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General Methods

All air- and moisture-sensitive manipulations were carried out with standard
Schlenk techniques under nitrogen or in a glove box under nitrogen. 'H, '°C and *'P
NMR spectra were recorded on a Varian instrument (400 MHz, 100 MHz and 162
MHz, respectively). 'H, >C NMR chemical shifts are reported vs tetramethylsilane
signal or residual protio solvent signals.

Toluene and THF were distilled over sodium benzophenone ketyl under nitrogen.
Dichloromethane and DMF were distilled over CaH, under nitrogen.

The catalysts 4,' phenylalkylphosphine,” enones,’ and N-acylpyrrole® were
synthesized following the literature procedures. All other chemicals and solvents were

purchased from commercial company and used as received.

Experimental Details and Characterization Data

Generanl Procedure for Table 2.

A mixture of catalyst (§,5)-5a (7.62 mg, 0.01 mmol; 5 mol%) and KOAc (9.8
mg, 0.1 mmol) in toluene (2.5 mL) was stirred at room temperature for 1 h. Then the
temperature was reduced to —5 °C (realized with a refrigerated bath circulator),
alkylphenylphosphine (0.20 mmol) and o,B-unsaturated carbonyl compound (0.30
mmol) were added into it, and the resulting solution was stirred for 24 h at =5 °C.
Then 0.3 mL Me;S-BHj3 (2 M in THF) was added into it and the resulting solution was
stirred for 1.5 h. The excess borane was reacted with H,O and the mixture was dried
over MgSQ,, filtered and concentrated under vacuum. The residue was purified by
silica gel chromatography with hexane/EtOAc = 4/1 to afford the product as a white

solid.
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HaB Ve HaB pn
9 Ppp O Peve

Ph)]\/\ Ph Ph)]\/\ Ph

major diastereomer minor diastereomer

Table 2, entry 1. White solid. 98% yield, dr = 1.1/1. The ee was determined on a
Daicel Chiralcel OZ-3 column with hexane/2-propanol = 95/5, flow = 0.8 mL/min.
Retention times: 11.3 min [(R¢,Rp)-diastereomer], 13.5 min [(Sc,Sp)-diastereomer],
14.8 min [(Rc,Sp)-diastereomer], 22.3 min [(Sc,Rp)-diastereomer]. 87% ee (major
diastereomer), 96% ee (minor diastereomer). The absolute configuration was assigned
by analogy with Table 2, entries 9 and 17.

'H NMR (400 MHz, CDCls): & 7.89-7.87 (m, 1H), 7.82-7.76 (m, 2H), 7.56-7.20 (m,
10H), 7.15-7.09 (m, 1H), 6.90-6.84 (m, 1H), 4.10-3.95 (m, 1H), 3.92-3.76 (m, 1H),
3.55 (ddd, J = 17.6, 10.0 and 4.0 Hz, 0.47H), 3.23 (ddd, J = 17.6, 10.4 and 2.8 Hz,
0.52H), 1.54 (d, J = 9.6 Hz, 1.38H), 1.34 (d, J = 10.0 Hz, 1.68H), 1.30-0.30 (m, 3H).
J'p{'"H} NMR (162 MHz, CDCl5): & 18.1 (m).

HB me U8 Ph
QO P<pn QO P-me
L Me _ _ Me
major diastereomer minor diastereomer

Table 2, entry 2. White solid. 97% yield, dr = 1.1/1. The ee was determined on a
Daicel Chiralcel OZ-3 column with hexane/2-propanol = 95/5, flow = 1.0 mL/min.
Retention times: 10.4 min [(Rc,Rp)-diastereomer], 12.7 min [(Sc,Sp)-diastereomer],
14.3 min [(Rc,Sp)-diastereomer], 22.2 min [(Sc,Rp)-diastereomer]. 88% ee (major
diastereomer), 95% ee (minor diastereomer). The absolute configuration was assigned
by analogy with Table 2, entries 9 and 17.

'H NMR (400 MHz, CDCl3): & 7.88 (d, J = 7.6 Hz, 1H), 7.78 (t, J = 8.0 Hz, 2H),
7.54-7.34 (m, 7H), 7.21 (d, J = 6.8 Hz, 1H), 7.08 (d, J = 7.6 Hz, 1H), 6.93 (d,J=7.6
Hz, 1H), 6.74 (d, J = 6.8 Hz, 1H), 4.08-3.92 (m, 1H), 3.90-3.75 (m, 1H), 3.50 (ddd, J
=17.6, 10.0 and 6.8 Hz, 0.47H), 3.20 (ddd, J=17.6, 10.4 and 2.8 Hz, 0.52H), 2.25 (s,
1.51H), 2.22 (s, 1.40H), 1.52 (d, J = 9.6 Hz, 1.41H), 1.33 (d, J = 10.0 Hz, 1.63H),
1.30-0.30 (m, 3H). *'P{'"H} NMR (162 MHz, CDCl5): & 18.5 (m).
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M8 Me %R P
O F-"ph O  P<Me
Ph)J\/\©\ Ph)K/\©\
o - OMe
major diastereomer minor diastereomer

Table 2, entry 3. White solid. 92% yield, dr = 1.2/1. The ee was determined on a
Daicel Chiralcel OZ-3 column with hexane/2-propanol = 95/5, flow = 1.0 mL/min.
Retention times: 16.6 min [(R¢,Rp)-diastereomer], 19.6 min [(Sc,Sp)-diastereomer],
22.6 min [(Rc,Sp)-diastereomer], 40.0 min [(Sc,Rp)-diastereomer]. 89% ee (major
diastereomer), 95% ee (minor diastereomer). The absolute configuration was assigned
by analogy with Table 2, entries 9 and 17.

'H NMR (400 MHz, CDCl3): & 7.89-7.85 (m, 1H), 7.82-7.75 (m, 2H), 7.55-7.35 (m,
7H), 7.28-7.23 (m, 1H), 6.85-6.76 (m, 2H), 6.65 (d, J = 8.8 Hz, 1H), 4.05-3.90 (m,
1H), 3.87-3.76 (m, 1H), 3.73 (s, 1.7H), 3.72 (s, 1.3H), 3.49 (ddd, J = 17.6, 10.4 and
7.2 Hz, 0.45H), 3.20 (ddd, J = 18.0, 6.4 and 3.2 Hz, 0.53H), 1.53 (d, J = 9.6 Hz,
1.27H), 1.34 (d, J = 10.0 Hz, 1.64H), 1.30-0.30 (m, 3H). *'P{'H} NMR (162 MHz,
CDCls): 6 18.5 (m).

18 me "8 P
QO Pspp QO Pove
: B B
Ph)J\/\©/ r Ph)J\/\©/ r
major diastereomer minor diastereomer

Table 2, entry 4. White solid. 94% yield, dr = 1.1/1. The ee was determined on a
Daicel Chiralcel OZ-3 column with hexane/2-propanol = 98/2, flow = 0.8 mL/min.
Retention times: 18.3 min [(Rc,Rp)-diastereomer], 24.5 min [(Sc,Sp)-diastereomer],
26.5 min [(Rc,Sp)-diastereomer], 38.7 min [(Sc,Rp)-diastereomer]. 87% ee (major
diastereomer), 96% ee (minor diastereomer). The absolute configuration was assigned
by analogy with Table 2, entries 9 and 17.

'H NMR (400 MHz, CDCl3): & 7.90 (d, J = 7.2 Hz, 1H), 7.83-7.35 (m, 2H), 7.60-7.36
(m, 8H), 7.32-7.24 (m, 1H), 7.16 (t, J = 8.0 Hz, 0.50H), 7.01 (t, J = 8.0 Hz, 0.43H),
6.91-6.85 (m, 1H), 4.05-3.90 (m, 1H), 3.87-3.75 (m, 1H), 3.49 (ddd, J = 17.6, 10.0
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and 7.2 Hz, 0.47H), 3.20 (ddd, J = 18.0, 6.4 and 2.8 Hz, 0.55H), 1.56 (d, J = 9.6 Hz,
1.36H), 1.37 (d, J = 9.6 Hz, 1.65H), 1.30-0.30 (m, 3H). >'P{'"H} NMR (162 MHz,
CDCls): 6 19.4 (m).

18 me B8 ph
Q  Pspn QO PSme
- B : ,
major diastereomer minor diastereomer

Table 2, entry 5. White solid. 86% yield, dr = 1.1/1. The ee was determined on a
Daicel Chiralpak AD-H column with hexane/2-propanol = 95/5, flow = 0.8 mL/min.
Retention times: 24.1 min [(S¢,Rp)-diastereomer], 34.7 min [(Sc,Sp)-diastereomer],
48.0 min [(Rc,Sp)-diastereomer], 81.6 min [(Rc,Rp)-diastereomer]. 83% ee (major
diastereomer), 96% ee (minor diastereomer). The absolute configuration was assigned
by analogy with Table 2, entries 9 and 17.

'H NMR (400 MHz, CDCl3): & 7.88 (d, J = 7.2 Hz, 1H), 7.81-7.74 (m, 2H), 7.58-7.35
(m, 8H), 7.26-7.20 (m, 2H), 6.75 (dd, J = 8.8 and 2.0 Hz, 1H), 4.05-3.92 (m, 1H),
3.86-3.75 (m, 1H), 3.54 (ddd, J = 17.6, 10.4 and 7.2 Hz, 0.46H), 3.19 (ddd, J = 17.6,
9.6 and 2.8 Hz, 0.54H), 1.56 (d, J = 9.6 Hz, 1.39H), 1.35 (d, J = 9.6 Hz, 1.73H),
1.30-0.30 (m, 3H). *'P{'"H} NMR (162 MHz, CDCl5): & 18.7 (m).

HB e HsB ph
QO P<pn QO PSme
Ph)J\/\©\ Ph)J\/\©\
. . N02 . . N02
major diastereomer minor diastereomer

Table 2, entry 6. White solid. 86% yield, dr = 1.2/1. The ee was determined on a
Daicel Chiralcel OZ-3 column with hexane/2-propanol = 95/5, flow = 1.0 mL/min.
Retention times: 44.9 min [(Rc,Rp)-diastereomer], 52.7 min [(Sc,Sp)-diastereomer],
59.6 min [(R,Sp)-diastereomer], 65.0 min [(Sc,Rp)-diastereomer]. 87% ee (major
diastereomer), 97% ee (minor diastereomer). The absolute configuration was assigned
by analogy with Table 2, entries 9 and 17.

'H NMR (400 MHz, CDCls): & 8.15 (d, J = 8.4 Hz, 1H), 7.99-7.89 (m, 2H), 7.82-7.76
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(m, 2H), 7.60-7.38 (m, 8H), 7.12-7.06 (dd, J = 8.8 and 1.6 Hz, 1H), 4.20-4.09 (m, 1H),
3.94-3.80 (m, 1H), 3.70 (ddd, J = 17.2, 10.0 and 7.2 Hz, 0.44H), 3.27 (ddd, J = 18.0,
9.6 and 2.8 Hz, 0.54H), 1.65 (d, J = 9.6 Hz, 1.31H), 1.40 (d, J = 10.0 Hz, 1.73H),
1.30-0.30 (m, 3H). *'P{'"H} NMR (162 MHz, CDCl5): & 19.6 (m).

M8 Me 1B P
Q9 Pspn Q9 Peme
o CF3 . . CF3
major diastereomer minor diastereomer

Table 2, entry 7. 86% yield, dr = 1.3/1. The ee was determined on a Daicel Chiralpak
AD-H column with hexane/2-propanol = 95/5, flow = 1.0 mL/min. Retention times:
13.2 min [(Sc,Rp)-diastereomer], 25.7 min [(Rc,Sp)-diastereomer]; 17.3 min
[(Sc,Sp)-diastereomer], 43.9 min [(R¢,Rp)-diastereomer]. 81% ee (major diastereomer),
97% ee (minor diastereomer). The absolute configuration was assigned by analogy
with Table 2, entries 9 and 17.

HB ~Me

Q  B=pn
Ph -
CF;
Major diastereomer, white solid. "H NMR (400 MHz, CDCl;): & 7.84-7.75 (m, 4H),
7.58-7.44 (m, 8H), 7.40 (t, J = 7.6 Hz, 2H), 4.11 (ddd, J = 14.0, 11.8 and 2.8 Hz, 1H),
3.88 (ddd, J = 18.0, 11.2 and 4.2 Hz, 1H), 3.23 (ddd, J = 18.0, 10.0 and 3.2 Hz, 1H),
1.36 (d, J = 10.0 Hz, 3H). 1.30-0.30 (m, 3H). *'P{'H} NMR (162 MHz, CDCl;): &
18.8 (m). [a]*p = —80.7 (¢ 1.10, CHCls). HRMS (ESI) calcd for C,3Ha3BF;0P (M)
413.1568, found 413.1561.

H:B Ph

Ph
CF3
Minor diastereomer, white solid. "H NMR (400 MHz, CDCl3): 6 7.90 (d, J = 7.2 Hz,
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2H), 7.60-7.35 (m, 10H), 7.01 (d, J = 7.6 Hz, 2H), 4.05 (ddd, J = 13.6, 10.0 and 3.6
Hz, 1H), 3.83 (ddd, J = 16.0, 10.0 and 4.0 Hz, 1H), 3.63 (ddd, J = 17.6, 9.6 and 6.8
Hz, 1H), 1.59 (d, J = 9.6 Hz, 3H), 1.30-0.30 (m, 3H). *'P{'H} NMR (162 MHz,
CDCL): & 20.0 (m). [a]> = —69.7 (¢ 1.45, CHCl;). HRMS (ESI) calcd for
Ca3H,3BF30P (M) 413.1568, found 413.1560.

M8 Me 18 P
QO Pspn Q  Peme
major diastereomer minor diastereomer

Table 2, entry 8. White solid. 88% yield, dr = 1.2/1. The ee was determined on a
Daicel Chiralpak IC column with hexane/2-propanol = 98/2, flow = 1.0 mL/min.
Retention times: 22.6 min (major diastereomer), 26.9 min (major diastereomer), 38.3
min (minor diastereomer), 40.1 min (minor diastereomer). 89% ee (major
diastereomer), 94% ee (minor diastereomer). The absolute configuration was assigned
by analogy with Table 2, entries 9 and 17.

'H NMR (400 MHz, CDCls): & 7.78-7.73 (m, 2H), 7.65 (d, J = 8.4 Hz, 1H), 7.57 (d, J
= 8.4 Hz, 1H), 7.53-7.37 (m, 5H), 7.30-7.24 (m, 38H), 7.14-7.08 (m, 1H), 6.85-6.81
(m, 1H), 4.04-3.91 (m, 1H), 3.83-3.74 (m, 1H), 3.48 (ddd, J = 17.6, 10.0 and 7.2 Hz,
0.52H), 3.21 (ddd, J = 17.6, 10.4 and 3.2 Hz, 0.51H), 1.54 (d, J = 9.6 Hz, 1.56H),
1.33 (d, J = 10.0 Hz, 1.49H), 1.30-0.30 (m, 3H). *'P{'"H} NMR (162 MHz, CDCl;): &

18.9 (m).
U8 Me 18 P
Q  Pspn Q9 PSme
i i Br i i Br
major diastereomer minor diastereomer

Table 2, entry 9. White solid. 98% yield, dr = 1.7/1. The ee was determined on a
Daicel Chiralcel OZ-3 column with hexane/2-propanol = 95/5, flow = 1.0 mL/min.

Retention times: 15.2 min [(R¢,Rp)-diastereomer], 17.0 min [(Sc,Sp)-diastereomer],
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23.3 min [(Rc,Sp)-diastereomer], 32.8 min [(Sc,Rp)-diastereomer]. 89% ee (major
diastereomer), 94% ee (minor diastereomer). The absolute configuration of the major
diastereomer was determined to be S.,S, by X-ray crystal analysis. The absolute
configuration of the minor diastereomer was assigned by analogy with Table 2, entry

17.

HsR «Me
Q  B=pn

)KA@L&

Major diastereomer: 'H NMR (400 MHz, CDCls): & 7.73 (t, J = 9.2 Hz, 2H),

7.55-7.42 (m, 5H), 7.13 (d, J = 8.4 Hz, 2H), 3.78 (ddd, J = 14.4, 10.4 and 3.2 Hz, 1H),
3.17 (ddd, J = 17.6, 10.8 and 6.4 Hz, 1H), 2.72 (ddd, J = 18.0, 10.4 and 3.6 Hz, 1H),
1.97 (s, 3H), 1.31 (d, J = 9.6 Hz, 3H). 1.30-0.30 (m, 3H). *C NMR (CDCl;): § 204.6
(d, Jcp = 12.2 Hz), 135.2 (d, Jcp = 2.6 Hz), 132.0 (d, Jcp = 8.7 Hz), 131.8 (d, Jep = 2.2
Hz), 131.6 (d, Jcp = 2.3 Hz), 130.7 (d, Jcp = 4.1 Hz), 128.9 (d, Jcp = 9.5 Hz), 128.3 (d,
Jep = 51.3 Hz), 121.6 (d, Jcp = 3.4 Hz), 43.4 (d, Jcp = 5.7 Hz), 38.9 (d, Jcp = 32.3 Hz),
30.4 (d, Jep = 1.2 Hz), 9.1 (d, Jep = 38.7 Hz). *'P{'H} NMR (162 MHz, CDCl3): &
18.0 (m). [a]*p = —103 (¢ 0.250, CHCl3). HRMS (ESI) calcd for C;7H,,BBrOP
(M+H)" 362.0716, found 362.0716.

HB  ph

O Plpe

Br
Minor diastereomer. 'H NMR (400 MHz, CDCLs): & 7.51-7.38 (m, 10H), 7.26 (t, J =
4.0 Hz, 2H), 6.80 (d, J = 7.2 Hz, 2H), 3.75-3.69 (m, 1H), 3.24 (ddd, J=18.0, 14.0 and

4.0 Hz, 1H), 2.95 (ddd, J = 17.6, 10.0 and 7.2 Hz, 1H), 2.09 (s, 3H), 1.52 (d, J = 9.6
Hz, 3H), 1.30-0.30 (m, 3H). *'P{'"H} NMR (162 MHz, CDCL): & 19.0 (m). [a]*p =
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~103 (¢ 0.250, CHCl;). HRMS (ESI) caled for C;7H,,BBrOP (M+H)™ 362.0716,
found 362.0714.

B Me 1B P

Q  Bspn QO Pme

Ph)w Ph)w
major diastereomer minor diastereomer

Table 2, entry 10. White solid. 91% yield, dr = 2.6/1. The ee was determined on a
Daicel Chiralcel OZ-3 column with hexane/2-propanol = 95/5, flow = 1.0 mL/min.
Retention times: 10.5 min [(S¢,Rp)-diastereomer], 11.3 min [(Rc,Rp)-diastereomer],
11.8 min [(Rc,Sp)-diastereomer], 12.6 min [(Sc,Sp)-diastereomer]. 72% ee (major
diastereomer), 85% ee (minor diastereomer). The absolute configuration was assigned
by analogy with Table 2, entries 9 and 17.

'H NMR (300 MHz, CDCl3): § 7.80-7.65 (m, 4H), 7.55-7.30 (m, 6H), 3.15-2.90 (m,
3H), 2.40-2.20 (m, 1H), 1.67 (d, J=10.2 Hz, 3H), 1.02 (d, J = 6.6 Hz, 6H), 1.30-0.30
(m, 3H). *'P{'"H} NMR (162 MHz, CDCl5): § 17.7 (m).

H3B Me H3B Ph
M i )Jw‘“”e
major diastereomer minor diastereomer

Table 2, entry 11. White solid. 84% Yield, dr = 1.2/1. The ee was determined on a
Daicel Chiralpak IC column with hexane/2-propanol = 95/5, flow = 1.0 mL/min.
Retention times: 9.4 min [(R¢,Rp)-diastereomer], 10.1 min [(S¢,Sp)-diastereomer], 16.0
min [(Sc,Rp)-diastereomer], 16.9 min [(Rc,Sp)-diastereomer]. 86% ee (major
diastereomer), 93% ee (minor diastereomer). The absolute configuration was assigned
by analogy with Table 2, entries 9 and 17.

'H NMR (400 MHz, CDCls): § 7.79 (t, J = 6.4 Hz, 1H), 7.55-7.12 (m, 10H), 6.85 (d, J
= 6.0 Hz, 1H), 6.23 (dt, J = 20.4 and 2.0 Hz, 2H), 4.03-3.85 (m, 1H), 3.76-3.55 (m,
1H), 3.31 (ddd, J = 17.2, 10.4 and 6.8 Hz, 0.47H), 3.13 (ddd, J = 17.6, 10.0 and 3.2
Hz, 0.53H), 1.56 (d, J = 9.6 Hz, 1.49H), 1.33 (d, J = 10.0 Hz, 1.76H), 1.30-0.30 (m,
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3H). *'P{'"H} NMR (162 MHz, CDCl5): & 18.3 (m).

H3B H3B Ph
)J\/P;b\ P‘Me
major diastereomer minor diastereomer

Table 2, entry 12. White solid. 97% yield, dr = 1.2/1. The ee was determined on a
Daicel Chiralpak IC column with hexane/2-propanol = 95/5, flow = 1.0 mL/min.
Retention times: 8.4 min [(Sc,Sp)-diastereomer], 9.5 min [(R¢,Rp)-diastereomer], 15.3
min [(Sc,Rp)-diastereomer], 16.3 min [(Rc,Sp)-diastereomer]. 84% ee (major
diastereomer), 93% ee (minor diastereomer). The absolute configuration was assigned
by analogy with Table 2, entries 9 and 17.

'H NMR (400 MHz, CDCls): & 7.79 (t, J = 8.0 Hz, 1H), 7.55-7.36 (m, 4H), 7.26-7.20
(m, 2H), 7.17-7.09 (m, 2H), 6.95 (d, J = 7.6 Hz, 1H), 6.73 (d, J = 6.8 Hz, 1H),
6.26-6.18 (m, 2H), 3.97-3.81 (m, 1H), 3.70 (ddd, J = 17.2, 9.2 and 3.6 Hz, 0.48H),
3.59 (ddd, J = 17.2, 11.2 and 6.4 Hz, 0.54H), 3.25 (ddd, J = 17.2, 10.8 and 6.4 Hz,
0.47H), 3.09 (ddd, J =17.2, 9.6 and 3.2 Hz, 0.53H), 2.30 (s, 1.57H), 2.24 (s, 1.37H),
1.53 (d, 3 =9.6 Hz, 1.35H), 1.32 (d, J = 10.0 Hz, 1.67H), 1.30-0.30 (m, 3H). *'P{'H}
NMR (162 MHz, CDCl5): 8 18.7 (m).

H3B H3B
P‘Ph P Me
major dlastereomer minor dlastereomer

Table 2, entry 13. White solid. 91% yield, dr = 1.2/1. The ee was determined on a
Daicel Chiralpak AD-H column with hexane/2-propanol = 95/5, flow = 1.0 mL/min.
Retention times: 20.0 min [(Sc,Sp)-diastereomer], 31.1 min [(Rc,Rp)-diastereomer],
34.7 min [(Sc,Rp)-diastereomer], 46.8 min [(Rc,Sp)-diastereomer]. 85% ee (major
diastereomer), 93% ee (minor diastereomer). The absolute configuration was assigned
by analogy with Table 2, entries 9 and 17.
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'H NMR (300 MHz, CDCl3): & 7.87-7.73 (m, 4H), 7.66-6.95 (m, 11H), 6.26-6.21 (m,
2H), 4.19-4.00 (m, 1H), 3.88-3.68 (m, 1H), 3.37 (ddd, J = 17.1, 10.5 and 6.0 Hz,
0.45H), 3.20 (ddd, J = 17.1, 9.3 and 2.4 Hz, 0.54H), 1.56 (d, J = 9.6 Hz, 1.66H), 1.34
(d, J=10.2 Hz, 1.74H), 1.30-0.30 (m, 3H). *'P{'"H} NMR (121 MHz, CDCl;): & 18.1

(m).

H3B H3B Ph
% Foue
major diastereomer minor diastereomer

Table 2, entry 14. White solid. 95% yield, dr = 1.1/1. The ee was determined on a
Daicel Chiralpak IC column with hexane/2-propanol = 95/5, flow = 1.0 mL/min.
Retention times: 15.6 min [(Sc,Sp)-diastereomer], 17.6 min [(Rc,Rp)-diastereomer],
29.2 min [(S¢,Rp)-diastereomer], 32.5 min [(R,Sp)-diastereomer]. 83% ee (major
diastereomer), 92% ee (minor diastereomer). The absolute configuration was assigned
by analogy with Table 2, entries 9 and 17.

'H NMR (400 MHz, CDCl5): & 7.78 (t, J = 8.8 Hz, 1H), 7.51-7. 15 (m, 7H), 6.84 (d, J
= 8.4 Hz, 1H), 6.77 (d, J = 7.2 Hz, 1H), 6.68 (d, J = 8.4 Hz, 1H), 6.26-6.20 (m, 2H),
3.94-3.71 (m, 1H), 3.76 (s, 1.51H), 3.71 (s, 1.40H), 3.58-3.51 (m, 1H), 3.24 (ddd, J =
17.2,10.8 and 2.4 Hz, 0.48H), 3.08 (ddd, J = 17.2, 9.2 and 2.8 Hz, 0.52H), 1.54 (d, J
= 9.6 Hz, 1.35H), 1.33 (d, J = 10.4 Hz, 1.67H), 1.30-0.30 (m, 3H). *'P{'"H} NMR
(121 MHz, CDCl3): 6 18.1 (m).

L \Me L Ph
QO Pspn O P-me
O, O
NO, NO,
major diastereomer minor diastereomer

Table 2, entry 15. White solid. 97% yield, dr = 1.1/1. The ee was determined on a
Daicel Chiralcel OZ-H column with hexane/2-propanol = 95/5, flow = 0.8 mL/min.
Retention times: 47.9 min [(Sc,Sp)-diastereomer], 60.7 min [(Rc,Rp)-diastereomer],
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72.0 min [(Rc,Sp)-diastereomer], 97.9 min [(Sc,Rp)-diastereomer]. 85% ee (major
diastereomer), 93% ee (minor diastereomer). The absolute configuration was assigned
by analogy with Table 2, entries 9 and 17.

'H NMR (300 MHz, CDCl): & 8.20 (d, J = 8.7 Hz, 1H), 7.99 (d, J = 8.4 Hz, 1H), 7.80
(t, J=8.4 Hz, 1H), 7.61-7.38 (m, 5H), 7.26 (s, 1H), 7.14 (s, 1H), 7.08 (d, J = 7.8 Hz,
1H), 6.34-6.20 (m, 2H), 4.13-3.97 (m, 1H), 3.80-3.56 (m, 1H), 3.45 (ddd, J = 17.4,
10.8 and 6.9 Hz, 0.44H), 3.13 (ddd, J = 17.4, 8.7 and 3.0 Hz, 0.50H), 1.66 (d, J=9.3
Hz, 1.99H), 1.39 (d, J = 9.9 Hz, 1.78H), 1.30-0.30 (m, 3H). *'P{'H} NMR (121 MHz,
CDCl3): 6 18.9 (m).

H3B H3B Ph
% P‘Me
major diastereomer minor diastereomer

Table 2, entry 16. White solid. 98% yield, dr = 1.2/1. The ee was determined on a
Daicel Chiralcel OZ-H column with hexane/2-propanol = 95/5, flow = 0.8 mL/min.
Retention times: 10.8 min [(R¢,Rp)-diastereomer], 11.6 min [(Sc,Sp)-diastereomer],
15.5 min [(Rc,Sp)-diastereomer], 22.2 min [(Sc,Rp)-diastereomer]. 84% ee (major
diastereomer), 95% ee (minor diastereomer). The absolute configuration was assigned
by analogy with Table 2, entries 9 and 17.

'"H NMR (400 MHz, CDCly): & 7.77 (t, J = 7.6 Hz, 1H), 7.60-6.84 (m, 10H),
6.27-6.22 (m, 2H), 3.97-3.80 (m, 1H), 3.78-3.48 (m, 1H), 3.32-3.20 (m, 0.46H),
3.18-3.06 (m, 0.51H), 1.58 (d, J = 9.6 Hz, 1.42H), 1.36 (d, J = 9.6 Hz, 1.64H),
1.30-0.30 (m, 3H). *'P{'"H} NMR (162 MHz, CDCls): & 19.4 (m).

HaB Me HaB \Ph

O Psph QO Pme
o0, OO
Br Br

major diastereomer minor diastereomer

Table 2, entry 17. White solid. 98% yield, dr = 1.2/1. The ee was determined on a
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Daicel Chiralcel OZ-H column with hexane/2-propanol = 95/5, flow = 0.8 mL/min.
Retention times: 15.3 min [(Sc,Sp)-diastereomer], 18.1 min [(Rc,Rp)-diastereomer],
22.9 min [(Rc,Sp)-diastereomer], 33.8 min [(Sc,Rp)-diastereomer]. 86% ee (major
diastereomer), 96% ee (minor diastereomer). The absolute configuration of the major
diastereomer was assigned by analogy with Table 2, entry 9. The absolute
configuration of the minor diastereomer was was determined to be Sc,R, by X-ray
crystal analysis.

HsB “Me

0 Pepy
C”MQ

Major diastereomer. 'H NMR (400 MHz, CDCL): & 7.79 (t, J = 8.8 Hz, 1H),

Br

7.58-7.44 (m, 5H), 7.25-7.15 (m, 4H), 6.23 (s, 2H), 3.95-3.85 (m, 1H), 3.54 (ddd, J =
17.6, 11.2 and 5.2 Hz, 1H), 3.08 (ddd, J = 17.6, 9.2 and 2.8 Hz, 1H), 1.35 (d, J = 10.0
Hz, 3H), 1.30-0.30 (m, 3H). >C NMR (100 MHz, CDCl3): & 167.3 (d, Jcp = 15.9 Hz),
134.5 (d, Jep = 2.3 Hz), 132.1 (d, Jep = 2.3 Hz), 132.0 (d, Jep = 8.7 Hz), 131.8 (d, Jcp
= 1.9 Hz), 130.6 (d, Jcp = 3.8 Hz), 129.1 (d, Jcp = 9.9 Hz), 128.0 (d, Jcp = 51.3 Hz),
121.9 (d, Jcp = 3.4 Hz), 118.8, 113.5, 39.8 (d, Jcp = 32.3 Hz), 35.0 (d, Jcp = 8.4 Hz),
9.3 (d, Jcp = 39.0 Hz). *'P{'"H} NMR (162 MHz, CDCL): 6 19.4 (m). [a]*’p = —75.4
(¢ 0.60, CHCl;).

0L

Minor diastereomer. 'H NMR (400 MHz, CDCls): & 7.55-7.21 (m, 9H), 6.74 (d, J =
7.2 Hz, 2H), 6.28 (s, 2H), 3.91-3.82 (m, 1H), 3.71-3.65 (m, 1H), 3.32-3.21 (m, 1H),
3.08 (ddd, J =17.6, 9.2 and 2.8 Hz, 1H), 1.58 (d, J = 9.6 Hz, 3H), 1.30-0.30 (m, 3H).

S13



C NMR (100 MHz, CDCls): & 167.4 (d, Jep = 15.2 Hz), 134.4 (d, Jcp = 5.7 Hz),
132.4 (d, Jep = 9.2 Hz), 132.0 (d, Jep = 2.2 Hz), 131.3 (d, Jep = 1.9 Hz), 130.2 (d, Jcp
= 4.2 Hz), 128.6 (d, Jcp = 9.9 Hz), 125.9 (d, Jep = 52.3 Hz), 121.6 (d, Jcp = 3.0 Hz),
118.9, 113.6, 39.9 (d, Jcp = 30.4 Hz), 34.9 (d, Jcp = 7.6 Hz), 9.0 (d, Jcp = 39.5 Hz).
3'P{'H} NMR (162 MHz, CDCl5):  19.6 (m). [a]*’p = —43.5 (c 1.00, CHCl3).

Generanl Procedure for Table 3.

Isopropylphenylphosphine 2d (30.4 mg, 0.20 mmol) was added to a solution of
(5,5)-4 (2.7 mg, 4 umol Pd) and a,B-unsaturated carbonyl compound 1 (0.30 mmol) in
toluene (2.5 mL) at =5 °C (realized with a refrigerated bath circulator), then the
resulting solution was stirred for 24 h at the same temperature. Then 0.3 mL
Me,S-BH; (2 M in THF) was added into it and the resulting solution was stirred for
1.5 h. The excess borane was reacted with H,O and the mixture was dried over
MgSO,, filtered and concentrated under vacuum. The residue was purified by silica

gel chromatography with hexane/EtOAc = 4/1 to afford the product as a white solid.

HR ph
O P<ipr

Ph)J\/\ Ph

Table 3, entry 1. White solid. 80% yield, dr> 10/1. The ee was determined on a

Daicel Chiralcel OZ-3 column with hexane/2-propanol = 95/5, flow = 1.0 mL/min.
Retention times: 8.7 min [(Rc,Sp)-diastereomer], 18.5 min [(S¢,Rp)-diastereomer]. 98%
ee. [a]*’p =—11.1 (c 0.750, CHCI;). The absolute configuration was determined to be
Sc,Rp by X-ray crystal analysis.

'H NMR (400 MHz, CDCl3): & 7.85 (d, J = 7.6 Hz, 2H), 7.54-7.35 (m, 8H), 7.14-7.12
(m, 3H), 6.80-6.76 (m, 1H), 4.24-4.15 (m, 1H), 3.84 (ddd, J = 18.0, 9.2 and 2.8 Hz,
1H), 3.43 (ddd, J = 16.8, 11.2 and 4.0 Hz, 1H), 2.27-2.19 (m, 1H), 1.43 (dd, J = 15.6
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and 6.8 Hz, 3H), 0.98 (dd, J = 15.6 and 7.2 Hz, 3H), 1.30-0.30 (m, 3H). °C NMR
(CDCl3): 8 196.6 (d, Jcp = 13.3 Hz), 136.5 (d, Jcp = 1.1 Hz), 136.2 (d, Jcp = 7.3 Hz),
133.9 (d, Jep = 2.2 Hz), 133.2, 131.5 (d, Jcp = 2.7 Hz), 128.8 (d, Jcp = 3.8 Hz), 128.5,
128.1 (d, Jep = 6.5 Hz), 128.0 (d, Jcp = 0.8 Hz), 127.9, 127.1 (d, Jcp = 2.3 Hz), 124.5
(d, Jcp = 48.2 Hz), 39.1 (d, Jcp = 6.1 Hz), 36.1 (d, Jcp = 28.5 Hz), 20.5 (d, Jcp = 36.1
Hz), 16.8 (d, Jcp = 1.9 Hz). *'P{'H} NMR (162 MHz, CDCl3): & 34.6 (m). HRMS
(ESI) calcd for Cy4Ha9BO,P (M+H)"™ 374.2080, found 374.2075.

TR Ph
O Pwipr

Ph
OMe

Table 3, entry 2. White solid. 84% yield, dr> 10/1. The ee was determined on a
Daicel Chiralcel OZ-3 column with hexane/2-propanol = 95/5, flow = 1.0 mL/min.
Retention times: 13.2 min [(R,Sp)-diastereomer], 42.5 min [(Sc,Rp)-diastereomer].
98% ee. [a]*’p = —25.0 (¢ 2.00, CHCI3). The absolute configuration was assigned by
analogy with Table 3, entry 1.

'H NMR (300 MHz, CDCl3): & 7.84 (d, J = 7.5 Hz, 2H), 7.54-7.38 (m, 8H), 6.79 (d, J
= 8.1 Hz, 2H), 7.84 (d, J = 8.7 Hz, 2H), 4.18-4.09 (m, 1H), 3.82 (ddd, J =17.7, 9.0
and 3.0 Hz, 1H), 3.36 (ddd, J = 17.1, 11.4 and 5.1 Hz, 1H), 2.30-2.16 (m, 1H), 1.40
(dd, J=15.6 and 6.6 Hz, 3H), 1.00 (dd, J = 15.6 and 6.9 Hz, 3H), 1.30-0.30 (m, 3H).
BC NMR (100 MHz, CDCl3): & 196.7 (d, Jcp = 13.6 Hz), 158.4 (d, Jcp = 1.9 Hz),
136.4 (d, Jcp = 1.5 Hz), 134.0 (d, Jcp = 7.6 Hz), 133.1, 131.4 (d, Jcp = 2.2 Hz), 129.8
(d, Jep = 3.8 Hz), 128.5, 128.1 (d, Jcp = 9.1 Hz), 127.89, 127.87 (d, Jcp = 6.2 Hz),
124.5 (d, Jcp = 48.5 Hz), 113.4 (d, Jcp = 1.9 Hz), 55.0, 39.1 (d, Jcp = 6.5 Hz), 35.4 (d,
Jep = 29.6 Hz), 20.4 (d, Jcp = 36.1 Hz), 16.8 (d, Jep = 1.9 Hz). *'P{'H} NMR (162
MHz, CDCl;): & 35.2 (m). HRMS (ESI) caled for C,sH3,BO,P (M+H)" 404.2186,
found 404.2187.
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H4B
O P~jpr

Ph

NO,
Table 3, entry 3. White solid. 85% yield, dr> 10/1. The ee was determined on a
Daicel Chiralcel OZ-3 column with hexane/2-propanol = 95/5, flow = 1.0 mL/min.
Retention times: 33.3 min [(R,Sp)-diastereomer], 39.9 min [(Sc,Rp)-diastereomer].
99% ee. [a]*’p = —34.4 (c 1.73, CHCI3). The absolute configuration was assigned by
analogy with Table 3, entry 1.
'H NMR (400 MHz, CDCl;): & 7.97 (d, J = 8.4 Hz, 2H), 7.86 (d, J = 8.8 and 1.6 Hz,
2H), 7.57 (t, J = 7.6 Hz, 1H), 7.54-7.36 (m, 7H), 7.10 (dd, J = 8.8 and 1.6 Hz, 2H),
4.32 (td, J = 10.8 and 2.8 Hz, 1H), 3.90 (ddd, J = 18.0, 8.4 and 2.4 Hz, 1H), 3.58 (ddd,
J=18.1, 11.2 and 4.4 Hz, 1H), 2.34-2.21 (m, 1H), 1.40 (dd, J = 15.6 and 6.8 Hz, 3H),
1.07 (dd, J = 15.2 and 6.8 Hz, 3H), 1.30-0.30 (m, 3H). °C NMR (100 MHz, CDCls):
0 195.9 (d, Jep = 12.5 Hz), 146.6 (d, Jcp = 2.3 Hz), 144.7 (d, Jcp = 6.4 Hz), 135.9 (d,
Jep = 1.2 Hz), 133.6 (d, Jcp = 1.1 Hz), 133.5, 132.0 (d, Jcp = 2.2 Hz), 129.7 (d, Jcp =
3.8 Hz), 128.7, 128.5 (d, Jcp = 9.5 Hz), 127.9, 123.8 (d, Jcp = 48.6 Hz), 123.1 (d, Jcp
=1.5Hz), 39.3 (d, Jcp = 5.3 Hz), 36.2 (d, Jcp = 27.3 Hz), 21.3 (d, Jcp = 34.5 Hz), 16.9
(d, Jcp = 1.9 Hz). *'P{'"H} NMR (162 MHz, CDCl;): & 35.8 (m). HRMS (ESI) calcd
for Co4HosBNO;P (M+H)" 419.1931, found 419.1930.

R ph
O P~jpr

Br
Table 3, entry 4. White solid. 88% yield, dr> 10/1. The ee was determined on a
Daicel Chiralcel OZ-3 column with hexane/2-propanol = 95/5, flow = 1.0 mL/min.
Retention times: 8.0 min [(Rc,Sp)-diastereomer], 13.8 min [(S¢,Rp)-diastereomer]. 99%
ee. [a]®p = —30.4 (c 3.00, CHCL;). The absolute configuration was assigned by

analogy with Table 3, entry 1.
'H NMR (400 MHz, CDCl3): § 7.86 (d, J = 7.2 Hz, 2H), 7.56-7.36 (m, 8H), 7.28-7.25
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(m, 1H), 7.03 (t, J = 7.6 Hz, 1H), 6.92 (d, J = 7.6 Hz, 1H), 6.85-6.81 (m, 1H),
4.17-4.11 (m, 1H), 3.86 (ddd, J = 18.0, 9.2 and 2.8 Hz, 1H), 3.38 (ddd, J = 17.6, 10.8
and 4.8 Hz, 1H), 2.28-2.19 (m, 1H), 1.42 (dd, J = 16.0 and 6.8 Hz, 3H), 1.03 (dd, J =
15.6 and 6.8 Hz, 3H), 1.30-0.30 (m, 3H). °C NMR (100 MHz, CDCLy): & 196.1 (d,
Jep = 12.3 Hz), 138.8 (d, Jcp = 7.0 Hz), 136.2 (d, Jcp = 1.6 Hz), 133.8 (d, Jcp = 7.8
Hz), 133.3, 131.8 (d, Jcp = 2.4 Hz), 131.5 (d, Jcp = 3.7 Hz), 130.2 (d, Jcp = 1.5 Hz),
129.5 (d, Jep = 1.7 Hz), 128.6, 128.2 (d, Jcp = 9.1 Hz), 127.9, 127.6 (d, Jcp = 3.7 Hz),
124.0 (d, Jcp = 48.6 Hz), 122.1 (d, Jcp = 2.0 Hz), 39.0 (d, Jcp = 5.8 Hz), 35.8 (d, Jep =
28.1 Hz), 20.5 (d, Jcp = 35.5 Hz), 16.8, 16.7 (d, Jcp = 2.4 Hz). *'P{'H} NMR (162
MHz, CDCls): § 35.0 (m). HRMS (ESI) calcd for C,4H2sBBrOP (M+H)"™ 452.1185,
found 452.1162.

H.B
35 (Ph
O F:"i-Pr

a0

Table 3, entry 5. White solid. 83% yield, dr = 7/1. The ee was determined on a Daicel
Chiralcel OZ-3 column with hexane/2-propanol = 95/5, flow = 1.0 mL/min. Retention
times: 8.5 min [(R,Sp)-diastereomer], 14.6 min [(S¢,Rp)-diastereomer]. 98% ee. [a]*Db
= —8.32 (¢ 2.40, CHCIs). The absolute configuration was assigned by analogy with
Table 3, entry 1.

'H NMR (400 MHz, CDCl;): & 7.51-7.48 (m, 1H), 7.47-7.36 (m, 4H), 7.22-7.13 (m,
5H), 6.89-6.85 (m, 2H), 6.24 (d, J = 2.4 Hz, 2H), 4.10 (ddd, J =11.2, 9.6 and 2.8 Hz,
1H), 3.78 (ddd, J = 17.2, 8.4 and 2.8 Hz, 1H), 3.17 (ddd, J = 17.2, 11.6 and 4.8 Hz,
1H), 2.31-2.19 (m, 1H), 1.44 (dd, J = 15.6 and 6.8 Hz, 3H), 1.01 (dd, J = 15.6 and 6.8
Hz, 3H), 1.30-0.30 (m, 3H). >C NMR (100 MHz, CDCl;): & 167.7 (d, Jcp = 16.4 Hz),
135.4 (d, Jcp = 9.6 Hz), 133.9 (d, Jcp = 8.0 Hz), 131.7 (d, Jcp = 2.7 Hz), 128.7 (d, Jcp
= 3.8 Hz), 128.22, 128.17 (d, Jcp = 6.8 Hz), 127.5 (d, Jcp = 2.3 Hz), 123.9 (d, Jcp =
48.6 Hz), 118.9, 113.2, 36.7 (d, Jcp = 28.8 Hz), 35.3 (d, Jcp = 6.8 Hz), 20.4 (d, Icp =
36.0 Hz), 16.8 (d, Jep = 2.2 Hz). *'P{'"H} NMR (162 MHz, CDClL): & 35.3 (m).
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HRMS (ESI) calcd for Co,Hy BBrN,OP (M+NH,4)" 380.2298, found 380.2295.

H
B Ph
0 P~i.pr

O

Table 3, entry 6. White solid. 80% yield, dr = 5/1. The ee was determined on a Daicel

Br

Chiralcel OZ-3 column with hexane/2-propanol = 95/5, flow = 1.0 mL/min. Retention
times: 10.7 min [(Rc,Sp)-diastereomer], 15.7 min [(Sc,Rp)-diastereomer]. 99.6% ee.
[0]*’ = —78 (¢ 0.15, CHCl3). The absolute configuration was assigned by analogy
with Table 3, entry 1.

'H NMR (400 MHz, CDCls): § 7.51-7.48 (m, 1H), 7.47-7.36 (m, 4H), 7.22-7.13 (m,
4H), 6.75 (d, J = 7.6 Hz, 2H), 6.24 (t,J = 2.0 Hz, 2H), 4.09-4.03 (m, 1H), 3.76 (ddd, J
=17.2,8.0 and 2.4 Hz, 1H), 3.13 (ddd, J = 17.2, 12.0 and 4.4 Hz, 1H), 2.28-2.19 (m,
1H), 1.41 (dd, J=16.0 and 6.8 Hz, 3H), 1.03 (dd, J = 15.6 and 6.8 Hz, 3H), 1.30-0.30
(m, 3H). *C NMR (100 MHz, CDCls): 8 167.4 (d, Jcp = 16.0 Hz), 134.7 (d, Jcp = 7.0
Hz), 133.8 (d, Jcp = 7.8 Hz), 131.9 (d, Jcp = 2.6 Hz), 131.3 (d, Jcp = 1.1 Hz), 130.3 (d,
Jep = 3.7 Hz), 128.4 (d, Jcp = 9.3 Hz), 123.6 (d, Jcp = 48.3 Hz), 121.4 (d, Jcp = 2.6
Hz), 118.8, 113.4, 36.3 (d, Jcp = 28.6 Hz), 35.4 (d, Jcp = 6.7 Hz), 20.7 (d, Jcp = 35.3
Hz), 16.8 (d, Jcp = 2.2 Hz). *'P{'H} NMR (162 MHz, CDCl3): & 34.7 (m). HRMS
(ESI) caled for Co,H30BBrN,OP (M+NHy)" 458.1403, found.458.1400.

HB P
O Pwjpr

oo
Table 3, entry 7. White solid. 81% yield, dr = 6/1. The ee was determined on a Daicel
Chiralcel OZ-3 column with hexane/2-propanol = 95/5, flow = 1.0 mL/min. Retention
times: 8.0 min [(R,Sp)-diastereomer], 13.0 min [(S¢,Rp)-diastereomer]. 99% ee. [a]*b

= —10.0 (¢ 2.60, CHCIs). The absolute configuration was assigned by analogy with
Table 3, entry 1.
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'H NMR (400 MHz, CDCl;): § 7.51-7.44 (m, 1H), 7.47-7.36 (m, 4H), 7.31 (d, J = 8.8
Hz, 1H), 7.22 (t, J = 2.0 Hz, 2H), 7.06 (t, J = 8.0 Hz, 1H), 6.90 (d, J = 8.8 Hz, 1H),,
6.88-6.82 (m, 1H), 6.27 (t, J = 2.4 Hz, 2H), 4.05 (ddd, J = 11.6, 9.6 and 2.8 Hz, 1H),
3.78 (ddd, J = 17.6, 8.4 and 2.8 Hz, 1H), 3.12 (ddd, J = 17.2, 12.0 and 4.8 Hz, 1H),
2.27-2.17 (m, 1H), 1.42 (dd, J = 16.0 and 6.8 Hz, 3H), 1.03 (dd, J = 15.6 and 6.8 Hz,
3H), 1.30-0.30 (m, 3H). >C NMR (100 MHz, CDCls): & 167.4 (d, Jcp = 15.9 Hz),
138.0 (d, Jcp = 7.6 Hz), 133.8 (d, Jcp = 7.9 Hz), 132.0 (d, Jcp = 2.2 Hz), 131.4 (d, Jcp
= 3.4 Hz), 130.5 (d, Jcp = 1.6 Hz), 129.7 (d, Jcp = 1.5 Hz), 128.4 (d, Jcp = 8.5 Hz),
127.5 (d, Jcp = 3.8 Hz), 123.5 (d, Jcp = 48.6 Hz), 122.3 (d, Jcp = 1.5 Hz), 118.8, 113.4,
36.4 (d, Jep = 27.7 Hz), 35.3 (d, Jep = 7.2 Hz), 20.4 (d, Jep = 35.7 Hz), 16.75, 16.69 (d,
Jer = 1.9 Hz). *'P{'H} NMR (162 MHz, CDCls): & 35.9 (m). HRMS (ESI) calcd for
C1,H30BBrN,OP (M+NH,)" 458.1403, found 458.1397.

HsB
35 \Ph
P~i-pr

OO0

Table 3, entry 8. White solid. 78% yield, dr = 5/1. The ee was determined on a Daicel
Chiralcel OZ-3 column with hexane/2-propanol = 95/5, flow = 1.0 mL/min. Retention
times: 8.0 min [(R,Sp)-diastereomer], 13.0 min [(Sc,Rp)-diastereomer]. 99% ee. [a]*p
= —61.1 (c 1.90, CHCIs). The absolute configuration was assigned by analogy with
Table 3, entry 1.

'H NMR (400 MHz, CDCls): & 7.78-7.75 (m, 1H), 7.67 (d, J = 8.8 Hz, 1H), 7.59-7.56
(m, 1H), 7.52-7.48 (m, 1H), 7.46-7.32 (m, 6H), 7.24-7.18 (m, 3H), 7.05 (d, J = 8.4 Hz,
1H), 6.23 (t, J = 2.0 Hz, 2H), 4.27 (ddd, J = 11.6, 9.2 and 2.4 Hz, 1H), 3.88 (ddd, J =
17.2, 8.4 and 2.8 Hz, 1H), 3.26 (ddd, J = 17.6, 11.6 and 4.4 Hz, 1H), 2.28-2.14 (m,
1H), 1.49 (dd, J=15.6 and 6.4 Hz, 3H), 0.99 (dd, J = 15.6 and 6.8 Hz, 3H), 1.30-0.30
(m, 3H). *C NMR (100 MHz, CDCl3): 8 167.6 (d, Jcp = 16.2 Hz), 134.0 (d, Jcp = 7.7
Hz), 132.8 (d, Jcp = 7.7 Hz), 132.7 (d, Jcp = 1.6 Hz), 132.5 (d, Jcp = 1.6 Hz), 131.8 (d,
Jep = 2.5 Hz), 128.2 (d, Jep = 9.3 Hz), 127.9 (d, Jcp = 1.2 Hz), 127.63 (d, Jcp = 0.8
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Hz), 127.57, 127.52 (d, Jcp = 0.8 Hz), 126.8 (d, Jcp = 3.2 Hz), 126.3 (d, Jcp = 0.8 Hz),
126.1 (d, Jcp = 0.8 Hz), 123.9 (d, Jcp = 48.4 Hz), 118.9, 113.3, 36.9 (d, Jcp = 28.2 Hz),
35.5 (d, Jep = 7.3 Hz), 20.2 (d, Jep = 16.3 Hz), 16.8 (d, Jcp = 2.4 Hz), 16.7 (d, Jep =
1.3 Hz). *'P{'"H} NMR (162 MHz, CDCl;): & 36.0 (m). HRMS (ESI) calcd for
CasH33BN,OP (M+NH,)" 430.2454, found 430.2452.

HsB

v _Ph
@] P~Et

e

Table 1, entry 6. White solid. 96% yield, dr = 11/1. The ee was determined on a
Daicel Chiralcel OZ-3 column with hexane/2-propanol = 95/5, flow = 0.8 mL/min.
Retention times: 11.3 min (minor diastereomer), 12.4 min (minor diastereomer), 13.8
min (major diastereomer), 26.1 min (major diastereomer). 86% ee (major
diastereomer), 65% ee (minor diastereomer).

Major diastereomer: 'H NMR (400 MHz, CDCl3): & 7.89-7.87 (m, 2H), 7.58-7.52 (m,
1H), 7.48-7.35 (m, 7H), 7.14-7.08 (m, 3H), 6.90-6.84 (m, 2H), 4.03 (td, J = 10.4 and
3.2 Hz, 1H), 3.84 (ddd, J = 17.6, 9.6 and 3.2 Hz, 1H), 3.51 (ddd, J = 17.2, 10.0 and
6.8 Hz, 1H), 1.96-1.81 (m, 2H), 1.11 (dt, J = 16.8 and 7.6 Hz, 3H), 1.30-0.30 (m, 3H).
3p{'"H} NMR (121 MHz, CDCls): & 27.2 (m).

HaB
_Ph
o Pp<

n-Bu
Ph)]\)\Ph

Table 1, entry 7. White solid. 96% yield, dr = 4.7/1. The ee was determined on a
Daicel Chiralcel OZ-3 column with hexane/2-propanol = 95/5, flow = 0.8 mL/min.
Retention times: 8.4 min (minor diastereomer), 9.7 min (major diastereomer), 13.9
min (minor diastereomer), 16.0 min (major diastereomer). 58% ee (major
diastereomer), 86% ee (minor diastereomer).

'H NMR (400 MHz, CDCls): § 7.89-7.76 (m, 2H), 7.58-6.84 (m, 13H), 4.09 (ddd, J =
15.2, 10.2 and 2.8 Hz, 0.25H), 4.02 (td, J = 10.8 and 2.8 Hz, 0.75H), 3.90 (ddd, J =
17.6, 10.2 and 4.8 Hz, 0.25H), 3.83 (ddd, J=17.6, 9.6 and 3.6 Hz, 0.75H), 3.52 (ddd,
J =172, 104 and 6.8 Hz, 0.74H), 3.11 (ddd, J = 17.6, 10.0 and 2.8 Hz, 0.26H),
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1.90-1.71 (m, 2H), 1.41-1.15 (m, 4H), 0.86 (t, J = 7.2 Hz, 2.25H), 0.73 (t, J = 6.8 Hz,
0.75H), 1.30-0.30 (m, 3H). *'P{'H} NMR (121 MHz, CDCLs): § 24.2 (m).

Application for a P-Chiral Bisphosphine Synthesis

2 equiv (¢)-2d HsB, Ph iPr, BHj;
0 0 (1) 4 mol% (S,S)-4 O Py, PO

Ph = N Ph toluene, -5 °C, 24 h =YiPr Ph"
2) BHa* SMe, Ph Ph

39% vyield, 99 %ee

White solid. 62% yield. The ee was determined on a Daicel Chiralcel OZ-3 column
with hexane/2-propanol = 90/10, flow = 1.0 mL/min. Retention times: 8.1 min
[(Re,Sp)-diastereomer], 12.0 min [(S¢,Rp)-diastereomer]. 99% ee.'H NMR (400 MHz,
CDCl3): 6 7.96 (d, J = 7.2 Hz, 4H), 7.56 (t, J = 7.2 Hz, 2H), 7.44 (t, J = 7.2 Hz, 4H),
7.26 (t, J = 7.6 Hz, 2H), 7.20-7.07 (m, 9H), 6.66 (t, J = 8.0 Hz, 1H), 6.46 (d, J = 7.2
Hz, 2H), 4.18 (td, J = 10.8 and 2.8 Hz, 2H), 3.75 (ddd, J = 17.6, 9.6 and 2.4 Hz, 2H),
3.39 (ddd, J = 17.6, 10.4 and 6.4 Hz, 2H), 2.25-2.18 (m, 2H), 1.36 (dd, J = 16.0 and
7.2 Hz, 6H), 0.98 (dd, J = 15.2 and 7.2 Hz, 6H), 1.30-0.30 (m, 6H). °C NMR (100
MHz, CDCl3): 6 196.7 (d, Jcp = 12.2 Hz), 137.23 (d, Jcp = 1.5 Hz), 137.18 (d, Jcp =
1.5 Hz), 136.5 (d, Jcp = 1.5 Hz), 133.7 (d, Jcp = 7.8 Hz), 133.3, 131.2 (d, Jcp = 2.3
Hz), 130.2 (m), 128.6, 128.0, 127.98 (d, Jcp = 9.6 Hz), 127.6 (m), 124.6 (d, Jcp = 49.7
Hz), 39.8 (d, Jcp = 5.9 Hz), 35.7 (d, Jcp = 29.6 Hz), 21.8 (d, Jcp = 35.1 Hz), 17.01 (d,
Jer = 6.4 Hz), 17.00 (d, Jcp = 4.1 Hz). *'P{'"H} NMR (162 MHz, CDCl5): & 35.9 (m).

General Procedure for the Preparation of Catalyst5

1) amino alcohol, EtzN

2) SOCl,, amine, Et;N @ © Pd,(dba);CHCI5 @ @
clo)c

o]
cocl toluene, 80 °C

Br N—Pd—N
Br h

R Ph, Bn, iPr, /Bu

To a solution of amino alcohol (16.0 mmol) and triethyl amine (16.0 mmol) in
dichloromethane (30 mL) at 0 °C was added dropwisely a solution of diacyl chloride
(8.0 mmol) in dichloromethane, and the resulting mixture was stirred at room
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temperature for 24 h. The mixture was filtered and washed with dichloromethane to
afford the desired amide for the next step without further purification.

The obtained amide (1.5 mmol) was refluxed with SOCI, (8 mL) for 8 h, and the
excess SOCI, was removed and the residue was dissolved with dichloromethane (5
mL). Then, it was added to a solution of anilines (3.3 mmol) and triethylamine (9
mmol) in dichloromethane (10 mL), and the resulting mixture was stirred at room
temperature for 24 h. After addition of aqueous NaOH solution, the mixture was
extracted with dichloromethane, and the organic phase was dried over MgSQOy,
filtered and evaporated under vacumm. The residue was purified by silica gel
chromatography to afford product as a solid.

The obtained oxazoline (0.2 mmol) was stirred with Pd,(dba);-CHCl; (0.1 mmol)
in toluene at 80 °C for 16 h. After cooling to room temperature, the mixture was
filtered over celite and washed with dichloromethane, and the filtrate was
concentrated under vacuum. The residue was purified by silica gel chromatography to

afford product as a yellow solid.

MeO OMe
“Y@Y“
| \
S/N Br N\;)
Ph Ph
(S,9)-1a

White solid. 70% yield. "H NMR (400 MHz, CDCls): & 7.53-7.40 (m, 6H), 7.38-7.20
(m, 7H), 6.72-6.60 (m, 8H), 5.32 (t, J=10.0 Hz, 2H), 4.27 (t, J= 10.0 Hz, 2H), 3.84
(t, J=9.6 Hz, 2H), 3.64 (s, 6H). "C{'H} NMR (101 MHz, CDCls): & 160.9, 155.6,
143.5, 134.5, 133.5, 131.3, 128.2, 126.9, 126.8, 126.6, 126.5, 122.5, 113.8, 67.4,
60.0, 54.9.
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MeO OMe

oo

N—Pld——N
Ph Br Ph  (55)-5a
Yellow solid. 85% yield. "H NMR (400 MHz, CDCly): & 7.46 (d, J= 7.6 Hz, 4H), 7.31

(t, J= 7.2 Hz, 4H), 7.28-7.15 (m, 6H), 6.92 (d, J= 8.8 Hz, 4H), 6.61 (t, J= 7.6 Hz,
1H), 6.35 (d, J= 7.6 Hz, 2H), 5.44 (dd, J=10.8 and 4.0 Hz, 2H), 4.39 (t, J=10.4 Hz,
2H), 3.96 (dd, J= 9.6 and 3.6 Hz, 2H), 3.83 (s, 6H). "C{'H} NMR (101 MHz,
CDCl): & 174.6, 170.2, 159.1, 142.8, 132.9, 132.1, 128.4, 128.1, 127.3, 126.9, 126.7,

122.0, 114.8, 64.8, 63.8, 55.5. [0]*°p = —150 (c 1.00, CHCI3). HRMS (ESI) calcd for
C3sH3,N40,Pd (M-HBr)" 678.1581, found 678.1564.

MeO OMe
Sow
/ \
Bn Bn  (39)Ib

'"H NMR (400 MHz, CDCls): § 7.25-7.08 (m, 13H), 6.53 (d, J= 9.2 Hz, 4H), 6.46 (d,
J= 8.8 Hz, 4H), 4.51-4.45 (m, 2H), 3.89 (t, J= 10.0 Hz, 2H), 3.60 (s, 6H), 3.60-3.56
(m, 2H), 3.19 (dd, J= 13.6 and 4.8 Hz, 2H), 2.84 (dd, J= 13.6 and 8.4 Hz, 2H).
3C{'H} NMR (101 MHz, CDCls): 5 160.0, 155.5, 137.8, 134.1, 133.2, 131.1, 129.1,
127.9, 126.7, 125.8, 122.5, 121.3, 113.5, 64.8, 56.1, 54.8, 41.3.

MeO OMe
A
| \
§/N—Pld—N\_>
Bn Br Bn  (5,9)-5b

'"H NMR (400 MHz, CDCLy): & 7.47 (d, J= 6.0 Hz, 4H), 7.26-7.16 (m, 6H), 6.83 (d, J
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= 8.0 Hz, 4H), 6.43 (d, J= 8.0 Hz, 1H), 6.10 (d, J= 7.6 Hz, 2H), 4.72-4.65 (m, 2H),
4.08 (t, J=10.4 Hz, 2H), 3.80 (s, 6H), 3.35 (d, J= 4.8 Hz, 4H). ’C{'H} NMR (101
MHz, CDCls): § 173.3, 169.1, 158.8, 137.0, 132.8, 131.4, 130.0, 127.8, 127.6, 126.3,
126.1, 121.8, 114.4, 62.6, 58.0, 55.3, 40.5. [a]*’p = 249 (¢ 1.00, CHCI3). HRMS
(ESI) calcd for C40H36N40,Pd (M-HBr)" 706.1894, found 706.1875.

MeO OMe
“Y@Y“
| \
N Br N\?
/ (§5,5)-Ic

'H NMR (300 MHz, CDCls): & 7.37-7.25 (m, 4H), 6.76-6.63 (m, 7H), 4.09-4.01 (m,
2H), 3.93 (t, J= 9.3 Hz, 2H), 3.73 (s, 6H), 3.65 (t, J=9.3 Hz, 2H), 2.01-1.90 (m, 2H),
1.03 (d, J= 6.6 Hz, 6H), 0.98 (d, J= 6.6 Hz, 6H). >C{'H} NMR (101 MHz, CDCl;):
§ 159.3, 155.0, 134.3, 133.3, 130.7, 126.5, 122.0, 121.0, 113.3, 69.3, 54.4, 53.9, 32.1,

[+2o%"]

N—Pd—N\)
Br
/\ (S,5)-5¢

'"H NMR (400 MHz, CDCL): & 7.12 (d, J= 8.8 Hz, 4H), 6.89 (d, J= 8.4 Hz, 4H), 6.49

18.2.17.4.

(d, J= 7.6 Hz, 1H), 6.20 (d, J= 7.6 Hz, 2H), 4.35-4.29 (m, 2H), 3.94 (t, J= 10.0 Hz,
2H), 3.81 (s, 6H), 3.80-3.75 (m, 2H), 2.93-2.84 (m, 2H), 0.89 (d, J= 6.8 Hz, 6H), 0.85
(d, J= 6.4 Hz, 6H). *C{'H} NMR (101 MHz, CDCl3): 5173.2, 168.8, 158.9, 133.0,
132.4, 127.8, 126.4, 121.9, 114.7, 66.7, 55.5, 54.8, 30.2, 18.5, 14.2. [a]*’p = —144 (c
1.00, CHCl3). HRMS (ESI) calcd for C3HisN4O,Pd (M-HBr)" 610.1894, found
610.1878.
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MeO OMe

A
/ \
N Br NJ
i(S,S)—Id

"H NMR (400 MHz, CDCL): § 7.32-7.20 (m, 4H), 6.76-6.63 (m, 7H), 4.30-4.20 (m,
2H), 4.03 (t, J= 9.0 Hz, 2H), 3.72 (s, 6H), 3.54 (t, J= 8.4 Hz, 2H), 1.89-1.73 (m, 4H),
1.48-1.33 (m, 2H), 0.98 (d, J= 6.6 Hz, 6H), 0.96 (d, J= 6.6 Hz, 6H). *C{'H} NMR
(101 MHz, CDCl3): § 158.9, 154.9, 134.1, 133.2, 130.6, 126.3, 121.7, 121.3, 113.2,
61.9,57.3,54.3,45.1,24.2,22.2, 22.0.

MeO OMe
A
N—Pd—N—/
Br =
(8,9)-5d

'H NMR (300 MHz, CDCls): & 7.18 (d, J= 8.7 Hz, 4H), 6.92 (d, J= 9.0 Hz, 4H), 6.50
(d, J=7.5 Hz, 1H), 6.23 (d, J= 7.8 Hz, 2H), 4.45-4.34 (m, 2H), 4.08 (t, J= 9.9 Hz,
2H), 3.85 (s, 6H), 3.77 (dd, J= 9.3 and 5.1 Hz, 2H), 1.85-1.42 (m, 6H), 1.04 (d, J=
6.3 Hz, 6H), 0.98 (d, J= 6.6 Hz, 6H). >C{'H} NMR (101 MHz, CDCL): & 173.3,
168.7, 158.8, 133.1, 132.4, 127.7, 126.2, 121.7, 114.6, 60.9, 60.3, 55.4, 44.2, 25.0,

23.8, 21.5. [a]*’> = =157 (¢ 1.00, CHCl;). HRMS (ESI) calcd for Cs4HsoN4O,Pd
(M-HBr)" 638.2207, found 638.2185.
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Me Me

o

N Br N /
Ph Ph (S,5)-Te
'H NMR (400 MHz, CDCls): & 7.49 (d, J= 7.6 Hz, 2H), 7.42 (d, J= 7.2 Hz, 4H),
7.32 (m, 5H), 7.24 (t, J= 7.2 Hz, 2H), 6.87 (d, J= 8.0 Hz, 4H), 6.57 (d, J= 8.0 Hz,
4H), 5.32 (t, J=10.0 Hz, 2H), 4.30 (t, J= 10.0 Hz, 2H), 3.90 (t, J= 9.2 Hz, 2H), 2.21
(s, 6H). "C{'H} NMR (101 MHz, CDCls): & 160.4, 143.4, 137.7, 134.8, 132.3, 131.5,
129.2,128.3, 127.2, 127.0, 126.7, 121.7, 120.0, 67.3, 59.4, 20.5.

Me Me
A
] \
§/N—Pld——N\_)
Ph Br Ph (5,5)-5¢

'H NMR (400 MHz, CDCL3): § 7.46 (d, J= 6.8 Hz, 4H), 7.29-7.11 (m, 14H), 6.62 (t, J
= 7.6 Hz, 1H), 6.44 (d, J= 7.6 Hz, 2H), 5.45 (d, J= 7.6 Hz, 2H), 4.43 (t, J= 9.6 Hz,
2H), 3.96 (d, J= 6.8 Hz, 2H), 2.39 (s, 6H). >C{'H} NMR (101 MHz, CDCL): &
174.6, 169.7, 142.7, 137.9, 136.7, 132.8, 130.2, 128.3, 127.2, 126.9, 126.7, 126.2,
121.9, 64.7, 63.5, 21.0. [a]*’> = —179 (¢ 1.00, CHCl;). HRMS (ESI) calcd for
C3sH3,N4Pd (M-HBr)™ 646.1683, found 646.1669.

MeO OMe
OMe
N N
/ \J
N Br N—
Ph Ph  (S9)-If

'H NMR (400 MHz, CDCls): & 7.45-7.26 (m, 10H), 7..03 (s, 2H), 6.70-6.64 (m, 8H),
5.34 (t, J=9.6 Hz, 2H), 4.32 (t, J=9.1 Hz, 2H), 3.89 (d, J= 9.0 Hz, 1H), 3.76 (s, 3H),
3.72 (s, 6H). ®C{'H} NMR (101 MHz, CDCl;): & 160.7, 158.0, 155.5, 143.2, 135.1,
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133.2,128.1, 126.7, 126.4, 122.3, 117.1, 113.7, 111.7, 67.1, 59.8, 55.2, 54.8.

MeO OMe
OMe

Ph Br Ph  (5,5)-5f
"H NMR (400 MHz, CDCly):  7.51-7.42 (m, 4H), 7.32-7.15 (m, 10H), 6.92 (d, J=

N N
/ \
S/N—Pld——N\)

8.8 Hz, 4H), 5.99 (s, 2H), 5.43-5.33 (m, 2H), 4.38 (t, J= 7.6 Hz, 2H), 3.99-3.92 (m,
2H), 3.82 (s, 6H), 3.26 (s, 3H). *C{'H} NMR (101 MHz, CDCl;): & 169.9, 159.2,
154.9, 142.8, 132.8, 131.9, 128.4, 128.1, 127.3, 126.8, 126.7, 114.7, 113.3, 64.8, 63.7,
55.5, 55.1. [a]*p = 137 (¢ 1.10, CHCl;). HRMS (ESI) calcd for C3oH34N4O5Pd
(M-HBr)" 708.1687, found 708.1660.

MeO OMe MeO OMe
N WQ\(N AgOAC, CH,Cly, 1, 24 h N 7/©\(N
| \ 97% vyield | \
S/N—Pd——N\) "y S/N—Pld—N\?
| - ’/
Ph Br Ph Ph OAc Ph

(S,S)-5a (S,S)-5i: X = OAC

A mixture of (S,5)-5a (110 mg, 0.144 mmol) and AgOAc (29 mg, 0.17 mmol) in
dichloromethane (17 mL) was stirred at room temperature for 24 h, the mixture was
filtered over celite and concentrated to afford the product (S,S)-5i (104 mg, 0.140
mmol; 97% yield).

'H NMR (300 MHz, CDCly): & 7.42-7.25 (m, 14H), 6.93 (d, J = 9.0 Hz, 4H), 6.55 (d,
J=6.0 Hz, 1H), 6.29 (d, J = 7.8 Hz, 2H), 5.50-5.30 (m, 2H), 4.42 (t, J = 7.8 Hz, 2H),
3.88 (t, J = 6.3 Hz, 2H), 3.84 (s, 6H), 2.00 (s, 3H). MS (ESI): 681.2 (M-HOAc)".
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MeO OMe MeO OMe

1) NaCl(aq) or Kl(aq), CH,Cl,
N N _ N N
y, \J 100% yield y/ \J

N—Pd—N—/ N—Fd—N~—/
Ph OAc : Ph s 3)5Xx N Ph
5 ,S)-59: X =
(S,S)-5i (S,S)-5h: X =

A solution of (S,S)-5i (0.02 mmol) in dichloromethane (8 mL) and aqueous solution of
NacCl or KI (0.20 mmol in 6 mL H,O) was stirred at room temperature for 1 h. The
organic phase was dried over MgSQys, filtered, and concentrated to afford the desired

products (S,S)-5¢g and (S,S)-5h in quantitative yield.

MeO OMe
A
I \
S/N—Pld—N\?
Ph Cl Ph  (5,9)-5g

'H NMR (400 MHz, CDCLs): § 7.50 (d, J= 7.6 Hz, 4H), 7.34 (d, J= 7.2 Hz, 4H),
7.28-7.18 (m, 6H), 6.93 (d, J=9.2 Hz, 4H), 6.58 (d, J= 8.0 Hz, 1H), 6.33 (d, J= 8.0
Hz, 2H), 5.39 (dd, J= 10.8 and 4.4 Hz, 2H), 4.39 (t, J= 10.4 Hz, 2H), 4.02 (dd, J=
9.6 and 4.4 Hz, 2H), 3.85 (s, 6H). "C{'H} NMR (101 MHz, CDCl;): & 174.4, 169.9,
159.2, 142.7, 133.2, 132.3, 128.5, 128.1, 127.5, 126.94, 126.88, 121.9, 114.9, 64.5,
63.6, 55.5. [a]*p = 60 (¢ 0.70, CHCl;). HRMS (ESI) caled for CisHiN4O,Pd
(M-HCI)" 678.1581, found 678.1573.

@ 0

N—Pd—N
Ph | Ph (S,9)-5h
'H NMR (400 MHz, CDCL3): & 7.43 (d, J= 6.4 Hz, 4H), 7.34 (t, J= 6.4 Hz, 4H),

7.28-7.22 (m, 2H), 7.20 (d, J= 8.4 Hz, 4H), 6.93 (d, J= 8.4 Hz, 4H), 6.63 (t, J= 8.0
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Hz, 1H), 6.37 (d, J= 7.6 Hz, 2H), 5.53 (dd, J= 10.8 and 4.0 Hz, 2H), 4.37 (t, J=10.4
Hz, 2H), 3.96 (dd, J= 10.0 and 4.0 Hz, 2H), 3.84 (s, 6H). *C{'H} NMR (101 MHz,
CDCls): § 175.2, 170.8, 159.3, 143.0, 132.8, 132.1, 128.6, 128.2, 127.4, 127.1, 126.8,
122.2, 114.9, 66.1, 64.1, 55.6. [a]*’p = 65 (c 0.55, CHCl;). HRMS (ESI) calced for
C3sH3,N40,Pd (M-HI)" 678.1581, found 678.1572.

References:
(1) Feng.; J.-J.; Chen, X.-F.; Shi, M.; Duan, W.-L. J. Am. Chem. Soc. 2010, 132, 5562.
(2) Shadakshari, U.; Nayak, S. K. Tetrahedron 2001, 57, 8185.

(3) Yamagiwa, N.; Qin, H.; Matsunaga, S.; Shibasaki, M. J. Am. Chem. Soc. 2005, 127, 13419.
(4) Tsvetkov, E. N.; Bondarenko, N. A.; Malakhova, 1.G.; Kabachnik, M. 1. Synthesis 1986, 198.

(5 a) Ma, K.; You, J. Chem.—Eur. J. 2008, 14, 7108. b) Bugarin, A.; Connell, B. T.
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HPLC Charts

==== Shimadzu LCsolution Analysis Report ====
Enltlo-3-82- 020508, led
Sample Name : e-3-82-0z8505 . led Date
H3B
Calumn The mobile phase: 32 _ph
O P-me
elocity: The detection mavelength: M
b : Ph Ph
g Chromatogram>
Chromatogram
1e-3-82-0m9505 1ed E:lcle-3-B2-020505 led
av
40000
£
2
30000 2
“
20000
10000 -
] <
2 3
= =
FiN FAN - — - IDea thl
T T T T T
0 5 10 15 20 25 30
min
DeakiTable
[Detector A Chl 254tum
Pk Ret. Time s Height Bre %
1 11686 5275 31461 44,503
2 13673 524244 25322 44614
3 15620 62018 2815 5278
4 21990 61273 20601 5214
Total 11735059 61657 100.000
==== Shimadzu LCsolution Analysis Report ====
Enlcilo-d-05- 020 8 m-0505. Icd
5ample Name  10-4-00- 0z 0. 8ml-050. lod Date:
Col The mobile ph H
olumn: e mubile phase: -
. o
elocity: The detection wavelength: )J\/k
ity b Ph
< Chromatogram>
Chromatogran
Ie-4-09-07-0. 810505 Jed B e-4-00-02.0.8m1.0505.1ed
v
40000 a
A
m
20000
=
5
5
H
20000
10000 .
il ]
= 5]
A =
- — - — - {-lDetd Chl
T T T T T
] 5 10 13 20 25 30
min
e Tdble
[Detector & Chl 234mm
Dedl Fet. Time Brea Height Brea %
1 11317 52748 3017 3341
3 13.515 777657 34541 49.266
B 14,821 16105 753 1020
4 22.297 732170 20062 46.373
Total 1578880 58672 100,000
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==== Shimadzu LCsolution Analysis Report ====

EMchle-d4-4-0z8505. | od

Sample Name : le-d-4-0z3505.led Date:
HB ph
Calumn: The mabile phase: O Piye
&locity: The detection wavelength: Ph
Me
[k Chromatogram>
E}mzogsm
Ie-4-4-029505 Jed Bl le-4-4-029505 1ed
u¥
125000
100000~ 2
£
=
=
73000 S
]
50000
=
Inl
- i
3
25000 Py
f\ o — - — | lDet & Chl
T T T U 1 T T U T
i3] 2.5 i 7.5 040 125 150 175 2040 2.5 25.0
- min
Tedl Table
[Drstectar & Chl 254rm
Tedatl Ft. Time Direa Height dires %
1 4.963 1460246 59297 35,246
2 10,870 1437320 67065 34 603
3 12274 621777 28372 15,008
4 18765 613669 17580 15.053
Total 4143021 203213 100,000

Shimadzu LCsolution Analysis Report =

EAlcile5-T- 0z A ml-9505 |ed

Sample Name SleS5-F-0z1m1-2505 . led Date:
H;B
Calumn: The mobile phase: o 33 _Ph
~Me
elocity: The detection wawvelength: Ph
Me
ik Chromatogram>
ChromBogran
1e-5-7-0% 11950 5.1cd E:Mce-5-7-02- nl-9505 104
o
125000
100000+
750004 b4
50000+ -
o
S
n
N
25000
2 &
= i
-
" Fas - 1Det. & Chl
T T T T T T T T T
oo 25 an 75 10.0 12.5 150 17.5 ) 225 250
- min
Paali Tahle
[Cretector & Chl 254zem
Peaki#t Fst. Time Hres Height Area %
1 10431 L0499 5483 3.134
2 12608 1655738 61471 50631
3 14277 23061 1038 0.783
4 22201 1486310 31118 45450
Total 3270216 0030 100,000
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Shimadzu LCsolution Analysis Report =

EMlchle-4-14- 028505 | od

S120

ample Hame : lod1d-020505. led Date:
HsB
1 _Ph
Column: The mobile phase: P{\e
elocity: The detection wavelength: Ph
OMe
[k Chromatogram>
Zram.
1c-4-14-029505 Ird Ecle-4-14-019505 1ed
uyf
40000
30000
] z 1
= =
20000 =
=
B
10000 2
m )
=+ =2
. =
N FAN 1Det & Chl
T T T T T T T T
0 3 1 13 20 25 k) 5 40 45
- min
Pedki Tahle
Dstecter & Chl 25drm
Peakilf Fat. Tihe HArea Height HArea %
1 17 631 647811 21031 42038
2 20,929 643350 16518 41.7350
3 24359 125946 3065 £.173
4 41034 123855 1720 5038
Total 1540962 42334 100,000
= Shimadzu LCsolution Analysis Report
E:lello5-8-0z-1m1-0505.led
Sample Hame S le5-8-0z-1m 9505 led Date:
Column: The mabile phase: H3E( _Ph
o P<Me
elocity: The detection wawvelength:
Ph
OMe
< Chromatogram>
Chromitogran
1¢-5-8-02 Im-9305 1rd Elele-5-8-02- 1ml-9505 Jed
v
40000
=
'
£
30000
]
20000
=3
L3
2
10000 -
b= =
< &
| o
AN . 1Det. & Chl
T T T T T T T T
0 5 10 15 0 25 0 35 40 43
- it
Tadk Table
[etector & Chl 254nmm
Tedki Rt Time Ares Heigt Bres %
1 16,571 79313 1309 3.520
2 19 647 1296529 30261 57.532
3 22,578 23692 361 1.051
4 39957 54023 10015 37.897
Total 1253562 43146 100,000




==== Shimadzu LCsolution Analysis Report ====

ENchlod-2-028302 lod

Sample Name e 2-0z9202 led Drate:
H3B
Column: The mabile phaze: b:Ph
Me
el sity: The detection mavelength: Phi Br
Chromatogram>
Zram.
1e-4-2-020802 1ed Elee-4-2-028802 1ed
o
75000
"
™
=
50000 £
S
A
]
25000
=
2 5
a =
A
J\ - — - - 1Det A Chl
T T T T T T T T T
0 3 10 15 a0 5 30 35 40 45 0
- mih
Peik Table
[Detector & Chl 254mm
Dl Fet. Tiome Ares Height Area %
1 19 335 2039125 57060 35.665
2 25996 2003234 41837 37.987
E 20314 603383 13202 11.442
4 39.190 627706 9877 11.903
Tatal 5273451 121977 100.000
==== Shimadzu LCsolution Analysis Report ====
Enlcle-5-2-2 ci-02-0.8m1-9302. led
Sample Mame : lo-5-2-2ci-0z-0.9ml-9202. 1 od Date:
HsB
Column: The mobile phase: ":,/Ph
~Me
elocity: The detection wavelength: Ph Br
< Chromatogram>
Zram
1e-5-2-2rioz0 Sml-9302.1ed Elele-5-2-3cioz0 Sml-9802.1d.
u¥
40000
30000
] )
2
=
20000 b
2
g
=
10000
=1
bl &
o -+
. 5
FAN — - — -|—IDwa cHl
T T T T T T T T T
i 5 0 15 0 5 0 5 40 45 50
- min
PeakiTable
[Detector & Chl 254zmm
Paaki#t Fet. Time Area Height Hrea %o
1 13.306 63673 1902 3508
z 24.502 916684 18916 50.499
3 26.492 17912 437 0957
4 35.661 316993 11939 45.007
Total 1815267 33244 100.000
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= Shimadzu LCsolution Analysis Report =

EMctle-d-1-3d9505. led

Sample Hame o le-d-1-2d9505 led Date:
HiB
L _Ph
Column: The mobile phase: O Pime
alocity: The detection wavelength: Ph
Br
Kk Chromatogram=
Chromitogran.
Ie-4-1-439505 Led E:4c¥le-
o
75000
=
o
b
=
500004
]
by
=
25000 = £
=
H =
S
Z
o
]
| j\ - |- 1Deta chl
T T T
i 25 50 75 100
- min
Pesk Table
[Detector & Chl 254mm
Peakl Ret. Tome Airea Height Area %
1 25.910 514421 15248 7933
z 37.821 2718976 4371 41.929
3 52.040 516804 7584 7.969
4 26.941 2734570 23027 42.169
Tatal 64534750 100230 100.000

==== Shimadzu LCsolution Analysis Report ====

Eflcile-5-2-AD-0.8ml-2505. |cd

Sampla Name  le5-3-AD-0.8ml-9505 led Date:
Column The maobile phase: HSB\ -Ph
’ % ~Me
elocity: The detection wawelength: Ph
Br
[k Chromatogram=>
Chrornaogram,
Ic-5-3-AD-0.5m1-2503 1cd ENcNe-3-3- AD-0.5ml-9505 lod
u¥
T5000
50000 .
5
2
N A s
=
-
k)
25000
o =
2 2
= =
il - - - -1Det. A Chl
T T T
o a5 A0 75 100
- min
Deals Tahle
[Dretector & Chl 254ron
Teddet Fat, Time dires Height direa %
1 24.093 1257770 33509 43.017
p 34.742 1530503 32043 S2.656
3 45.005 23900 330 0517
4 81.6338 102625 a4 3.510
Total 20923359 72196 100.000
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Shimadzu LCsolution Analysis Report ====

Enlcilo-d-20-0z0505. | cd

Sampla Name 10220020508  Icd Date:
H;B
Column: The mobile phase: 33 _Ph
O Pime
elosity: The detection wavelength: Ph
NO,
< Chromatogram=>
Chronogran.
1c-4-29-029.505 1ed E:Ncc-4-29-029505 1ed
v
40000
&
30000 2
a
] al
a
20000
10000 = -
S a
£ 3
P P AN — - ipaac
T T T T 7 T T 7
1] 10 20 20 40 50 60 0 80 o0
- ity
Peak Table
[Detector & Chl 254mm
Pkt Ft. Time Bres Height B
1 45.982 2131450 27897 42.370
F 52553 2103070 2213 41606
3 50.010 302641 3041 7800
4 65952 403190 3784 8015
Total 5030551 57835 100.000
== Shimadzu LCsolution Analysis Report ====
Enleo-5-11-0z-1m-3505. lcd
Sample Name 16-5-11-0z-1 mI-8505.Icd Date:
Column: The mobile phase: HaB _Ph
o P~Me
alocity: The detection wavelength:
Ph
NO,
[<Chromatogram=
Chromaogran
Le-5-11-02- bul-9505.1ed Elele-5-11-02 Lml-9505.1cd
v
75000
50000 z
2
3
h H
]
=
25000 2
"
g g
4 .
] s - — - —|- DAl
7 T T 7 T T 7 i
] 10 0 30 40 50 60 0 80 90
- Hin
Peak Tible
[Detector & Chl 254
ek et Tome frea Height Brea
1 44.944 3761197 41177 54.380
1 52.604 252400 2008 3.640
5 59.380 39643 361 0.576
[ 65.016 2863116 2082 41305
Total 6916570 65719 100.000
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= Shimadzu LCsolution Analysis Report =

B
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= Shimadzu LCsolution Analysis Report
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Shimadzu LCsolution Analysis Report
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Shimadzu LCsolution Analysis Report

EAlcilo-5-92-ie-1ml-82302 od

Sample Hame : lo5-82-ie-Aml-2202.led Date:
H3B
\_Ph
Column The mobile phase: o] P<Me
elocity: The detection wavelength Ph
Br
I<Chromatogram>
Chromatsgram.
Ie-5-92-- 1l 9302 Jod ENCe-5-92-4c- bl 9502 1rd
av
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30000 2 7
% o
Z
] n
20000
5
o
3 g
10000 }‘\ 5
1l - — - — - T IDetAChl
T T T T T
0 10 0 30 40 50 60
- min A
PeakTible
[Dtactor & Chl 254zem
Peak® Fst. Time Brey Height Area %
1 11516 038 10103 9619
F 27022 310838 250 9407
] 58308 1579202 7298 40,568
4 40501 1373698 26157 40406
Total 3399767 71758 100,000
= Shimadzu LCsolution Analysis Report =
EMo5-21-ie- 1mI-9802 lod
Sample Name  1e-5-2 1o m-0202.led Date:
H;B
) 1 _Ph
Column: The mobile phasa: 0 Pige
eloity: The detection wavelength: Ph
Br
[<Chromatogram=
Chromatogram
Le-5-9 L Lol 9802 Jod ENee-5-01-ie- lend 0802, 1ed.
i
250000
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200000 &
" 150000 "
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E
100000
50000
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A —|- Deacwm
T T T T T
0 10 20 30 40 30 60
- mm al
PediTible
[Detector & Chl 254mm
Teii# Fat Time Irea Height Bgea o
1 22.647 5935929 186760 49.203
2 26.045 345628 2027 2861
3 35,250 163734 3511 1355
4 40.135 5617368 100142 45.491
Tatal 12032658 200346 100 000
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= Shimadzu LCsolution Analysi
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= Shimadzu LCsolution Analysis Report
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== Shimadzu LCsolution Analysis Report
ENrio 08 2dian 201 02 1m) G900 1ed
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==== Shimadzu LCsolution Analysis Report ====

EMlele-4-32-chong-ad-1m|-9505. 1 cd
Sampla Name : le-d-32-chong-ad-1ml-9505 |ed Date:

Column: The mobile phaze: le) PZ

elocity: The detection wavelength: ph)J\)Y

< Chromatogram>

Chromato;
lo-#-32-chiomg-ad Il 9505 1ed E:Ncc-4-33-chong:ad- Lml-9505 1ed
uiy
300000
&

23 8

g5 £

" 200000 =8 =

100000
1Det. & 1
T T T T T T T
0.0 25 50 7.5 00 125 150 175 200
- min
ek Tahle
[Detector & th 254nm

Fedt el Time e Height B %
1 0615 2715161 195717 25080
2 10420 3154030 219035 26352
3 10927 2762432 176531 25424
4 11783 3157610 194175 26,173
Total 11795171 Te0519 100.000

==== Shimadzu LCsolution Analysis Report ====

EMchle-5-66-1-ad-1m1-9505 led
[Sample Name e-5-68-1-ad-1m1-9505 . lcd Date:

Column The mobile phase: O Pime

elosity: The detection wavelzngth: Ph)UY

K Chromatogram=>
Chromaogran
Ic-5-66-1-d- L9505 Jed EALGc-5-66-1-ad- 1ml-9505.1cd
i
=
o
o
150000
B 0000 5
E]
"
50000 &
[K;
i
o - —|-Daamm
T T T U U T T
0.0 2.5 50 7.5 10.0 12.5 150 17.5 200
- min
Pedk Table
[Detector & Chl 25420m
Pk Ft. Tiome e Height B %
1 10.518 1032818 83051 25736
1 11335 410579 31042 10.231
3 11876 80790 6114 2013
4 12,657 14BE061 161405 62.020
Total 4013150 283513 100.000
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= Shimadzu LCsolution Analysis Report

Sample Name

Enleo-a-75-ic-1m1-9505 . led

e T8 1m 3805 led Date:

Column: The maobile phase:
elocity: The detection wavelength:
< Chromatogram>
STHm.
Ie-4-75-de- 1l 0505 Jed B le-4-T8-ie- bl - 0505 Jed
i,
25000
20000
o
Mo
> 9
B 15000
10000
=
o B
s000 g =
.
i /\ A - 1 1DetA Chl
T T T T T T T
i3] 2.5 i 7.5 100 12.5 150 17.5 2040
- min
Pedk Tahle
[etector & Chl 25%mm
Tedki et Tine ires Height At %o
1 9312 204642 16225 39900
2 9.939 205420 15238 40.052
3 15 863 50538 2454 0.854
4 16.776 52287 3083 10.195
Total 12887 36998 100.000
==== Shimadzu LCsolution Analysis Report ====
E:l Ml o-4-88-1C- 1 mI-8505 led
Sample Name 16-4-38-1C-1m 2505, 0d Date:
HsB
Column: The mobile phase: iD/Ph
~Me
elocity: The detection wavelength: C )J\/kph
I< Chromatogram=>
Chrommatogran
16-4-88-1C- Im 19505 1ed E:ilele-4-88-10- Iml-0505 1ed
v
b
40000 A
al
30000
@
2
b
A
20000 -
10000
=
E g
=
- —|- DA chl
T T T T T T T
0 2.5 50 7.5 10.0 125 150 17.5 20.0
I
PeskTible
[Detoctor & Ch1 254rm
Peak# Ret, Tine Brey Heighd Bres %
1 0363 470260 37520 40,730
2 10.014 37000 2812 3842
3 15088 432308 19662 44875
4 16.934 14878 62 1.544
Total 963556 60756 100000
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= Shimadzu LCsolution Analysis Report =
Exliilo-d-3d-ic-1m 19508 Icd
[Sample Name :le-d-34-ic-1.0m1-9505. 1cd Date: H3B h
P
O P ye
Column: The mobile phase
2\
elosity: The detection wavelength:
Me
< Chromatogram=>
Zram.
Le-d-34-ic-1 Dl 8505 Jed Ece-d-34-ic- Ll 0505 led
iy
75000 .
=
3
o
=
o
" soo00- !
25000
8z
-
/\j\ . — - — {-IDttAChl
T T T T T T T T T
0.0 25 50 7.5 10.0 12.5 15.0 17.5 200 115 250
- min
Peak Table
[Detector & Chl 234zem
ekl Fet. Time e Height Brea %o
1 8.591 741662 63003 37816
F 9.749 738888 34591 37.675
] 15,523 240113 11702 12,243
4 16.194 240366 10943 12,266
Total 1961330 140543 100.000

==== Shimadzu LCsolution Analysis Report ====

Edlcile-5-15.ic-1m 10505 . led

Sample Name S le5-15-ie-1m 2505 . led Date:
Hi;B
. \_Ph
Column: The mobile phasa: (o] P<Me
elocity: The detection mavelength: CN
Me
i Chromatogram=>
ChromBogran
Ic-3-15-ic- 1m1-95035 1ed EMcYe-3- 13-ic- nl-9505.1cd
v
g
s0000- o
40000~
" zo000
o
g
]
a
20000+
laooo—H @
& ]
o= =
J”\ =
- — - — - — -|—1Det AChl
T T T T T T T T T
0.0 2.5 an 7.5 0.0 12.5 15.0 17.5 a0 235 250
- main
Daali Table
[Detector A Chl 254mem
Peakiff Fat. Tine Area Height Area %o
1 8431 552386 4o644 50.281
2 9.538 487035 3735 4433
3 15276 470068 20430 43.607
4 16319 15444 822 1679
Total 1092601 73631 100.000
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==== Shimadzu LCsolution Analysis Report =

Edlcile-d-40- ad-1m|l-2505 1 ed
HaB o
0 Pi{Me

(Column The mobile phase
<
e locity: The detection wavelength: —

Sampla Mame o le-dhd40- ad-1m1-0505. led Date:

l=Chromatogram=>
Chromatngram
Le--400-3- 119505 lod Eede-4-40-2d- Iml-9305 1ed
o
50000
40000
]
30000 g
A
- - -
=y il
=~ s
20000 = . £
q
o
@
10000
[ 1Dt Chl
T T T T T
q 10 a0 0 40 50 6l
- i
Peak Table
Detactor & Chl 25drm
Tedklf Rt Time Ares Heidt Ares %
1 21.797 505072 17077 14 484
2 32.517 504703 11476 14 474
3 35,366 1226113 22665 35,162
4 48.632 1251134 16603 35 880
Total 3487021 67821 100,000

Shimadzu LCsolution Analysis Report

Eflcile5-14-ad-1ml-9505 led
Sample Name o le-5-14 ad-1m1-9505. 1ed Drate:

Column: The mobile phase: [e)

elocity: The detection wavelength: CN OO

kChromatogram=
E:htmzogmn
1e-5-14-2d- 1l 9505 1ed Eneile-5-14-ad- Il 9505 1ed
o
50000
Il
g
=
8
40000
&
=
=
¥ 30000 -
20000
10000 o
b} P
= b
= %
FAN - — - | -IDeac
T T T T T
0 0 20 k) 40 0 60
- min
e Table
[Detector & Chl 254rm
Tedilt Tt Time Ares Height Ares %
1 20,021 1207864 40645 39657
2 31056 36129 367 1.136
3 34730 1643463 20087 53958
4 46.829 158342 2286 3.199
Total 3045707 73084 100000
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==== Shimadzu LCsolution Analysis Report ====

E:Mc\le-5-57-ic-1ml-3505. led

Sample Mame : e5-G7-ie- 1 m1-9505.  od Date
HsB
L Ph
Eolumn: The maobile phase: o] P\Me
elocity: The detection wavelength: CN
OMe
kChromatogram=
A
1e-5-67-c- Il 9505 1ed Eleile-5-67-ic- Il 0505 led
o
50000
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40000 k4
S o
-]
I
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T
20000
£ g
10000 b= -4
/\j\ o — - aDsam
T T T T T T T T
1 5 10 15 20 25 kil 5 40 45
- min
Tede Table
[Detector & Chl 254rmm
Dot Ft. Time dires Height dires %
1 16.744 Ba3464 34990 34694
2 18 820 84323 30158 34640
3 31.003 390708 434 15308
4 34287 391740 7689 15340
Total 2352254 81272 100000
==== Shimadzu LCsolution Analysis Report ====
E:lchle-5-58-i- 1ml-3505. led
Sample Name S le5-58-ic-1ml-9505 . lcd Date:
H3B
\_Ph
Column: The mobile phaze: o] P<Me
elocity: The detection wavelength: CN
OMe
[<Chromatogram=>
ChromBogran
1¢-5-58-ic- 119505 led Erlele-5-58-5c- 1l 9305.1ed
u
i =
3
3
b
200000
1500004
]
100000 iz
b
500004 -
a
& -
- 5
- =
4 iy g 1Dat 4\ Chl
T T 1 T T T T T
[ 5 i 15 20 25 0 5 40 45
- min
Teak Teble
[Detector A Chl 253m
Tedi# Ft. Time iren Eeight )
1 15.604 5624785 229576 56.468
2 17.625 506602 16700 5086
3 29.167 3668716 79214 36.831
4 32517 160062 3207 1616
Totil 9961065 327783 100.000
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==== Shimadzu LCsolution Analysis Report ====
Ecilod-42-02:0 8ml-0505 lod
Sample Name 1o 82-02-0.8m-9505. 1 6d Date: HB o
(o] P:Me
Column: The mobile phase:
7 "N
elocity: The detection wawelength: _
NO,
K Chromatogram>
Chrceogran,
Le-4-42-020 Bk 9505 1ed ENcUc-4-42-020 Bml-9505.1ed
uv
75000
=
~
500004 b
ES
' B
25000
=
g 0
a =
o =)
o
o /\ /\ | ~1Det.a o
T T U 1
0 2 50 75 100
- wmin
Pedi Table
Detector & Chl 254rn
Tedt et Time Brea Height Ao %
1 46,235 3694731 48536 50,231
2 57819 3672759 36304 32.008
3 65.619 1020520 9178 10834
4 92.713 1030033 7046 10937
Total 417343 10106+ 100.000

==== Shimadzu LCsolution Analysis Report ====

E:lcilo-5-13-2 ¢i-0z-0 Bml-3505 | od

Sample Name o eG-13-Z2ci-0z-0.8m 9505 . od Date: H3B\ _Ph
O Pime
Calumn: The mahile phase:
<
elocity: The detection wavelength: —
NO,
Chromatogram>
T
1e-5-13-2ci-0z-0 8m1-0505 1ed EXce-5-13-2ci-02-0.8ml-050 5 1ed
u
40000
20000 2
-
N - LI
20000
-
b3
=
5
10000
A g
2 a
. - 1Dut.& Chl
T T T T
1] 25 50 75 100
- it
Peak Tahle
[Cretector & Chl 254rm
Tadlikt Fut. Time ires Height irea %
1 47.875 2242350 25352 51.141
2 60.724 177689 1510 4.052
3 72030 72500 688 1656
4 A7 854 1802046 10721 43151
Total 4304603 38271 100,000
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==== Shimadzu LCsolution Analysis Report ====

EAlc\led-26- oz-0 8ml-8505 | od

Sample Name :le-d-36-0z-0.8m1-8505 . lcd Date
H;B
\_Ph
Column: The mobile phase: [e] P<Me
Br
elocity: The detection wavelength: CN
< Chromatogram>
ey
1e-4-36-05-0 8ml-0505 1ed ENMe-4-36-02-0.8ml1- 0505 1ed
W
T5000
=
I
50000 =g
=
l =1
25000
=
& -
a &
A \
/\ ~1Det. & Chl
T T T T T
a 5 iy 15 a0 25 30
- min
Peak Tahle
[Detector & Chl 254rem
et Rt Time dres EHeight rea %
1 10.706 Tag064 46345 37866
2 11.636 Ta6155 41295 37668
3 15.286 236019 10135 12243
4 21.841 235625 166 12233
Total 1937763 104940 100.000

Shimadzu LCsolution Analysis Report

EM et -5-16-0z-0.8mI-9505 lcd

sample Name : 10616020 8m|-0505 led Date:
H;B
5 _Ph
Column: The mobile phase: [e] P\Me
Br
aloity: The detection wawelength: CN
Chromatogram=
E:hmmzogmn
1e-5-16-02-0 810505 1ed Eletle-5-16-07-0 Sml-0505 1ed
v
=
2
2
75000 =
" so000
o
a
A
A
25000
=
il
"h\ _____ - 1Det. & Chl
T T T T
[ 5 10 15 20 25 0
- min
Peak Table
Detactor & Chl 25drem
Pedid Feet. Time Ares Eei e %o
1 10511 118434 72359 4324
2 11.630 1343487 72152 49.124
3 15.511 30776 1267 1124
[ 22202 1244268 34013 45428
Total 2736963 115392 100.000
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= Shimadzu LCsolution Analysis Report

4300 920606104

E 03 00 w05 bed

ampis Hame Gate HB
o pe
Sotuma Yot mobite phase: ~Ph
aluily. Tha du
Br
FChromatogram=
=
K300 ol E e 3B 305
oo
40m
g
&
s =
] -
100 £ ]
A . - it & (01
T v g 7 ; e
H 1 ) 2 E 55
Te T
Butrtes & Gl 254
ok o T =y oge %)
T Tooinal o 5
E [FEEET) 150 ¥
s ETiTT) FIT =T
i Teasss 16015 e
Toul FETT S e 100,000
==== Shimadzu LCsolution Analysis Report =
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==== Shimadzu LCsolution Analysis Report ====
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==== Shimadzu LCsolution Analysis Report ====

Enlcil 5620z 1ml-2505 . led

Sample Hame o 1e-5-63-0z-1m1-8505 | ed Date:
Column The mobile phase:
elocity: The detection wavelength:

< Chromatogram>

Chromalogram,
Le-5-63-03 Ll 0505 1ed Eele-$-63-03 Ll 0505 1ed
av
100000
75000 2
o
1 <7 [
Iy
50000
o
¥
=
25000
2
I
=
JL_/W\J\ N “1Det.& Chl
T T T T T T T T T
00 25 50 75 0.0 125 150 1.5 W00 2.5 250
- min .
PeakTahle
[etector & Chl 2i4nm
et Fat, Thms dre Haight I
1 6,963 2T 2841 34308
3 7540 55077 55378 ETERE
3 5452 403985 26137 L7000
4 15446 413304 e 17.179
Tatal 2405809 15343 100000
==== Shimadzu LCsolution Analysis Report ====
EMetle-5-54-0z-1m|-2505 1ed
Sample Name 16564 0z-1m 2508 led Date: H3B Ph
O B-ipr
Calumn The mohile phaze: )v
Ph Ph
elosity: The detestion wavelength:
i< Chromatogram>
Chromaogran,
Ie-5-64-02- 1l 9305 Jod EMcde-5-64-03 Ll 0505 Jed
av
=
100000 2
735000
] [
50000
25000
o
e
Z
A - 1Dt A Chl
T 7 f T T T T T T
0.0 2.3 Xl 73 0.0 12.3 130 17.3 00 235 50
- min a
PediTanle
[etecter & Chl 254ran
el it Time Frm Hright B
1 5676 11708 63 0.266
H Lg.524 4336722 (e 90734
Total 4398430 95557 100000
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==== Shimadzu LCsolution Analysis Report ====

EN e o-5-75-2 ci-oz- 1mI-9505 . |od

Sampls Name : 105762 ¢i-0z 1 m-0505. led Date: HB o
) O P=ipr
Column: The mobile phase:
Ph
elocity: The detection wavelength:
OMe
[<Chromatogram=>
Chromaogran,
1¢-5-76-2ckog ud-9503.Ld EALOL-5-76-2ci-02- Ll 9505 Jed
av
50000
40000 -
g
g
=
B =p000
20000
=1
2
10000 i
/\ o - |—1Detd
T T T T T
0 10 20 30 40 50 &0
- min
TeakiTable
[Detector 4 Chl 254nun
Tedi# Fot. Time frea Eright B o
1 13.866 1066252 31839 50564
2 43.001 1042483 745 40436
Total 2108765 40534 100,000

Shimadzu LCsolution Analysis Report =

EMcMe-5-74-0z-1ml-8505. 1 ed

Sample Name SleS-F 4oz 1ml-9505. led Date:
Column: The mobile phase:
elocity: The detection wavelength:

OMe

[<Chromatogram=>

Chromaogran
1-5-T4-03- 1ml-9505.1ed Elode- 5-74-0z- Linl-9505 1cd
uif
100000
n
2
75000 a
=
1]
50000
25000
=
~
pul
e, .. ~1Det.d Chl
T T T T T
0 0 0 30 40 50 ]
- paiiiy
PeakiTable
Detector & Chl 25%mm
Deaki¥! Fet. Time Area Height Area %
1 13242 95357 2357 1144
2 42,505 2238520 68353 08 256
Total 4333877 70710 100.000
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==== Shimadzu LCsolution Analysis Report ====

EMcle5-77-0z 1ml-Q505. ed

Sample Hame 57 T-0z 1 ml-9505. 1cd Date: H3B
\_Ph
Column: The mabile phase: O P~ipr
. . Ph
elocity: The detection wavelength:
NO,
< Chromatogram>
Chromnatogran
1e-5-77-0m I1rl-9505 1ed EAlce-5-F7-00- 1ml-9505 1ed
i
100000~
&
75000 ]
=
1] 2 n
-
w
S0000—
25000
- - — - — 4 -1Dst A Chl
T T T T T
0 ju) 20 30 40 50 a0
- min A
Peak Tahle
[Detector & Chl 254rem
Tedki Fut. Time Ares Helgt Ares %
1 3lgm 4901257 66941 48,730
2 39.505 4942355 0955 50210
Total 9843212 117897 100.000

==== Shimadzu LCsolution Analysis Report

E:M oM e-5-75- 0z 1 ml-8505. led

Date:

H3B

Sample Name : 16:5-75-0z-1m1-0505. ed Ph
_ O Bwipr
Calumn: The mobile phase:
Ph
elocity: The detection wavelength:
NO,
£ Chromatogram=>
Chrormatogram.
157502 1119505 1rd ENede-5-7 502 119505 1rd
ui,
g
=
A
150000
100000
s0000-
=
™ b3 o|~1Dets cm
T T T T T
1 10 a0 0 40 50 60
- min
Peak Tahle
[Detector A Chl 254ram
Dok Fat. Time Aren Height Ares %
1 33124 50567 634 0.300
2 916 16822100 165870 99700
Total 16872677 166512 100,000
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==== Shimadzu LCsolution Analysis Report ====
EMed ¢ 5-83-0z-1m 12505 led
Sample Name o |e-5-83- 0z 1mI-9505. lod Date:
HiB
L _Ph
Column: The mobile phase: o P<ipr
Br.
alocity: The detection wawelength: Ph
< Chromatogram=>
Chromate;
Ie-5-83-07 brd-9505 1ed EALMe- 5-85-0 Ll 9505 1od
i
250000
2
=
i
200000
" 150000 !
g
100000 2
50000
1Det. & Chl
T T ? T T T T
00 2.5 50 7.5 10.0 12.5 150 17.5 200
- Imin .
PekiTable
[Detector & Chl 254
Feaki Fat. Time B Height e o
1 7068 2372363 206296 40657
2 13931 2604792 81536 50313
Total S1TT176 188532 100,000
==== Shimadzu LCsolution Analysis Report ====
EMIc o 6-81-0z-1mI-0505. o
Sample Name : 106-81- 0z AmI-0505.led Date:
H3;B
Column: i : 1 _Ph
alumn: The mabile phass: o P
C=i-Pr
. . Br ~
2locity: The detaction wavelength: Ph
< Chromatogram=>
Chromatogrim
k-5-81-03 ked-9505.10d Bl 5-81-0z Ll 9305 1d
iy
250000
)
o
200000 =
¥ 150000 !
100000
50000
£
=
~ ~1Det &4 Chl
T T T T T T T
00 2.5 50 7.5 10.0 12.5 15.0 17.5 200
- min a
PeskiTanle
[Detector & Chl 354
Peak® Fet. Tine Brey Height HAres %
1 7986 17362 1504 0280
2 13834 5997516 195248 99711
Total 6015178 196342 100,000
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==== Shimadzu LCsolution Analysis Report ====
E:leilo5-84- 0z 1ml-0505.led
Sample Hame : 1o6.8d 0z 1m|-0505.led Date:
’ HeB pn
Column: The mobile phase: o P~i.pr
locity: The detection wavelength: CN
[<Chromatogram>
Chromatogram.
Le-5-84-02- Lim1-9505 1ed EAlele-5-84-02- Iml-9505 led
¥
&
a
=
150000
¥ 100000 a "
=
=
50000
N - |~ 1Det.a chl
T T T T T T T
] 2.5 k1] 7.5 0.0 125 150 175 200
- min a
PeskTehle
Detoctor & Chl 254mm
Teakif Fot. Tome res Eeight Bres
1 650 2079502 153538 50,338
2 14,573 2051577 79362 49.662
Total 4131078 233100 100.000
==== Shimadzu LCsolution Analysis Report ====
EM e ¢-5-82-0z-1m1-0505 1 cd
Sample Mame o 1e-6-82-0z-1m1-9505. led Crate:
Column: The mobile phase:
elocity: The detection wavelength:
[ Chromatogram>
Chromatogram
1e-5-82-03- Iml- 9505 1rd EMee-5-82-03 Imb-9505 1ed
uy
ja}
150000 B
=
" 100000 "
0000
~
4
= 1Dt 4 Chl
T T T T T T T
0 1.5 50 75 100 12.5 150 175 20.0
- min a
PeskTeble
[Detector & Chl 254rmm
DediHl Tt Time Ares Height Bres %
1 5457 34001 1258 0941
2 14912 3662630 135608 99.058
Total 3703731 137867 100,000
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==== Shimadzu LCsolution Analysis Report ====

EMetle-5-88- 0z 1mI-8505 led

S140

Sample Name : 1e-5-86- 0z 1m|-9505 led Date: HgB\ Ph
o P/\i-Pr
Column The mabile phase
2\
elosity: The detection wavelength: —
Br
[<Chromatogram>
Chromatogram
Le-5-86-03 1ml-9.505 1ed Eeli-5-86-02 L9505 led
ul
150000
<
2
5
E
" 100000 =
]
]
50000
o A 1Dt Chl
T T T T T T T
0.0 2.5 50 7.5 10.0 12.5 150 17.5 200
- min
Peali Table
[Detector & Chl 254mm
ekl Fet. Time Bres Hhight B %
1 10,976 2451874 116996 40456
2 16.257 2506798 77248 50.544
Total 4050672 104243 100.000
==== Shimadzu LCsolution Analysis Report ====
EMilo-5-88-0z-1m -850 lod
Sample Name : 16-5-89-0z-1ml-8505. led Date:
) Ha8 pn
Column: The mabile phase: o P<ipy
elocity: The detection wavelength:
Br
[ Chromatogram>
Chromitogran
Ie-5-59-05 1mm1-9.505.1od B - 5-89-02 Im1-9503 led
oy
150000
z
o
a
" 100000
50000
2
~
= 1Det A Chl
T T T U U T T
0.0 25 50 75 10.0 12.5 15.0 17.5 200
- min
Pedk Table
[Detector & Chl 254n
Pk Fet. Tome Areq Height Ao %
1 10.703 5996 306 0.181
2 15 fi64 331313 108727 99.319
Total 3316209 109033 100.000




Shimadzu LCsolution Analysis Report ===

EMedl ¢-5-57-02-1m1-2505. 1cd

‘Sample Name o 1e5-87-0z 1mI-9505 led Date: H.B
S3_Ph

Column: The mobile phase: o P~i-pr

Br
) } 4
elocity: The detection wavelength:

g Chromatogram>
Chromaogran,
16-5-87-07 - 9305 1cd Elcile-5-87-02 lend-9505 1ed
¥
=
150000 =
" 100000 o L
z
£
=)
0000
5y LDet &\ Chl
T T T T f T T
0 2.3 50 7.5 0.0 125 150 17.5 0.0
- min x
TediTable
[Detector & Chl 354ran
TedkiH Bt Time direr Height direa %
1 5.073 1523739 142207 50,154
2 12 861 1214566 75534 40,846
Total 3640320 217741 100,000

Shimadzu LCsolution Analysis Report =

EMchle-5-90-0z-1m1-9505 led

Sample Mame ¢ le-5-80-0z-1ml-9505 led Drate: HgB
LPh
Column: The mobile phaze: Q E\/-Pr
g ~ Br
alocity: The detection wavelength: C/
< Chromategram=
Chromatogram
1c-5-00-0z lind-2505 1ed BN 5-90-0% nl-0505 1ed
u
=
150000 a
)
" 1000004
50000
=
S
Z
- _ - - -IDetAChHL
T T T f T T
oo a5 50 7.5 0.0 12.5 150 17.5 an.n
- it
Peaki Tahle
[Cretector & Chl 254rom
Pegki#f Fet. Time Area Height Area %
1 2.040 18750 1702 0.576
2 12.950 3437086 131772 09424
Total 3256736 133474 100.000
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= Shimadzu LCsolution Analysis Report =

E:Mcho-5-84-0z-1m-9505. led
Sample Hame : 1e5.94 oz 1ml-09505 | od Drate:

Column: The mobile phase: o

elooity: The detection wawelength: CN OO

< Chromatogram>

S142

Chromatogram
1e-5-04-07- 1m1.0505 led E:llele-5-04-03 1rnl-0505 led
¥
=
150000 z
" 100000 n
o
[
o
A
50000
1Dt & Chl
T T T T T
i 5 10 15 a0 25 0
- it .
PeskTable
[Detectir & Chl 254
Dedkifl Eut. Time Area Height Lrea %
1 11612 3797333 133738 49.651
2 22,700 3850706 55347 50,340
Total FO4E039 189135 100.000
= Shimadzu LCsolution Analysis Report =
E:lllo6-03-0z-1mI-0505. lod
Sample Name : 15930z 1mI-9505. led Date:
Column: The mobile phase:
alocity: The detection wavelength:
< Chromatogram>
Chromitogram
1e-5-93-02 L1950 led ENLc-5-93-05 Iml-9505 1ed
oy
75000
e
ol
I so000- B n
25000
~
i
= 1Det. & Chl
T T T T T
1 3 10 13 20 23 n
- min .
PedkTible
Detector & Chl Zi4mm
Tealit Fut. Time iren Height irea %
1 11317 1833 72 0.054
2 23576 3306108 45208 99948
Total 3507901 48279 100,000




==== Shimadzu LCsolution Analysis Report ====

Enleilo-5-540z-0.8m1-9505. lod

[Sample Name ¢ 1e-5-54-0z0.8m1-9505 | od Date:
Hi;B
Column: The mobile phase: i)\
e locity: The detection wawvelength: Ph Ph
[ Chromatogram>
Chromaogran,
1c-5-54-0z0 Bm1- 9505 1ed B 3-54-02-0. 8- 0505 1ed
ui
=
jul
150000
" 100000+ @ ¥
g . z
o o
-
50000+
L 1Det A Chl
T T T T T T
i} 5 1 15 an 25 an 35
- it I
Deali Tahle
[Detector A Chl 254mm
Teakit Feet. Time firea Height drea %
1 10.543 1320218 6642 11043
2 11.611 1301268 ST763 11772
3 13011 4150514 173516 37629
4 24.033 4273123 TE09G 38.650
Total 11054132 370017 100.000

==== Shimadzu LCsolution Analysis Report ====

EAlchle-5-68-0z-0 8ml-9505 |ed

[Sample Hame : 1e-5-68-02-0.8m1-9505. | cd Date:
HaB oy
Column: The mobile phase: 0] P\E1
elocity: The detection wavelength: Ph Ph
I<Chromatogram=>
Chromatogran.
1c-5-68-02-0 Sm]-0505 . 1ed MO 5-62-02-0 8ml-0505 led
[
kit
40000 o
]
0000
1] n
20000
oo
10000 z &
o bu]
A
AN - — - —{-lDeAChl
T T T T T T
o 3 10 15 20 25 30 EX]
- min g
PeakTahle
[Detector & Chl 254rm
Tedki Rt Time Bres Eleight Brea o
1 11.287 0007 1800 1483
2 12412 181459 Ta04 6912
3 13.832 167356 6363 6374
4 26.136 2237602 37624 £5.220
Total 2625414 53387 100.000
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==== Shimadzu LCsolution Analysis Report ====

E:Mcilo-5-61-0z-1ml-9505. ed

Sample Name  1o-5-61-0z-1ml-8505. led Date:
Column The mabile phase:
elosity: The detection wavelength:
[ Chromatogram=>
Chromaogran,
Le- 56107 Ind-9305 1o EALCd-5-6 102 Ll 950.5.1ed
uv
Z
&
S
100000
75000 Z
=
] ]
g
50000 Z
=
@
H
250004 =
/\ | 1Det.4 Chl
T T T T t T T T T
0.0 2.5 50 7.5 10.0 12.5 150 17.5 200 2.5 250
- min ]
Peak Table
[Detector & Chl 2540m
Dol Fut. Toms Brea Haight B %
1 8,080 741587 43830 12.755
H 08400 2152514 100130 37.021
3 13.049 740421 19053 12.735
4 15.108 2179717 63009 37489
Total 5814238 235031 100.000
==== Shimadzu LCsolution Analysis Report ====
EMcilo-5-68-0z-1mI-9505. led
Sample Name  1o-6-50-0z-1 m|-0505 lod Date:
’ HB pn
Column: The mabila phase: O Pnpuy
elocity: The detection wavelength: Ph Ph
Chromatogram>
Chromadogran
1c-5-69-07- 119505 Jod EAe-5-69-02 Ll 9505 Jed
oy
z
=
=
100000 =
75000
] - ]
=
50000+ = o
2
5
]
25000
—
g
=
" s 1Det.4 Chl
T T T T T T T T T
0.0 2.5 50 7.5 100 12.5 150 17.5 200 2. 250
- it g
ek Table
[Detector & Chi 254
ikt Fat. Tima drey Haight Brw %
1 8423 116548 6352 1812
1 0.712 1008711 40421 15.684
B 13909 1527819 34931 23.735
[ 16.041 3778427 97754 58.749
Total 6431303 185457 100.000
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==== Shimadzu LCsolution Analysis Report ====

Dibglhbgl2-2-02-2-0010 . led

Sample Name : bgl-2-2-0z-3-9010 Date:
Column: The mabila phase: HsB. Ph ipr/,P,BHa
Py
elocity: The detection wawvelength: zViPr Ph”
Ph Ph
rac
< Chromatogram>
E:hmmﬂ.ogmm
bgl-2-2-02-3-0010 D bgl'bgl-2-2-0z-3-0010 1cd
uv
TS00~
5000+
1] n
25004
o
3 2
> =
P /\\ 1Dt & Chl
T T T T T T T
oo a5 50 75 juln) 125 150 17.5 200
- min
= d
Deali Table
[Detector & Chl 25%ram
Deditt Rt Thue Ao Height Bea o
1 5.543 39045 883 47812
2 11.270 43277 477 5a.188
Total 82024 1362 100.000
==== Shimadzu LCsolution Analysis Report ====
D:Abqhbgl-2-d 0z-2-0010 led
[Sample Name :bqlZ-go0z-2-9010 Date:
Calumn: The maobile phase: HgB. _\Ph iPT/' /BH3
o PN P 0O
elocity: The detection wawvelength: ?‘IPT Ph
Ph Ph
< Chromatogram>
Chromatogran
bgl-2-4-0z-2-0010 D:'bqlbgl-2-4-02-2-0010.1cd
u?
75000
g
]
50000 —
25000
=
b4
3
=
1Dt A& Chl
T T T T T T T
oo a5 50 75 o 125 150 175 00
min
Duak Table
[Detector & Chl 25dvan
Fedit Ret, Thue A Hright )
1 5.098 28582 679 0.629
2 11.976 4516940 40374 99,371
Total 4545532 40054 100,000

S145




X-Ray Data

Table 1.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system, space group

cd21370. tex

Crystal data and structure refinement for cd21370

cd21370

C17T H21 B Br O P
363. 03

293(2) K

0.71073 A

Triclinic, PI

Unit cell dimensions a = 6.4951(15) A alpha = 81.333(5) dey
b = 9.549(2) A beta = 86.707(5) deg.
¢ = 15.501(4) A gamma = 74.351(5) deg

Volume 915.0(4) A'3

7, Calculated density 2, 1.318 Mg/m’3

Absorption coefficient 2,329 mm -1

F (000} 372

Crystal size

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta = 25.50
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F'2

Final R indices [I>2sigma(1)]
R indices (all data)

Absolute structure parameter

Largest diff. peak and hole

0.213 x 0.121 x 0.045 mm
2.24 to 25.50 deg.
~7¢=h<=7, -11<{=k<=9, -18<=1<=18
5255 / 4178 [R(int) = 0.0223]
99.6 %

Empirical

1. 00000 and 0.35197

Full-matrix least-squares on F 2
4178 / 3 / 407

1.019

R1 = 0.0552, wR2 = (. 1448

Rl = 0.0789, wR2
-0.016(13)
0.701 and -0.299 e.A"-3

0. 1598
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¢d212400. tex
Table 1. Crystal data and structure refinement for cd212400.

Tdentification code cd212400

Empirical formula C20 H22 BBr NO P

Formula weight 414, 08

Temperature 203(2) X

Wavelength 0. 71073 A

Crystal system, space group Orthorhombic, P2(1)2(1)2(1)
Unit cell dimensions a = 6.2364(5) A alpha = 90 deg.

h = 17.7803(18) A beta = 90 deg.
c = 18,9588(17) A gamma = 90 deg.

Volume 2102.2(3) A"3

Z, Calculated density 4, 1.308 Mg/m’3
Absorption coefficient 2.038 mm -1

F(000) 848

Crystal size 0.156 x 0.112 x 0.056 mm

Theta range for data collection 1.57 to 26.00 deg.
Limiting indices T¢=h<=7, -20<=k<{=21, -23<{=1<=18

Reflections collected / unique 11836 / 4132 [R(int) = 0.0635]

Completeness to theta = 26,00 99.9 %

Absorption correction Empirical

Max. and min. transmission 1. 00000 and 0. 08870

Refinement method Full-matrix least-squares on F'2

Data / restraints / parameters 4132 / 0 / 239
Goodness—of-fit on F 2 0.975

Final R indices [I>2sigma(I)] Rl = 0.0497, wR2 = 0.1008

R indices (all data) R1 = 0.0995, wR2 = 0.1189
Absolute structure parameter 0.001(13)
Largest diff. peak and hole 0.477 and -0.331 e, A™-3
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Table 1.

Identification code
Empirical formula

Formula weight

Temperature

Wavelength

Crystal system, space group

Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient

F (000)

Crystal size

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta = 26,00
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of -fit on F 2

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

Absolute structure parameter

Extinction coefficient

Largest diff. peak and hole

¢d21374, tex
Crystal data and structure refinement for cd21374.

cd21374

C24 H28 B O P

374,24

293(2) K

0.71073 A

P2(1)2(1)2(1)
alpha = 90 deg

beta = 90 deg.
gamma = 90 deg,

Orthorhombic,
a = 10.135(7) A
b = 13.483(9) A
¢ = 15.598(10) A
2132(3) A3
4, 1.166 Mg/m"3
0.139 mm"-1
800
0.212 x 0.158 x 0. 137 mm
2.00 to 26,00 deg

14¢=1¢=19
0.0326)

12<=h<=11, -16<=k<=18,
13040 / 4197 [R(int)
100.0 %

Empirical

1. 00000 and 0.66750
Full-matrix least-squares on F 2
4197 / 24 / 259

1. 056

Rl = 0.0355, wR2 = 0.0902
R1 = 0.0383, wR2 = 0.0924
-0.01(8)

0.0147(19)

0.220 and -0.191 e.A™-3 - -
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