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(1) General Information

Melting point (mp) was measured by Yanaco melting point apparatus MP-500D and uncorrected. *"H NMR and
3C NMR spectra were recorded by a Bruker Avance 111 600 spectrometer operating at 600 MHz (150 MHz for **C
NMR) at 25 °C with tetramethylsilane (6 = 0.0 ppm) as an internal standard. The data are reported as follows:
chemical shift in ppm (6), multiplicity (s = singlet, d = doublet, t = triplet, g = quartet, m = multiplet), integration,
and coupling constant (Hz). *'P NMR spectra were recorded with 85% H3PO, (5= 0.0 ppm) as an external standard.
High resolution mass spectra were measured with a JEOL JMS-3000. Analytical thin-layer chromatography (TLC)
was performed on MERCK silica gel, grade 60 F,s4. The spots and bands were detected by UV light of irradiation
(254 nm) and/or by staining with 5% phosphomolybdic acid followed by heating. Column chromatography for
isolation of the products was carried out on KANTO Sillica Gel 60 (230-400 mesh). HPLC analyses were performed
using Interigent UV/VIS Detector JASCO UV-7500. The chiral columns included CHIRALCEL OD-H and
CHIRALPAK AD-H (Daicel Chemical Industries, Ltd., 0.46 ® x 25 cm).

Materials Aldimines 3a—0 were prepared by using reported methods." Allenoates 4b-d were prepared from the
appropriate phosphorane according to the literature.” Commercially available reagents were used throughout without
purification unless otherwise stated. Catalysts (Sp)-la3 and 1b* were prepared using reported method in our previous
paper.

(2) Effects of the substituent on the imine nitrogen atom.?

R R'
' Q hosphine |
ha OEt p(5 m%l%) N O O
|| EtO O
o HO
3 4a 5 (Sp)-1a: Ar=3,5-Me,CgH3
(Sp)-1e: Ar=3,5-t-Bu,CgHj
Enty R R’ Phosphine Temp. t Yield (%) Ee (%)°
1 4-Cl Ts (Sp)-1a rt 25min 96 40
2 4-Cl Ms (Sp)-1a rt 40 min 95 37
3 4-Cl 2-Naphthalene- (Sp)-la rt 20 min 90 39
sulfonyl
4 4-Cl DPP (Sp)-la rt 48 h 10 37
5 4-Cl Ts (Sp)-1c -30°C 7h 99 80
6 4-Cl Ms (Sp)-1c -30°C 6h 88 78
7 4-Cl 2-Naphthalene- (Sp)-1c -30°C 6h 99 73
sulfonyl

2 Reaction conditions: 3 (0.05 mmol), 4a (0.11 mmol), catalyst (2.5 x 10° mmol) in toluene (0.5 mL) at room temperature.
® Isolated yield. © Determined by HPLC analysis using a chiral stationary phase.

(3) Preparation of catalyst (Sy)-1c

1-Bromo-3-[bis(3,5-di-tert-butyl)phosphino]benzene (S3)
Br
t-Bu
HP(O)Ar, — — Ar =
P(O)Ar, PAr,
t-Bu
S1 S2 3

This reaction was carried out under Ar. To a solution of phosphine oxide S1° (2.03 g, 4.76 mmol), DPPP (176 mg,
0.426 mmol) and Pd(OAc), (107 mg, 0.475 mmol) in DMSO (54.2 mL) were added 3-bromoiodobenzene (0.55 mL,
4.33 mL) and i-Pr,NEt (2.28 mL 13.1 mmol). After being stirred for 10 h at 100 °C, the reaction mixture was
guenched with 10% aqueous HCI (26.7 mL), and extracted with EtOAc (50 mL x 3). The combined extracts were
washed with water (100 mL) and brine (100 mL), dried over Na,SO, and concentrated to dryness. The residue was
purified by column chromatography (EtOAc/hexane, 5:1) on silica gel to provide 1.73 g (65%) of S2 as a yellow oil.
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To a cooled (0 °C) stirred solution of the phosphine oxide S2 (1.73 g, 2.97 mmol) in toluene (26 mL) were added
HSICl; (3.0 mL, 30 mmol) and i-Pr,NEt (10 mL, 57 mmol). After being stirred for 2 h at 80 °C, the mixture was
guenched with 25% aqueous NaOH (70 mL). The precipitated solids were removed by filtration through a pad of
Celite and washed well with EtOAc. The filtrate was extracted with EtOAc (30 mL x 3). The combined extracts were
washed with water (100 mL) and saturated brine (100 mL), respectively. The organic layer was dried over Na,SO,
and concentrated under reduced pressure. The residue was purified by column chromatography on silica gel (eluent:
hexane only) to provide 1.44 g (86%) of S3 as a colorless oil: *"H NMR (600 MHz, CDCls): & 1.25 (s, 36H), 7.14 (d,
2H, J = 1.8 Hz), 7.15 (d, 2H, J = 1.8 Hz), 7.16-7.21 (m, 2H), 7.39-7.41 (m, 2H), 7.42 (dt, 1H, J = 5.4, 1.8 Hz,), 7.46
(dt, 1H, J = 6.6, 1.8 Hz); **C NMR (150 MHz, CDCls): & 31.4 (12C), 34.9 (4C), 122.7, 122.9 (4C), 128.2 (d, 4C, J.,
= 21.0 Hz), 129.7 (d, J., = 21.0 Hz), 131.2 (2C), 131.8 (d, J., = 18.0 Hz), 135.4 (d, Jcp = 9.0 Hz), 135.9 (d, Jc,, =
19.5 Hz), 142.0 (d, J.» = 16.5 Hz), 150.8 (d, 2C, J., = 6.0 Hz). HRMS (MALDI) calcd for CsH4PBr [M+H]™:
565.2593, found: 565.2611.

Catalyst (Sp)-1c

" pser & o O
@\ 2) Step 2 HSICl,, i-Pr,NEt

- Ary(O L AP
PAry A (O)P Pd(PPhs), (11 mol%), toluene
2 3/4 o H
Na,COs, DMSO/H20 100 °C, 50 min
s3 S4  100°C 18h

Procedure for preparation of S4 from S3: The following reaction was carried out under Ar. (Step 1) To a cooled (—
78 °C) solution of S3 (200 mg, 0.354 mmol) in THF (2.1 mL) was slowly added n-BuL.i (0.29 mL, 0.46 mmol, 1.6 M
in hexane solution). After stirring for 30 min at —78 °C, 2-isopropoxy-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (0.22
mL, 1.1 mmol) was added to the mixture at that temperature. Then the reaction mixture was stirred for 14.3 h at room
temperature, quenched with water, and extracted with CH,Cl, (15 mL x 4). The combined extracts were washed with
water (30 mL) and brine (30 mL), dried over Na,SO, and concentrated to dryness. The residue was purified by
column chromatography (EtOAc/hexane, 1:80) on silica gel to provide 100.5 mg (46%) of borylated compound as
white solids.

(Step 2) A stirred solution of the compound obtained in step 1 (135 mg, 0.221 mmol), FeCl;.6H,0 (6.0 mg, 0.022
mmol), KSCN (10.8 mg, 0.111 mmol) and I, (cat. amount) in dry MeCN (2.4 mL) was heated at 80 °C with vigorous
0O, bubbling. After being stirred for 1 h at 80 °C, the mixture was cooled to room temperature, and concentrated under
reduced pressure. The residue was extracted with EtOAc (40 mL x 3). The combined extracts were washed with
saturated aqueous Na,S,0; (30 mL), water (30 mL) and brine (30 mL), dried over Na,SO, and concentrated to
provide 140.9 mg (quant.) of S4 as light green solids.

Procedure for preparation of (Sp)-1c: To a solution of S4 (126 mg, 0.200 mmol) in DMSO (3.0 mL) and H,O (0.3
mL) were added (S,)-12-bromo[2.2]paracyclophan-4-ol (60.6 mg, 0.200 mmol), Na,COs (63.6 mg, 0.600 mmol) and
Pd(PPh3), (26.3 mg, 0.0228 mmol, 11 mol%). After being stirred for 18 h at 100 °C, the mixture was diluted with
water and extracted with EtOAc (30 mL x 2). The combined extracts were washed with saturated brine (30 mL),
dried over Na,SO,and concentrated under reduced pressure. The residue was purified by column chromatography on
silica gel (CH,CI,/EtOAc/hexane, 2:1:4) to provide S5 (116 mg, 80%) as yellow solids. To a solution of S5 (114 mg,
0.157 mmol) in toluene (1.4 mL) were added HSiCl; (0.16 mL, 1.6 mmol) and i-Pr,NEt (0.55 mL, 3.2 mmol) at 0 °C.
After being stirred for 50 min at 100 °C, the reaction mixture was quenched with saturated aqueous NaHCO; (9 mL)
and extracted with EtOAc (40 mL x 2). The combined extracts were washed with saturated brine (40 mL), dried over
Na,SO,and concentrated under reduced pressure. The residue was purified by column chromatography on silica gel
(EtOAc/hexane, 1:20) to provide 70.8 mg (63%) of (S,)-1c as colorless solids: mp 163-164 °C; [a]p= +7.85 (c =
0.46 in CHCI3); "H NMR (600 MHz, CDCl5): & 1.24 (s, 18H), 1.26 (s, 18H), 2.26 (m, 1H), 2.56 (m, 1H), 2.70-2.92
(m, 2H), 2.85-2.95 (m, 2H), 3.03 (t, 1H, J = 11.4 Hz), 3.25-3.39 (m, 2H), 5.13 (d, 1H, J = 1.2 Hz), 6.18 (dd, 1H, J =
7.8, 1.2 Hz), 6.37 (dd, 1H, J = 7.8, 1.2 Hz), 6.40 (d, 1H, J = 7.8 Hz), 6.60 (d, 1H, J = 7.8 Hz), 6.78 (d, 1H, J = 1.8
Hz), 7.10 (d, 1H, J = 5.4 Hz), 7.20-7.25 (m, 4H), 7.34 (d, 1H, J = 7.8 Hz), 7.38 (td, 1H, J = 7.8, 1.8 Hz), 7.41-7.50
(m, 2H), 7.54 (m, 1H); **C NMR (150 MHz, CDCl;): & 31.1, 31.4 (6C), 31.5 (6C), 33.1, 33.9, 34.2, 34.9 (2C), 35.0
(2C), 118.0, 123.0 (d, J., = 18.0 Hz), 124.5, 125.4, 128.1, 128.2, 128.3, 130.8, 132.2, 132.5, 132.7 (d, J.., = 4.5 Hz),
135.1, 135.3, 135.8 (d, J., = 9.0 Hz), 136.1, 136.8 (d, J., = 9.0 Hz), 138.9 (d, J., = 12.0 Hz), 140.0, 141.2, 141.3,
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141.7, 151.0 (d, Jo, = 7.5 Hz), 153.1; *P NMR (242 MHz, CDCls): & —3.21. HRMS (MALDI) calcd for CsoHg,OP
[M+H]": 709.4528, found: 709.4533.

(4) Determination of the absolute configuration for 5j and 5m
Ts Me

) 1M aqg. LIOH _N
Li\ THF EtOH "
S
TMSCH2N2 OMe
MeOH o s6

To a cooled (0 °C) stirred solution of 5j (18.0 mg, 0.0467 mmol, 84% ee) in THF (0.9 mL) and EtOH (0.9 mL) was
added 1M aqgueous LiOH (0.9 mL) slowly. After being stirred at room temperature for 1.5 h, the mixture was
guenched with 2M aqueous HCI (2 mL) and extracted with EtOAc (30 mL x 3). The combined extracts were washed
with saturated brine (20 mL), dried over Na,SO, and concentrated under reduced pressure to provide the crude
product (18.3 mg), which was used in the next step without further purification. To a cooled (0 °C) stirred solution of
the crude product (13.5 mg) in MeOH (0.5 mL) was added TMSCH,N, (0.6 M in hexane) (0.38 mL, 0.23 mmol).
After being stirred for 20 min at 0 °C, the mixture was concentrated under reduced pressure. The residue was purified
by PTLC (EtOAc/hexane, 1:2) to provide 9.9 mg (70%) of S6 as a colorless oil: [a]®, = —120 (c = 0.49 in CHCIs);
{ref. 6 (S)-S6; [a]"o = —157 (c = 1.02 in CHClIs) for 87% ee}. '"H NMR (600 MHz, CDCl5): § 2.23 (s, 3H), 2.37 (s,
3H), 3.59 (s, 3H), 4.43-4.55 (m, 2H), 5.70 (dt, 1H, J =5.4, 1.8 Hz), 6.77 (q, 1H, J = 1.8 HZz), 6.90 (s, 1H), 7.03 (d, 2H,
J=7.8Hz), 7.10-7.15 (m, 3H), 7.60 (d, 2H, J = 7.8 Hz).

Ts Cl Ts Cl
N 1) 1M aqg. LIOH _N
o THF, EtOH o
Sy . ~
OEt 2) TMSCH,N, OMe
O MeOH o}

5m S7

To a cooled (0 °C) stirred solution of 5m (15.8 mg, 0.0389 mmol, 90% ee) in THF (0.8 mL) and EtOH (0.8 mL) was
added 1M aqueous LiOH (0.8 mL) slowly. After being stirred at room temperature for 1.5 h, the mixture was
guenched with 2M aqueous HCI (2 mL) and extracted with EtOAc (30 mL x 3). The combined extracts were washed
with saturated brine (20 mL), dried over Na,SO, and concentrated under reduced pressure to provide the crude
product (18.1 mg), which was used in the next step without further purification. To a cooled (0 °C) stirred solution of
the crude product (18.1 mg) in MeOH (0.5 mL) was added TMSCH,N, (0.6 M in hexane) (0.38 mL, 0.23 mmol).
After being stirred for 20 min at 0 °C, the mixture was concentrated under reduced pressure. The residue was purified
by PTLC (EtOAc/hexane, 1:2) to provide 10.5 mg (68%) of S7 as a colorless oil: [a]*°p = —240 (c = 0.51 in CHCls);
{ref. 6 (S)-S7; [a]"o = —206 (c = 0.98 in CHCIs) for 83% ee}. "H NMR (600 MHz, CDCls): § 2.39 (s, 3H), 3.57 (s,
3H), 4.43-4.55 (m, 2H), 6.14 (m, 1H), 6.79 (g, 1H, J = 1.8 Hz), 7.13-7.19 (m, 3H), 7.21 (d, 2H, J = 8.4 Hz), 7.30 (m,
1H), 7.60 (d, 2H, J = 8.4 Hz)
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HPLC Data

zsooooj | —— kn167_001 - CH1
; Ts
200000 N
L O
g 1 . OEt
§ moooo—]
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J !
i i 1 2
0—— [ R Y
] R, A S ‘1 ! \
4 ~ \\ e —— v/ L, / Ne:
! \' i A
0.0 5.0 10.0 15.0 20.0
Retention Time [min]
#1 B=D& TOH[tR Tmin] 58 (uV-s6o][ A [pV]| GHEN | ZUEX [5e M| NTP Sy RIEE |5y AT~ G R
1]Urknown| 1 | 15.850 1576787| 52565]50.122]52.867] N/A[6532] 2.482 1.225
2|Unknown| 1 | 17.800 1569115] 46863]49.878]47.133] N/Al6745] N/A 1.194
300000 - ——— kn167_002 - CH1
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200000 - !'
[~ | |
- 1
z ;
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£ 100000 - | 2
| i
1 ok H
1 R ' o
1 /1\ / '\
S L “\f-———s_~.—*—l~—‘1—’*~-\r—“_.__
0.0 5.0 10.0 15.0 200 220
Retention Time [min]
#] =% [CR[tR [min] [E8 TuV-sec]| Bre [uV]| Gt | BhaX M (H [ NTP | B | A ) —Dht [ R |
1| Unknown 15.608 365024] 13389]10.156[11.641] N/A|7352] 2.393 1016
2| Unknown 17.483 3229124] 10162989.844/88.359] N/Al68s4|  N/A 1.201
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#] E=0& TOH[tR [min] [EHR [V-sec] | A& [uV]| GBIK| BaX |52 il [NTP AT
1|Unknown| 1 | 18.017 2802351 63078|49.707]50,8645] N/A|3994] 2,587 1.863
2|Unknown| 1 | 21.033 2038539| 62349]50.203/49.355] N/AJ4830] N/A 1,583
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0.0 5.0 10.0 15.0 20.0 24.0
Retention Time [min]
#] E—D% TORTtR [min) [ [V secl [ (V][ Grew | Bax [iE M| NTP | Sy RIBE |/ X M) — GG e
1|Unknown| 1 | 18.367 907848] 20828]11.554[12.799] N/A|4497] 2.329 1.624
2|Unknown| 1 | 21.075 8949577] 141913|88.448]87.201] N/AJ4648] N/A 1.793
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Retention Time [min]
#].E=D% TORTtR [min] [WI8N [uV-eso] [ A& (V)| GOt | Ze | MIA | NTP | SIRIGE| UV NGl [ R
1|Unknown| 1 | 26.475 9924648] 207892]|49.815|51.686] N/A|7483]| 1.898 1.049
2|Urknown| 1 | 28.875 9098334] 194330150.185/48.314 N/A|7748] N/A 1.074
"
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s _l i to
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g 1 hoo
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1 | f1d
l WA
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0.0 5.0 10.0 15.0 20.0 25.0 300 330
Retention Time [min]
#[ =D % |OH[tR [min)| oA (pV-sec) [ERS | e [SE Ml [ NTP | S IR | oA P —GAt
1|Unknown| 1 | 26.917 6186288| 127472(30.192]31.941 N/A|7525] 1.800 1.1
2|Unknown| 1 | 20.375]  14326452] 271617]69.808{68.050] N/A[7543] N/A 1.098
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Retention Time [min)
#[€=5% [OHtR [min) V-seo] [ (V]| EiSt | 2vaX | M |.NTP. | R [ VU F— R R e
1|Unknown| 1 | 13.258 5976307 303654]49.797|58.610] N/A[11072] 7.630 1.024
2|Unknown] 1 | 17.825 8025084] 214435{50.203]41.390] N/A| 9850] N/A 1.045
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400000 :
-I 1]
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| . A A
0.0 5.0 10.0 15.0 19.0
Retention Time [min]
[#].E=0% [CH[tR [min) VI TR | Sex ER@[NTP. | Al
1|Unknown] 1 | 12.367 917537] 45905]12.248]16.568] N/A[0253| 7.492 1.038
2{Unknown| 1 | 17.017 8573872 23116887.752[83.432] N/A[8se3|  N/A 1.055
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Intensity [uV]
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Retention Time [min]
#] E—D% |CH[tR [min] | G (uV-soc)| 6 (V) | TN | BREN | SRR NTP | STRERE | YU )= Gat | R o
1} Unknown 9.158 3509253 239086]50.093|53.457] N/A|0608| 3.268 1.021
2| Unknown 10475 3496180| 208163[49.807|46.543] N/A|8520] N/A 0973
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Retention Time [min]
#] P=5% [oH[tR TpVisec TR | BaN | SR | NTP| R | YA )=
1| Unknown 9.067 831288] 43662]/13.088/14.888] N/A[8611| 3.260 1.034
2| Unknown 10.367 4191944] 24961986.912]85.112] N/A[9307] N/A 1.007
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O T R RN SRR RE[E
1|Unknown| 1 | 13.175 50.080152.253| N/A|8450| 2.241 1.031
2|Unknown| 1 | 14.517 5304816] 214086|40.931]47.747] N/A|8565] N/A 0.985
600000 ::
]
E 400000-? ; s
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Retention Time [min]
#] E=0% [OR[tR [min) [GBY [uV-sec) | e (V) | EAFAN] Bie% | EMOH | NTP | S BREE| /2 b)—pash | R o
1]Unknown| 1 | 13.202 3548386| 151878]17.686]10.018| N/A|8107| 2335 1.062
2]Unknown| 1 | 14.733 18507869| 647122|82.304|80.981] N/A|8280] N/A 0.817
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Retention Time [min]
8] E=0% [OH[tR [min)| @t [uVrseo)| e (uV) | GIRN | B ek e MBNTP | R IERE| A F =R R &
1|Unknown| 1 | 22.117 4310372] 113060]50.098|53.860] N/A[8158] 3.773 1.147
2|Unknown] 1 | 26.108 4203512 96487]49.802]46.040] N/AJ8381] N/A 1.097
1700001 —— kn26(.002 - CH1
150000 ;:
1 Il
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S 100000 ']
P ] 8
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\ ' T T Y r
0.0 5.0 10.0 15.0 20.0 25.0 29.0
Retention Time [min)
8] =D& [CHItR [min] [T [uV-seo)| A [uV]] Gl | Zhew | = MR NTP | SRR | T AR — i | |
1|Unknown| 1| 22,042 642025| 18997 8.004| 9.462] N/A|8018] 3.788 1.172
2{Unknown| 1 | 26.100 7389528] 162845]91.986(90.538] N/A[8034] N/A 1.075
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1 ——— kn261rac_003 - CH1

150000 J |
! I
! f Ts
J I N
; 106000 - 5 Lﬁl
= ; 5 2
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50000 - i | -
4 | | ; l\
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Retention Time [min]
;z—o@ CHItR Vseo) & (V]| GHTA% | Bha% [SE MGl | NTP | S RABE [ JIAL! |
1|Unknown| 1 | 19.033 5320805| 150414|49.962|64.405| N/A|7152] 10.705 1.218
2[Unknown| 1 | 32.642 5328080 83130/50.038[35.505] N/Al6270] N/A 1.281
1soooo~| — lmzsziom-cm
,! |
0
]
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) | , 'I
Lo
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/’] ;l 1‘ l‘
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0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0
Retention Time [min]
#[:.0=U% [OR[tR [min]| i1 [V-soc)| e (V] | O] Eoa | e Ml | NTP | 23 RAEE]
1|Unknown| 1 | 19.367 1339881] 37800] 9.980]17.169] N/A|7384] 10.388
2|Unknown| 1 | 32.875]  12072191| 182365]80.010|82.831] N/A|5888] N/A
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170000 - 1’ —— kn101_001 - CH1
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Retention Time [min]
#[:E=D%&[CH[tR [min] | @8 S (V) | s | ek e MR -NTP |
1{Unknown| 1 | 15.108 3820515] 172732]40.953[53.958] N/A|10752
2|Unknown| 1 | 17.542 3836741 147393]50.047/46.042] N/A]10468
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Retention Time [min]
B[ E=5% |OH[tR [min) [ 18- V] [ RN | i aN [ ER G | NTP. | 2 R |k b — Gt | W
1|Unknown| 1 | 15.025 1078761] 49570] 9.018[10.542] N/A]11015] 3.745 1.083
2|Unknown| 1 | 17.387 10883897| 420854]80.082[89.458] N/A[10388] N/A 1171
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Retention Time [min]
#] E—D% JOH[R [min] [ 8T [uV:ooc] | B (V] | N | dek e MR | NTP SRR | YA =R ]
1|Unknown| 1 | 25.176 4458177]  78058/50.014|62.443] N/A|4784] 6.346 1.800
2|Unknown| 1 | 37.400 4455756]  46949]49.986/37.557] N/A|3883] N/A 2407
150000 J 1'\ E——"kn274_002 - CH1
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Retention Time [min]
#]:8=0% JCH[tR Tmin) |8 [uV'sec) | e (0V] | GO RN | veh = MA]
1{Unknown| 1 | 24.408 8566828| 147383]94.022|98.382] N/A
2{Unknown| 1 | 37.833 458263]  5532| 5.078| 3.618] N/A
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o [ ———e P S\ ~ Y e — '/ \;‘ !A _——%-\__,\
0.0 5.0 10.0 15.0 18.0
Retention Time [min]
[#] B~ OH[tR [m ‘[uVesao) [ (V]| GBS [ G aN | JEME | NTP | JUAPU=RBL]
1{Unknown| 1 | 14.283 1021684] 650840(50.148]53.841] N/A]|11653]| 3.598 1.022
2{Unknown| 1 | 18.325 1015669] 43937[49.852]48.358] N/A[11512] N/A 1.044
2200001' l ———kn150_002 - CH1
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