55)-C(56)-N(4)-Fe(1)
C(63)-C(56)-N(4)-Fe(1)
C(51)-C(50)-N(4)-C(56)
C(49)-C(50)-N(4)-C(56)
C(51)-C(50)-N(4)-Fe(1)
C(49)-C(50)-N(4)-Fe(1)
N(3)-Fe(1)-N(4)-C(56)
N(1)-Fe(1)-N(4)-C(56)

-162.

-17.
-68.
120.
-0.
173.
-1.
177.
-176.
2.
-50.
-81.
0.
86.
-175.
123.
93.
175.
-99.
-1.
-4.
174.
174.
-7.
-0.
179.
-178.
1.
-178.
8.



0(1)-Fe(1)-N(4)-C(56)
N(5)-Fe(1)-N(4)-C(56)
N(2)-Fe(1)-N(4)-C(56)
N(3)-Fe(1)-N(4)-C(50)
N(1)-Fe(1)-N(4)-C(50)
0(1)-Fe(1)-N(4)-C(50)
N(5)-Fe(1)-N(4)-C(50)
N(2)-Fe(1)-N(4)-C(50)

€(90)-C(89)-N(5)-Fe(1)

N(3)-Fe(1)-N(5)-C(89)
N(1)-Fe(1)-N(5)-C(89)
0(1)-Fe(1)-N(5)-C(89)
N(2)-Fe(1)-N(5)-C(89)
N(4)-Fe(1)-N(5)-C(89)
N(3)-Fe(1)-0(1)-S(1)
N(1)-Fe(1)-0(1)-S(1)
N(5)-Fe(1)-0(1)-S(1)
N(2)-Fe(1)-0(1)-S(1)
N(4)-Fe(1)-0(1)-S(1)
Fe(1)-0(1)-S(1)-0(2)

Fe(1)-0(1)-S(1)-0(3)

Fe(1)-0(1)-S(1)-C(91)

F(1)-C(91)-S(1)-0(2)
F(3)-C(91)-S(1)-0(2)
F(2)-C(91)-S(1)-0(2)
F(1)-C(91)-S(1)-0(3)
F(3)-C(91)-S(1)-0(3)
F(2)-C(91)-S(1)-0(3)
F(1)-C(91)-S(1)-0(1)
F(3)-C(91)-S(1)-0(1)
F(2)-C(91)-S(1)-0(1)
F(6)-C(94)-S(2)-0(6)
F(4)-C(94)-5(2)-0(6)
F(5)-C(94)-5(2)-0(6)
F(6)-C(94)-S(2)-0(5)
F(4)-C(94)-S(2)-0(5)
F(5)-C(94)-5(2)-0(5)
F(6)-C(94)-S(2)-0(4)
F(4)-C(94)-S(2)-0(4)
F(5)-C(94)-S(2)-0(4)

_5(5)
~0(6)

S37
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— 5.28

SI-2 (CDCly, 1)

— 1.55

Current Data Parameters

NAME L54-7-A
EXPNO 1
S FROCND 2
F2 - Acquisition Parameters
Date_ 20410212
Time 15.51
INSTRUM spect
FROBHD 5 nn GNP 1H
PULFROG 29
1] 48076
SOLVENT Coc13
N3 B
D3 a
SkH B012.820 Hz
FIDRES 0. 166670 Hz
AQ 2.9999924 sec
RG 512
oW 62.400 usec
DE 4.50 usec
TE 360.0 K
1] 3.00000000 sec
CHANNEL f1
NUC4 IH
F1 9.00 usec
PLY 0.00 dB
SFO1 500. 1325008 Miiz

F2 - Processing parameters

sI 65538

SF 500.130048 Miiz
Ll

558 4

§:] 0.30 Hz
GB e

PL 1.00

iD NMR plot parameters
cx 20.00 tm

L Fip 10.000 ppn
Fi 5001.30 Hz
Fep -0.108 ppm
F2 -50.01 Hz
o o o] (o< PRMCM 0.50500 ppm/cm
g8 B iblaB|S HZCH 252 56566 Hz/cn
@ © =M e
5 - ~| = fou|eul—
lllllll\ll\I\\Illll\ll\illll\\l\ll\\IIIIIII\lY\IlIIlI\IIIII||I\JlIII\\TI‘lII\lI‘YlIl|YYl\J|iIYVIIIIYYll
ppm 8 4

SI-2 (CDCls, rt)

Current Data Parametars

NAME L51-6-A~BCM
RXPNO 1
PROCNO 1

F2 - Acguisition Parameters
Date_ 20110110
Time 15.43
INSTRUM spect
PROBED 5 mm PABRI 1H/
PULPROG zgdc

pyh] 136360
SOLVENT CDC13

NS 160

DS 0

SWiL 37593 .584 Hz
FIDRES 0.275697 Hz
AR 1.8136380 sec
KRG 14596.5

W 13.200 usec
DE 7.50 usec
TE 295.0 K
>l 2.00000000 sec
d11 0.0G3000000 =ec
TDO 1
======== CHANNFL fl ========
Nyl 13C

Bl 12.00 nsec
PL1 -3.00 dB
SFQ1 125.7024664 MH=z
zzzzsz=z CHANNEL f2 ====
CPDPRG2 waltzl6
NUCZ 1H
PCPD2 20.00 usec
PL2 000 4r
PL12 28.00 aB
SFU2 499.8734991 MHz
¥F2 - Processing parameters
51 32768

SF 125.692418} MHz
WDW M

SSB 0

LB 1.00 Hz
GE ]

PC 1.40

AR SR A A MRS MM AL ALLALAA A AR ST LA e A mwwﬂqm1wwwﬁmﬂﬂwww

170 160 150 140 130 120 110 100 90 80 70 60

S38
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YOy GO OO ™~ = [~ [~~~ o~ (=)
v N‘\N&%ﬁ)
O L73-2-A
=N N=
SI-3 (CDClg, rt)
,_J\_J M

T T T T T T T T

0.874
1.000
1.059
4.170

a7/10/27, #5 122 5 mg

.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0

(o)1
o0
RN
o~

N W L) D) (U T e r~ = O Cu
Qo =01 QO = WMo I o (=3
= mmmm|mIo ~ om0l 0O O M mn
2 T OIS On oD ~ o s
Iooooanaony Dl o
N b %
) e
SI-3 (CDCl,, rt)
.
" ) L i,
1 i’ ; M P s iyoly
S
ppm 160 140 120 100 RO &0 40 20

1.5 1.0 0.5 ppm

Lurrent UAta Harametars

NAMF ETPF3-7-A-ACM
EXPNC 1
HHOCAL 2

FP - ACOQUISItION FAraneters

Mhate,, FI RN

I1he 0 44

INSIFIM spart

PRANRKN £ omn OKE MM

FULSELE e

m 11778D

SOLNENT CDC12

NS 160

[: t

SHH 475€3.984 b2

FIDRES ©.333339 +2

an 1 BCOOR4D sec

P3 0192

OH 13.300 usec

oE 7.50 usec

TE 300.0 K

DL 4.00000000 eac

L1858 0.92000000 sec
CHAMRNEL F1

[TH]

2] 8.00 usec

PLi 3.00 dB

SF01 135.7671708 PHz

CHAHNEL F2

CPUPRGE wnzltzib
NUC2 tH

[RHE v 00.0¢ user
PLZ 120.00 <D
a2 20.30 €8
srug 500. 1120030 ki
2 - Pracesging peramzters
SI 22708

5 123.7577938 MHe
HOW EM

38 o

LB 1.00 Hz
2 0

PC 1.40

10 MR olet parareters

cx #0.00 cm
Far 180.030 gpm
rs 22030.40 1z
FzP -1.630 gpm
F2 -1E5.76 Hz
FPHCH 9.05000 ppr/em
HECH 443040731 liz/em
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SI-4 (CDClg, 1t)

I ]
e !
95 9 B!S aio 7!5 5 5

T T
7.0 65 BO 55 5.0

T
45

current. Nata Parameters
LB6-6-A2
1

IMETRUM =r
PRORHD 5 mr PARRT 1H/
PULFROG z

o 5999€
SOLVENT CDCLY

ug E

D3 0

SWH _opiu. 0uL Hz
FIDRES D.166572 az
a0 2.9959498 soc
RG 181

oy 56.700 usec
DE .50 usec
TE 295.4 X

bl 1.00C00200 e=c
TD0 1

arol 4

F2 - ZProcessi
81
SF ]

0 VT B |

[ro o

usce
0.00 aa

99.8729905 Mz

ng pordanelers
32768

99.8700170C MHz
EM
[}

0.30 Hz

G
L.q¢

9.5 2.0 40 35 3D 25 20 15 10  ppm
AN ALY LNPIN A
= =] | Wi OF
I = 3
—- - — ol @
97/10/17, #5, 122.5 mg
Current Joba Parancters
NAME LBE: - TH-BCM
s R T~ PR ) [ I n EXPHO 1
OF MO DDO0 =20 -
5 80D oA G 6o e 8B F = PADEND 2
a YIdbadANEY KRR & Fs S
W TY o A v e vt R ? - Acgaisition Paramsters
| Date_ 20101830
\ \ k\ K \ | A/)/ji" L\ ,) Tine 10.02
\ M { rf/ Y 557U spect
PAGBHO 5 rm GHP IH
PiLPROG 2g0c
™ 110760
SILYERT [HUME]
N3 ]
D3 a
54R 37593.984 Kz
FIDRES 0.332328 W2
A2 1.5000240 sec
n: Bio2
Sl-4 (CDC|3’ rt) D& 13.300 uses
Dz 7.50 usec
B 3rd.0 K
! 0 4.00000040 scc
i il 0.07000080 sec
: v seemns s oo CHANNEL 1§ e eoeoe
HJjCt 130
PL B.00 usec
P_i 3.00 0B
5701 125,767 1708 KHL
[HAKNFL 7
F2NPAR? WAt 74k
NiC2 iH
PZpD2 90.00 usec
P2 120.00 4B
p_i2 20.00 ob
5702 €00 1338000 KH:
F3 - Processing paramctss
SE 32/ER
», . " 5" 125.75779061 Kz
v Wi EX
Bl n
L 1.00 He
63 o
RZ 140
13 HMF plol parsrelers
Cx 20.00 ¢h
(31 180 000 ppR
F1 PAB3A. 40 Hi
bR -1 i ppe
e T — T L S e e e e LA Es s p T ;;MN :I‘E:m": H? ;
. y - d 9 phn/rm
ppin 160 14C i20 100 A0 BO 40 0 [ 4138, 10791 He/en
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he sl o m . [ag Y =T I =] o moin 1 Ut o 0 (=3
= ~ T m m o o - 0o e P~ P P mommm 0
E oww oW o N oo oo ad - o o
| | ) ; L J
VooV Yl \V N
) Q
SI-5 (CDCI3, )
. . .JL_, R H
A\ AT \
— =2 ~ =t o e e e m
= = - ] oy 5] =
gz 8 b= e E 3
e - il inil]e - 8
ppm 3 5
37710717, #5, 102.5 mg
L wa i~ D WO D P~ D D 0w P a. -T
Moo Mo 0D O Y w o o m (=1
15 [Te i =l R e R - Ty [AY=2N 2 m .
g QW oW m @ W oo o ;]
ITInEOdNEd RRE < =
RN ) S A W :
\ // \/
\ Y A \//f N i
Et O Et
Et SI-5 (CDCls, 1t) Et
; . . ., " n
[t e r — — — B e s
pem 1E0Q 140 160 j21H BC 40 20

Current Dats Faraneters

HAHE
EXMhO
FROCND

LA37-3-2
1

H

F2 - Acuisition Paranslers

Date_
Tine
ZHSTALM
PROEHD
PULFTIOS
SOLYENT
L4}

o0s

SWH
FIDRES
9

it}

1]

o

TE

13}

20110110
1A 1=
spect
5 am DNP i}
2g
4807€
Lucis
&
4
HINA HPC HF
0_1BBBIE Hz
7.689082/ gac
64
B2.4GC usco
4,50 uses
0. K
300000000 seC

HUCH
Pl
PL1
5F01

9.0C use:
0.80 48
500.1325000 Miz

F2 Froc2ssing parameters

51 69336

SF 500. 1300129 bz
HOM EX

S5H ¢

LB 0.30 Fz
4B L]

PG 1.00

TH HME (10T AAPSRERES

[k 4 20.00 cn
Fip 8000 ppm
FL S00L.30 bz
rar —G. 100 pam
re 50.0: bz
PPHCH 0.50%00 ppm/er
HICH £52. 36566 F2/cn

Current Data Parama:
A17-1-A-BCF
1

HAHE
EXI'ND
AROCHD

F? - Acquisibior Paramsters

Date 2014014¢
Tire 16 28
INSTRM spect
PRCEAD Gonn Ond ik
PULRADE {14+

m 112780
SOLVENT 2De1z

NE iac

[ c

SHF 37603.98¢ He
FICRES £.33333¢ H
Ll 4 8033240 sac
RG 3107

oW 13.30C uzec
OE F.bC usec
“L IMWCK
b 1.0000200C Set
[ 0.0300300C goc
o= ees THANNF, 44 —==---—---
HUCA 13

P: 3.08 usec
PLY 3.40 oB
SM04 125, 7671748 MHz
s mem CHARNE. f2 =mm---——--
CPOPAD; wWAlk2LL
Hcz i
PLPOE 5300 usac
PL2 120.00 di
PLd2 20,00 di
5roz 500. 1330000 Mk
F? - P-ocessing parometers
&2 52766

5F 1257077961 MHZ
D EH

EEL] [y

Le 1.00 1z
6B ¢

PC 1.4¢

LD HMR plet pacateters

[ 20.9¢ tn
rie 100,080 ppw
Ft 2263640 I¥
ra¢ -1.0¢¢ ppn
rz 125,26 He
PPHCH 5.05080 ppnien
HZCH 1438.1079! Hzfen



Curment Ditd Pararcters

NAHE L4g 3
EXPND 1
COD o HAW NN DO O D@ M -] e ok o FROCND 2
= WO =Moo wToomn Mm-S me-nmod =1 @) Ao QO
E CoaddN-"So®o@TnMmmE NS o RN mE o ®aa
a2 Tc{;tﬂ‘ﬂtﬂﬁjﬂﬂllrx‘hh;?hf\hj\hjhj\j o T T E:1l'7l']l")l’ilj) F2 = ACQUis1tion Saramaters
e 5, T “ I'ate,. A AR
\'\ \\J‘}":‘;‘\::\“\\\/ \/1/%24/9/’;;”/{’;/ \ / Time 15 48
BN el ) INSTAN spect
FROR-D S mm QNP 1H
FULPAODG zg
n 40075
EOLVENT (H
5] 18
03 Q
Sk B032. 820 HX
F1CHES 0. abb&EA He
G 2.,4980924 sec
nG 258
Uk B2.400 usec
oe €.50 usec
TE 0.0 X
131 3.0090C000 sec
L1 (CD30D, rt) e CHAKMEI T1 ==
HLCA 1+
] 0.00 Jsec
PLg 0.00 17
SFei 500. 1305006 44z
FE - °rocessing parerste~s
51 63228
aF 001300110 -z
HiH EM
B [
LE 0,30 e
GE Y
rc 1.0
1l MR plul paramelers
[ [} 20¢.C0
- * S FIF 10.000 Pk
H1 DU AU HE
[ =9.1C0 npm
F2 -50.c1 Hz
PRMIM 0.805C0 ppnten
HZCH 25256566 Helem
KR A R N R R R R R R R N A R I S T T T A TN O TR RO e o B i s e i
npm A 6
#5, ng
fureant Data Parametrrs
NAME LAG- 3~k -ECH
e NERRS RO R IREES 3ERBRL0 oo :
= 3 Mo O@GM ARG DN om L ETE - mew FROCHO 2
2 L E R LR E R R LR R 23999973 F2 - scausaitsan Sarsmeters
n TITTIT0T n 7 pate 20404201
e L\Lag z/// nies g
1 T T?TT‘% B INSTRUN - sper
BROBHD 5 rm GVF dH
PLLPADC 10dc
mn 412780
SOLVENT nerH
NS 3Jz0
0s o
SHH I7583.964 4z
FIlonzs 0.3333:0 Hr
i 15000220 ger
L g:62
[i[] 33.300 wsec
0E 7.50 user
TE 0.6 K
vl 5.G0D00G00 sec
d4d €.03008000 sor
1
L1 (CD30OD, rt) 13c
6.00 usec
‘ 3.00 d3
‘[ SFCL 125 7671708 M4z
! ‘ - - CHANMEL 12
creraca Walu2'E
Rz i
rerne 90.00 usee
e i00.0¢ 4B
PLi2 20.0¢ g
l1 || IH} srag 3004330000 M
F2 - 3rocessing parametors
i | | i a1 22766
5 ! 1 SF 125 7575935 Mz
B T o L I e
) ’ 356 ¢
8} 100 1
50 4
PC 1.0
10 KMA plot paremetzra
Lx 23.00 cm
Fupr 100, 300 pem
[ 22635.37 Hz
4 -1, 30¢ ppm
R F2 -125.76 liz
[ T T [P P R N LT ot PoNCH 5.6FM4 apnéen
ppm i8¢ 140 120 100 g0 Bl 40 |12cH 113010508 Fz/on
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[N I e e I R R I R i A S R T L BV R R T s BT e TS TS I TR TS B B SO TP I SVEFRVIFE I AVIFAVERS I I b i e D )
YOy N D0 00 00 00 00 02 €0 CC - [~ [ D T I e P s P [ e O Sl el o o S ol Sl e e A A N =] B’RQEE\R
L\-\ A B I T I | | W
\ \
1 | Current Data Parameters
NAME L21-2-A
EXPHD i
FPROCHC i
~ Aogquisiticon Zaraneters
Z010112D2
1.3
INSTROUN SCect
FROBHD 5 mm PAB3Y 1H/
BULPECC 24
™ LQugg
SOLVENT CLCC3
NE 2
L& 0
L2 (CDC|3, rt) SWH 10000000 ¥z
FIDRRS . 166672 Kz
AQ 2, 9999490 zec
RG 30,
W ]O.GGD usec
TE 7.50 usec
1E 293 .4 F
oyl 1.L0000000 =ac
100 1
T. F1 =
§5.35 used
.00 cB
£FOL 40G6.8720592 MH»
FZ - Proceceing parame-ers
1 32763
sF 4958700191 MH=
‘ e 1y wow 5
] w | | i u
1% C.30 Ez
(o 2 ol
EC 1.03
BLLOILLE T JETTLY | O Y 1
Inyl l T T RBUAILS IS IS ALY naay RS B I I s B e e
an 7 9n oF £onoc 58 45 40 75 30 925 20 15 10 s
I_l [l J k14 L . el (YR Y S nJ wl A *..3 ..y ol O Ll N E.d 1. PPJ [L]
| |
A ﬁhf%#*’”r- Tuige e
= o o ] el
Current Oala Faranelers
NAME L& 1-1-4-8CK
g @ ry <» =R I s -] ™m r= EXPRD 1
w5 SEUEEYR & 2 FRICHG 2
m e g s o o, ool ~ S
== b Al L B A L ™ A F2 = acyuisilion Paramelers
L I 1 Date_ 20191202
S | \ | e
TG TRUH sugLt
i : FROBHD S am GNP IH
FULPROG cudu
o i
SOLVENT
N5
[
S
rI0RCS
el 1.5000240 sev
RG 2192
W 13.300 usec
TE 7.90 usec
TE 300.0 K
ot <.00000000 sec
L2 (CDC|3, rt) 011 0 03006500 sec
s====s===== (HANNEL f1 ===-======
NUCY 1
31 800 usec
L1 3.00 08
. SFO3 1257671708 Wiz
| I s===avusioos CRAMNEL 2 S
, CPNRRE? Walt216
‘ y . Ml iH
. FLPI YU GO JsEC
’ BLE 120,60 48
| | | (IRES 20,60 af
i SHI 5 2
I
) st EPFCT]
p . I-k » 'h ““‘ y . SF 178 Fiad UMD WHY
3 HLA =)
L) ]
X7} 1.00 42
i u
T 1.60
iI° NMK plot parars-ers
53 2000 21
P 184 40U 335
Fi H2R3E A0 42
(=0 -1 U0 pm
——Y—— 1 K pume
ypm 160 140 120 100 a0 50 40 20 Haoh L1385, 10753 Azien
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L3 (DMSO-dg, 80°C)

i

BRUKER

Curzcat Data Farameters

HAME L55-4-A-VT80-1
EXPNG 1
PROCNG 1

F2 - Auvguisilion Farameters
naze 20101219
Time 16.55
THRTRIM spect
PROFHIY 5 mm PAHRT 1H/S
PULFROC zq

o L9998
SOLVENT DMSC

NS 8

Dg aQ

SW 10000.000 ¥z
FIDFES 0.,166572 Hz
AQ 2.8599199 sec
RC 161.3

D ¢.20C usec
DE 7.50 uscc
TH 353.2
Dl 1.00C0020C sec
TDO 1

5.3% naec
0_00 &k
499 HT29997 WHy

F2 - Procescing paranekexs
81 32768
oy 499.8% 00092 MHz
TIDw EM
530 1]
LB 0.30 Uz
GB a
PC 1.00

..... R ]
T T AR I AL I IR T T
05 90 85 B0 7.5 7.0 65 60 55 50 45 40 35 3.0 25 20 1.5
n L LLL L
& AoTe o (oo O = B o) G &
¥ EUEEHERy e
V[”T”TTT

L3 (DMSO-dg, 80°C)

1.0 ppm
C>O

Currcrt Data Parameters
KEME L55-4-A-BCMO-VT80-3
EXPRZ 1
VROCNQ 1
FZ2 - Rcguisition Parameters
Date_ 20101226
Tine 1>.48
INSTRUL spevh
FROSZHD S mm FABBI 1H/

B zgdo
1y 136360
BOTATHNT 1650
NS zg02
DS [§]
202 17¥b931 4944 Hz
FIDRES 0.27/5697 Hz
RO 1. 8126380 sec
RG 14596.5
m 11.300 usec
DE 7.50 us=c
TL 353.0 K
Dl 2.000C0000 sec
dli 0,030G0000 sec
™00 1
——zozzzz CHANNEL
NUCl :
¥l 12.00 uszc
FL1 -3.20 dB
SFO1 125.7024654 MHz

1. £2
CPDPKRG2Z waltzls
NOCZ k]
PCPDZ 40 D usen
BL2 o D adR
FL12 28,00 d3
SFO2 £99.3734931 MH=
F2 - Proccssing paramoters
32768
12%.

5025263 Milz
FM

Hz

|
=

c
C
C
4c

140

120 100
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L4 (DMSO-dg, 80°C)

D!

Currart Jata Parametecs
nNAM [ B . O !

EXPNO

PROCND

Fi - Acqaisitien Paramsters
Data,_ 210110208
Time 22.08
TNSTRUM epack
TROZHD 5 rm FABBL _H/
LULDROG 2y

hiua 55998
SOLVENT DM5D

N3

s ]

SWH 10000.000 Ha
FIDRES 0.166672 Hz
A 2,9395428 sec
RG 37

o 30.000 usec
TE 7.50 usac
‘PE 351.6 4
vl 1.00204000 sec
TDU

2 - Processing paramekers
81 32758

ar 495 .8700043 iz
wew EM
S5B Q

LE .30 Hu
GB Q

B0 1.00

| ST

9.0

3
0[S |

. r;’:.f‘rﬁ
~lo tu

CECEELEE

13,40

L P [ [ e i

170 160 150 140 130 120

]

8.5 80 75 70 65 60 55 50 45 40 35 3.0

1

1 T T
25 20 15 1.0

I T
ppm

; Co<)
- BRUKER

Current Lata Paramekers

L4 (DMSO-dg, 80°C)

110 100 %0 80

HAME
EXPNO
PROZNG

patc.,
Time
INSTRUM

FROBHD
POLEROG
TD
SOLYEHT
NS

CPOFRG3
w2
rerD2
P12
PLLZ
SFD2

70 60 50 40 30 20 ppm

S45

== CHANNEL {2

LT3-2-A-BUN-VIEQD

1
1

20110206
z3.18
speck

T mm PARRI Llu/
zgdc

136300

DMSC

1600

Q
37593954
0.275697
1.8136380
13004

12 300
1.50

253.0
2.,00009000
0. 03000000
1

CHANNEL £1 =
13C
12.0Q

-3.0
125.7024G6064

waltrlg

1H

90.00

n.ne

28.D4

499 ¥T734951

33768
123,6925274

[
Z.0C
[
L.40

F2 - Acquisilbion Parameterc

Hz
Hz
sec

usac
nsac
X
Bas
sac

F2 - Proceszing parameters

MH=z

Nz
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Current Data Parameters

MAME T.94- 6 -A-DMIC-VTHU
ZXENO 1
PROCHD 1
F2 - heguisition Parametere
Date_ 20101201
Timc 23.00
TNSTRIM spact
o PRQBIID 5 mrm PADBI 1H/
L5 (DMSO-dg, 80 °C) FULPROG 2q
T 55558
SCLVENT DsS0
NS 8
o3 g
SWH 10060.C00 Hz
FIDRES 0.166€72 He
AC 2.9999499 seo
RG 4.3
ey 50,000 usec
DE 7.50 usec
RS 357.7 K
m 1.6G0000C00 sec
TD? L

| lii

BB = CHANNEL f1 ==
NCCZ 1LE
Pl 5.35 usey
PLl 0.00 dB
| SPQL 40958.8729592 ME=z
F2 Crocosslng parometoro
| I o1 32768
3 475, 8730002 M=
WD jue i}
351 0
i LB 0.30 Hz
feizd )
PC 1.00
I
d - gk M.LJ\L . _

e |
J\J‘

IERREEE ot
I i T i

95 90 35 80 75 70 65 60 55 50 45 40 35 3.0 25 201510 ppm

J) JIUFYL L L UL L

ClEs R R g B

1

_é; :
o 20.52

£0.02
39.85
39.68
39.5
39.39
39.18
39,01
20.26

Current Data Parameters

NAME L84-6-A-DMS0~BCH-VTRO
EXPNC
PROCNO 1
F2 - Acquisition Parameters
Datc.. 20101202
Time 0.02
INSTRUM spect
PROBHD 5 mm PABBI 1H/
PULPROG zgde
iy 136360
SOLVENT DMSO
N8 BOOD
s o
Bt 37593.984 He
FIDRES 0.275697 Hz
AO 1.8136380 sec
RG 18330.2

L5 (DMSO‘d@, 80 QC) jao) 13.300 usec
DE 7.50 uscc
TR 383.0 K
o1 2.00000000 sec
dll 0.03000000 sec
TR0 i

CHANNEL 1

NUCL 13¢
Pl 12.00 uscc
PLL -3.00 de
S5rOL 125.7024664 MHz
B CHANNEL £2
CPDPRG2 waltzlé
NUC? 11
PCPD2 56.00 usec
PL2 G.00 dB
PL12 28.00 4B
5r02 499.87349581 MHz
F2 - Processing paramcters
sI 32768
SF 125.6825261 MHz
WDW EM
3SB 0
LR i.00 Hz
GE 0

T T T T LA s | T T T T T

T T T T T \
170 16C 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
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BRUKER

Carrent Data Paramsters

NAME L119-1-A1-vTE0
EXPNC z
PROCHQ z
T2 - Accuisilion Parametsrs
Dale_ 20110145
Time 8.50
INSTRUM soRct
PRUBHD S mm PARRT 1H/
FiILPRLG g
T 59998
o SOLVENT uMs0

L6 (DMSO-dg, 80 °C) e p
DS a
SnH 12000000 Bz
FILREE 0.166671 Hz
AQ 2 _MY%4qun ser
hiled 101.56
D 50,000 usec
D 7.50 nsec
TE 354.1 K
Dl I.QUBRO00ND sec
o0 z
Huc1 1
1 5.25 usec
L1 0.00 Jdp
58C1 499.6720992 Mz
F2 ~ Processing parareters
51 32768
5F 4£99.8700093 MHe
WO + EM
BSE 0
il 0.30 Hz
H 0
= 00

i ijALUAA, - S— L. e 4 hJJH;AAAAA,_

T T \ T T T T ; T T \ T T
95 90 85 B0 75 70 65 60 55 50 45 40 35 3.0 25 2.0 15 1.0 ppm

T G S S T

rl A ;j;)‘.)LrJTLT&TUXi, ) { | rl
=) (O~ Q] 01 D] ] 0] H} =] ) | w0 ([
= I S e R SR R L @ |
‘J [—mw “‘FNNT‘“F"']N]J L] = L] (J

i

Cuzrrenl PAra Farawmerors

MAME Lil9-1-A~FCM-UTHED

EXPNC 1

PROZKO L

F! - hequisition Paramatere

Date_ 2011011¢%

Time 14,23

INSTRUM speoct

PROBHD S mm PABBRI 1H/

PULPROG zgdc

D 136350

SOLVENT CHEC

N3 1200

D3 0

SWH. 37593.904 Hs

FIDRES 0.275697 Nz

O 1.B1I6380 sex

RG 16384
L6 (DMSO-dg, 80 °C) oW 13,300

DE T.50

TE 353.4

e 2.000C040D00

dacl €. 030C000C

DN 1

= CHAMNTI. f1

-

L
lz.0C user
~3.0C da

1ib . 024664 MHz

== CHANNEL £2 =
CPOFEG2 walt=lé
Nuce 1
POPTIZ £0.0C u=sc
L2 ' 2.0C d3
PL12 Z8. d3
SF02 4943734091 iz
rl - Processing paramcters
S 2276E

5P 125. 5925263 ITiz
WhW oM

553 C

LB 1.0¢ H=
GB ¢

L 1.4C

T T LA ARARAAANN WARANRARE WAL REh AN LA N B AR HEEA A LA | AR AR AR EAARAARAN LA
170 160 150 140 130 120 110 100 %0 80 70 60 5C¢ 40 30 20 ppm
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Current Data Carameters
NAME £ub37-2 n
EXPN2 i
TROCNC 1
Me O s
2 Acgquizition Darameters
N Date_ 20101202
Ph Ph Tine 10.1¢
INSTRUTE spect
FEUBHD 5 aw PABBI 1H/
la (CDClj, rt) PULPROG e
TD 55938
SOLVENT cpels
S 16
ns 0
SUH 1000C.000 Hz
FLURES 0.166672 Hz
g 7.999%439 sen
HG 143 _7
[0 50,000 us=c
DE .30 usec
TE 295 .0 K
D1 1.400JCunoy sac
TDO 1
==ww=-=- CHANMEL f1 —=——---=
NOC1 iH
Pl 5.35 usec
rul 4.20 dB
SFOL 4908 ,37258%32 MH=
F2 - Frocessing paransters
51 32758
SF 495 . 07C0230 MH=
Wh EM
55B J
LB 0.30 He
GB u]
e 1.20
S - aoa
g B L L B B B B T —— T Ve e —
80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 ppm
JU DL L ‘
0 Nl N|g o
A ey B
! il el @
Current Uata Parametors
NAME Subs7-2-A-80M
m ~ T MIOINANNYT oD oot o EXFKI 1
o e - MM n moal T 0 oo T m i ot
e ~ 2] L U I R Ty =1 ol O M~ m PRIICHO z
2 . el WUl O @M mm Do ] »
o ) R R TR R [N - F2 - ACOUIS1EION Parameters
. ” T T T T Ty T PR ' . >
L 5 \ ! L‘\ //’/)J/) / Ine 9.2
\| \ | '\ l/ ( TNSTAUK spect
PROBHD 5 rm 48P 3H
HLLPHUE 2gde
Me O ™ 1:2780
SOLYENL LCC1a
N NS 200
Ph Ph ® 0
SAH /393,964 Hz
FTIRFS [LEKY I He
la (CDCI?n rt) el 1.5006240 sec
M3 E192
ow 13,300 gsec
L 7.50 usec
T ke [N I 3
01 £.0300C000 sEC
cn C.6300C000 5eC
== CHAMMEL Fj -
30
usec
o8
iz
‘ useC
aB
a6
| ¥hz
| r? - Process‘ng paraneters
! 51 328
) U R H 120.¥378007 MHz
- T FOW EH
[EHE) 0
8 £.00 Mz
W 3
e a0
30 NMR plat parameters
X 20.00 tr
FiP 200 acn ppn
Fi1 25151 .56 R
FepP =1 @¢0 pen
f T T T " ey ' ' T T T T v - T T T I
bpi 150 100 56 P
o HECH

S48



e B e e B T e e e p I o e WT g s ] (3] = uw <O
MM MMNO OO0 E MO =] O o =)
e . L R i I B IO I 19 ) [ N0 o
[ A e o Al i o A S A R Xe Rt ] [l o™y (=
1 \ / LI U I [y [ | )
- e L
e
ll// tmrrent 1%2ka Faranetars
NAME SubgE-1-a
¥ PN L 1
BROTNO 1
Me O
F2 - Acquizition Parameters
Data_ 201G1i05
Ph Time 17.54
INSTRUM epect
PROBHD 5 mm PARBY 13/
OMe PULLROG zg
D 52558
SOLVENT cpcl3
1b (CDCls, rt) s 2
DS ¢
SwWH 1000C. 000 He
FIDRES 0.1CG6672Z Hz
AQ 2.9959499 seo
K 256
it 50.00C usec
DE 7.5C usec
TR 794 .8 K
131 1.03000000 ser
T 1
Bl .35 uses
eLl 0.00 43
SFO1 499. 3739992 MH=
FZ Processing paramcters
5i 327
aF 499. 3700172 ITI=
oW EM
83B [
LB 0.3C He
6B c
FC 1.00
. AL . N A e
i T T I 1 I T [ T I I T T 1 T T
B0 75 70 65 60 55 50 45 40 35 306 25 20 1.5 10 ppm
| 7 \
o Ll (ﬂ o o &
a g |2|E @ S
- ol i © €«
Famn SN Y
- w =
= o % H8¢ 4 &
z 27 3 R s % BRUKE
T bt 2 i I 2 _— O T R —
| \ (<O
| | H | T |
Curseul Dala Paraneiers
NAME SubS§-1-AL~BCH
ot vl 1
Me O PROCHD 1
Ph 2321
spect
PROBHD 5 mm PABRI LF;
OMe POLPROG 2yac
D 1ia3el
SOLVENT 213
1b (CDC|3, rt) Ne 340
g [
SWE 37503 .984 Hz
FIDRES 0.275657 H=
fytal 1.8135380 sce
hated L5384
o) 13.300 usec
2B 7.%20 upec
o} 295.4 X
i 2.0C0000C0 sec
411 0.03000080 sec
pyeld] :
= == CHANNEL fl1 ==
NOCD 13¢
= 12.00 usec
MLl -3.00 d4p
SFOI 125.7024664 MEZ

S49

CHANNEL £2
walk=lh
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QO S AD e 0T O < o8 =
e MO0, 0WwwnWnWm o3 oo [ . S . Y iy—
e R EEEEE LR o "BRUKER
S S e e o e a  a [N [=) lf j:,<:: ‘\
. Lo o ;o _
Ny / P
e
\\1‘/{4’/////7/ { farvent Data Parame-ers
i gl et | RAME Subb%9-1-A
EXENO :
Me O DROCHD ;
NS ¥2 - Acquicit:on Parametens
Ph Dato_ 20101108
Time 19.50
LASTRIY apact
Me PROBHD 5 mm PAEBL 1H/
SULPROC g
D 53998
1c (CDC|3‘ I‘t) SOTVENT cc13
NS 8
DS o
St 10609.060 Hz
TIDRES 0.26567% He
= 2 8303408 o
AQ 2,995349% sec
RG 151.2
D 50.000 usec
o T80 us
€2 295.0 K
=18 FLADRNOHO sec
TCU |

:)

3

| ES 199. 6700186

P o

] 55B 0
LB 0.30 Hz

| | - "

PC 1.00

i
| |
AWM N |

: i T T T T T LN B B T

T T T
80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 ppm

C><)

z 0o oo
< aa i — . e i —
) Rz Bk =R
| ; || ( ><D
! il ol

Current Dats Daraneters

NAMD Suk5% 1 al penm

EXPHO 1

Me O 2ROCNO 1

Pf] T2 - Acgquisition Pavamebers

Date_ 20201110

Thue 22.55

INSTRUK soecl

Me PROBHD 5 nm PABBL 1HY

PULPROIG zgde

1c (CDClg, rt) T 236360

HILVENT CLc13

N 2L

B "

SwH ENLL RN 71

F1DRES n.275697

jital 1.81256380

R3 10421.3

o 13.300

DE 7.5%0

TE 2086.4

-1 2.00000000

d11 0.032000000

by eli] 1

.00

0 00 G
2800 &R
SFOL 499 4734091 WHE

F2 - Progass_ng parameers
32768

T25.6924181 NHz
EM.

T
=
[
e

0
1.00 Ez
0

1.40

B B e 1 .

i 1 T
200 180 160 140 120 100 80 80 40 20 ppm
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L by =i e o
e A
o~ vt

W Q2O qun e =3
O GG D2 NN o
Ao e O [te)
[ e L o o
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Ph

1d (CDCls, rt)

! _ |

g (<)
[
O —— RS S -
~EBNUREMR
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Current Data Parameters
NANT subfD-1-a
EXPNQ 1
FHOUING 1
¥z - Acquisiticn faramsters
Deta_ 20101163
Tine 1C. 53
THETRUM spact
PRO3UID 5 nm EAB3I 1H/
PULPROG zg
TD 55538
EOTVENT opell
NG 8
3 2
Sl 10000.000 Hz
FIDRES 0.166672 Iz
20 2.9398499 zec
hilel 161.3
it} 530.000 usec
TE 7.50 useu
TE 2¢5.0 K
rl 1.00200000 sec
TD0 1
== CHANNEL £1
18
.35 usen
ot AR
AY% . 8298827 MHe
Proscssing paraneters
35768
19%.8700.79 Ml
EM
0
¢.30 Hz
0
1.00

U

AR T T T L I i [ i i i i
80 7% 7.0 65 60 55 50 45 40 35 30 25 20 15 1.0
N} H\’! I\ ] [\ | l\'
o = wlod| =]
g e :
o N Nl ©
currant Cata FEramaters
HAME SubE0-1-4-BCH
- oo 0 M~ QG =09 mo = | o £APNI 1
[ Tm ¥ TSR EE OO0 5D0 o Doow 2 sy 2
P Tm 9 ODWON -GS DD Al & PROCAD 2
3 o €A 10 WLIE S OO DO e © =~ oo @
a e 9 FONeaoNNENIn B s F2 - Anquisiiion Parametaes
T Illli\l‘\\\i/l)!ll \\/I | date 20111203
\l \\\‘ | 4 //‘ 4 T 18.26
| ( | ‘1 i r ( INSTRUA apeck
FROBHED 3 nil 6N 3H
PULPROB rutt
Me O 0 112760
SOLVENT HEY
N 240
Ph 05 0
SKH 370495 9E4 Hr
fI0RES 0.323328 1z
Lit) 1.0000240 sec
F RG 862
oW 13.300 user
1d (CDCls, rt) oE 7.50 usec
E 0.6 K
3] 4.500000CC seC
il 0, 03000000 sen
mammmann CHONNEL (1 =---------
130
0 €€ user
SFO1
| T c I TR
CPNPRS52 waltzit
nucz 10l
PCHI2 00,06 uses
Fi? 120,80 62
PLIZ 20.60 63
| | ' sFa2 300.333900C Hir
| ‘ FZ - P-oceasing paraneters
I 32768
] ar +25. 7577950 M Iz
MM 0™
560 [
L 100 Hz
"] o
[ 140
10 KHA plot pararetees
ox 20.00 e
fIP 300.000 ppn
| 2846155 HE
Fap PT
- ] -425.76 He
R e e s e EE N S TS S T Y SRR S s s S M AN B e ey B B ey \
ppm 178 60 125 100 75 =0 25 b \as oy poen



e )

Ty 1 O 0 e €2 e O S el o3 g N 7N S
Lo+ e B ool e TR IR s B It N E R iRT SN 4] =1
[T NTe AT R I B S = o BRUKER
e e e R T T R o N o ©
Lt | |
~ Y g
&\\‘ / // Current Data Parametare
2y i KRME uk107 2 Al
TrIr | ExpPuo 1
PROCNG 1
Me O
K2 - anmiisition Paramatars
Dats 20110404
Ph X Time 0,48
INGTRIM spect
FROBED 5 s FABBEX 1H/
CF3 FIT.PROG g
o £9303
le (CDClj, rt) SOTVENT €Bel3
ot 16
jad 0
SGIH 1000G. 000 Hz
FIDRES 0.166672 Hz
AL 2.9992498 sec
kG 181
o] 50.000 uceco
LE 7.50 usec
TE 680.7 ¥
m 1.00000000 sec
TDU 1
======== CHAMNNEL f] ==
wWUCl 1K
Pl 5.35 usec
vil 0.C0 A
SFOL 499 2729991 MH»
I P2 - DProceasing parameters
51 32768
: sF 499.8700191 MHz
I i WLW EM
583 0
! |In I |LB 0.30 Bz
I | oB 0
i |
o
80 75 70 65 60 55 50 45 40 35 30 285 20 15 1.0 ppm
4 pEeE B
| |=ir=|aill~ ©
™ VWML DOEFTCOWDNNEDMME O
o [ea B RN B s B s B N o S « AT« I £ TE 4 N ) WS N i i B o} o] O <H i
-r I I e VS Vol el I (R To W e I Te WTe T T S Vo IAN W Gl =
. o o~ &
= i o B s Mg AN« s s ol IR T QY- T RV g Ty Ty T Y o o .
=} [Tl s T T s T AV AN AN AN NN BT B B A0 B4 B I AV AN M~ 06 oy
= A At A At A A A A A A A — = —*
STsSssat [ LassEm \J
~ \\k&.\\ _(Jf_/f_’—)
Me O cubll7 2 Al BCHM
N
Ph
CF3
le (CDClj, rt)
e A " l AL , v,
by ity " niletvjpe " . y
A R R R ) R B R T T T T T T T T T
200 190 180 17¢ 150 150 140 130 120 110 100 9D 80 10 &0 50 40 30 20 10 ppm
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Curront Dotz Parancters
NAYE SubiCi-1-A
EXPND i
e e U = ST BT T3 o @A = SRUGND 2
EGROODEN YT T@mNM - - D o
g M I AR s A
I~ =4
8 e D F2 - ACOUISILIGN Faramelers
Lttt I Ol | bate B
\\I ! Tite
[ 1 TNITAUA
oL
PRUBHD
Me O PU_PRDG
(]
A Me SULVENT oo s
Ph e
0s
S
FIDIES
AQ
1f (CDCl3, rt) E
BH A2.400 usec
£E 4.5 uscc
TE 3003 K
C1 300000000 se:
f
NICL 4
Fi €.00 usac
FLi ©€.07 8
cFoL B9, 1376005 ¥H7
F? - Pracessing parametars
€1 ES535
& 510.13CC1ES s
% L ES
| s 2
\ | B 0.0 I
L o 0
| ”I | £C 1.00
|
ll m ‘ I l 0 N4R plct parzneters
| x 20.00 o
¥ . X 20.00 n
JIRLAE Ad_ .. e xo e
¥ 429410 He
[N N | II\I gan
H |
AN A =001 b
- wrf 3 ;
T B Al ol
S o | S| Eléi {3,‘5‘ 21505591 Ha/en
=1 RIS Aol | [
I R S T ST R TR o e S N S S L IS o
ppm 8 7 [} 3 4 3 2
CurRant Oata Paranetsrs
NamE 54030 1-1-A-ELK
8 gapueneeroon B5Y oy o) !
= k=] ~ M MMM M s m Al mo~ @ PRUCHE z
b5 o dag@ooDa DD W © o =
2z IOy yy B oo F2 - ACQuisilion ZaTemelers
! : Date_ 20101216
%\k \\ //é,/) , Time i7.52
B % ny[f f INSTHUN SPErt
PROBD 5aT W 1
PUEPHOG o0c
Me O n 112380
SOLYENT C0C13
S Me s 200
Ph ns 0
SiH J7531 984 i1
FIK=S, U HIT4HY 42
[t 1.5000740 3eC
Hi Bk
I 13 300 Jser
1if (CDC|3! rt) 9 7.90 aset
Ik LTI
" 4.00DN0CO0 sec
11 b _S0UBUOL Sec
LEANNEL 13
=S
W aser
PLY 3.00 18
SFO4 175 TRYATOR UM,
LEANMEL B2 sroas=ss
CRDBREE FITERT
[} H
PCPDZ an o ciser
. PLZ 120.00 08
PLiZ 2n.00 AR
[3de=3 BOC. 1330000 MHZ
Fr ~ Procassing paranaters
€1 32TER
L . X . - N " " 13 126 _FH7VOS0 MHz
" ki " S rietdein o peiliorie ] EM
Ehd:] 1]
LE 1.00 1
GE ]
PL 1.400
10 MMR plot parareters
[ 20 00 rn
re 210080 ppn
Fi 25409, 13 HL
Fan =1 NGO ppn
T L e A A <o 1055000 ganic
. 5 = " -
Anm 3 iac 125 108 73 a0 = HiTH 1376 74453 He/cm

S53



Currert Data Par rs
NAME SUEEL-1-A
EXPND 1
U D 00 DR M Q) — LD MY T QER = g PRgeNh 2
cREEzEcERaERlndg BEa g 3
B S N Ll ol ST e €Uty - =] F? - Acquisi.ion Parameters
[ R YR i 2 e I e B L) ! | Date_ 20101109
NN / i Tine 15.15
2 B i | . IMSTHUN spRct
PADBHD 5 mn ONE tH
Me O Me VULPRUG g
10 4BL76
A SOLVENT ooCi3
Ph N3 1
Ds [
SH 8012.820 i
FTORFS ©. 166670 1z
] 2 9599a7E SEr
1g (CDClj, rt) ey 255
DK E2.4DD usec
DE 4.50 uscc
i 300.0 &
Di 3,00000000 sec
CHANNEL 1 =
1H
9.00 vser
0.00 6B
SFNY 3001335006 MHx
F2 - Precessing perameters
' s1 69536
| 5 300 1300144 Mz
I I WON M
| | =] i
| I | I I L8 0.3 Nz
o | | &A o
ﬂ l | | | FC .07
L]/ .. i | | 1D WA plot aararxbers
i i i Tk 26.03 wa
- JAVRY | A ] 1 r12 500 ppm
F1
i1 '
. e
/ \\ \\ H / ‘\ F2 -£0.04 H2
= - '”‘E = 50 PRUZH 0.4300) ppajon
£ TIEIF SB > @ H7CM 216.06693 Hz/om
£ = S = e
= = lodf=r. o] =] [y o
e e I R I R T I B I e o o o o e e B LN e e L B B I I I
npm B 7 6 5 4 3 i
= o e h ~
v - =
& 3 KR BRUKER
] i [} ! l \ / \
‘ \¢f (~4-f;"‘“n-J

1g (CDClg, rt)

EXPNC
PROCKO 1
F! - Roquie-tion Parameters
Data 20101110
Tim= 23.56
1HSTRUM gpact
PROBHD & om PARBI 1H/
PULPROG wgde
D 136360
SOLVENT CDel3
N3 240
pr} [¢]
SWH 37693.934
F_DRES 0.275637 ¢
20 1.8136330
RG 16334
TR 13.320 ux
UK T.30
TE 295.0
n 200 020 =
d’l 0.030C0020 s
TDOD 1
& = CHAMNEL f1 =
NUC1l 13C
ol 12.00 usec
PLL -3.00 dB
grel 135 7024654 MHz
i CUANNGL £2
waltzlE
‘ i H
| 50.00 usec
| ‘ 0.0C a3
| 28.03C d3
i SFG2 459, 3734991 Mz
| F? — Pracessing parametars
= EFA LT
12% . 8924170 MRz
™
C
_.bC Hz
4
.4

160

T
120 100

Sh4




= DO CEBBWBDTTTOMmA o
Lo N N O T AT N SN e N Wy
Ll L)) |

~ e T

§
<

1h (CDCls, rt)

— 1.9%

-~ 000

EEE

93

Current Data Perameters

NAML
CXPHO

PROGHD

TubGE 1 A

2

2.6993324 seu
286
62,409 usec
4,50 usec
.o K
3.60000200 sec

= CHARME_ t1 =
iH
2.00 usec
4.00 dB
5004223000 Ml 2

F2 - Provessing paranelers

sI

65330
AN AWN43R KF?
EM
4
0.30 hiz
o

1.00

1D WHR plot paremeters

b

20.00 Lm
u.00n pET
«601.17 Hz
~3.800 pEr
~250.07 Hz
. 47500 pprien

ans £maE fo e
257.56175 Hi/om

s s e e A ettt My BN Bt s At By R S S B S S L e el
ppr. g 7 B 5 4 3 2 : [y
[irpand Cats Parame-ers
HAME Subgza— J
™~ oMo @D U DO d QD T D < o ) EXPN) 1
w O MDD T O M~ D MO0 M~ Mo [l s =T -
- P A OW MU W =0 < 0~ 0Ww oymg wo o~ ”\ PROCAY )
a = DIl ke @ =
=2} WoE MmN e 0y L il - F2 = ALCEAS1ECD PArameters
NSRS PR Sy | o
™ ﬂ“"‘*&‘l‘.‘%\\\l /\’/??’{f’ \V INSTAM spect
I UL BRLLYEEITS
A PR [
Me O i 112750
SOLVENT ot
NS ¥ 20
Ph 8 4
SHH AIHIGHS He
FINR=S 333330 Hy
40 1 SUINME ser
RG A8
1h (CDC|3’ rt) o 13300 usec
0E I OuC usee
TE 30K
n:
a4
[ 15RE
o2
SFOY 120 JE/1T0B M2
CHEMNE_ 12
ECPAR? Walt1 'R
niz2 H
PCROZ 95,00 user
AL2 12000 dd
PLiz 20,050 3
| | <F02 G0R. 1336000 MHz
s 32768
ey ) SF 1757577550 MHz
s o a L HDH 2
ssB o
L i.00 Kz
BB ]
PC 140
10 ¥MR plct parameters
=4 A i e
Fif #0000 ppm
i ZeAM 1A H
rae -1.000 £pR
e K2 ~17h 1k He
L e B A | T T T T T T T T T T 8 | T - e
- ar E ppn/em
ppm 175 130 123 1 7 50 e HILH 142074403 H2/tn



oy @ L e w w - o
:u_ugu:ugu W T T T O A us il r~ =]
o I N e Ny Y - -

I\ | \\?/f [ \} ‘

/ ST
N e
Y N {
Me O
NS
Ph
Cl
1i (CDCla, rt)
o . [
[
! /{\ i\ \
- ur HEsed gl 8 g e fat}
s 0 [n]|o|uS =
5 = | [=r! [o]
E] I b
ks — i ™,
L o e e A e A A L I i o ey o B
ppm & i & ] 4 3 4 §
m L4} M M= M Lo o1 w ~
_ il Q@ Lo mne d oM 2
& o T o oWLeEeS o~ =~
o - M e M A Mmoo m e oo o
& 4 FIREsncdnd FER 2
) | \F \\ | |/\/\/\ Ly ]
I e
WO
Me O
NS
Ph
Cl
1i (CDCla, rt)
: : [
T T e T e ——— T — T T
ppm 175 150 123 160 75 80 25

Current 0at
NAMF

CEXFHD
PROCND

F2 - Acguis
Date
Timz
INSTRUM
PROAHD
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Chiral HPLC analysis of compound 2a

rac2a

chiral 2a

Data File:
Sarnple ID:
Operator {Inj):
Injection Date:

Injection Method:

mAT

cistar\1-6-11 5;05:55 pm -l.run
BIP27-rac 254nm

AS-H PrOH/Hex 5/95 FR1.0
01/06/11 05:05:55 PM

c:\star\yasuhiro\temporaly.mth

Run Mode:

Peak Measurement:

Calibration Level:
Run Time (min):

Analysis
Peak Area
N/A
42747

150— 90‘;_3
125— TO0%
100— -1
75 509%
0 30%
25— -
0— 10%
-17 !
l10 EO J30 ‘40 l
Minutes
Peak  Result () Ret Time  Peak Area Rel Sep. Width
No Time  Offset (counts) Ret Code 172
(1nin) (min} Time (sec)
I 50,1862 12.440 0.000 15054974 0.00 BB 16.2
2 49.8138  29.640 0.000 14943252 0.00 BB 423
10¢.0000 0.000 29998226
Data File: c\star\1-8-11 7;16;47 pm -1.run Run Mode: Analysis
Sample ID: BIP27-27-A 254nm Peak Measurement:  Peak Area
Operator (Inj): Calibration Level: N/A
Injection Date: 01/08/11 07:16:47 PM Run Time (min): 33.093

Injection Method:

mAU-|

c:\star\yasuhiro\temporaly.mth

900/] Me 5 0
500— PhM Ph
400— 2a
300—
200—
100—
. o
|
-59
[5 |lO i15 ES L,%O !
Minutes
Peak  Result () Ret Time Peak Area  Rel Sep. Width
No Time  Offset {counts) Ret Code 12
(min) (min) Time (sec)
1 44650 12413 0.000 7346354 000 BB 15.9
2 95.5350  29.267  0.000 157187232 0.00 BB 49.2
100.0000 0.000 164533584
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Chiral HPLC analysis of compound 2b

rac2b

chiral 2b

Data File:
Sample ID:

Operator (Inj):
Injection Date:

BIP68-rac 254nm

cistar\11-10-10 10;30;23 pm -1l.run

AS-H PrOH/Hex 10/90 FR1.0
11/10/10 10:30:23 PM

Run Mode:

Peak Measurement:
Calibration Level:
Run Time (min);

Analysis
Peak Area
N/A
73.547

Injection Method: ci\star\yasuhiro\temporaly.mth
AU |
" 909”3
75— B
0%
S 50%
25— 30%
0 - !1; ﬁ L i 165
J
-9
|IO I20 [3() L1() I50 %0 HO !
Minutes
Peak  Result Ret Time  Peak Area Rel Sep. Width
No Time  Offset (counts) Ret Code 12
(min) {min) Time (sec)
1 48,8328 18.600 0.000 13537579 0.00 BB 27.8
2 51.1672  46.787 0.000 14184718 0.00 BB 70.3
100.0000 0.000 27722296
Data File: cistar\11-11-10 4;50;20 pm -1.run Run Mode: Analysis
Sample 1D: BIP68-2-A 254nm Peak Measurement:  Peak Area
Operator (Inj): Calibration Level: N/A
Injection Date: 11/11/10 04:50:20 PM Run Time (min): 61.280
Injection Method: c:\star\yasuhiro\temporaly.mth
mAU |
504
250— i
200— 70%
150—] 509
100— n
30%
50— [\ N
G 1 M’I
-28
‘10 |20 ‘30 |40 I50 N
Minutes
Peak  Result () Ret Time  Peak Area Rel Sep.  Width
No Time  Offset {counts) Ret Code 172
(min) {min) Time (sec)
1 4.8213 18.653 0.000 5893033 0.00 BB 27.5
2 95.1787 _ 46.093 0.000 116335656 0.00 BB 71.5
100.0000 0.000 122228688
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D
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3
SWIT 37553.984 Iz
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DE 7.90 usec
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CFDCRG2 waltzlb
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Chiral HPLC analysis of compound 2¢

9 Data File: cstar\11-10-10 1;53;24 pm -1.run Run Mode: Analysis
racac Sample ID: BIP69-rac 254nm Peak Measurement:  Peak Area
Operator (Inj): AS-HPrOH/Hex 5/95 FR1.0 Calibration Level: N/A
Injection Date: 11/10/10 01:53:24 PM Run Time (min): 52.667
Injection Method: ci\star\yasuhiro\temporaly.mth
AU |
Too | 90‘;J
600—, N
70%
500— N
400— 50%
300—; ]
200—; 309
100— -
o i 10%
|
=75
l1() EO |30 !40 ESO |
Minutes
Peak  Result () Ret Time  Peak Area Rel Sep.  Width
No Time  Offset (counts) Ret Code 1/2
(min) (min) Time (sec)
1 49,7482 12,600 0.000 69961256 000 BB 17.2
2 50.2518 34920  0.000 70669520 000 BB 52.5
100.0000 0.000 140630784
chiral 2¢ Data File: ¢star\11-11-10 11;05;17 am -1.run~ Run Mode: Analysis
Sample ID: BIP69-2-A 254nm Peak Measurement:  Peak Area
Operator (Inj): Calibration Level: N/A
Injection Date: 11/11/10 11:05:17 AM Run Time (min): 43360
Injection Method: ci\star\yasuhiro\temporaly.mth
mAU |
] 90‘7]
300— T0%
200— 50%
100— 30%
1} . AA 10%%
41 |
‘10 i2’() i30 F40 |
Minutes
Peak Result () Ret Time  Peak Area Rel Sep. Width
No Time  Offset {counts) Ret Code 172
{min) (min) Time (sec)
1 4.0338 12,707  0.000 4843680 0.00 BB 16.6
2 95.9662 34.573  0.000 115235112 0.00 BB 52.2
100.0009 - 0.000 120078792
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Chiral HPLC analysis of compound 2d

rac2d

chiral-2d

Data File:
Sample ID:
Operator (Inj):
Injection Date:

Injection Method:

cistar\11-10-10 2;50;08 pm - 1.run
BIP70-rac 254nm

AS-H PrOH/Hex 595 FR1.0
11/10/10 02:50:08 PM

ci\star\yasuhiro\temporaly.mth

Run Mode:

Peak Measurement:
Calibration Level:
Run Time (min):

Analysis
Peak Area
N/A
52.293

AU
e 90‘7]
500— n
70%
400—| N
300—] 50%
200— N
30%
100—] .
0 10&7
63 |
ho ho 30 o |
Minutes
Peak  Result () Ret Time Peak Area Rel Sep.  Width
No Time  Offset (counts) Ret Code 1/2
(min) (min) Time (sec)
1 455796 13.267 0.000 48385256 000 BB 18.4
2 50.4204  34.200  0.000 49205740 0.00 _ BB 49.9
100.0000 0.000 97590992
Data File: chstar\11-11-10 11;51;34 am -1.run Run Mode: Analysis
Sample ID: BIP70-1-A 254nm Peak Measurement:  Peak Area
Operator (Inj): Calibration Level: N/A
Injection Date: 11/11/10 11:51:34 AM Run Time (min): 40.827
Injection Method:; cstar\yasuhiro\temporaly.mth
AHH
" 90‘%]
500— -4 Ph
400—] 70%
300— 50%
200— T
30%
100— ]
. | SR\ 10g
Q. i
"50
l10 EG [30 M
Minutes
Peak  Result () Ret Time  Peak Area Rel Sep. Width
Neo Time  Offset (counts) Ret Code 1/2
(min) (min} Time (sec)
1 3.8592 13480  0.0600 7048031 0.00 BB 18.1
2 96.1408  33.987 0.000 175581072 0.00 BB 56.2
100.0000 0.000 182629104
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Chiral HPLC analysis of compound 2e

rac2e

chiral-2e

Data File: cistar\d-9-11 220,10 pm -1.run Run Mode: Analysis
Sample ID; BIP-5107-rac 254nm Peak Measurement:  Peak Area
Operator (Inj): AS-H PrOH/Hex 10/90 FR1.0 Calibration Level: N/A
Injection Date: 04/09/11 02:20:10 PM Run Time (min): 23.093
Injection Method: ci\star\yasuhiro\temporaly.mth
mAU_ T
400 90%
300— 70%
200— 50%
100— 30%
0 IG”]
g |
-58
}2.5 l5.0 l7.5 11 0.0 |12.5 I15.0 !
Minutes
Peak  Result () Ret Time  Peak Area Rel Sep. Width
No Time  Offset (counts) Ret Code 172
(xnin) {min) Time (sec)
1 50.2934  7.187  0.000 22690444 000 BB 11.0
2 49.7066 11.053 _ 0.000 22425706 000 BB 17.6
1060.0660 0.000 45116152
Data File: cistar\d-9-11 4;15;01 pm -L.run Run Mode: Analysis
Sample ID: BIP-8107-1-A Peak Measurement:  Peak Area
Operator (Inj): Calibration Level: N/A
Injection Date: 04/09/11 04:15:01 PM Run Time (min}: 20.480
Injection Method: c:\star\yasuhiro\temporaly.mth
mAEH
90"7—01
400— - Ph
70%
300— -
50%
200— ..
100— 30%
G j\ 3| ﬂﬂfE
.48
s Lo s M
Minutes
Peak Result') Ret Time  Peak Area Rel Sep. Width
No Time  Offset (counts) Ret Code 1/2
(min) {min) Time (sec)
1 5.6382  7.187  0.000 2848207 0.00 BB 10.6
2 04,3618 10.947 _ 0.000 47668300 0.00 _ BB 18.1
100.0000 0.0060 50516508
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L
1
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DS i)
Sl 37592 ,084 Iz
FIDRES 0.275€97 Hz
AQ 1.81362380 =ec
s} 1450€.5
D 13.300 usec
TOF. 7.50 usec
TE 235.1 K
Dl 2.00000000 seo
d1i 0.03000000 sec
TED 1
=w CHANNEL L ==
130
1 12.00 usac
PL1 =3.00 &R
SFOL 129.7024660 MHz
'
|
usez
dB
PL1Z 28.00 dp
‘ 3FO2 439.8734991 M=
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Chiral HPLC analysis of compound 2f

rac2f

chiral-2f

Data File:
Sample ID:
Operator (Inj):
Injection Date;

c:hstar\12-23-10 7;22;29 pm -1.run
BIP79-rac 254nm

AS-H PrOH/Hex 10/90 FR1.0
12/23/10 07:22:29 PM

Run Mode:

Peak Measurement:
Calibration Level:
Run Time (min):

Analysis
Peak Area
N/A
33.253

Injection Method: c:\star\yasuhiro\temporaly.mth
AU
9()‘7/‘:1t
1.00— 7
70%
0.75— -
50%
0.50— |
0.25— 30%
0.00 % 1%
-0.14 |
}5 |10 33 5 EO ]‘
Minutes
Peak Result ) Ret Time  Peak Area Rel Sep. Width
No Time  Offset {counts) Ret Code 172
(min) {min) Time (sec)
1 49.5917 8.413 0.000 75518336 0.00 BB 11.8
2 50,4083  19.213 0.000 _ 76761848 0.00 BB 30.5
100.0000 0.000 152280192
Data File: cistar\1-12-11 3;06;09 pm -1.run Run Mode: Analysis
Sample ID: BIP79-2-A 2534nm Peak Measurement:  Peak Area
Operator (Inj): Calibration Level: N/A
Injection Date: 01/12/11 (3:06:09 PM Run Time {min): 24.240

Injection Method:

mAU

ci\star\yasuhiro\temporaly.mth

750—]
500—
250—
. ot |
21
]5 {1 0 ‘15 E20 !
Minutes
Peak  Result{) Ret Time Peak Area  Rel Sep. Width
No Time  Offset {counts) Ret Code 12
(min) {min) Time (sec)
1 5.0115 8.467 0.000 8734572 0.00 BB 11.5
2 94.9885 19.560 0.000 165556336 0.00 BB 33.5
100.0000 0.000 174290912

S73



0.000

BIP71-2-Al

SO DU LN w0 —~ r)
MO SO oo P o o w0
USRS N RNl el as NaviNal Iia ] gy 53} o
f~ [~ [~ 0~ [~ [~ 0 0 0 ) ™ —
[ | I |
\{\x 'é// e
2g (CDCl3, rt)
|
L A
I T T T T T T P ! I ' T T T
‘b 7.2 6.5 £.0 5.5 5.0 4.0 3.5 3.0 2 2.
JLL i |
A
o [r[z|n]en [ ™~ ~
o [ [ oy = el — 84
O [ | | Q0 R} [aa o
el Y I —t ; ™
~ ﬂ.nv-mxnnm‘-\m:_r‘ [ra e S :{}kfa
s B FUE2REENET U2l gy £H
a 11 SO NN F W E LD woelE o~ m -
o TRTodenaNn oo ot
NP L)
W\ ,
Y {ﬂ/
i
29 (CDClg, rt)
e LA
foh -.. W
——T 7 - | 1 1 - T e '
pon 175 250 ia2n 100 i S0

ppm

Curvent Dats Parzmeters

MANE
EXPHO
FROCNO

BIP7i-2-A1-0CN
1
E
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THSTALM spatt

ROOHD S om GNP AR

2NPAGE r3dr

o 112760

SOLVENT [¥ild K}

N3 200

B ©
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D4 12300 usec
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3 4. 00000000 sec
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Chiral HPLC analysis of compound 2g

rac2g Data File: cistar\11-10-10 3;45;52 pm -1.run Run Mode: Analysis
Sample ID: BIP71-rac 254nm Peak Measurement:  Peak Area
Operator (Inj): AS-H PrOH/Hex 5/95 FR1.0 Calibration Level: N/a
Injection Date: 11/10/10 03:45:52 PM Run Time (min}: 35.893
Injection Method: ci\star\yasuhiro\temporaly.mth
mAU |
— 909’]
500— N
70%
400 ]
300— 50%
200— N
30%
00— -
0 10
|
-69
ks ho s 1l
Minutes
Peak Result Ret Time  Peak Area Rel Sep. Width
No Time  Offset (counts) Ret Code 12
(min) (min) Time {sec)
1 50.2860 8.093 0.000 25563956 0.00 BB 10.0
2 49.7140  13.373 0.000 25273168 0.00 BB 18.5
100.0006 0.000 50837124
chiral-2g Data File: c\star\11-11-10 1;18;13 pm -L.run Run Mode: Analysis
Sample ID: BIP71-2-A 254nm Peak Measurement:  Peak Area
Operator (Inj): Calibration Level: N/A
Injection Date: 11/11/1001:18:13 PM Run Time (min): 18.773
Injection Method: ci\star\yasuhiro\temporaly.mth
mAU_-
400—
300—
200— _
100—| h 0%
0 L%
-48 '
12.5 [5.0 L7.5 |10.0 i12.5 llS,O !17.5 !
Minutes
Peak  Resuit) Ret Time  Peak Area Rel Sep.  Width
No Time  Offset (counts) Ret Code 172
(min) (min) Time (sec)
1 4.1941 3.093 0.000 2147622 0.00 BB 9.6
2 95.8059  13.267 0.000 495058432 0.00 BB 18.6
100.0000 0.000 51206056
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Chiral HPLC analysis of compound 2h

rac2h

chiral-2h

Data File: chstar\11-18-10 7;05;20 pm - L.run Run Mode: Analysis
Sample ID: BIP72-rac 254nm Peak Measurement: Peak Area
Gperator (Inj): Calibration Level: N/A
Injection Date: 11/18/1007:05:20 PM Run Time (min): 33.573
Injection Method: cistar\yasuhiro\temporaly.mth
AU |
" 90‘;
150— -
70%
100—] B
50%
30— 30%
0 A -
-17
15 ll() li 5 }2() ‘25 }30 l
Minutes
Peak  Result () Ret Time  Peak Area Rel Sep. Width
No Time  Offset {counts) Ret Code 172
(min) (min) Time (sec)
1 52.3713 12413 0.000 17317630 0.00 BB 183
2 47.6287  29.373 0.000 _ 15749393 0.00 _ BB 45.8
100.0000 ¢.006 33067024
Data File: cistar\11-19-10 2;52:49 pm -1.run Run Mode: Analysis
Sample ID: BIP72-5-A 254nm Peak Measurement:  Peak Area
Operator (Inj): Calibration Level: N/A
Injection Date: 11/19/10 02:52:49 PM Run Time (min); 37.520

Injection Method: cistar\yasuhiro\temporaly.mth
mAU—
150—]
125—
100—
75—
50— N
30%
25— .
; ) -
-18 |
!5 E10 1E 5 |20 55 |3() ‘35 E
Minutes
Peak Result () Ret Time  Peak Area Rel Sep. Width
No Time  Offset {counts) Ret Code 172
(min) (min) Time (sec}
1 5.0530 12.387 0.000 2156610 0.00 BB 17.7
2 94.9470  29.347 0.000 40523036 0.00 BB 46.3
100.0000 0.000 42679648
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Chiral HPLC analysis of compound 2i

rac2i

chiral-21

Data File:
Sample ID:
Operator {Inj):
Injection Date:

c:\star\12-23-10 3;20;33 pm -1.run
BIP76-rac 254nm

AS-H PrOH/Hex 10/90 FR1.0
12/23/10 05:20:33 PM

Run Mode:

Peak Measurement:

Calibration Level:
Run Time {min):

Analysis
Peak Area
N/A
40.560

Injection Method: c:istar\yasuhiro\ternporaty. mth
AU |
907]
0.75—
T0%
03.50—
50%
0.25— /\ 30%
000 Aw 1 f\rjl
-0.10
ll() EO ‘30 H
Minutes
Peak  Result() Ret Time  Peak Area Rel Sep. Width
No Time  Offset {counts) Ret Code 1/2
{min) (min) Time (sec)
1 49.1877 10.013 0.000 71183960 0.00 BB 14.3
2 50.8123 28,520 6.000 73535112 000 BB 48.0
160.00060 0.000 144719072
Data File: ci\star\1-14-11 2;21;52 pm -L.run Run Mode: Analysis
Sample ID: BIP76-2-A 254nm Peak Measurement:  Peak Area
Operator (Inj): Calibration Level: N/A
Injection Date: 01/14/11 02:21:52 PM Run Time (min): 5(.880

Injection Method:

mAU_

ci\star\yasuhiro\temporaly.mth

600—]
500—
400—|
300—
200— N
30%
100-— /\ _]
O n 1 n%]
=TG-
J5 [10 lES EO l25 I30 i35 !
Minutes
Peak  Result () Ret Time  Peak Area Rel Sep. Width
No Time  Offset (counts) Ret Code 1/2
(min) (min) Time (sec)
1 42120 10.067 0.000 8787672 0.00 BB 13.9
2 95.7880  30.787 0.000 199847744 0.00 BB 64.2
100.0000 0.000 208635424
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Chiral HPLC analysis of compound 2j

I'aC'Zj Data File: c:\star\1-18-11 12;18;59 am -1.run Run Mode: Analysis
Sample ID: BIP78-rac 254nm Peak Meagsurement:  Peak Area
Operator (Inj): AS-HPrOH/Hex 10/90 FR1.0 Calibration Level: N/A
Injection Date: 01/18/11 12;18:59 AM Run Time {min): 49.787
injection Method: c:\star\yasuhiro\temnperaly.mth

T
v 90’7]
400— |
70%
300— N
200~ > 0574]
100— 30%
0 ’J%1
-46
llO L20 f30 i40 i
Minutes
Peak Result () Ret Time  Peak Area Rel Sep.  Width
No Time  Offset (counts) Ret Code 1/2
(min) (min) Time (sec)
1 50.0059 12733 0.000 47659984 000 BB 19.1
2 49.9941  27.187  Q.000 47648672 0.00 _ BB 47.0
100.6000 0.000 95308656
chiral-2j Data File: c\star\1-18-11 10;34;27 pm -1.run Run Mode: Analysis
Sample ID: BIP78-2-A 254nm Peak Measurement:  Peak Area
Operator (Inj): Calibration Level: N/A
Injection Date: 01/18/11 10:34:27 PM Run Time (min): 40.373

Injection Method: c:\star\yasuhiro\temporaly.mth
mAU | ]
400—] 90%
300— T0%
200— 50%
100—] 30%
~46
=10 50 %0 I
Minutes
Peak  Result () Ret Time Peak Area  Rel Sep. Width
Neo Time  Offset {counts) Ret Code 172
(min)  (min) Time (sec)
1 37732 12.627 0.000 4420293 0.00 BB 18.6
2 96.2268  26.787 0.000 112730496 0.00 BB 48.4
100.0000 0.000 117150792
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Chiral HPLC analysis of compound 2k

Data File: c:\stai\[-6-11 6;17;32 pm -1.run Run Mode: Analysis
rac 2k Sample ID: BIP81-rac 254nm Peak Measurement:  Peak Area
Operator (Inj): AS-H PrOH/Hex 10/90 FR1.0 Calibration Level: N/A
Injection Date: 01/06/11 06:17:32 PM Run Time (min): 56.373
Injection Method: c:\star\yasuhiro\temporaly.mth
AU |
" 504
300— -
70%
200— )
50%
100— 30%
-36
{10 EO |30 |40 E50 !
Minutes
Peak  Result () Ret Time  Peak Area Rel Sep. Width
No Time  Offset {counts) Ret Code 12
(min) {(min) Time (sec)
1 49.7091 7.187 0.000 17879268 0.00 BB 9.0
2 50.2909  37.853 0.000 18088532 0.00 BB 55.1
100.0000 0.000 35967800
chiral-2k )
Data File: cihstar\d-21-11 10;22;16 am -1.run Run Mode: Analysis
Sample ID: BIP81-2-A 254nm Peak Measurement:  Peak Area
Operator {Inj): Calibration Level: N/A
Injection Date: 04/21/11 10:22:16 AM Run Time (min): 44.320
Injection Method: cistar\yasuhiro\temporaly.mth
mAT :j Me_ O
0% _ QU
125 ] " >ph
100—| 70% 2k
[ 50%
50— N
30%
25— ]
0— o 1O%
-15 ‘
Ii(} l2(34 |30 |40 !
Minutes
Peak Result () Ret Time  Peak Area Rel Sep. Width
No Time  Offset (counts) Ret Code 1/2
(min) (min) Time {sec)
1 24,6830  7.080 0.000 7055874 000 BB 8.8
2 75.3170  38.013 0.000 21530118 0.00 BB 58.4
100.0009 0.000 28585992
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Chiral HPLC analysis of compound 21

rac2l Data File:

¢:\star\10-14-10 6;00;09 am -1.run Run Mode: Analysis
Sample ID: BIP58-rac 254nm Peak Measurement: ~ Peak Area
Operator (Inj): AS-H PrOH/Hex 10/90 FR1.0 Calibration Level: N/A
Injection Date: 10/14/10 06:00:09 AM Run Time (min): 20.587
Injection Method: cistar\yasuhiro\ternporaly.mth
AU
90‘7—0I
75—
073 70%
0.50— 500
0.25—] 30%
000 ........................... A A 1 r\gdl
-0.10
|5 EIO i15 E()l
Minutes
Peak  Result () Ret Time  Peak Area Rel Sep. Width
No Time  Offset (counts) Ret Code 1/2
(min) {min) Time {sec)
1 49.5016 8.787 0.000 62768716 0.00 BB 12.0
2 50.4984  16.947 0.000 _ 64032712 0.00 BB 26,2
100.0000 0.000 126801424
chiral-21 Data File: ¢\star\10-14-10 7;54;13 am - L.run Run Mode: Analysis
Sampie ID: BIP58-2-A 254nm Peak Measurement: Peak Area
Operator {Inj): Calibration Level: N/A
Injection Date: 10/14/10 07:54:13 AM Run Time (min): 27.760

Injection Method:

ci\star\yasuhiro\temporaly.mth

AU 905;] Et O
. Ph)\/u\Ph
0.75— 70% 2|
0.50— 504
0.25— 30%
0.00— * ‘-“”’i
-0.10
]5 ‘10 IlS EO ES I
Minutes
Peak  Resuli () Ret Time  Peak Area Rel Sep. Width
No Time  Offset (counts) Ret Code 172
{min) (min) Time (sec)
1 4.1924 8760  0.000 6712514 0.00 BB 11.4
2 95.8076  16.867 0.000 153400800 0.00 BB 29.0
160.0000 0.000 160113312
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Chiral HPLC analysis of compound 2m

rac2m

chiral-2m

Data File: cAstar\10-26-10 5:31;13 pm -1.run Run Mode: Analysis
Sample ID: BIP63-rac 254nm Peak Measurement:  Peak Area
Operator (Inj): AS-H PrOH/Hex 10/90 FR1.0 Calibration Level: N/A
Injection Date: 10/26/10 05:31:13 PM Run Time (min): 55.707
Injection Method: ci\star\yasuhiro\temporaly.mth
AL
" 9(}‘%i
200— 7]
70%
150— -
50%
100— -
50— I /\ 30%
<26
‘10 LZO ‘30 14‘0 |
Minutes
Peak  Result () Ret Time  Peak Area Rel Sep. Width
No Time  Offset (counts) Ret Code 1/2
(min)}  (min} Time (sec)
1 50.5427  7.987  0.000 14354100 0.00 BB 10.1
2 494573 34387  0.000 14045867 0.00 BB 52.6
100.0000 0.000 28399976
Data File: chstar\10-28-10 3;19;07 pm -1.run Run Mode: Analysis
Sample 1D: BIP63-2-A 254nm Peak Measurement:  Peak Area
Operator (Inj): Calibration Level: N/A
Injection Date: 10/28/10 03:19:07 PM Run Time {min): 41.093

Injection Method:

mAU

ci\star\yasuhiro\temporaly.mth

90‘;‘] Ph, O
200—; - MeMPh
T0% 2m
150— ]
100— S0%
5o 309
5 |
-25
l10 [20 I30 N
Minuztes
Peak  Resuli (} Ret Time  Peak Area Rel Sep. Width
No Time  Offset (counts) Ret Code 1/2
{min) {min) Time (sec)
1 52.8417 7.907 0.000 13132324 6.00 BB 10.1
2 47.1582 32973 6.000 11719851 0.00 BB 43.3
99.9999 0.000 24852176

S87



0D g— —
<
1
[ag}
[
A
[
o il
_ ]
69% T— —=
|
c T
o -
o
2) 8
<
e
o
N

Ph

SL6TC—

[l

Seem\ A A
I V% o

[l R e e S ol o

—

ppm

ad

3

| L R—
=k

T,
L

ST ¢

=030 T

_GET 7

w ZI0EV 3

[ m TNEET L

985" 97—

TS50 E£9—
660" L9 -—

QLT 9L
mmm.m__u./w
LSE T LL-

.

TET"SET~,
LT 9CT-
BaT LCL-
269 LUT-
191" 8T~
Lyy oLy
506 GET~
B6E 2FT—

NV~

BTPZ3-4-A-BCM

Me
o

W\

2n (CDClg, 1)

Ph

=

=1l

Ly

o

S88



Chiral HPLC analysis of compound 2n

Data File:

cstar\4-8-11 6;47;14 pm -1.run Run Mode: Analysis
rac2n Sample ID: BIP23-rac 225nm Peak Measurement:  Peak Area
Operator {Inj}: OD-H PrOH/Hex 3/97 FR1.0 Calibration Level: N/A
Injection Date: 04/08/11 06:47:14 PM Run Time (min): 18.240
Injection Method: c:\star\yasuhiro\temporaly.mth
AU ]
90%
1.5— _
70%
1.0— 7
50%
0.5— 0%
0.0———/L~/\J 10%
0.2 - ,
bs 15.0 bs 0.0 25 i15.0 !
Minutes
Peak  Result {} Ret Time  Peak Area Rel Sep. Width
No Time  Offset (counts) Ret Code 172
(min)  (min) Time (sec)
1 493613 5533 0.000 95956504 000 BB 10.0
2 530.6385  13.933  (0.000 98439104 000 BB 24.7
100.0000 0.000 194393616
. Data File: ci\star'd-8-11 6;26;14 pm -1.run Rurn Mode: Analysis
chiral-2n Sample ID: BIP23-4-A 225nm Peak Measurement:  Peak Arca
Operator (Inj): OD-H PrOH/Hex 3/97 FR1.0 Calibration Level: N/A
Injection Date: 04/08/11 06:26:14 PM Run Time {min): 18.160
Injection Method: ci\star\yasuhiro\ternporaly.mth
AU | Me
90% O
1.00— | Ph)\/ Ph
70% 2n
0.75—] |
50%
0.50— ]
0.25—] ) 30%
0.00 ——’\—J 109
: |
-0.11 i
12.5 |5.0 L7.5 I10.0 ‘12.5 I[S.O b
Minutes
Peak  Result () Ret Time  Peak Area Rel Sep. Width
No Time  Offset (counts) Ret Code 1/2
(min) (min) Time (sec)
1 93.4815 5.533 0.000 59468072 0.00 BB 9.1
2 6.5185 14.093 0.000 4146707 0.00 _ BB 23.0
100.0000 0.000 63614780
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Chiral HPLC analysis of compound 3a

rac3a

chiral-3a

Data File:
Sample ID;
Operator (Inj):
Injection Date:

ciAstar\1-25-11 11;29;22 am -1.Tun

BIP84-rac 254nm
AS-H PrOH/Hex 5/95 FR1.0
01/25/11 11:29:22 AM

Run Mode:

Peak Measurement;
Calibration Level:
Run Time {min):

Analysis
Peak Area
N/A
21.547

Injection Method: c:\star\yasuhiro\temporaly.mth
mAI_Jj
500—
400—
300—
200—]
100—
0__
-62- |
L'1.5 |]('}.0 I£2.5 E1.5.0 t
Minutes
Peak Result ) Ret Time  Peak Area Rel Sep. Width
No Time  Offset {counts) Ret Code 1/2
(min) (min) Time (sec)
1 497899  10.467 0.000 41413496 0.00 BB i4.5
2 50.2101  12.013 0.000 41763036 0.00 BB 18.5
100.0000 0.000 83176528
Data File: cistar\1-25-11 2;48;56 pm -1.run Run Mode: Analysis
Sampie ID: BIP84-1-A 254nm Peak Measurement: Peak Area
Operator (Inj): Calibration Level: N/A
Injection Date: 01/25/11 02:48:56 PM Run Time {min}: 18.907
Injection Method: c:\star\yasuhiro\temporaly.mth
AU | Me, CHO
1.25-~ 90‘; S Ph
Ph
0.95— B 3a
50%
0.50— _
30%
0.25— ]
0.00— 10%
o1 ! ! l |
‘7.5 10.0 12.5 15.0
Minutes
Peak Result () Ret Time  Peak Area Rel Sep. Width
No Time  Offset {counts) Ret Code 1/2
{min) (min) Time (sec)
i 95.2032  10.387 0.000 117952592 000 BB 16.3
2 4.7968  12.067 0.000 5943005 0.00 BB 16.9
100.6000 0.000 123895600
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Chiral HPLC analysis of compound 31

rac3l

chiral-31

Data File:
Sample ID;
Operator (Inj):
Injection Date:

c\star\1-25-11 3;12;47 pm -1.run

BIP85-rac 254nm

AS-H PrOH/Hex 5/%5 FR1.0
01/25/11 03:12:47 PM

Run Mode:

Peak Measurement:
Calibration Level:
Run Time (min):

Analysis
Peak Area
N/A
15.627

Injection Method: c:\star\yasuhiro\temporaly.mth
mAU | ]
300— 90%
250— ]
0%
200— -
150— 50%
100—| ]
30%
50— 7
0 109
.37 — .
IS [6 l7 I8 IlO ‘11 a
Minutes
Peak  Resuit () Ret Time Peak Area  Rel Sep. Width
No Time  Offset (counts) Ret Code 1/2
(min) (min) Time (sec)
1 50.5380  7.240 0.000 15176258 0.00 BB 9.8
2 49.4620 8.653 0.000 14853138 0.00 _ BB 12.1
100.0000 0.000 30029396
Data File: cistar\1-25-11 3;36;31 pm -1.run Run Mode: Analysis
Sample ID: BIP85-2-A 254nm Peak Measurement:  Peak Area
Operator (Inj): Calibration Level: N/A
Injection Date: 01/25/11 03:36:31 PM Run Time (min): 13.067
Injection Method: c:\star\yasuhiro\temporaly.mth
AU | ] Et_CHO
90% S Ph
0.75— 7 Ph
0% (@)
7] 3l
0.50— 500
0.25— 30%
0.00— j 1O%
|
-0.10
s s b g o o by I
Minutes
Peak Result () Ret Time  Peak Area Rel Sep.  Width
No Time  Offset {counts) Ret Code 12
(min) {min) TFime (sec)
1 4.8491 7.213 0.000 3153613 0.00 BB 10.0
2 95.1509 8.600 _ 0.000 _ 61880960 0.00 BB 12.8
100.0000 0.000 65034572
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Chiral HPLC analysis of compound 3o

Data File: cihstard-15-11 10;52;21 am -1.run Run Mode: Analysis
rac-3o Sample ID: BIP-5108-rac 210nm Peak Measurement:  Peak Area
Operator (Inj): AS-H PrOH/Hex 5/95 FR1.0 Calibration Level: N/A
Injection Date: 04/15/11 10:52:21 AM Run Time (min): 31.627
Injection Method: cistar\yasuhiro\temporaly. mth
mAU | ]
300— 90%
250— ]
0%
200— _|
150— 50%
100—| N
30%
0— 0%
|
-34
IS {10 \15 |20 ES |30 !
Minutes
Peak Result () Ret Time  Peak Area Rel Sep. Width
No Time  Offset {counts) Ret Code 12
{min) {min) Time (sec)
1 50.4974 9.267 0.000 19984194 0.00 BB 11.5
2 49.5026  21.933 0.000 19590520 0.00 BB 34.1
100.6000 0.000 39574712
Data File: chstar\d-19-11 9;54;49 am -1.run Run Mode: Analysis
chiral-3o Sample ID: BIP97-3-A 210nm Peak Measurement:  Peak Area
Operator {Inj): Calibration Level: N/A
Injection Date: 04/19/11 09:54:49 AM Run Time {min): 30.080
Injection Method: ci\star\yasuhiroMtemporaly.mth
A | Me, CHO
0% S
- Ph
0.75— 70% o)
— 30
0.50— 509
" 0.25— ' ‘ 300
0_00_—_'_,“_»_4/\__J L 10%
!
-0.10
‘5 ‘10 |15 |20 l25 I
Minutes
Peak Result () Ret Time  Peak Area Rel Sep. Width
No Time  Offset {counts) Ret Code 172
(min) (min) Time (sec)
1 88.7151 9.347 0.000 65603192 0.00 BB 12.5
2 11.2849  22.920  0.000 8344957 0.00 BB 353
1060.0000 0.000 73948152
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THSTROM spect
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5GLVENT DMSO
N3 16
-] 0
SWH 10GC0. 00 Hz
FIDRE3 0.1606572 Hz
AQ 2.959919% sec
el 114
i} 50.000 usec
SE 7.50 uzec
TE 2353.0 X
o § i

00000 sec
1

== (HANHEL £1 =ss=====

Suc 1H

F1 5.35 usec
FL1 0.C0 &r
SEGL £99.8729992 MHz
F?2 - processing paraveters
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SE £93 SI00120 MIT2
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Chiral HPLC analysis of compound 4a

rac4a

chiral-4a

Data File:
Sample ID:
Operator (Inj):
Injection Date:

cistar\d-19-11 6;38;34 pm -1.run

BIP98-rac 234nm

AS-H PrOH/Hex 10/90 FR1.0
04/19/11 06:38:34 PM

Run Mode:

Peak Measurement:

Calibration Level:
Run Time (min):

Analysis
Peak Area
N/A
18.560

Injection Method: c:\star\yasuhiro\temporaly.mth
mAU—
300— 90%
70%
200— —
50%
100—| ]
30%
0 y 0%
|
45
l2.5 E5.0 L7.5 [10.0 I12.5 l15.(} [17.5 |
Minutes
Peak  Result () Ret Time  Peak Area Rel Sep. Width
No Time  Offset (counts) Ret Code 172
(min} (min) Time (sec)
1 49.9045 8.760 0.000 29551020 0.00 BB 16.0
2 50.0955 11.800  0.000 29664082 0.00 BB 22.5
100.0000 0.000 59215104
Data File: cihstar\d-19-11 7;23;25 pm -1.run Run Mode: Analysis
Sample ID: BIP98-2-A 254nm Peak Measurement:  Peak Area
Operator (Inj): Calibration Level: N/A
Injection Date: 04/19/11 07:23:25 PM Run Time (min): 20.640

Injection Method:

c¢:\star\yasuhiroMtemporaly.mth

mAE 90‘7;[ M ~N
e, \
- M Ph
300— PR <
70% HO
= 4a
200—] 509
100— 30%
0 0%
|
-50
E.S |5.0 l7.5 |10.0 k12.5 E15.0 ]
Minutes
Peak Result () Ret Time  Peak Area Rel Sep. Width
No Time  Offset {counts) Ret Code 1/2
{min) (min) Time (sec)
1 0.1278 8.787 0.000 56742 0.00 BB 174
2 99.8722 11.773 0.000 44351980 0.00 BB 22.9
160.0000 0.006 44408720
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