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General Methods. Unless stated otherwise, all reactions were carried out in
flame-dried glassware under a dry argon atmosphere. All solvents were purified and
dried according to standard methods prior to use. 'H and '*C NMR spectra were
recorded on a Varian instrument (300 MHz and 75 MHz, 400 MHz and 100 MHz,
respectively) and internally referenced to tetramethylsilane signal or residual protio
solvent signals. Data for '"H NMR are recorded as follows: chemical shift (8, ppm),
multiplicity (s = singlet, d = doublet, t = triplet, m = multiplet or unresolved, br =
broad singlet, coupling constant(s) in Hz, integration). Data for *C NMR are reported
in terms of chemical shift (6, ppm).

Compounds 1a-d'> were prepared by reductive amination of ferrocene aldehyde
with the corresponding amines. (S, R,)-7 was prepared according to the reported

4
procedure.

Complete optimization data
Table 1. Examination of oxidants”

NMe2 N
Pd(OAc), (10 mol %) Ph
Boc-L-Val-OH (20 mol %) . + Ph Fh
> Fe '

N
e * PhB(OH) Fe

@ 2a K,CO3 (1 equiv), TBAB (0.25 @ @

equiv), DMA, 80 °C, 4h

Me2 Me2

1a oxidant 3a 3a'
entry oxidant 3a:3a’ "’ yield (%)° ee (%)?

1 Air 8.3:1 74° 98

2 AgO - 7 -

3 AgOAc - <5 -

4 Ag2C03 - 15 -

5 Ag3PO4 - 15 -

6 Cu(OAc), ; 14 ;

7 Cu(OTf), - 24 -

8¢ 0, 15:1 69(80) 95

“Reaction conditions: 1a (0.2 mmol), 2a (0.4 mmol), Pd(OAc), (10 mol %), Boc-L-Val-OH (20
mol %), K,CO; (1 equiv), TBAB (0.25 equiv) and oxidant (2 equiv for entries 2-7) in DMA at
80°C. ” Determined by 'H NMR with CH,Br; as an internal standard. ¢ Isolated yield. ¢ Ee of 3a

was determined by HPLC analysis. © Oxygen balloon was used.
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Table 2. Examination of base and solvent”

NMe, NMe, NMe,

L oownoman o L L e

Fe T B base (1 equiv), TBAB (0.25 ] <F£ dFIeD
@ 2a equiv), solvent, 80 °C, air, 4h Q Q

1a 3a 3a’'
entry solvent base 3a:3a’ "’ yield (%)° ee (%)d

1 DMA K,CO;  8.3:1 74 98

2 DMA KHCO;  9.5:1 46° -

3 DMA Na,CO; 8:1 24° -

4 DMA NaOAc 5.6:1 23° -

5 DMA CsCO;  7.7:1 70 99

6 DMF K>COs 22:1 39 97

7 2-methyl-2-butanol K>COs 4.3:1 12° -

8 NMP K>COs 20:1 55 92

“ Reaction conditions: 1a (0.2 mmol), 2a (0.4 mmol), Pd(OAc), (10 mol %), Boc-L-Val-OH (20
mol %), base (1 equiv), TBAB (0.25 equiv) in 1.5 mL solvent at 80°C. b Determined by 'H NMR
with CH,Br, as an internal standard. © Isolated yield. ¢ Ee of 3a was determined by HPLC analysis.

Table 3. Examination of the amount of phenylboronic acid, catalyst loading and
temperature”

NMe, NMe; NMe,
et T O

Fe T PnBOH K,COj3 (1 equiv), TBAB (0 25‘ éeD dFeD

@ 2a unif/), DMA, T °C, air, 4h Q Q

1a 3a 3a'

entry equ;; of x y T(C) 3a3a’  vyield (%) (;Oe)d

1 1.1 10 20 80 25:1 60 97
2 1.5 10 20 80 8.3:1 71 98
3 2 10 20 80 8.3:1 74 98
4 3 10 20 80 9.5:1 23 90
5 2 5 10 60 33:1 45 97
6 2 2.5 5 60 - 29 95
7 2 1 2 60 - 9° -
8 2 10 11 60 12:1 71 96

“Reaction conditions: 1a (0.2 mmol), 2a, Pd(OAc), (x mol %), Boc-L-Val-OH(y mol %), K,CO;
(1 equiv), TBAB (0.25 equiv) in 1.5 mL DMA under air. ° Determined by '"H NMR with CH,Br,
as an internal standard. ¢ Isolated yield. ¢ Ee of 3a was determined by HPLC analysis.
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Table 4. Monitoring kinetic resolution effect of bispenylation”

NMe2 NMe2 NMe2
Pd(OAc), (10 mol %) Ph\é \é/
é Boc-L-Val-OH (20 mol %) . + Ph P

Fe +  PhB(OH), > dFe> <,:é
K,COj3 (1 equiv), TBAB (0.25
2 2 3
@ a equiv), DMA, 60 °C, 10h Q Q
1a air 3a 3a’
entry time (h) 3a:3a” ee of 3a (%)
1 2 33:1 94
2 4 28:1 95
3 6 17:1 98
4 8 9:1 99
5 10 7:1 99

“ Reaction conditions: 1a (0.2 mmol), 2a (0.4 mmol), Pd(OAc), (10 mol %), Boc-L-Val-OH (20
mol %), K»,CO; (1 equiv), TBAB (0.25 equiv) in 1.5 mL DMA under air at 60°C. The ratio of
3a/3a’ and ee of 3a were determined every two hours. ” Determined by 'H NMR analysis. ©
Determined by HPLC analysis.

General procedure for the enantioselective synthesis of planar chiral ferrocene

NR'R’ NR'R
Pd(OAc), (10 mol %) \
Boc-L-Val-OH (20 mol %) R
2 3 (1 equiv
Q\RZ TBAB (0.25 equiv) Q\Rz
1 2 DMA, 60 °C, air 3

To a solution of boronic acid 2 (0.4 mmol) in DMA (1.5 mL) was added
Boc-L-Val-OH (8.7 mg, 0.04 mmol), Pd(OAc), (4.5 mg, 0.02 mmol), K,COs (27.6
mg, 0.2 mmol), TBAB (tetrabutyl ammonium bromide) (16.1 mg, 0.05 mmol) and
ferrocene 1 (0.2 mmol) successively. The mixture was stirred at 60°C under air (open
flask). After the reaction was complete (monitored by TLC), it was then quenched
with saturated aqueous NaHCOj; solution and extracted with EtOAc three times. The
combined organic layers were washed with H,O and brine successively, then dried
over anhydrous Na,SO,4 and filtrated. After the solvent was removed under reduced
pressure, the residue was purified by column chromatography (ethyl acetate/

petroleum ether = 1/10, v/v, 2% Et;N) to afford desired product 3.
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NMe2
&

(Sp)-1-Dimethylaminomethyl-2-phenyl ferrocene (3a)

Yellow oil (50.7 mg, 79% yield, 98% ee). Analytical data for 3a: [a]p?’ =+182.3° (¢

0.25 Acetone, 98% ee). 'H NMR (400 MHz, CDCls) § 2.17 (s, 6H), 3.15 (AB, Jy3 =
12.8 Hz, 1H), 3.64 (BA, Jgs = 12.8 Hz, 1H), 4.05 (s, SH), 4.23-4.24 (m, 1H),
4.30-4.31 (m, 1H), 4.46-4.47 (m, 1H), 7.23-7.30 (m, 1H), 7.31-7.34 (m, 2H),
7.70-7.73 (m, 2H); *C NMR (100 MHz, CDCls) § 45.0, 57.9, 67.1, 69.9, 70.0, 71.5,
82.2, 88.1, 126.0, 127.9, 129.3, 138.9; IR (film) 3070, 2932, 2762, 1725, 1600, 1452,
1357, 1255, 1171, 1105, 1014, 816, 761, 697 cm'l; HRMS (ESI) exact mass calcd for
(Ci9Ha1NFe) requires m/z 317.1065, found m/z 317.1073. The enantiomeric excess
was determined by phenomenex cellulose-4 (25 ¢cm), Hexanes / IPA =29 / 1, 0.3

mL/min, A =254 nm, t (minor) = 15.35 min, t (major) = 15.93 min.

NMe,

UL

Fe

S

(Sp)-1-Dimethylaminomethyl-2-(4-methylphenyl) ferrocene (3b)
Yellow oil (47.0 mg, 70% yield, 97% ee). Analytical data for 3b: [a]p™ = +157.9° (¢ =

0.25 Acetone, 97% ee). '"H NMR (400 MHz, CDCls) 6 2.16 (s, 6H), 2.34 (s, 3H), 3.15
(AB, J4p = 12.4 Hz, 1H), 3.63 (BA, Jg4 = 12.4 Hz, 1H), 4.03 (s, 5SH), 4.19-4.21 (m,
1H), 4.27-4.28 (m, 1H), 4.42-4.43 (m, 1H), 7.12 (d, J = 8.0 Hz, 2H), 7.59 (d, J = 8.0
Hz, 2H); *C NMR (100 MHz, CDCl;) d 21.1, 45.0, 57.8, 66.9, 69.6, 69.9, 71.3, 82.0,
88.3, 128.6, 129.2, 135.5, 135.6; IR (film) 3092, 2935, 2811, 2762, 1726, 1524, 1454,
1301, 1258, 1173, 1105, 1016, 815, 721 cm'l; HRMS (ESI) exact mass calcd for
(CyoH23NFe) requires m/z 331.1221, found m/z 331.1213. The enantiomeric excess
was determined by phenomenex cellulose-4 (25 cm), Hexanes / IPA =29 / 1, 0.3

mL/min, A =254 nm, t (minor) = 14.36 min, t (major) = 15.40 min.
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NMe2

S
B
<

(Sp)-1-Dimethylaminomethyl-2-(3-methylphenyl) ferrocene (3c)

Yellow oil (54.3 mg, 81% yield, 99% ee). Analytical data for 3c: [a]p’ =+168.1° (¢ =
0.25 Acetone, 99% ee). '"H NMR (400 MHz, CDCls) 6 2.19 (s, 6H), 2.39 (s, 3H), 3.15
(AB, J45 = 12.4 Hz, 1H), 3.65 (BA, Js4 = 12.4 Hz, 1H), 4.06 (s, SH), 4.06-4.23 (m,
1H), 4.30-4.31 (m 1H), 4.46-4.47 (m, 1H), 7.05 (d, J = 7.6 Hz, 1H), 7.21-7.24 (m,
1H), 7.52-7.54 (m, 2H); °*C NMR (100 MHz, CDCl3) § 21.5, 44.9, 57.8, 66.9, 69.8,
69.9, 71.3, 82.1, 88.2, 126.4, 126.8, 127.7, 130.0, 137.2, 138.7; IR (film) 3093, 2936,
2811, 2762, 1727, 1605, 1499, 1454, 1354, 1258, 1173, 1105, 1020, 1000, 807, 785,
705 cm'l; HRMS (ESI) exact mass caled for (CyoHp3NFe) requires m/z 331.1221,
found m/z 331.1214. The enantiomeric excess was determined by Daicel Chiralcel
OD-H (25 cm), Hexanes / IPA =29 / 1, 0.3 mL/min, A = 254 nm, t (minor) = 14.95

min, t (major) = 16.31 min.

NMez

" &
(Sp)-1-Dimethylaminomethyl-2-(2-methylphenyl) ferrocene (3d)
Yellow oil (22.4 mg, 33% yield, 94% ee). Analytical data for 3d: [a]p®’ = -128.1° (¢ =

0.25 Acetone, 94% ee). '"H NMR (400 MHz, CDCl3) § 1.91 (s, 6H), 2.15 (s, 3H), 3.21
(AB, Jz = 12.8 Hz, 1H), 3.47 (BA, Jzs = 12.8 Hz, 1H), 4.19 (s, 5SH) 4.28-4.31 (m,
2H), 4.39-4.30 (m, 1H), 7.14-7.25 (m, 3H), 7.82-7.84 (m, 1H); *C NMR (100 MHz,
CDCl) 0 20.7, 30.9, 44.3, 56.1, 66.5, 69.2, 69.7, 83.8, 90.0, 124.9, 126.6, 129.8,
132.9, 136.0, 137.7; IR (film) 3093, 2926, 2812, 2763, 2322, 1676, 1498, 1454, 1247,
1175, 1106, 1018, 1001, 814, 762, 726 cm'l; HRMS (ESI) exact mass calcd for
(CyoH23NFe) requires m/z 331.1221, found m/z 331.1216. The enantiomeric excess
was determined by Daicel Chiralcel OD-H (25 cm), Hexanes / IPA =29 / 1, 0.3
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mL/min, A =254 nm, t (major) = 16.13 min, t (minor) = 17.49 min.

NMe2

Fe
o=

(Sp)-1-Dimethylaminomethyl-2-(4-methoxyphenyl) ferrocene (3€)
Yellow oil (59% yield, 96% ee). Analytical data for 3e: [a]p™’ = +173.5° (¢ = 0.25

Acetone, 96% ee). 'H NMR (400 MHz, CDCl3) 6 2.15 (s, 6H), 3.12 (AB, Jyz = 12.4
Hz, 1H), 3.61 (BA, Jz,= 12.4 Hz, 1H), 3.82 (s, 3H), 4.03 (s, 5H), 4.18-4.19 (m, 1H),
4.25-426 (m, 1H), 4.39-4.40 (m, 1H), 6.85-6.88 (m, 2H), 7.62-7.65 (m, 2H); "°C
NMR (100 MHz, CDCl;) ¢ 45.0, 55.2, 57.9, 66.8, 69.5, 69.9, 71.2, 82.0, 88.3, 113.3,
130.3, 130.9, 158.0; IR (film) 3092, 2934, 2812, 2764, 1610, 1574, 1521, 1455, 1364,
1288, 1244, 1176, 1105, 1034, 830 cm’'; HRMS (ESI) exact mass calcd for
(Cr0H23NOFe) requires m/z 347.1170, found m/z 347.1162. The enantiomeric excess
was determined by phenomenex cellulose-4 (25 cm), Hexanes / IPA =29 / 1, 0.3

mL/min, A =254 nm, t (minor) = 18.79 min, t (major) = 20.32 min.

NM62

&
(Sp)-1-Dimethylaminomethyl -2-(2-naphthyl) ferrocene (3f)
Yellow oil (55.8 mg, 75% yield, 96% ee). Analytical data for 3f: [a]p™’ = -42.6° (¢ =

0.25 Acetone, 96% ee). 'H NMR (400 MHz, CDCls) § 2.24 (s, 6H), 3.15 (AB, Jy3 =
12.4 Hz, 1H), 3.73 (BA, Jzs = 12.4 Hz, 1H), 4.05 (s, SH), 4.27-4.28 (m, 1H),
4.33-4.34 (m, 1H), 4.58-459 (m, 1H), 7.41-7.47 (m, 2H), 7.78-7.84 (m, 4H), 8.24 (s,
1H); *C NMR (100 MHz, CDCl3) 6 45.1, 58.2, 67.4, 70.0, 70.1, 71.9, 82.3, 87.8,
125.4, 126.0, 127.2, 127.3, 127.6, 127.9, 128.0, 132.0, 133.5, 136.4; IR (film) 3090,
2934, 2852, 2811, 2763, 1724, 1628, 1599, 1508, 1454, 1354, 1253, 1173, 1104, 1016,
999, 963, 813, 746 cm™; HRMS (ESI) exact mass calcd for (C,3Ha3NFe) requires m/z
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367.1221, found m/z 367.1217. The enantiomeric excess was determined by Daicel
Chiralcel OD-H (25 cm), Hexanes / IPA=29 /1, 0.3 mL/min, A = 254 nm, t (minor) =

16.88 min, t (major) = 18.28 min.

NM62

O

&
(Sp)-1-Dimethylaminomethyl-2-(4-chlorophenyl) ferrocene (39)
Yellow oil (50.9 mg, 72% yield, 97% ee). Analytical data for 3g: [a]p™ = +185.7° (¢ =

0.25 Acetone, 97% ee). '"H NMR (300 MHz, CDCls) & 2.19 (s, 6H), 3.09 (AB, J3 =
12.8 Hz, 1H), 3.61 (BA, Jzs = 12.8 Hz, 1H), 4.04 (s, SH), 4.04-4.25 (m, 1H),
4.30-4.31 (m, 1H), 4.46-4.47 (m, 1H), 7.27-7.30 (m, 2H), 7.68-7.71 (m, 2H); "°C
NMR (100 MHz, CDCls) & 45.0, 58.0, 67.3, 70.0, 70.1, 71.9, 82.1, 86.8, 128.1, 130.4,
131.6, 137.6; IR (film) 3092, 2936, 2812, 2765, 1725, 1503, 1454, 1257, 1174, 1091,
1014, 971, 817, 726 cm™'; HRMS (ESI) exact mass calcd for (CoH,0NCIFe) requires
m/z 351.0675, found m/z 351.0668. The enantiomeric excess was determined by
phenomenex cellulose-4 (25 cm), Hexanes / [IPA =29/ 1, 0.3 mL/min, A = 254 nm, t

(minor) = 13.94 min, t (major) = 14.70 min.

NMez

b

&
(Sp)-1-Dimethylaminomethyl-2-(4-fluorophenyl) ferrocene (3h)
Yellow oil (37.5 mg, 55% yield, 97% ee). Analytical data for 3h: [a]p™ = +153.1° (¢ =

0.25 Acetone, 97% ee). 'H NMR (400 MHz, CDCls) 6 2.16 (s, 6H), 3.09 (AB, J5 =
12.8 Hz, 1H), 3.68 (BA, Jz, = 12.8 Hz, 1H), 4.03 (s, 5H), 4.20-4.21 (m, 1H),
426-427 (m, 1H), 4.41-4.42 (m, 1H), 6.97-7.02 (m, 2H), 7.68-7.72 (m, 2H); C
NMR (100 MHz, CDCls) § 45.0, 57.9, 67.0, 69.9, 70.0, 71.6, 82.1, 87.3, 114.7 (d, J =
21.0 Hz), 130.6 (d, J = 7.2 Hz), 134.7 (d, J = 3.2 Hz), 161.3 (d, J = 243.6 Hz); "°F
NMR (376 MHz, CDCls) & -116.8; IR (film) 3093, 2935, 2813, 2766, 1604, 1519,
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1455, 1364, 1301, 1221, 1159, 1105, 1016, 811 cm™; HRMS (ESI) exact mass calcd
for (Ci9Hp0NFFe) requires m/z 335.0970, found m/z 335.0961. The enantiomeric
excess was determined by phenomenex cellulose-4 (25 cm), Hexanes / IPA =29 / 1,

0.3 mL/min, A = 254 nm, t (minor) = 14.23 min, t (major) = 15.06 min.

NM62

&
(Sp)-1-Dimethylaminomethyl -2-(4-trifluoromethylphenyl) ferrocene (3i)
Yellow oil (47.0 mg, 61% yield, 94% ee).Analytical data for 3i: [a]p”’ = +198.1° (c =

0.25 Acetone, 94% ee). 'H NMR (400 MHz, CDCls) § 2.21 (s, 6H), 3.09 (AB, Jy3 =
12.8 Hz, 1H), 3.63 (BA, Jzs = 12.8 Hz, 1H), 4.05 (s, 5H), 4.28-4.30 (m, 1H),
4.34-4.35 (m, 1H), 4.4-4.55 (m, 1H), 7.56 (d, J = 8.0 Hz, 2H), 7.88 (d, J = 8.0 Hz,
2H); C NMR (100 MHz, CDCl;) § 45.0, 58.0, 67.6, 70.2, 70.6, 72.4, 82.2, 85.9,
124.4 (q, J=270.7 Hz), 124.8 (q, /= 3.8 Hz), 127.7 (q, J = 31.6 Hz), 129.1, 143.4 (q,
J=1.3 Hz). ”F NMR (376 MHz, CDCl;) 6 -62.3; IR (film) 3094, 2767, 2330, 1615,
1529, 1456, 1409, 1322, 1258, 1160, 1117, 1069, 1016, 973, 819, 689, 655 cm™;
HRMS (ESI) exact mass calcd for (CyoHyoNFsFe) requires m/z 385.0939, found m/z
385.0930. The enantiomeric excess was determined by phenomenex cellulose-4 (25

cm), Hexanes / IPA=98 /2, 0.3 mL/min, A = 210 nm, t (minor) = 13.08 min, t (major)

= 13.74 min.
NM62
EtO,C Q
Fe
Yan)

(Sp)-1-Dimethylaminomethyl-2-(4-ethoxycarbonylphenyl) ferrocene (3j)
Yellow oil (56.3 mg, 72% yield, 95% ee). Analytical data for 3j: [a]p?’ = +207.9° (¢ =

0.25 Acetone, 95% ee). 'H NMR (400 MHz, CDCls) 6 1.39 (t, J = 7.2 Hz, 3H), 2.17 (s,
6H), 3.08 (AB, J5 = 12.8 Hz, 1H), 3.62 (BA, Jg; = 12.8 Hz, 1H), 4.01 (s, SH),

4.26-4.28 (m, 1H), 4.32-4.33 (m, 1H), 4.37 (q, J = 7.2 Hz, 2H), 4.52-4.54 (m, 1H),
9



7.79 (d, J = 8.4 Hz, 2H), 7.97 (d, J = 8.4 Hz, 2H); >C NMR (100 MHz, CDCl3) ¢
14.4, 45.0, 58.1, 60.8, 67.8, 70.3, 70.6, 72.5, 82.3, 86.2, 127.8, 128.8, 129.2, 144.8,
166.7; IR (film) 2976, 2935, 2855, 2813, 1709, 1606, 1520, 1456, 1365, 1269, 1175,
1098, 1018, 817, 774, 709 cm'l; HRMS (ESI) exact mass calcd for (Cy,H,sNO,Fe)
requires m/z 389.1276, found m/z 389.1265. The enantiomeric excess was determined
by Diacel Chiralcel OD-H (25 cm), Hexanes / [IPA=29 /1, 0.3 mL/min, A = 254 nm, t

(major) = 19.35 min, t (minor) = 22.20 min.

NMez

L

&
(Sp)-1-Dimethylaminomethyl-2-methyl ferrocene (3K)
Yellow oil (7.3 mg, 14% yield). Analytical data for 3k: [o]p™ = -40.0° (¢ = 0.25

Acetone). 'H NMR (400 MHz, CDCls) & 1.99 (s, 3H), 2.18 (s, 6H), 3.27 (AB, Jy=
12.8 Hz, 1H), 3.36 (BA, Jz4 = 12.8 Hz, 1H), 3.99 (t, J = 2.8 Hz, 1H), 4.01 (s, 5SH),
4.06 (t,J=1.6 Hz, 1H), 4.12 (q, J= 1.2 Hz, 1H); *C NMR (100 MHz, CDCl5) & 13.4,
44.8, 57.2, 65.8, 69.0, 69.5, 69.7, 82.3, 84.0; IR (film) 3402, 3089, 2922, 2473, 2324,
1727, 1633, 1475, 1383, 1262, 1104, 1036 927, 810 cm™'; HRMS (ESI) exact mass
calcd for (Ci4H 9NFe) requires m/z 255.0908, found m/z 255.0906.

NEt,

e

&
(Sp)-1-Diethylaminomethyl-2-phenyl ferrocene (3I)
Yellow oil (46.3 mg, 67% yield, 90% ee). Analytical data for 3l: [a]p™® = +178.4° (c =

0.25 Acetone, 90% ee). 'H NMR (400 MHz, CDCls) § 0.94 (t, J= 7.2 Hz, 6H ), 2.41
(q,J=7.2 Hz, 2H), 2.53 (q, J = 7.2 Hz, 2H), 3.42 (AB, J,5 = 13.2 Hz, 1H), 3.72 (BA,
Jsa = 13.2 Hz, 1H), 4.06 (s, SH), 4.21-4.23 (m, 1H), 4.31-4.32 (m, 1H), 4.44-4.45 (m,
1H), 7.22-7.25 (m, 1H), 7.29-7.33 (m, 2H), 7.76-7.79 (m, 2H); '>*C NMR (100 MHz,
CDCL) 6 11.5, 46.0, 51.4, 66.9, 69.7, 70.0, 71.6, 83.0, 88.4, 126.0, 127.8, 129.6,
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138.9; IR (film) 3092, 3057, 2966, 2931, 2792, 2349, 2322, 1601, 1506, 1456, 1369,
1286, 1195, 1167, 1105, 1033, 1000, 807, 763, 700, 650 cm™'; HRMS (ESI) exact
mass calcd for (C,; HysNFe) requires m/z 345.1378, found m/z 345.1370. The
enantiomeric excess was determined by phenomenex cellulose-1 (25 ¢cm), CH;0H /

IPA=9/1, 0.7 mL/min, A = 214 nm, t (minor) = 5.51 min, t (major) = 5.85 min.

9
e

&
(Sp)-1-(Pyrrolidin-1-yl-methyl)-2-phenyl ferrocene (3m)
Yellow oil (49.0 mg, 71% yield, 98% ee). Analytical data for 3m: [a]p™’ = +162.4° (¢

= 0.25 Acetone, 98% ee). '"H NMR (400 MHz, CDCls) § 1.71 (t, J = 6.4 Hz, 4H ),
2.44 (t,J= 8.0 Hz, 4H), 3.33 (AB, J45 = 12.8 Hz, 1H), 3.83 (BA, Jg4 = 12.8 Hz, 1H),
4.05 (s, SH), 4.22 (t, J=2.4 Hz, 1H), 433 (t, J = 2.0 Hz, 1H), 4.45 (t, J = 2.0 Hz,
1H), 7.23-7.25 (m, 1H), 7.30-7.34 (m, 2H), 7.70-7.72 (m, 2H); *C NMR (100 MHz,
CDCls) 6 23.5, 53.9, 54.1, 67.0, 69.8, 70.0, 71.0, 83.0, 87.8, 126.0, 127.9, 1294,
139.0; IR (film) 3091, 3056, 2959, 2925, 2777, 1730, 1601, 1506, 1459, 1343, 1317,
1260, 1105, 1033, 1000, 933, 877, 808, 764, 701 cm™'; HRMS (ESI) exact mass calcd
for (C,1Ha3NFe) requires m/z 343.1221, found m/z 343.1216. The enantiomeric excess
was determined by phenomenex cellulose-1 (25 cm), CH3;CN / IPA = 95 / 5,
0.5mL/min, A = 214 nm, t (major) = 10.123 min, t (minor) = 10.700 min.

NMe2
Phé

Cé>\8r

(Sp)-1-Dimethylaminomethyl-2-phenyl -1’-bromo ferrocene (3n)
Yellow oil (54.9 mg, 69% yield, 97% ee). Analytical data for 3n: [a]p™ = +173.6° (¢ =

0.25 Acetone, 97% ee). 'H NMR (400 MHz, CDCls) 6 2.17 (s, 6H), 3.18 (AB, J3 =

12.8 Hz, 1H), 3.60 (BA, Jp4 = 12.8 Hz, 1H), 3.95-3.98 (m, 2H), 4.20-4.21 (m, 1H),
s11



4.26-4.27 (m, 1H), 4.31-4.32 (m, 2H), 4.48-4.49 (m, 1H), 7.24-7.35 (m, 3H),
7.72-7.74 (m, 2H); >C NMR (100 MHz, CDCl;) 6 45.0, 56.9, 69.3, 69.7, 70.0, 71.6,
72.2, 72.3, 74.5, 78.4, 83.4, 89.4, 126.3, 128.0, 129.4, 137.8; IR (film) 3084, 3056,
2938, 2812, 2763, 2322, 1727, 1601, 1506, 1456, 1409, 1351, 1258, 1174, 1151, 1017,
871, 804, 764, 700 cm™; HRMS (ESI) exact mass calcd for (CoHaNBrFe) requires
m/z 395.0170, found m/z 395.0158. The enantiomeric excess was determined by
Daicel Chiralcel OD-H (25 cm), Hexanes / IPA =98 / 2, 0.3 mL/min, A = 210 nm, t

(minor) = 17.10 min, t (major) = 19.41 min.

Determination of the absolute configuration of product 3a
Synthesis of 1-Methyl-2-phenyl-ferrocene (S,)-8

Oj (e} (@]
SPY NHAC
@N ( 1) Na,SO,, H,0, TFA, THF @)J\ Oj/\ NaOH (aq) @)kOH
Fe Ph > Fe Ph Fe Ph
@ 2) Ac,0, pyridine, DCM @ THF, MeOH @
(S, Rp)-6 (S, Rp)-7 (Rp)-8
o
Me
1) (COCI),, DCM N~ BHsSMe, .
2) NHMe,-HCl, EtzN, DCM Fe Ph | CFE Ph
e2-HCl, EtsN, s THF )
(Rp)-9 (Sp)-10, 93% ee

[a]p?° = -104.1° (c 0.25 Acetone)

A solution of (S, Rp)-6*! (424.0 mg, 1.14 mmol) in freshly distilled THF (100 mL)
was successively treated with water (1.1 mL) and sodium sulfate (8.3 g, 58.4 mmol).
Then the mixture was cooled to 0 °C before trifluoroacetic acid (0.5 mL) was added
via a syringe. The reaction mixture was stirred for 60 h at room temperature, and then
sodium sulfate (2.4 g, 16.9 mmol) was added before the reaction mixture was filtered.
The organic solvent was removed under reduced pressure to leave a dark oil, which
was immediately dissolved in freshly distilled 30 mL dichloromethane. The resulting
solution was cooled to 0 C, and acetic anhydride (4 mL, 42.3 mmol) was added
followed by pyridine (6.3 mL, 80.2 mmol). The mixture was stirred overnight at room

temperature. Then the resulting dark solution was quenched with 3 N HCI, washed

S12



with saturated sodium bicarbonate solution, dried over anhydrous MgSO, and filtrated.
After the solvent was removed under reduced pressure, the residue amide (S, R,)-7
was obtained and used directly in the next step.

To a solution of the above amide (S, Rp)-7 (344.5 mg, 0.79 mmol) in THF (5 mL)
and CH;0H (15 mL) was added aqueous NaOH (7.9 mL, 2.5 N). The reaction was
refluxed for 2 h, then the mixture was cooled to room temperature and the solvent was
removed under reduced pressure. The residue was acidified with hydrochloric acid to
pH = 1, then extracted with dichloromethane. The combined organic layers were
washed with brine, dried over anhydrous Na,SO,and filtrated. After the solvent was
removed under reduced pressure, the crude carboxylic acid (R,)-8 was obtained and
used directly in the next step.

To a solution of (R)-8 (246.8 mg, 0.81 mmol) in CH,Cl, (20 mL) was added
oxalyl chloride (154.2 mg, 1.22 mmol). The reaction was stirred for 4 h at room
temperature, and then the solvent was removed under reduced pressure. The residue
was dissolved with 20 mL CH,Cl,, and triethylamine (163.9 mg, 1.62 mmol) and
dimethylamine hydrochloride (66.0 mg, 0.81 mmol) were then added. After the
resulting mixture was stirred for 4 h, it was quenched with saturated sodium
bicarbonate solution, extracted with CH,Cl,, washed with brine, dried over anhydrous
Na,;SOy4 and filtrated. After the solvent was removed under reduced pressure, the
residue was purified by silica gel column chromatography (ethyl acetate/petroleum
ether = 1/8) to afford amide (R,)-9 (220.3 mg, 82% yield). Analytical data for (R,)-9:
[a]p”® =+ 51.8 (c = 0.25 Acetone ). '"H NMR (300 MHz, CDCl;) § 2.41 (s, 3H), 2.95
(s, 3H), 4.24 (s, SH), 4.32 (t, J= 2.1 Hz, 1H), 4.54 (s, 2H), 7.22-7.31 (m, 3H), 7.49 (d,
J=6.9 Hz, 2H); *C NMR (75 MHz, CDCl3) 6 35.2, 38.1, 65.8, 67.4, 70.7, 71.3, 85.0,
85.6, 126.4, 127.5, 128.2, 138.1, 169.6; IR (film) 2963, 1634, 1412, 1260, 1090, 1019,
866, 798 cm™'; HRMS (ESI) exact mass calcd for (CaoHy3NFe) requires m/z 331.0857,
found m/z 331.0863.

Under argon, to a solution of amide (R,)-9 (220.3 mg, 0.66 mmol) in THF (4 mL)
was added BHj * Me,S (150.4 mg, 1.98 mmol, 3 equiv). After the reaction was

refluxed for 4 h, the mixture was quenched with water, extracted with
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dichloromethane. The combined organic layers were washed with brine, dried over
anhydrous Na;SO, and filtrated. After the solvent was removed under reduced
pressure, the residue was purified by silica gel column chromatography (ethyl
acetate/petroleum ether = 1/50) to give (S,)-10 (36.5 mg, 20% yield). Analytical data
for (S,)-10: [a]p™ = -104.1 (c = 0.25 Acetone, 93% ee); 'H NMR (300 MHz, CDCl;) &
2.81 (s, 3H), 4.03 (s, 5H), 4.13 (s, 1H), 4.20 (s, 1H), 4.38 (s, 1H), 7.23-7.34 (m, 3H),
7.53-7.56 (m, 2H); >C NMR (75 MHz, CDCl3) & 14.8, 66.1, 69.0, 70.1, 70.5, 81.8,
86.7,125.9, 127.8, 128.8, 139.0; IR (film) 3087, 3057, 2920, 1946, 1740, 1600, 1504,
1438, 1376, 1265, 1103, 1031, 999, 808, 761, 696, 660, 638 cm™; HRMS (ESI) exact
mass calcd for (Ci7Hj¢Fe) requires m/z 274.0643, found m/z 274.0635. The
enantiomeric excess was determined by Diacel Chiralcel OD-H (25 cm), Hexanes /

IPA=29/1, 0.3 mL/min, A = 254 nm, t (minor) = 17.32 min, t (major) = 18.72 min.

Synthesis of 1-methyl-2-phenyl-ferrocene (R,)-10
|

N
~ Me
Ph\é 1) Mel, CH;CN NaBH,, CH;CN Ph@
Fe 2) Et,0 - reflux ] Fe
@5 ’ QdD
(Sp)-3a, 98% ee (Rp)-10, 98% ee

[a]p?° = +140.9° (c 0.25 Acetone)

To a solution of product 3a (220.3 mg, 0.69 mmol) in acetonitrile (20 mL) was
added CH3I (293.8 mg, 2.07 mmol). After the reaction was stirred for 1 h at room
temperature, diethyl ether was added and the reaction mixture was filtrated. The solid
was washed with diethyl ether three times. The combined organic filtrate was
concentrated under reduced pressure. The solid was dissolved in acetonitrile, NaBH4
(52.2 mg, 1.38 mmol) was added in portions. After the reaction was refluxed for 4 h,
the reaction mixture was cooled to room temperature, quenched with H,O and
extracted with ethyl acetate. The combined organic layers were washed with brine,
dried over anhydrous Na,SO4 and filtrated. After the solvent was removed under

reduced pressure, the residue was purified by silica gel column chromatography (ethyl
S14



acetate/petroleum ether = 1/10) to give (R,)-10 (142.9 mg, 75% yield). Analytical data
for(R,)-10: [a]p™® = +140.9 (c = 0.25 Acetone, 98% ee); The enantiomeric excess was
determined by Diacel Chiralcel OD-H (25 cm), Hexanes / IPA =29/ 1, 0.3 mL/min, A

=254 nm, t (major) = 17.20 min, t (minor) = 18.68 min.

Synthesis of L1 and Pd-catalyzed asymmetric allylic alkylation

Synthesis of 1-dimethylaminomethyl-2-phenyl -1’-diphenylphosphine ferrocene (L1)

Ph
é/\ I
= NMe: BuLi, Ph,PCI @‘/\NMeZ
> Fe
Q\CbB THF, -78 °C
' @Pth

S,)-3n, 96% ee .
(Sp) ° (Sp)-L1, 68% yield, 92% ee

To a solution of compound (S,)-3n (473 mg, 1.1 mmol) in THF (8.8 mL) was
added »n-BuLi (0.55 mL, 1.3 mmol, 2.4 M in n-hexane) at -78°C under argon. The
resulting deep red solution was stirred for 30 min. Then chlorodiphenylphosphine
(0.29 mL, 1.5 mmol) was added. The mixture was warmed slowly to 0°C and stirred
for 1 h. Then the reaction mixture was quenched with water, extracted with ether. The
combined organic layers were washed with brine, dried over Na,SO4, and filtrated.
After the solvent was removed under reduced pressure, the residue was purified by
column chromatography (ethyl acetate/petroleum = 1/15 v/v, 2% EtN) to give
(Sp)-L1 (406 mg, 68% yield, 92% ee) as an orange solid. Analytical data for (S,)-L1:
[a]p”® = +24.8° (c = 0.25 Acetone, 92% ee). 'H NMR (400 MHz, CDCl;) & 2.13 (s,
6H), 2.88 (AB, J4s = 12.8 Hz, 1H), 3.52 (AB, Jzs = 12.8 Hz, 1H), 4.05 (s, 2H),
4.11-4.13 (m, 2H), 4.20 (s, 1H), 4.24 (s, 1H), 4.41 (s, 1H), 7.19-7.41 (m, 13H),
7.63-7.65 (m, 2H); *'P NMR (CDCl; 161 MHz) § -16.91; IR (film) 3055, 2930, 2819,
2772, 2361, 1598, 1504, 1455, 1434, 1303, 1250, 1158, 1091, 1065, 1017, 970, 921,
886, 825, 765, 744 cm™'; HRMS (ESI) exact mass calcd for (Cs;HsNPFe) requires
m/z 501.1507, found m/z 501.1523. The enantiomeric excess was determined by
Diacel Chiralcel OD-H (25 cm), Hexanes / IPA =98 / 2, 0.3 mL/min, A = 210 nm, t

(minor) = 18.78 min, t (major) = 22.80 min.
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Palladium-Catalyzed Allylic Alkylation with (Sp)-L1

OAc  [Pd(C3Hs)Cl], (2.5 mol%) MeO,C.__CO,Me
F,h/\/é\ Ph (Sp)-L1 (5.2 mol%) . Ph/\/\[
(rac)-4 (MeO,C),CH,, NaH (S)-5
THF, rt 98% vyield, 15% ee

Ph

A mixture of ligand (Sp)-L1 (92% ee, 10.1 mg, 0.02 mmol) and [Pd(Cs;Hs)Cl],
(3.7 mg, 0.01 mmol) in dry THF (2 mL) was stirred at room temperature for 0.5 h,
and to the resulting yellow solution was added 4 (100.9 mg, 0.4 mmol). After an
additional stirring for 10 min, sodium dimethyl malonate [generated in situ by mixture
dimethyl malonate (0.08 mL, 0.8 mmol) with sodium hydride (19.2 mg, 0.8 mmol) in
2 mL THF] was added. The reaction was stirred at room temperature. After
completion of the reaction (monitored by TLC), the reaction mixture was quenched
with NH4Cl (aq.) and extracted with ether. The combined organic layers were washed
with brine, dried over anhydrous Na,SOy4 and filtrated. After the solvent was removed
under reduced pressure, the residue was purified by column chromatography (ethyl
acetate / petroleum = 10/1) to give 10 (126 mg, 98% yield, 15% ee). Analytical data
for (S)-10P": [a]p®® = -0.51° (¢ = 1.4 Chloroform, 15% ee). '"H NMR (400 MHz,
CDCl) 6 3.51 (s, 3H), 3.70 (s, 3H), 3.96 (d, J = 11.2 Hz, 1H), 4.27 (dd, J = 8.8, 10.4
Hz , 1H), 6.33 (dd, J = 8.8, 15.8 Hz , 1H), 6.48 (d, J = 16.0 Hz, 1H), 7.17-7.33 (m,
10H); The enantiomeric excess was determined by Diacel Chiralcel OD-H (25 cm),
Hexanes / IPA = 90 / 10, 0.7 mL/min, A = 254 nm, t (minor) = 8.12 min, t (major) =
8.71 min. The absolute configuration of the product 10 was assigned as (S) by

comparing the optical rotation with that reported in the literature. '°’
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