Electronic Supplementary Material (ESI) for ChemComm.
This journal is © The Royal Society of Chemistry 2017

Supporting Information

Chiral amine-catalyzed asymmetric conjugate addition of aldehydes to a-
phenylselenoenones as formal Z-allylating agents

Taichi Kano*, Hiroki Maruyama, Chihiro Homma and Keiji Maruoka*

Department of Chemistry, Graduate School of Science, Kyoto University
Sakyo, Kyoto 606-8502, Japan

General Information. Infrared (IR) spectra were recorded on a Shimadzu IRPrestige-21
spectrometer. *H NMR spectra were measured on a JEOL JNM-FX400 (400 MHz) spectrometer and
a JEOL JNM-ECA500 (500 MHz) spectrometer. Data were reported as follows: chemical shifts in
ppm from the residual solvent as an internal standard (8 7.26 for CDCI3 and & 0.00 for TMS),
integration, multiplicity (s = singlet, d = doublet, t = triplet, g = quartet, AB q = AB quartet, m =
multiplet, br = broad, and app = apparent), and coupling constants (Hz). 3C NMR spectra were
measured on a JEOL JNM-FX500 (125 MHz) spectrometer with complete proton decoupling.
Chemical shifts were reported in ppm from the residual solvent as an internal standard (5 77.16 for
CDCl3). High performance liquid chromatography (HPLC) was performed on Shimadzu 10A
instruments using a Daicel CHIRALPAK AD-3, AS-H, IC, IC-3, ID, IE, IF and IG, 4.6 mm x 25 cm
column. High-resolution mass spectra (HRMS) were performed on Thermo Scientific Exactive Plus.
Optical rotations were measured on a JASCO DIP-1000 digital polarimeter. For thin layer
chromatography (TLC) analysis throughout this work, Merck precoated TLC plates (silica gel 60
GF2s4, 0.25 mm) were used. The products were purified by flash column chromatography on silica gel
60 (Merck 1.09386.9025, 230-400 mesh). For purification with preparative thin layer chromatography
(PLC), Merck precoated PLC plates (silica gel 60 GF2s4, 0.5 mm) were used.

In experiments requiring dry solvents, tetrahydrofuran (THF) diethyl ether (Et.O), and
dichloromethane (CH2Cl;) were purchased from Kanto Chemical Co. Inc. as “Dehydrated”.
Commercially available aldehydes were distilled and stored under argon atmosphere at —20 °C. 1-
Phenyl-2-phenylselanylbut-2-en-1-one (1a),* 3-(phenylselanyl)but-3-en-2-one! and catalysts (S)-3,?

(S,R)-4a,® (R,R)-4a,® and nitrone (R)-9* were prepared according to the literature procedure.

Sl



Preparation of catalyst (R,R)-4b?

TBSO, 1)Et,AICI (2.2 eq.) TBSO, 10% Pd/C TBSO,
’ THF, —40 °C, 15 min ’ Ha '
& e S D
.
N”  2)ArsCLi (3.5 eq.) N Ar AcOH, rt, 21 h N A
0O THF,-40°C, 4 h OH Ar H o Ar
(RO Ar=35xylyl (S,R)-10b and (R,R)-10b (R,R)-4b

To a solution of tris(3,5-xylyl)methane (3.5 mmol) in THF (3 mL) at 0 °C was added a 1.6 M
hexane solution of n-butyllithium (2.2 mL) and the mixture was stirred for 2 h. In another round-
bottom flask, a 1M hexane solution of Et,AICI (2.2 mL) was added to a solution of (R)-9 (216 mg, 1
mmol) in THF (10 mL) at —40 °C and the mixture was stirred for 15 min. To the solution of the
deprotonated tris(3,5-xylyl)methane was added the solution containing (R)-9 at —40 °C. After stirring
for 4 h, the mixture was quenched by aqueous NH4Cl and aqueous Rochelle salt, and extracted with
Et,O. The organic phase was dried with Na,SO4 and concentrated in vacuo. The crude mixture was
roughly purified by silica gel column chromatography to give the mixture of (S,R)-10b and (R,R)-10b,
which was immediately used for the next reaction to prevent the decomposition.

A solution of (S,R)-10b, (R,R)-10b and palladium 10% on carbon (68 mg) in acetic acid (12 mL)
was stirred under H, atmosphere at room temperature for 21 h. The mixture was filtered through celite
with EtOAc and the filtrate was evaporated under reduced pressure. The residue was neutralized with
saturated NaHCO3 and extracted with EtOAc. The organic phase was dried with Na,SO4 and
concentrated in vacuo. The residue was purified by silica gel chromatography (hexane/EtOAc = 10/1
as eluent) to yield (R,R)-4b (47.5 mg, 0.09 mmol, 9% vyield) and (S,R)-4b (43% NMR yield),
respectively, as white solid.

(R,R)-4b (Ar = 3,5-xylyl)

Catalyst (R,R)-4b: [o]? =13.0 (c 0.8, CHCI3); *H NMR (400 MHz, CDCls) 6 6.96 (6H, s), 6.80 (3H,
s), 4.50 (1H, dd, J = 9.7, 7.3 Hz), 4.31-4.26 (1H, m), 2.77 (1H, dd, J = 11.2, 5.4 Hz), 2.39 (1H, dd, J
=11.2, 3.7 Hz), 2.28 (1H, dd, J = 13.5, 6.8 Hz), 2.23 (18H, s), 1.50-1.43 (1H, m), 0.74 (9H, s), —0.09
(6H, s); 3C NMR (125 MHz, CDCls) 6 136.6, 127.6 (3 peaks overlapped), 72.9, 62.9, 60.0, 55.6, 39.1,
25.7,21.6,17.9, -4.8; IR (neat) 2952, 2926, 1596, 1472, 1251, 1065, 907, 836, 775, 733 cm!; HRMS
(ESI-MS) Calcd. for CasHsoNOSi: 528.3656 ([M + H]*), Found: 528.3652 ([M + H]*).
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General procedure for preparation of a-selenoenones

O O

EtsN
R + PhSeBr PhSe R
| CH,Cl, benzene

—40°C, 1.5h rt, overnight 1

To a solution of phenylselenyl bromide (20 mmol) in CH2Cl; (30 mL) was added a vinyl ketone
(20 mmol) in CHxCl> (10 mL) at—40 °C. After stirring for 1.5 h, a solution of triethylamine (25 mmol)
in benzene (40 mL) was added at —40 °C. The mixture was stirred overnight at room temperature.
Filtration and evaporation of solvents gave a crude product, which was purified by silica gel column

chromatography. The obtained a-selenoenones 1 were stored at —78 °C under Ar atmosphere.

PhSe

O/

1-(4-Methoxyphenyl)-2-(phenylselanyl)prop-2-en-1-one: 411 mg, 1.30 mmol, 24% yield; *H NMR
(400 MHz, CDCls) ¢ 7.81 (2H, app d, J = 8.7 Hz), 7.66-7.64 (2H, m), 7.40-7.33 (3H, m), 6.92 (2H,
app d, J = 8.9 Hz), 6.13 (1H, d, J = 1.2 Hz), 5.66 (1H, d, J = 1.2 Hz), 3.87 (3H, s); 13C NMR (100
MHz, CDCls) 6 193.2, 163.5, 143.5, 136.4, 132.0, 129.6, 128.9, 128.8, 127.5, 124.5, 113.6, 55.5; IR
(neat) 1642, 1597, 1508, 1253, 1174, 1134, 1023, 971, 844, 785, 742, 692 cm*; HRMS (ESI-MS)
Calcd. for C16H14sNaO,Se: 341.0051 ([M + Na]*), Found: 341.0056 ([M + Na]*).

O

PhSe\H)J\©\
Br

1-(4-Bromophenyl)-2-(phenylselanyl)prop-2-en-1-one: 452 mg, 1.23 mmol, 35% yield; 'H NMR
(400 MHz, CDCls) & 7.65-7.62 (4H, m), 7.59-7.57 (2H, m), 7.40-7.36 (3H, m), 6.16 (1H,d, J =15
Hz),5.72 (1H, d, J = 1.5 Hz); 3C NMR (125 MHz, CDCls) § 193.5, 143.7, 136.6, 135.0, 131.7, 131.0,
129.7, 129.1, 127.7, 126.9, 126.3; IR (neat) 1651, 1581, 1397, 1282, 1068, 971, 740 cm*; HRMS
(ESI-MS) Calcd. for C15H11BrNaOSe: 388.9051 ([M + Na]*), Found: 388.9047 ([M + Na]™*).

S3



O

Phse\[ﬁj\“ll

1-(Naphthalen-2-yl)-2-(phenylselanyl)prop-2-en-1-one: 150 mg, 0.44 mmol, 9% yield; *H NMR
(500 MHz, CDCls) 6 8.28 (1H, s), 7.94-7.84 (4H, m), 7.70 (2H, dd, J = 7.2, 2.1 Hz), 7.61 (1H, app td,
J=175,11Hz), 756 (1H, app t, J = 7.5 Hz), 7.41-7.36 (3H, m), 6.27 (1H, d, J = 1.4 Hz), 5.78 (1H,
d, J=1.1 Hz); ®C NMR (125 MHz, CDCls) 6 194.5, 144.0, 136.6, 135.3, 133.5, 132.2, 131.1, 129.7,
129.4, 129.0, 128.4, 128.3, 127.8, 127.2, 126.8, 126.2, 125.2; IR (neat) 1644, 1625, 1279, 1112, 939,
764, 741 cm™t; HRMS (ESI-MS) Calcd. for C19H14NaOSe: 361.0102 ([M + Na]*), Found: 361.0108
([M + NaJ").

O

PhSe\”)W

2-(Phenylselanyl)dec-1-en-3-one: 1.30 g, 4.20 mmol, 48% yield; 'H NMR (400 MHz, CDCls) § 7.59
(2H, app dd, J = 7.6, 1.8 Hz), 7.39-7.36 (3H, m), 6.46 (1H, d, J = 1.7 Hz), 5.47 (1H, d, J = 1.7 Hz),
2.75 (2H,t,J=7.4Hz), 1.68-1.61 (2H, m), 1.30-1.27 (8H, m), 0.88 (3H, t, J = 6.8 Hz); 1*C NMR (125
MHz, CDCls) 6 199.0, 146.3, 136.8, 129.7, 128.9, 127.2, 123.2, 37.7, 31.6, 29.2, 29.0, 24.5, 22.6,
14.1; IR (neat) 2925, 1675, 1590, 740, 692 cm*; HRMS (ESI-MS) Calcd. for C16H22NaOSe: 333.0728
(IM + Na]"), Found: 333.0731 ([M + Na]*).
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Screening of acid catalyst for the amine-catalyzed conjugate addition to a-selenoenone la

(R,R)-4b (10 mol%)

o Ph acid (10 mol%) o Ph
Nt Yo : N
Bn SePh CHaCly, 25°C, 24 h Bn SePh
1a 5a

entry acid Yield [%]? dr® ee [%]?
1 benzoic acid 66 3.8/1 99/85
2 acetic acid 57 3.0M1 98/92
3 4-nitrobenzoic acid 59 2.6/1 90/48
4 4-nitrophenol 76 2.0/1 95/85
5 2,4,6-trimethylbenzoic acid 75 2.4/1 98/88

@ The reaction of 3-phenylpropanal (0.3 mmol) with a-selenoenone 1a (0.1 mmol) was carried
out in the presence of (R,R)-4b (0.01 mmol) and an acid (0.01 mmol) in CH,Cl, (0.1 mL) at
25 °C. P "H-NMR yield utilizing mesitylene as an internal standard. ¢ Determined by 'H-NMR.
9 Determined by HPLC analysis using a chiral column.

General procedure for the asymmetric conjugate addition catalyzed by chiral amine (R,R)-4b

(R,R)-4b (10 mol%)

Q ArCO,H (10 mol%) |
H + \‘/go - \‘\\\\(go
R CH,Cl,, 25 °C, 24 h LV
5

Ar = 2,4 6-trimethylphenyl

To a solution of amine catalyst (R,R)-4b (0.01 mmol) in CH,CI, (0.1 mL) in a test tube were added
an aldehyde (0.3 mmol) and a-selenoenone 1 (0.1 mmol) at 25 °C under Ar atmosphere. After capping
the test tube, the mixture was stirred for 24 h. All volatiles were subsequently removed in vacuo. The
crude mixture was purified by flash column chromatography on silica gel to afford the corresponding

product 5 as an inseparable diastereomeric mixture.
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2-Benzyl-5-ox0-5-phenyl-4-(phenylselanyl)pentanal (5a) (Table 2, entry 1): 35.4 mg, 0.084 mmol,
84% vyield, 2.2/1 dr; *H NMR (500 MHz, CDCls) ¢ 9.73 (0.69H, d, J = 1.7 Hz), 9.65 (0.31H, d, J =
1.7 Hz), 7.75-7.73 (2H, m), 7.52 (1H, app t, J = 7.4 Hz), 7.39 (2H, app t, J = 7.9 Hz), 7.35-7.32 (1H,
m), 7.31-7.23 (4H, m), 7.21-7.12 (5H, m), 4.55-4.50 (1H, m), 3.12 (0.69H, dd, J = 13.5, 6.1 Hz), 3.09-
3.02 (1H, m), 2.85-2.78 (0.69H, m), 2.67 (0.69H, dd, J = 13.5, 8.1 Hz), 2.36-2.25 (1H, m), 2.18 (0.31H,
ddd, J = 14.3, 9.2, 4.9 Hz), 1.92 (0.69H, ddd, J = 14.9, 8.7, 4.5 Hz); 13C NMR (125 MHz, CDCls)
major diastereomer ¢ 203.6, 195.0, 138.3, 136.6, 135.8, 132.9, 129.12, 129.06 (2 peaks overlapped),
128.8, 128.4, 128.3, 126.7, 125.9, 51.7, 43.5, 35.7, 29.1; minor diastereomer ¢ 203.9, 195.2, 137.9,
136.4, 136.0, 133.0, 128.9, 128.7, 128.5, 128.2, 126.5, 126.1, 51.4, 42.6, 36.0, 30.5 (aromatic 2 peaks
overlapped); IR (neat) 1721, 1669, 1447, 1240, 741, 701, 691cm*; HRMS (ESI-MS) Calcd. for
Ca4H22NaO,Se: 445.0677 ([M + Na]*), Found: 445.0683 ([M + Na]*); HPLC analysis: Daicel

Chiralpak IC, hexane/i-PrOH = 10/1, flow rate = 1.0 mL/min, retention time; major diastereomer 12.2

min and 13.0 min (major), minor diastereomer 11.0 min (major) and 14.6 min.

(l) (0]

HCsHISi:’rﬂj

2-(3-Oxo0-3-phenyl-2-(phenylselanyl)propyl)octanal (5b) (Table 2, entry 2): 28.8 mg, 0.069 mmol,
69% vyield, 2.2/1 dr; *H NMR (400 MHz, CDCls) 6 9.61 (0.69H, d, J = 2.2 Hz), 9.59 (0.31H, d, J =
1.9 Hz), 7.85 (2H, major diastereomer d, J = 7.5 Hz), 7.53 (1H, app t, J = 7.4 HZz), 7.44-7.33 (5H, m),
7.28-7.24 (2H, m), 4.62 (1H, major diastereomer dd, J = 8.8, 5.9 Hz), 2.78-2.71 (0.69H, m), 2.33-2.23
(1.62H, m), 1.96-1.89 (0.69H, m), 1.72-1.63 (1H, m), 1.50-1.43 (1H, m), 1.29-1.26 (8H, m), 0.89-0.85
(3H, m); 13C NMR (125 MHz, CDCl3) major diastereomer 6 204.6, 195.5, 136.5, 135.9, 132.9, 129.1
(2 peaks overlapped), 128.5, 128.3, 126.4, 50.0, 43.7, 31.5, 29.32 (2 peaks overlapped), 29.28, 26.9,
22.5, 14.0; minor diastereomer ¢ 204.7, 195.3, 136.3, 136.2, 133.0, 129.1, 128.5, 128.4, 126.8, 50.8,
42.5, 315, 30.7, 29.6, 29.2, 26.8 (aromatic 1 peak and aliphatic 2 peaks overlapped); IR (neat) 2926,
2855, 1721, 1670, 1447, 1438, 1236, 740, 690 cm; HRMS (ESI-MS) Calcd. for Ca3Hzs Na OSe:
439.1147 ([M + Na]*), Found: 439.1151 ([M + Na]*); HPLC analysis: Daicel Chiralpak IF, hexane/i-

PrOH =10/1, flow rate = 1.0 mL/min, retention time; major diastereomer 7.6 min and 8.8 min (major),

minor diastereomer 6.5 min (major) and 7.0 min.
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2-1sopropyl-5-oxo-5-phenyl-4-(phenylselanyl)pentanal (5c) (Table 2, entry 3): 27.7 mg, 0.074
mmol, 74% yield, 2.4/1 dr; *H NMR (500 MHz, CDCls3) § 9.70 (0.71 H, d, J = 2.0 Hz), 9.65 (0.29 H,
d, J=2.3Hz), 7.85 (1.4H, d, J = 7.1Hz), 7.80 (0.58H, d, J = 7.1 Hz), 7.55-7.51 (1 H, m), 7.45-7.32
(5H, m), 7.28-7.23 (2H, m), 4.67 (0.29H, dd, J = 8.4, 6.7 Hz), 4.59 (0.71H, dd, J = 10.2, 4.5 Hz), 2.78-
2.75 (0.71H, m), 2.28 (0.58H, app t, J = 7.1 Hz), 2.25-2.19 (0.71H, m), 2.17-2.08 (1.29H, m), 1.93-
1.85(0.71H, m), 1.01 (3H, d, J = 6.8 Hz), 0.96 (3H, d, J = 7.1 Hz); 13C NMR (125 MHz, CDCls) major
diastereomer ¢ 205.2, 195.9, 136.4, 136.1, 132.9, 129.12, 129.08, 128.5, 128.4, 126.4, 55.8, 44.4, 28.6,
25.7,20.3, 19.5; minor diastereomer ¢ 205.2, 195.4, 136.0, 133.0, 128.9, 128.5, 128.3, 56.8, 42.8, 28.8,
27.8, 20.0, 19.3 (aromatic 3 peaks overlapped); IR (neat) 2960, 1716, 1671, 1578, 1475, 1447, 1438,
1284, 1250, 741, 709, 691 cmt; HRMS (ESI-MS) Calcd. for C2oH22NaO-S: 397.0677 ([M + Na]*),
Found: 397.0685 ([M + Na]*); HPLC analysis: Daicel Chiralpak 1C, hexane/i-PrOH = 10/1, flow rate
= 1.0 mL/min, retention time; major diastereomer 7.9 min and 9.4 min (major), minor diastereomer

6.3 min (major) and 7.1 min.

(l) O

pane

5-0Ox0-2,5-diphenyl-4-(phenylselanyl)pentanal (5d) (Table 2, entry 4):15.4 mg, 0.038 mmol, 38%
yield, 1.7/1 dr; *H NMR (400 MHz, CDCls) 6 9.70 (0.37H, s), 9.66 (0.63H, s), 7.73 (0.74H, dd, J =
7.4,1.1Hz),7.67 (1.26H,dd, J=7.4,1.1 Hz), 7.54-7.49 (1H, m), 7.38-7.31 (8H, m), 7.26-7.20 (2.74H,
m, CHCI; overlapped), 7.07-7.05 (1.26H, m), 4.53 (0.37H, app t, J = 7.4 Hz), 4.39 (0.63H, dd, J = 9.2,
6.0 Hz), 3.90 (0.37H, t, J = 7.4 Hz), 3.79 (0.63H, t, J = 7.5 Hz), 2.82-2.74 (0.63H, m), 2.68-2.60
(0.37H, m), 2.43-2.29 (1H, m); **C NMR (100 MHz, CDCls) major diastereomer § 199.5, 195.2, 136.4,
136.2, 135.2, 132.9, 129.3, 129.2, 129.12, 129.07, 128.5, 128.3, 128.2, 126.4, 57.2, 42.6, 31.4; minor
diastereomer 6 200.1, 195.1, 136.4, 136.0, 135.5, 129.3, 129.0, 128.0, 126.3, 57.3, 43.0, 31.2 (aromatic
5 peaks overlapped); IR (neat) 1720, 1669, 1447, 1438, 1283, 1231, 741, 702, 690 cm; HRMS (ESI-
MS) Calcd. for C23H20NaO,Se: 431.0521 ([M + Na]*), Found: 431.0516 ([M + Na]*); HPLC analysis:

Daicel Chiralpak IC, hexane/i-PrOH = 10/1, flow rate = 1.0 mL/min, retention time; major

diastereomer 10.4 min and 11.8 min (major), minor diastereomer 12.9 min (major) and 14.9 min.
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2-Benzyl-5-(4-methoxyphenyl)-5-oxo-4-(phenylselanyl)pentanal (5e) (Table 2, entry 5): 26.5 mg,
0.059 mmol, 59% vyield, 2.0/1dr; *H NMR (500 MHz, CDCls) § 9.71 (0.66H, app s), 9.63 (0.33H, app
s), 7.73 (2H, d, J = 8.8 Hz), 7.39-7.22 (5H, CHCIs overlapped, m), 7.21-7.13 (5H, m), 6.86 (2H, d, J
= 8.8 Hz), 4.52-4.45 (1H, m), 3.86 (2H, s), 3.85 (1H, s), 3.09 (0.66H, dd, J = 13.7, 6.1 Hz), 3.04-3.00
(1H, m), 2.81-2.77 (0.66H, m), 2.67 (0.66H, dd, J = 13.6, 7.9 Hz), 2.38-2.32 (0.66H, m), 2.27-2.20
(0.66H, m), 1.95-1.89 (0.66H, m); 3C NMR (125 MHz, CDCl3) major diastereomer ¢ 203.6, 194.0,
163.4, 138.3, 136.5, 130.6, 129.1, 129.04, 129.00, 128.8, 128.7, 126.6, 113.6, 55.5, 51.8, 43.3, 35.7,
29.5 (aromatic 1 peak overlapped); minor diastereomer ¢ 203.9, 194.1, 163.5, 138.0, 136.3, 130.6,
129.1, 128.9, 128.6, 126.3, 113.7, 51.5, 42.4, 36.0, 30.8 (aromatic 3 peaks and aliphatic 1 peak
overlapped); IR (neat) 1720, 1661, 1599, 1257, 1171, 741, 693 cm*; HRMS (ESI-MS) Calcd. for
CasH2sNaO4Se: 507.1045 ([M + Na + MeOH]*), Found: 507.1047([M + Na + MeOH]*); HPLC

analysis: Daicel Chiralpak IF, hexane/i-PrOH = 10/1, flow rate = 1.0 mL/min, retention time; major

e

diastereomer 27.1 min and 36.3 min (major), minor diastereomer 20.7 min and 23.4 min (major).

O

O
% \\Hj\©\
B SePh
: © B

2-Benzyl-5-(4-bromophenyl)-5-oxo-4-(phenylselanyl)pentanal (5f) (Table 2, entry 6): 39.7 mg,
0.079 mmol, 79% yield, 2.8/1 dr; *H NMR (400 MHz, CDCls) ¢ 9.74 (0.74H, d, J = 0.7 Hz), 9.65
(0.26H, d, J = 1.0 Hz), 7.57 (2H, d, J = 8.5 Hz), 7.51 (2H, d, J = 8.5 Hz), 7.37-7.21 (5H, CHClI3
overlapped, m), 7.18-7.15 (3.52H, m), 7.09 (1.48H, d, J = 7.0 Hz), 4.43 (1H, dd, J = 8.2, 6.3 Hz), 3.14
(0.74H, dd, J = 13.8, 5.8 Hz), 3.09-3.02 (1H, m), 2.86-2.76 (0.52H, m), 2.66 (0.74H, dd, J = 13.5, 8.5
Hz), 2.35-2.24 (1H, m), 2.19-2.12 (0.26H, m), 1.95-1.88 (0.74H, m); 3C NMR (125 MHz, CDCls)
major diastereomer ¢ 203.5, 193.9, 138.2, 136.6, 134.6, 131.7, 129.8, 129.3, 129.1, 129.0, 128.9, 127.9,
126.7, 125.7, 51.6, 43.5, 35.7, 29.0; minor diastereomer ¢ 203.8, 194.1, 137.9, 136.4, 134.8, 131.7,
129.7, 129.2, 128.9, 128.7, 128.1, 126.3, 51.3, 42.7, 36.0, 30.4 (aromatic 2 peaks overlapped); IR
(neat) 3059, 1721, 1669, 1584, 1071, 1009, 742, 701 cm*; HRMS (ESI-MS) Calcd. for
CasH2sNaO,Se: 555.0045 ([M + Na + MeOH]*), Found: 555.0039 ([M + Na + MeOH]*); HPLC

analysis: Daicel Chiralpak IG, hexane/i-PrOH = 8/1, flow rate = 1.0 mL/min, retention time; major

r

diastereomer 17.7 min and 22.2 min (major), minor diastereomer 15.8 min and 19.5 (major) min.
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2-Benzyl-5-(naphthalen-2-yl)-5-oxo0-4-(phenylselanyl)pentanal (5g) (Table 2, entry 7): 32.3 mg,
0.068 mmol, 68% vyield, 2.3/1dr; *H NMR (500 MHz, CDCls) 6 9.77 (0.70H, d, J = 1.4 Hz), 9.68
(0.30H, d, J = 1.7 Hz), 8.06 (1H, s), 7.89-7.83 (3H, m), 7.79 (1H, d, = 8.2 Hz), 7.57 (1H, app t, J =
7.5Hz), 7.51 (1H, app t, J = 7.4 Hz), 7.37 (0.70H, d, J = 7.1 Hz), 7.34-7.26 (2.3H, CHCI; overlapped,
m), 7.24-7.20 (2H, m), 7.19-7.15 (5H, m), 4.65-4.60 (1H, m), 3.15 (0.70H, dd, J = 13.6, 6.0 Hz), 3.12-
3.07 (1H, m), 2.95-2.89 (0.30H, m), 2.82 (0.30H, dd, J = 13.9, 7.1 Hz), 2.70 (0.70H, dd, J = 13.3, 8.2
Hz), 2.46-2.40 (0.70H, m), 2.39-2.33 (0.30H, m), 2.26-2.20 (0.30H, m), 2.03-1.97 (0.70H, m); *C
NMR (125 MHz, CDCls) major diastereomer ¢ 203.6, 195.0, 138.3, 136.6, 135.5, 133.1, 132.3, 129.7,
129.6, 129.12, 129.07 (2 peaks overlapped), 128.8, 128.4, 128.3, 127.7, 126.7, 126.63, 126.59, 124.3,
51.8, 43.9, 35.7, 29.4; minor diastereomer ¢ 203.8, 195.2, 138.0, 136.5, 133.2, 132.3, 129.2, 129.0,
128.7,128.4,126.8, 126.4,124.2,51.4, 43.1, 36.0, 30.5 (aromatic 7 peaks overlapped); IR (neat) 1720,
1663, 1437, 1279, 760, 738, 700, 692 cm!; HRMS (ESI-MS) Calcd. for CasH24NaO,Se: 495.0834
(IM + Na]®), Found: 495.0834 ([M + Na ]*); HPLC analysis: Daicel Chiralpak IF, hexane/i-PrOH =
10/1, flow rate = 1.0 mL/min, retention time; major diastereomer 22.8 min and 25.7 min (major),

minor diastereomer 17.5 min and 20.8 min (major).

0]
| KY
Bn SePh

2-Benzyl-5-oxo0-4-(phenylselanyl)hexanal (5h) (Table 2, entry 8): 26.6 mg, 0.074 mmol, 74% yield,
3.5/1 dr; *H NMR (500 MHz, CDCls) 6 9.68 (0.78H, app s), 9.62 (0.22H, app s), 7.46 (0.44H, d, J =
7.7 Hz), 7.36 (0.22H, app t, J = 6.7 Hz), 7.33-7.30 (2.34H, m), 7.27-7.18 (5H, m, CHCI; overlapped),
7.16 (1.56H, d, J=7.9 Hz), 7.12 (0.44H, d, J = 7.9 Hz), 3.67-3.62 (1H, m), 3.09 (0.78H, dd, J = 13.7,
6.1 Hz), 3.03-2.95 (1H, m), 2.78-2.73 (0.44H, m), 2.63 (0.78H, dd, J = 13.7, 8.1 Hz), 2.24 (2.34H, s),
2.23 (0.66H, s), 2.17-2.10 (0.78H, m), 2.07 (0.22H, app t, J = 6.8 Hz), 1.99-1.93 (0.22H, m), 1.72-
1.66 (0.78H, m); 13C NMR (125 MHz, CDCls) major diastereomer § 203.5, 203.2, 138.1, 135.8, 129.2,
129.0 (2 peaks overlapped), 128.8, 126.7, 125.8, 51.6, 49.6, 35.6, 28.3, 28.1; minor diastereomer
203.6, 203.4, 136.0, 129.3, 128.9, 128.7, 48.8, 35.7, 29.6 (aromatic 4 peaks and aliphatic 2 peaks
overlapped); IR (neat) 1721, 1699, 1454, 1437, 1356, 742, 701, 693 cm*; HRMS (ESI-MS) Calcd.
for CaoH24NaOsSe: 415.0783 ([M + Na + MeOH]"), Found: 415.0794 ([M + Na]*); HPLC analysis:
Daicel Chiralpak AS-H, hexane/i-PrOH = 30/1, flow rate = 1.0 mL/min, retention time; major

diastereomer 17.5 min (major) and 28.5 min, minor diastereomer 16.3 min and 24.1 min (major).
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| W

Bn SePh

2-Benzyl-5-oxo0-4-(phenylselanyl)heptanal (5i) (Table 2, entry 9): 20.8 mg, 0.056 mmol, 56% yield,
3.5/1dr; *H NMR (500 MHz, CDCls) 6 9.66 (0.78H, d, J = 1.1 Hz), 9.61 (0.22H, d, J = 1.1 Hz), 7.45
(0.44H, app d, J = 8.2 Hz), 7.37-7.27 (4H, m), 7.26-7.19 (3.56H, m), 7.16-7.11 (2H, m), 3.65 (1H, dd,
J = 8.8, 6.2 Hz), 3.07 (0.78H, dd, J = 13.6, 6.2 Hz), 2.99-2.95 (1H, m), 2.85-2.70 (1.44H, m), 2.63
(0.78H, dd, J = 13.7, 8.1 Hz), 2.41-2.28 (1H, m), 2.18-2.12 (0.78H, m), 2.08 (0.22H, dd, J = 15.0, 7.4
Hz), 2.02-1.96 (0.22H, m), 17.3 (0.78H, ddd, J = 15.0, 8.9, 4.6 Hz), 1.05 (3H, td, J = 7.2, 0.9 Hz); 3C
NMR (125 MHz, CDCls) major diastereomer 6 206.1, 203.5, 138.1, 136.0, 129.2, 129.0, 128.9, 128.8,
126.7,126.0, 51.7, 48.5, 35.6, 33.8, 28.5, 8.3; minor diastereomer ¢ 206.2, 203.6, 137.9, 135.8, 129.2,
129.0, 128.9, 128.6, 51.6, 47.7, 35.7, 34.0, 29.8 (aromatic 2 peaks and aliphatic 1 peak overlapped);
IR (neat) 2935, 1720, 1699, 1455, 1437, 740, 700, 692 cm*; HRMS (ESI-MS) Calcd. for
Ca0H22NNaOzSe: 397.0677 ([M + Na]*), Found: 397.0686 ([M + Na]*); HPLC analysis: Daicel
Chiralpak 1C3, hexane/i-PrOH = 20/1, flow rate = 0.75 mL/min, retention time; major diastereomer

22.6 min and 25.3 min (major), minor diastereomer 24.3 min (major) and 29.7 min.

0]
| o CeHi3

Bn SePh

2-Benzyl-5-ox0-4-(phenylselanyl)dodecanal (5j) (Table 2, entry 11): 26.5 mg, 0.060 mmol, 60%
yield, 3.7/1 dr; *H NMR (400 MHz, CDCls) 6 9.66 (0.79H, d, J = 1.7 Hz), 9.61 (0.21H, d, J = 1.7 Hz),
7.45 (0.42H, app d, J=6.8 Hz), 7.38-7.26 (3.58H, m), 7.26-7.19 (4H, m), 7.16-7.11 (2H, m), 3.63 (1H,
dd, J =8.7, 6.3 Hz), 3.06 (0.79H, dd, J = 13.7, 6.4 Hz), 3.00-2.92 (1H, m), 2.80-2.69 (1H, m), 2.67-
2.58 (1.21H, m), 2.43-2.31 (1H, m), 2.14 (0.79H, ddd, J = 15.2, 9.0, 6.1 Hz), 2.08-2.05 (0.21H, m),
2.01-1.94 (0.21H, m), 1.72 (0.79H, ddd, J = 14.9, 8.7, 4.4 Hz), 1.53 (2H, br s, H-O overlapped), 1.25
(8H, brs), 0.88 (3H, t, J = 6.8 Hz); 13C NMR (125 MHz, CDCls) major diastereomer 6 205.7, 203.5,
138.1, 136.0, 129.2, 129.0, 128.9, 128.8, 126.7, 126.1, 51.7, 48.7, 40.8, 35.6, 31.7, 29.1, 29.0, 28.5,
24.2,22.6, 14.1; minor diastereomer ¢ 205.8, 203.6, 137.9, 135.8, 129.2, 128.7, 51.6, 48.0, 40.9, 35.7,
29.7,29.1, 29.0, 24.2 (aromatic 4 peaks and aliphatic 3 peaks overlapped); IR (neat) 2925, 2854, 1721,
1700, 1609, 741, 700, 693 cm™*; HRMS (ESI-MS) Calcd. for C2sH3NaO,Se: 467.1460 ([M + Na]*),
Found: 467.1458 ([M + Na]*); HPLC analysis: Daicel Chiralpak ID, hexane/i-PrOH = 20/1, flow rate
= 1.0 mL/min, retention time; major diastereomer 9.0 min and 12.1 min (major), minor diastereomer

9.6 min (major) and 10.5 min.
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Typical procedure for the olefination of conjugate adducts 5

MsCI (6 eq.) .
? o LIAHs (2.2 eq.)  EtsN (10 eq.) OMs \j
H’\\\\HJ\R' - H‘\\\ =
THF or Et,0 CH,Cly, rt, 1 h
R SePh -78°C.1h R
5 6

To a solution of conjugate adduct 5 (0.14 mmol) in THF and/or Et,O (3 mL; Et,O (Table 3, entries
1-2); THF/Et,O (1/1) (Table 3, entry 3); THF (Table 3, entries 4-6)) was added LiAIH4 (11.7 mg, 0.31
mmol) in THF or Et,O slowly. After stirring for 1 h, the reaction was quenched with aqueous NH4CI.
The resulting mixture was diluted with 4 mL of a mixture of EtOAc/EtsN/MeOH (87/10/3). After
celite filtration, the filtrate was extracted with EtOAc. The combined organic extracts were washed
with brine, dried over Na,SO, and concentrated in vacuo. The crude product was used for the next
step without further purification.

The crude alcohol was dissolved in CH>Cl. The solution was cooled to —20 °C and added EtsN
(194 pL, 1.4 mmol) followed by MsCI (65 uL, 0.84 mmol). The reaction mixture was warmed to room
temperature and stirred for 1 h. The reaction was quenched with water and the resulting mixture was
extracted with CHCl,. The combined organic extracts were dried with Na;SO4 and concentrated in
vacuo. The crude product was purified by column chromatography on silica gel.

The Z-configuration of the olefin 6a was confirmed by comparing the *H-NMR chemical shifts
and coupling constants of the olefin moiety (6.56 (1H, d, J = 11.6 Hz), 5.66 (1H, dt, J = 11.6, 7.4 Hz))
with those of the corresponding E-isomer (6.46 (1H, d, J = 15.6 Hz), 6.17 (1H, dt, J = 15.9, 7.4 Hz)).
The E-isomer was synthesized by asymmetric allylation of aldehydes according to the Coérdova's
procedure. (See S15-S16)
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(2)-2-Benzyl-5-phenylpent-4-en-1-yl methanesulfonate (6a) (Table 3, entry 1): Reduction was
conducted in Et;0. 38.2 mg, 0.116 mmol, 84% vyield, Z/E = >20/1, 95% ee; [a]s = 31.3 (c 1.10,
CHCIs); *H NMR (400 MHz, CDCls) 6 7.31-7.27 (3H, m), 7.25-7.20 (5H, m), 7.14-7.12 (2H, m), 6.56
(1H, d, J=11.6 Hz), 5.66 (1H, dt, J = 11.6, 7.4 Hz), 4.08 (2H, d, J = 5.1 Hz), 2.81 (3H, s), 2.70 (2H,
d, J=7.3 Hz), 2.49 (1H, ddd, J = 15.0, 7.6, 1.6 Hz), 2.42 (1H, ddd, J = 14.9, 6.9, 1.9 Hz), 2.20-2.14
(1H, m); BC NMR (125 MHz, CDCls) 6 138.9, 137.0, 131.4, 129.1, 129.0, 128.7, 128.5, 128.2, 126.8,
126.4, 70.9, 40.7, 36.9 (2 peaks overlapped), 29.1; IR (neat) 1352, 1172, 940, 834, 698 cm*; HRMS
(ESI-MS) Calcd. for C1gH22NaOsS: 353.1182 ([M + Na]*), Found: 353.1186 ([M + Na]*); HPLC
analysis: Daicel Chiralpak IC, hexane/i-PrOH = 10/1, flow rate = 1.0 mL/min, retention time; 22.4

min and 24.1 min (major).

OMe

OMs

Bn
(2)-2-Benzyl-5-(4-methoxyphenyl)pent-4-en-1-yl methanesulfonate (6e) (Table 3, entry 2):
Reduction was conducted in Et,O. 31.2 mg, 0.087 mmol, 81% vyield, Z/E = 19/1, 95% ee; [a];= 31.8
(c 0.98, CHCIs); *H NMR (400 MHz, CDCls) 6 7.29-7.28 (2H, m), 7.22 (1H, d, J = 7.2 Hz), 7.19-7.13
(4H, m), 6.85 (2H, d, J = 8.7 Hz), 6.48 (1H, d, J = 11.6 Hz), 5.57 (1H, dt, J = 11.6, 7.2 Hz), 4.09 (2H,
d,J=5.1Hz), 3.81(3H,s),2.83 (3H, s), 2.71 (2H, d, J = 7.2 Hz), 2.49-2.40 (2H, m), 2.19-2.14 (1H,
m); $3C NMR (125 MHz, CDCls) 6 158.4, 138.9, 130.8,129.9, 129.7, 129.1, 128.5, 127.3, 126.4, 113.7,
71.1,55.2,40.8, 36.95, 36.92, 29.1; IR (neat) 1606, 1510, 1353, 1247, 1172, 1031, 943, 837, 743, 702
cm; HRMS (ESI-MS) Calcd. for CxH24NaO,S: 383.1288 ([M + Na]*), Found: 383.1295 ([M +
Na]*); HPLC analysis: Daicel Chiralpak IG, hexane/EtOH = 5/1, flow rate = 1.0 mL/min, retention

time; 14.1 min and 16.2 min (major).
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Br

OMs

Bn
(2)-2-Benzyl-5-(4-bromophenyl)pent-4-en-1-yl methanesulfonate (6f) (Table 3, entry 3):
Reduction was conducted in Et,O and THF (1/1). 44.0 mg, 0.107 mmol, 82% yield, Z/E = >20/1, 94%
ee; [a]s =32.60 (c 0.82, CHCIs); *H NMR (400 MHz, CDCls) 6 7.43 (2H, d, J = 8.5 Hz ), 7.29-7.25
(2H, m), 7.23-7.19 (1H, m), 7.12 (2H, d, J=8.5Hz), 7.07 (2H,d, J=85Hz), 6.47 (1H, d, J=11.8
Hz), 5.70 (1H, dt, J = 11.6, 7.4 Hz), 4.08 (2H, d, J = 5.1 Hz), 2.86 (3H, s), 2.68 (2H, d, J = 7.2 Hz),
2.40 (2H, app t, J = 7.1 Hz), 2.21-2.12 (1H, m); 1*C NMR (125 MHz, CDCls) ¢ 138.7, 135.9, 131.3,
130.3, 130.2, 129.8, 129.1, 128.5, 126.5, 120.7, 70.8, 40.7, 37.0, 36.9, 29.0; IR (neat) 1487, 1352,
1172, 941, 835, 732, 700 cm%; HRMS (ESI-MS) Calcd. for C19H21BrNaOsS: 431.0287 ([M + Na]*),
Found: 431.0293 ([M + NaJ*); HPLC analysis: Daicel Chiralpak IE, hexane/EtOH = 10/1, flow rate =

1.0 mL/min, retention time; 11.6 min and 12.3 min (major).

OMs
o~

Bn
(2)-2-Benzylhex-4-en-1-yl methanesulfonate (6h) (Table 3, entry 4): Reduction was conducted in
THF. 21.4 mg, 0.080 mmol, 70% yield, Z/E = 10/1, 94% ee; [0]” = -4.8 (c 1.14, CHCI3); 'H NMR
(400 MHz, CDCl3) 6 7.30 (2H, app t, J = 7.6 Hz), 7.22 (1H, d, J = 6.5 Hz), 7.17 (2H, d, J = 8.0 Hz),
5.64-5.56 (1H, m), 5.42-5.36 (1H, m), 4.08 (2H, d, J = 4.6 Hz), 2.94 (3H, s), 2.70 (2H, d, J = 7.0 Hz),
2.19-2.09 (3H, m), 1.60 (3H, d, J = 6.8 Hz); 3C NMR (125 MHz, CDCls) § 139.2, 129.1, 128.5, 126.8,
126.7,126.3,71.2,40.4, 37.1, 36.9, 27.8, 12.9; IR (neat) 1353, 1173, 942, 834, 745, 701 cm™*; HRMS
(ESI-MS) Calcd. for C14H20NaOsS: 291.1025 ([M + Na]*), Found: 291.1030 ([M + Na]*); HPLC
analysis: Daicel Chiralpak AS-H, hexane/i-PrOH = 20/1, flow rate = 0.5 mL/min, retention time; 17.8

min (major) and 20.3 min.

OMs
Bn

(2)-2-Benzylhept-4-en-1-yl methanesulfonate (6i) (Table 3, entry 5): Reduction was conducted in
THF. 23.1 mg, 0.082 mmol, 83% yield, Z/E = 11/1, 94% ee; [a]5 =—-2.4 (c 1.50, CHCI3); 'H NMR
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(400 MHz, CDCls) ¢ 7.32-7.28 (2H, m), 7.23-7.19 (1H, m), 7.18-7.16 (2H, m), 5.54-5.48 (1H, m),
5.36-5.30 (1H, m), 4.08 (2H, d, J = 4.8 Hz), 2.95 (3H, s), 2.70 (2H, dd, J = 6.9, 3.3 Hz), 2.20-2.14
(2H, m), 2.12-2.06 (1H, m), 2.02 (2H, app td, J = 7.4, 1.4 Hz), 0.96 (3H, t, J = 7.5 Hz); 1*C NMR (125
MHz, CDCls) ¢ 139.2, 134.5, 129.1, 128.5, 126.3, 125.2, 71.2, 40.4, 37.1, 36.9, 28.1, 20.6, 14.1; IR
(neat) 1355, 1174, 942, 835, 745, 701 cm™*; HRMS (ESI-MS) Calcd. for C1sH22NaOsS: 305.1182 ([M
+ Na]*), Found: 305.1197 ([M + Na]*); HPLC analysis: Daicel Chiralpak AS-H, hexane/i-PrOH =

10/1, flow rate = 0.75 mL/min, retention time; 15.4 min (major) and 16.6 min.

CgH
OMs 613

Bn

(2)-2-Benzyldodec-4-en-1-yl methanesulfonate (6j) (Table 3, entry 6): Reduction was conducted
in THF. 27.9 mg, 0.079 mmol, 82% yield, Z/E = 8.1/1, 96% ee; [a]; = 0.13 (¢ 1.26, CHCl3); 'H NMR
(400 MHz, CDCl3) 6 7.30 (2H, t, J = 7.2 Hz), 7.21 (1H, t, J = 6.8 HZ), 7.17 (2H, d, J = 6.8 Hz), 5.55-
5.48 (1H, m), 5.39-5.33 (1H, m), 4.08 (2H, d, J = 4.8 Hz), 2.95 (3H, m), 2.70-2.68 (2H, m), 2.12-2.06
(1H, m), 1.27 (10H, m), 0.88 (3H, t, J = 6.9 Hz); 3C NMR (125 MHz, CDCls) 6 139.2, 133.0, 129.1,
128.5,126.3,125.7,71.2,40.5, 37.0, 36.9, 31.8, 29.6, 29.3, 29.2, 28.2, 27.4, 22.6, 14.1; IR (neat) 2925,
2854, 1357, 1176, 956, 835, 744, 701 cm*; HRMS (ESI-MS) Calcd. for C20H32NNaO3S: 375.1964
(IM + Na]*), Found: 375.1975 ([M + Na]*); HPLC analysis: Daicel Chiralpak AD-3 and IG,
hexane/EtOH = 40/1, flow rate = 0.7 mL/min, retention time; 23.0 min and 23.5 min (major).

Synthesis of 7°

OMs Ph BuMgBr (5 eq.)

W Cul (40 mol%) W

: THF, rt, 24 h :

To a solution of 6a (33.0 mg, 0.1 mmol) in THF (1 mL) were added BuMgBr (1 M solution in
THF, 0.5 mL, 0.5 mmol) and Cul (7.6 mg, 0.04 mmol) at —78 °C. The mixture was warmed to room
temperature and stirred for 24 h. The reaction was quenched with saturated aqueous NH4ClI solution
and the resulting mixture was extracted twice with EtOAc. The combined extracts were washed with
brine, dried with Na,SO4 and concentrated in vacuo. The crude mixture was purified by flash column

chromatography on silica gel to afford 7 (22.0 mg, 0.075 mmol, 75%) as a colorless oil.
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(2)-(4-Pentylpent-1-ene-1,5-diyl)dibenzene (7): 95% ee; [a]5 =52.5 (¢ 0.85, CHCI3); *H NMR (400
MHz, CDCls) 6 7.30-7.24 (3H, m), 7.23-7.19 (4H, m), 7.17-7.13 (1H, m), 7.11-7.09 (2H, m), 6.47 (1H,
d,J=11.8Hz),5.70 (1H, dt, J = 11.8, 7.2 Hz), 2.58 (1H, dd, J = 13.4, 6.6 Hz), 2.53 (1H, dd, J = 13.3,
7.0 Hz), 2.29 (2H, app tt, J = 6.5, 2.3 Hz), 1.77 (1H, brapp t, J = 6.4 Hz), 1.31-1.17 (8H, m), 0.85 (3H,
t,J = 7.0 Hz); 13C NMR (125 MHz, CDCls) § 141.2, 137.8, 131.4, 129.9, 129.2, 128.7, 128.1, 128.0,
126.4, 125.6, 40.8, 40.3, 33.2, 32.1, 31.9, 26.4, 22.6, 14.1; IR (neat) 2924, 2854, 1494, 769, 742, 697
cm; HRMS (ESI-MS) Calcd. for Cz;H2gNa: 315.2083 ([M + Na]*), Found: 315.2088 ([M + Na]*).

Synthesis of 8

Ph N
Piperidine (20 eq.)
W W

= CH4CN, reflux, 14 h -

To a solution of 6a (37.0 mg, 0.11 mmol) in CH3CN (4 mL) was added piperidine (0.22 mL, 2.2
mmol) at room temperature. The mixture was refluxed for 14 h. The reaction mixture was diluted with
brine and extracted with EtOAc. Combined organic extracts were dried with Na,SO4 and concentrated
in vacuo. The crude mixture was purified by flash column chromatography on silica gel to afford 8

(35 mg, 0.11 mmol, >99%) as a colorless oil.

()

N

Bn

(2)-1-(2-Benzyl-5-phenylpent-4-en-1-yl)piperidine (8): 95% ee; [a]s = 35.7 (c 1.12, CHCls); H
NMR (500 MHz, CDCls) 6 7.29-7.23 (4H, m), 7.21-7.18 (3H, m), 7.14 (1H, app t, J = 7.2 Hz), 7.09
(2H, d, J = 7.1 Hz), 6.45 (1H, d, J = 11.6 Hz), 5.71 (1H, dt, J = 11.6, 7.4 Hz), 2.70 (1H, dd, J = 13.6,
5.7 Hz), 2.55 (1H, dd, J = 13.6, 7.1 Hz), 2.33-2.29 (6H, m), 2.16 (1H, dd, J = 12.3, 7.2 Hz), 2.09 (1H,
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dd, J = 12.3, 7.2 Hz), 2.05-1.99 (1H, m), 1.55-1.51 (4H, m), 1.39 (2H, br); 13C NMR (125 MHz,
CDCls) 6 140.9, 137.7, 131.4, 129.8, 129.4, 128.8, 128.03, 128.00, 126.3, 125.6, 62.9, 55.0, 38.4 (2
peaks over rapped), 30.7, 26.2, 24.6; IR (neat) 2932, 1494, 1444, 769, 743, 698 cm*; HRMS (ESI-
MS) Calcd. for Co3H3oN: 320.2373 ([M + H]*), Found: 320.2387 ([M + H]").

Determination of absolute configuration
The absolute configuration of 6a was determined to be S by conversion to 2-benzyl-4-oxobutyl

methanesulfonate as shown below.

Ph
N Ph
H  OTm™s
(S)-2 (20 mol%) O,
Pd(OAc), (5 mol%) o MsCl (3eq.)  CHpCl/MeOH (2/1)

(0] H :
‘ OAc PPhz (10 mol%) NaBH, (30 eq.) Et3N (5 eq.) —78 °C, 5 min;
‘\’ + ‘ th H/\;O
Ph DMF, rt, 24 h CHCl, it, 1h Me,S (10 eq.)

MeOH,-15°C g,

Bn . Bn
15 min gradually warmed up
to rt, overnight
ref. Chem. Eur. J. 2012, 18, 2972
O3
(R,R)-4b (10 mol%) MsCl (6 eg. CH,CIp/MeCH (2/1)  om
Q YFQ ArCOoH (10 mol%)  LiAlH, (2.2 eq.) ELN ((mefq?) wh —78 °C, 5 min; HS/VO
+
o
CH,Cl,, 25 °C, 24 h Et,0 CHyCly, 1t, 1h Me,S (10 eq.) B
Bn SePh 2 —728 °C,1h 2 Bn6 graf:iually warmed up "
Ar = 2,4 6-trimethylphenyl a to rt, overnight
Preparation of (S,E)-2-benzyl-5-phenylpent-4-en-1-ol°
(S)-2 (20 mol%)
o Pd(OAc), (5 mol%) OH

| + OAc PPh3 (10 mol%) NaBH, (30 eq.) Ph

| - =
Ph N Ph
Ph DMF, rt, 24 h MeOH, —15 °C H OTMS
Bn . Bn
15 min 57% ee (S)-Z

An oven-dried vial containing a magnetic stir bar was charged with Pd(OAc). (3.4 mg, 0.015
mmol) and PPhz (7.9 mg, 0.03 mmol), fitted with a septum, sealed, and flushed with a stream of N
for 5 min, followed by addition of degassed DMF (300 mL). After 3 min of stirring at room
temperature, cinnamyl acetate (50 pL, 0.3 mmol) was added and the mixture was stirred for another 3
min. In parallel to the above procedure, an oven-dried vial was subsequently charged with catalyst (S)-
2 (19.5 mg, 0.06 mmol), 3-phenylpropanal (119 pL, 0.9 mmol), fitted with a septum, sealed and
flushed with a stream of N2 for 5 min, followed by addition of degassed DMF (300 mL). After 3 min
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of stirring, this mixture was transferred by a syringe to the vial containing the mixture of Pd and
cynnamyl acetate in DMF (final substrate concentration = 0.50 M). The resulting mixture was stirred
at room temperature for 24 h. Next, the mixture was cooled to —15 °C, followed by addition of MeOH
(1 mL) and NaBH34 (341 mg, 9.0 mmol). After stirring for 15 min, the mixture was then transferred to
a flask containing a cold mixture of saturated aqueous NH4Cl and EtOAc at 0 °C. The resulting mixture
was stirred for 5 min and dried with Na>SO4. The volatiles were removed in vacuo. The residue was
purified by silica gel column chromatography (toluene/EtOAc = 3/1 as eluent) to afford the title
compound (12 mg, 0.048 mmol, 16%).

Preparation of (R)-2-benzyl-4-oxobutyl methanesulfonate

Os
MsCI (3 eq.) OMs DCM/MeOH (2/1)
TEA (5 eq.) —78 °C, 5 min; o
B DCM, rt,1h Bn Me,S (10 eq.)
gradually warmed up
57% ee >99%, 57% ee  to rt, overnight 73%, 57% ee (R)

The obtained alcohol (12 mg, 0.048 mmol) was dissolved in CHCl, (1 mL). The solution was
added EtsN (33.3 pL, 0.24 mmol) at —20 °C followed by MsCI (11 pL, 0.14 mmol). The reaction
mixture was warmed to room temperature and stirred for 1 h. The reaction was quenched with water
and the mixture was extracted with CH2Cl,. The combined organic extracts were dried with Na;SO4
and concentrated in vacuo. The residue was roughly purified by column chromatography on silica gel
to afford the title compound (>99%).

The obtained mesylate (15.9 mg, 0.048 mmol) was dissolved in CH.Cl, (1 mL) and MeOH (0.5
mL). Ozone was bubbled through this solution at —78 °C until complete consumption of the mesylate
was observed by TLC analysis (around 5 min). The mixture was then flushed with nitrogen and added
dimethyl sulfide (38 uL, 0.5 mmol). The reaction mixture was gradually warmed up to room
temperature and stirred overnight. All volatiles were removed in vacuo. The crude mixture was
purified by flash column chromatography on silica gel to afford the title compound (9 mg, 0.035 mmol,
73%, 57% ee (R)).
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Preparation of 2-benzyl-4-oxobutyl methanesulfonate from 6a

O3
oMe o CH:Cl/MeOH (2/1)

—78 °C, 5 min;
N - L~o0
Ff%n Me,S (10 eq.) én
gradually warmed up to rt
6a 96% ee overnight 96% ee (S)
Mesylate 6a (17.5 mg, 0.053 mmol) was dissolved in CH>Cl, (1 mL) and MeOH (0.5 mL). Ozone

was bubbled through this solution at —78 °C until complete consumption of 6a was observed by TLC

analysis (around 5 min). The mixture was then flushed with nitrogen and added dimethyl sulfide (48
uL, 0.65 mmol). The reaction mixture was gradually warmed up to room temperature and stirred
overnight. All volatiles were removed in vacuo. The crude mixture was purified by flash column
chromatography on silica gel to afford the title compound (10.7 mg, 0.042 mmol, 79%, 96% ee (S)).

OMs
L~0
Bn
(S)-2-Benzyl-4-oxobutyl methanesulfonate: 96% ee; [a]; = —13.8 (c 0.84, CHCIs); *H NMR (500
MHz, CDCls) 6 9.74 (1H, app s), 7.32 (2H, app t, J = 7.4 Hz), 7.24 (1H, app t, J = 7.4 Hz), 7.18 (2H,
d,J=7.1Hz),4.22 (1H, dd, J =9.9, 4.0 Hz), 4.12 (1H, dd, J = 9.8, 4.7 Hz), 2.98 (3H, s), 2.79-2.61
(4H, m), 2.54 (1H, dd, J = 18.0, 4.1 Hz); *3C NMR (125 MHz, CDCls) 6 200.4, 138.1, 129.1, 128.7,
126.8,71.0, 44.5, 37.2, 36.9, 34.7; IR (neat) 1718, 1349, 1170, 945, 818, 747, 702 cm'; HRMS (ESI-
MS) Calcd. for C12H16Na04S: 279.0662 ([M + Na]*), Found: 279.0664 ([M + Na]*); HPLC analysis:
Daicel Chiralpak 1G, hexane/i-PrOH = 5/1, flow rate = 1.0 mL/min, retention time; 23.3 min (major)
and 31.7 min.
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1-(4-Methoxyphenyl)-2-(phenylselanyl)prop-2-en-1-one
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1-(4-Bromophenyl)-2-(phenylselanyl)prop-2-en-1-one
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2-(Phenylselanyl)dec-1-en-3-one
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2-Benzyl-5-ox0-5-phenyl-4-(phenylselanyl)pentanal (Table 2, entry 1)
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2-(3-Oxo0-3-phenyl-2-(phenylselanyl)propyl)octanal (Table 2, entry 2)
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2-1sopropyl-5-ox0-5-phenyl-4-(phenylselanyl)pentanal (Table 2, entry 3)
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5-Oxo0-2,5-diphenyl-4-(phenylselanyl)pentanal (Table 2, entry 4)
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2-Benzyl-5-(4-methoxyphenyl)-5-ox0-4-(phenylselanyl)pentanal (Table 2, entry 5)
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2-Benzyl-5-(4-bromophenyl)-5-oxo-4-(phenylselanyl)pentanal (Table 2, entry 6)
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2-Benzyl-5-(naphthalen-2-yl)-5-oxo-4-(phenylselanyl)pentanal (Table 2, entry 7)
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2-Benzyl-5-ox0-4-(phenylselanyl)hexanal (Table 2, entry 8)
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2-Benzyl-5-ox0-4-(phenylselanyl)heptanal (Table 2, entry 9)
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2-Benzyl-5-ox0-4-(phenylselanyl)dodecanal (Table 2, entry 11)
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(2)-2-Benzyl-5-phenylpent-4-en-1-yl methanesulfonate (Table 3, entry 1)

0907°62

G616°9¢
267L 07

6616°0L

3L6€°921
€L¥8°921
68¥2 8¢l
€619°821
870L°821
62L.6'831
LSET"621
84G8¢°1¢€1
97v0°LET
7€L8'8ET

PPM

50

100

S34

R

150

200




(2)-2-Benzyl-5-(4-methoxyphenyl)pent-4-en-1-yl methanesulfonate (Table 3, entry 2)
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(2)-2-Benzyl-5-(4-bromophenyl)pent-4-en-1-yl methanesulfonate (Table 3, entry 3)
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(2)-2-Benzylhex-4-en-1-yl methanesulfonate (Table 3, entry 4)
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(2)-2-Benzylhept-4-en-1-yl methanesulfonate (Table 3, entry 5)
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(2)-2-Benzyldodec-4-en-1-yl methanesulfonate (Table 3, entry 6)

T e e e

%ﬁ“

CeH13

L6 ST

PPM

6280°%1

76€9°C3
0€LE°L2
L191°82
1EL1°62
8892°62
0959°62
£628°1€
5068°9€
1%€0°L€
T187°0%

|

vSve1L ——

VL1821
2066971
oV8Y'88T ——
os0r6eT —
1996381 —
€L62°681 ——

PPM

\
25

\
50

\
125

[
150

200

S39



(2)-(4-Pentylpent-1-ene-1,5-diyl)dibenzene
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iperidine

(2)-1-(2-Benzyl-5-phenylpent-4-en-1-yl)p
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2-Benzyl-5-0xo0-5-phenyl-4-(phenylselanyl)pentanal
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2-(3-Ox0-3-phenyl-2-(phenylselanyl)propyl)octanal

O
|

C6H13SePh

mAU

0

600

500
400
300
200

100+

6.462 /16.553

6912 /1587

PDA Multi1

7525 /33143
8615 / 34420

0

5

[

min

m AL

500

400

300+

2004

100+

5,406 / 26863

PO Multi 1

812 7 68.000

1=

> 7028 /3,654

] rr.mnusa

L=

=4

10
i iy

oo
=1

S44




2-1sopropyl-5-0x0-5-phenyl-4-(phenylselanyl)pentanal
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5-Oxo0-2,5-diphenyl-4-(phenylselanyl)pentanal
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2-Benzyl-5-(4-methoxyphenyl)-5-0xo0-4-(phenylselanyl)pentana
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2-Benzyl-5-(4-bromophenyl)-5-oxo-4-(phenylselanyl)pentanal
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2-Benzyl-5-(naphthalen-2-yl)-5-oxo-4-(phenylselanyl)pentanal
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2-Benzyl-5-0x0-4-(phenylselanyl)hexanal
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2-Benzyl-5-0xo0-4-(phenylselanyl)heptanal
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2-Benzyl-5-0x0-4-(phenylselanyl)dodecanal
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(2)-2-Benzyl-5-phenylpent-4-en-1-yl methanesulfonate
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(2)-2-Benzyl-5-(4-methoxyphenyl)pent-4-en-1-yl methanesulfonate
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(2)-2-Benzyl-5-(4-bromophenyl)pent-4-en-1-yl methanesulfonate
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(2)-2-Benzylhex-4-en-1-yl methanesulfonate

OMs
W

Bn
maL
FOR Multi 1
500+
260+
2 =
1 [+ B [
g v 8 g
- = B2 -
{ - 2
] g = @ 3
0 ‘..-..‘_;‘.f\ l.‘r\ i ‘_.-._"'_"1
5 10 15 20 25 30 35
min
mAal
300 FOA Muit 1
2004
o
o
5
g
100+ & &
4 - o«
b
-~
o
1 s
0 V™ L'_.._L
T 1 T ) 1§
5 10 15 20 25 a0 a5
min

S56




(2)-2-Benzylhept-4-en-1-yl methanesulfonate
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(2)-2-Benzyldodec-4-en-1-yl methanesulfonate
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2-Benzyl-4-oxobutyl methanesulfonate
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