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General remarks:

All reactions were performed with dry solvents and the reagents were purified by the usual methods.
Reactions were monitored by thin-layer chromatography carried out on 0.25 mm Merck silica gel plates
(60F-254). Column chromatography was performed with silica gel (Fuji Silysia, PSQ-60B) or NH-silica
(Fuji Silysia, DM2035). NMR spectra were recorded on spectrometers of JEOL JMN-ECS-400, ECP-400,
ECZ-400, ECZ-600, and ECA-600 operating at 400 and 600 MHz for "H NMR and 100 or 150 MHz for
C NMR with calibration using residual undeuterated solvent as an internal reference. IR spetra were
recorded on JASCO FT/IR-4700. High resolution mass spectra were measured by The AccuTOFLC-plus
JMS-T100LP (Ionization method: ESI).

General procedure for hydrocyanative cyclization: EtOH (0.2 M for diene) was added to the mixture of
diene 1 (1.0 eq.), Co (2 mol%), TsCN (1.2 eq.) under an argon atmosphere at rt, then PhSiH; (1.2 eq.) was
added at rt and the solution was stirred at room temperature. Then, the solvent was removed under reduced

pressure, and the residue was purified by flash column chromatography.

[/\ HMBC Y :NOESY}

N,N-diallylaniline (1a)
/_// (CAS-Reg# 6247-00-3)

'H-NMR (CDCls, 400 MHz) &: 3.79 (d, 2H, J = 4.8 Hz, 2 H), 5.17-5.33 (m, 2 H), 5.98 (m, 1
\—\ H) ,6.63-6.65 (m, 2 H), 6.71-6.75 (m, 1 H), 7.18-7.22 (m, 2 H)

PhN

N,N-diallyl-4-methylbenzenesulfonamide (1b)
(CAS-Reg# 50487-72-4)
/—/ 'H-NMR (CDCls, 400 MHz) &: 2.39 (s, 3H), 3.77 (d, 4H, J = 6.4 Hz), 5.08-5.51 (m, 4H), 5.56
TSN\_\\ (ddt, 2H, J=16.4 Hz, 10.0 Hz, 6.4 Hz), 7.27 (d, 2H, J= 8.0 Hz), 7.67 (d, 1H, J = 8.4 Hz)

diethyl 2,2-diallylmalonate (1c)
/) (CAS-Reg# 3195-24-2)

'H-NMR (CDCls, 400 MHz) &: 1.23 (t, 6 H, J = 7.2 Hz), 2.62 (d, 4 H, J= 7.2 Hz), 4.17 (q,
EtO,C \ 4H,/=72Hz),508(d, 1H,J=11.2Hz),5.09(d, 1H,J=16.0Hz),5.65 (m, 1 H)

EtO,C

diethyl 2-allyl-2-(3-methylbut-2-en-1-yl)malonate (1d)

oo /) (CASRegH408333-38-0)

t

’ ><:/>7 'H-NMR (CDCls, 400 MHz) 8:1.23 (t, J = 7.2 Hz, 6H), 1.61 (s, 3H), 1.69 (s, 3H),
N\

EtO,C 2.58-2.64 (m, 2H), 4.12-4.22 (m, 4H), 4.94-5.00 (m, 1H), 5.01 (s, 1H), 5.08-5.12 (m,
1H), 5.60-5.72 (m, 1H)
diethyl 2-allyl-2-(2-methylallyl)malonate (1e)
(CAS-Reg# 5309-50-2)
EtO,C
S2
EtO,C

\



'H-NMR (CDCls, 400 MHz) : 1.25 (t, 6H, J = 7.2 Hz), 1.67 (s, 3H), 2.67 (d, 2H, J = 7.2 Hz), 2.69-2.71
(m, 2H), 4.13-4.22 (m, 4H), 4.75-4.77 (m, 1H), 4.86-4.89 (m, 1H), 5.06-5.08 (m, 1H), 5.11 (d, 1H, J = 6.0
Hz), 5.64-5.75 (m, 1H).

Synthesis of 1f,g

Py. (3.0 eq) K2CO3 (2.0 eq) RBr  time (h) 1 (%)
TsCl (1 1eq) RBr (2.0 eq)
Br~ 1f (quant)
CH,Cl, (0.5 M) MeCN (0.3 M) /
NH2 1, 2h, 94% NHTs g0 °C N 4 19 (96)
s1 see Table

S1 to S2: To a stirred solution of S1 (2 mL, 14.7 mmol) in CH,Cl, (29 mL) was added pyridine (3.6 mL,
44.1 mmol), and TsCl (3.1 g, 16.2 mmol) at 0 °C, and the reaction mixture was stirred for 2 h at rt. The
reaction was quenched with 1 N HCI, extracted with CH,Cl,, dried over Na,SOy, filtered, and concentrated
in vacuo. Purification by flash column chromatography (SiO,, n-hexane/AcOEt = 2/1) afforded S2 (3.96 g,
94%)

S2 to 1f,g: To a stirred solution of S2 (1.0 eq.) in MeCN (0.3 M for S2) was added K,COj3 (2.0 eq.), and
RX (2.0 eq.), and the reaction mixture was stirred at 80 °C. The reaction was quenched with H,O,
extracted with AcOEt, dried over Na,SQOy, filtered, and concentrated in vacuo. Purification by flash column

chromatography afforded 1f,g.

N-allyl-4-methyl-N-(2-(prop-1-en-2-yl)phenyl)benzenesulfonamide (1f)

(CAS-Regi 402822-74-6)
Me 'H-NMR (CDCls, 400 MHz) §: 2.18 (s, 3H), 2.44 (s, 3H), 4.12 (d, 2H, J = 6.8 Hz),
NP 494 (dd 1H, J =112, 1.6 Hz), 498 (d, 1H, J =32 Hy), 5.05 (dd, 1H, /= 12,08
Hz), 5.22 (dd, 1H, J = 1.6, 1.2 Hz), 5.69 (dddd, 1H, J=17.2, 11.2, 6.8, 6.8 Hz), 6.74

(d, 1H, J=8.0 Hz), 7.12 (ddd, 1H, J=17.8, 6.4, 2.4 Hz), 7.27-7.31 (m, 4H), 7.67 (d, 2H, J = 8.4 Hz); (675
mg, quant.)

(E)-N-(but-2-en-1-yl)-4-methyl-N-(2-(prop-1-en-2-yl)phenyl)benzenesulfonamide (1g)
'H-NMR (CDCls, 400 MHz) &: 1.49 (d, 3H, J = 5.6 Hz), 2.17(s, 3H), 2.43 (s, 3H),
d‘\Me 4.05 (brs, 2H), 5.05 (s, 1H), 5.21 (s, 1H), 5.26-5.42 (m, 2H), 6.71 (d, 1H, J = 8.4
A Hz), 7.11 (dd, 1H, J = 7.6, 2.0 Hz), 7.21-7.29 (m, 4H), 7.65 (d, 2H, J = 8.4 Hz);
BC-NMR (CDCls, 100 MHz) &: 17.5, 21.4, 24.1, 24.2, 54.0, 116.3, 125.0, 127.1,
127.9, 128.0, 128.5, 129.3, 129.8, 130.6, 136.4, 136.8, 143.2, 143.6, 144.9 11; IR (ATR) v: 2982, 1736,

1237, 1044 cm'l; HRMS (ESI) Caled for Cy0H»3NNaO,S  [M+Na] "364.1347, found; 364.1360; yellow oil
(126.2 mg, 96%)).
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Synthesis of 1h

o) o)
cn EtMgBr (3.0 eq) TsCl (1.1 eq)
THF (0.5 M), rt, 20 h Et  NEt; (3.0 eq) Et
then CH,CI, (0.5 M)
NHz 10% HCI, 1t, 2 h NHz 14 7h, > 19% (2 steps) NHTs
S3 sS4
B N e "BuLi (2.0 eq)
(2.0 eq) Et Ph3;MePBr (2.0 eq) Et
K,COj3 (2.0 eq) N THF 02 M) N
MeCN (0.3 M) Ts 60 °C, 24 h, 29% . T

80 °C, 22 h, 93%

S3 to S4: Ethylmagnesium bromide (10 mL, 3.0 M in Et,0O, 30 mmol) was added to a solution of S3 (1.18
g, 10 mmol) in THF (20 mL) at 0 °C. Then the reaction was allowed to warm to ambient temperature and
allowed to stir at this temperature for 20 h. The reaction was quenched by slow addition of 10% HCI and
made basic by the addition of NaOH at 0 °C. The organic layer was separated and the remaining aqueous
layer was extracted with AcOEt for three times. The combined organic layers were washed with brine,
dried over Na,SO4 and concentrated. The crude S4 (1.68 g) was used in the next step without further

purification.

S4 to S5: To a stirred solution of crude S4 (1.68 g) in CH,Cl, (20 mL) was added NEt; (4.2 mL, 30 mmol),
and TsCl (1.9 g, 10 mmol) at 0 °C, and the reaction mixture was stirred for 7 h at rt. The reaction was
quenched with 1 N HCI, extracted with CH,Cl,, dried over Na,SOy,, filtered, and concentrated in vacuo.
Purification by flash column chromatography (SiO,, n-hexane/AcOEt = 4/1) afforded S5 (573 mg, 19%, 2
steps)

S5 to S6: To a stirred solution of S5 (150 mg, 0.49 mmol) in MeCN (1.6 mL) was added K,CO3 (136 mg,
0.99 mmol), and allyl bromide (0.08 mL, 0.99 mmol), and the reaction mixture was stirred at 80 °C for 22
h. The reaction was quenched with 1IN HCI, extracted with AcOEt, dried over Na,SO,, filtered, and

concentrated in vacuo. Purification by flash column chromatography afforded S6 (158 mg, 93%).

S6 to 1h: To a stirred solution of PhsPMeBr (357 mg, 1.0 mmol) in THF (2.5 mL) was added n-BuLi (0.63
mL, 1.6 M in hexane, 1.0 mmol) at 0 °C, and the reaction mixture was stirred at rt for 1 h. Then, S6 (158
mg, 0.46 mmol)in THF (1.0 mL) was added at 0 °C, and the reaction mixture was stirred at 60 °C for 24 h.
The reaction was quenched with H,O, extracted with AcOEt, dried over Na,SOy, filtered, and concentrated

in vacuo. Purification by flash column chromatography afforded 1h (45.6 mg, 29%).

N-allyl-N-(2-(but-1-en-2-yl)phenyl)-4-methylbenzenesulfonamide (1h)
'H-NMR (CDCls, 400 MHz) &: 1.07 (t, 3H, J = 7.2 Hz), 2.45 (s, 3H), 2.50 (q, 2H, J =
Et 7.2 Hz), 4.11 (d, 2H, J = 6.8 Hz), 4.92-4.98 (m, 2H), 5.04 (s, 1H), 5.21 (d, 1H, J=6.0

N/\/ Hz), 5.66 (ddd, 1H, J=16.8, 10.4, 6.8 Hz), 6.79 (d, 1H, J = 8.0 Hz), 7.14 (ddd, 1H, J
Ts
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=7.6,7.6,2.0 Hz), 7.20-7.27 (m, 2H), 7.30 (d, 2H, J = 8.0 Hz), 7.69 (d, 2H, J = 8.0 Hz); >*C-NMR (CDCl,,
100 MHz) &: 12.5, 21.5, 29.7, 54.6, 114.2, 119.1, 127.2, 128.0, 128.2, 128.8, 129.5, 130.7, 132.6, 136.5,
137.1, 143.4, 144.6, 149.8; IR (ATR) v: 2965, 1349, 1165, 1091 cm”; HRMS (ESI) Caled for
Cy0H23NNaO,S [M+Na] "364.1347, found 364.1356; yellow oil

Synthesis of 1i

NaNs (3.5€q) N; PPh; (1.2 eq) TsN/\H/
H,0/CCly THF (0.3 M) ? TsCI (1.2 eq) 2 0 eq)

am.o3m rt, 18 h NEt, (30eq) KoCO3 (2.0 eq)

rt, EXII then H,0 CH2CI2 (0.2 |v| Nal (50 mol%)

rt, 16 h MeCN (0.3 M) .
S7 32% (3 steps) S10 80°C,16h, 72%  1i

S7 to S8: To a stirred solution of S7 (1.0 mL, 8.6 mmol) in CCly (15 mL) at rt was added NaNj3 (1.95 g, 30
mmol) in H,O (15 mL), and the reaction mixture was stirred for 18 h at rt. The reaction mixture was
extracted with CH,Cl,, dried over Na,SOy, filtered, and concentrated in vacuo gave crude S8 which was

used in the next step without further purification.

S8 to S9: A mixture of the crude S8 (approximately 8.6 mmol), PPh; (2.7 g, 10.32 mmol), THF (29 mL)
was stirred for 16 h. The mixture was extracted with 1 N HCI (3 times). The combined aqueous phases
were made basic with NaOH. The aqueous solution was extracted with CH,Cl,. The organic phases were
combined, washed with water and brine, dried over sodium sulfate, filtered, and concentrated under

reduced pressure to yield crude S9 (444 mg) which was used in the next step without further purification.

S9 to S10: To a stirred solution of crude S9 (444 mg) in CH,Cl, (23 mL) was added NEt; (1.9 mL, 13.71
mmol), and TsCl (1.05 g, 5.48 mmol) at 0 °C, and the reaction mixture was stirred for 8 h at rt. The
reaction was quenched with 1 N HCI, extracted with CH,Cl,, dried over Na,SOy, filtered, and concentrated
in vacuo. Purification by flash column chromatography (SiO,, n-hexane/AcOEt = 5/1) afforded S10 (686
mg, 32%, 3 steps)

S10 to 1i: A solution of crude S10 (234 mg), K,CO; (259 mg, 1.88 mmol), 4-chloro-2-methyl-1-butene
(0.18 mL, 1.88 mmol), Nal (71 mg, 0.47 mmol) in MeCN (3.1 mL) was stirred for 8 h at 80 °C. The
reaction was quenched with aqueous sodium thiosulfate, extracted with AcOEt, dried over Na,SQOy, filtered,
and concentrated in vacuo. Purification by flash column chromatography (SiO,, n-hexane/AcOEt = 10/1)
afforded 1i (219.9 mg, 72%)

N-(cyclohex-2-en-1-yl)-4-methyl-N-(2-methylallyl)benzenesulfonamide (1i)
",\'IS 'H-NMR (CDCl;, 400 MHz) &: 1.52-1.65 (m, 2H), 1.71-1.75 (m, 1H), 1.77 (s, 3H),
©/ 1.85-1.93 (m, 3H), 2.43 (s, 3H), 3.44 (16.4 Hz), 3.80 (d, 1H, J = 16.4 Hz), 4.48-4.55 (m,
1H), 4.88 (s, 1H), 4.93 (d, 1H, J = 10.8 Hz), 5.00 (s, 1H), 5.69-5.81 (m, 1H), 7.28 (d, 2H,
J=28.0 Hz), 7.71 (d, 2H, J = 8.0 Hz); BC-NMR (CDCls, 100 MHz) 6:20.0, 21.3, 21.6, 24.2, 28.5, 49.6,
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55.4, 112.0, 126.6, 126.8, 129.5, 132.3, 137.8, 142.7, 142.9; IR (ATR) v: 2935, 1337, 1161, 759 cm'l;
HRMS (ESI) Caled for C7H,23NNaO,S  [M+Na] "328.1347, found 328.1343; yellow oil
Synthesis of 1j

PdCl,(PPh;), (3 mol%) TBSO._~_Br

o) allyl bromide (1.2 eq.) 0 OH
ag. Na,COg3 (2.0eq.) TBSO
H (1.0M,2.0eq.) - H Mg (4.0eq.)
THF (0.2 M) Br(CH,)-Br (0.2 eq.)
(HORB™ o1 refiux, 4 h, 54% 7 e12 THF(03M) 7 s13
60°C,1h
(COCl), (2.0 eq.) PhsPMeBr (2.0 eq.
DMSO (4069 rgq0 i NaH (2 Ze<(1-) " TBSO L
NEt, (10.0eq.) anlecea) 1M _
PP THF (0.2M rt,1h
CH,Cl, (0.2M) = e o2 /
rt,13 h S14 ’ S15
TBDPSCI (1.0eq.)
HO. imidazole (1.2eq.) - TBDPSO
DMAP (cat.)
7 CH,Cl, (0.2 M), rt,1h 7
$16  21% (5 steps) 1j

S12 to S13: A solution of Mg (566 mg, 23.28 mmol) and 1,2-dibromoethane (0.1 mL, 1.16 mmol) in THF
(3.6 mL) was stirred at 60 °C for 15 min, then cooled to rt, and a solution of Br(CH,);OTBS (2.95 g, 11.64
mmol) in THF (6 mL) was added slowly at rt, and the mixture was stirred for 10 min at rt. Then the
solution was stirred at 60 °C for 1 h, the solution of S12 (850.8 mg, 5.82 mmol) in THF (6 mL) was added
at 0 °C, and the solution was stirred for another 2 h at room temperature. The solution was dissolved in
AcOEt, sat. NH4Cl aq. was added and the aqueous phase was extracted with AcOEt. The combined
organic phases were washed with water and sat. sodium chloride solution and dried over Na,SO4. The
solvent was removed in vacuum to leave a crude mixture, which was filtered through a short silica gel
column (eluting with hexane/AcOEt = 50/1) to afford crude S13 (940 mg).

S13 to S14: To an oven-dried 100 mL round-bottomed flask equipped with a stir bar was added 13 mL of
CH,Cl, and dimethyl sulfoxide (0.89 mL, 12.48 mmol), and the reaction mixture was cooled in a -78 °C.
Oxalyl chloride (0.54 mL, 6.24 mmol) was added carefully, and the reaction stirred for 30 min at -78 °C,
then crude S13 (940 mg) in CH,Cl, (3 mL) was added, and the reaction mixture was stirred 30 min at
-78 °C. Triethylamine (4.3 mL, 31.2 mmol) was added, and the reaction was allowed to warm to r.t. over
13 h. The reaction mixture was concentrated in vacuo and partitioned between EtOAc and 1 M HCI (aq).
The layers were separated, and the aqueous layer was extracted with EtOAc (x1). The combined organic
layers were washed with sat. NaHCO; (aq), water, brine, dried over MgSQOy,, and concentrated in vacuo.
This crude mixture was filtered through a short silica gel column (eluting with hexane/AcOEt = 20/1) to
afford crude S14 (614.6 mg)

S14 to S15: To a suspension of MePPh;Br (1.38 g, 3.86 mmol) in THF (8 mL) was added NaH in one
portion (204 mg, 4.25 mmol) at 0 °C, and the resulting mixture was stirred at 60 °C for 1 h. Then, crude
S14 (614.6 mg) in THF (2 mL) was added at 60 °C, and the mixture was stirred 1 h at 60 °C. A saturated

ammonium chloride solution was added and the aqueous phase was extracted with AcOEt. The organic
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phase was dried over Na,SQy, filtered and concentrated. The compound was purified by flash (10:1
Hex:EtOAc) to give crude S15 (497 mg)

S15 to S16: TBAF (4.7 mL, 1.0 M in THF, 4.7 mmol) was added to the solution of crude S15 (497 mg) in
THF (15.7 mL) at 0 °C, and the solution was stirred at rt for 1 h. H,O was added and the aqueous phase
was extracted with AcOEt. The organic phase was dried over Na,SOy, filtered and concentrated. The
compound was purified by flash (150:1 Hex:EtOAc) to give crude S16 (220 mg)

S16 to 1j: To a solution of crude S16 (78.2 mg), 1H-imidazole (31.6 mg, 0.46 mmol), DMAP (2 blocks) in
CH,Cl;, (1.9 mL) was added TBDPSCI (0.1 mL, 0.387 mmol) at 0 °C, and the mixture was stirred at rt for
1 h. sat. NH4Cl aq. was added and the aqueous phase was extracted with CH,Cl,. The organic phase was
dried over Na,SOy, filtered and concentrated. The compound was purified by flash (75:1 Hex:EtOAc) to
give 1j (147.1 mg, 21%, 5 steps)

((4-(2-allylphenyl)pent-4-en-1-yl)oxy)(tert-butyl)diphenylsilane (1j)
'H-NMR (CDCls, 400 MHz) &: 1.03 (s, 9H), 1.66 (tt, 2H, J = 8.0, 6.4 Hz),
TBDPSO 2.47 (t, 2H, J= 8.0 Hz), 3.36 (d, 2H, J = 6.4 Hz), 3.66 (t, 2H, J = 6.4 Hz), 4.86
(d, 1H, J = 1.2 Hz), 4.96-5.04 (m, 2H), 5.16 (d, 1H, J = 1.2 Hz), 5.87-5.97 (m,
1H), 7.03-7.47 (m, 10H), 7.64 (dd, 4H, J = 8.0, 2.0 Hz); BC-NMR (CDCls,
100 MHz) 6: 19.2, 26.8, 30.7, 34.5, 37.1, 63.4, 114.0, 115.6, 125.7, 126.8, 127.6, 128.5, 129.4, 129.5,
133.9, 135.5, 136.6, 138.0, 142.9, 149.2; IR (ATR) v: 2938, 1740, 1239, 1047 cm’'; HRMS (ESI) Caled
for C30H3sNaOg; [M+Na] *463.2433,found 463.2435; yellow oil

=

Synthesis of 1kl

CO,Et MVK (1.3 eq) PhsPMeBr (2.2 eq)

ﬁ Pd(OAc), (5 mol%) KO'Bu(22eq)
benzene (0.7 M) EtO,C THF (0.1 M) EtO,C S19

N
2817 40°C,5h, 35% 1 h

TsHN/\’/
LiAIH, (2.0 eq) [: < $21(1.3eq) R _

THF (0.3 M) DMEAD (2.0 eq) TsN R
rt, 16 h HO PPh; (2.0 eq) _< 1k (R = H, 52%)
(<50%, 2 steps) S20 THF (0.1 M), rt, 2h 11 (R = Me, 69%)

S17 to S18: To a stirred solution of MVK (10.1 mL, 123.1 mmol), Pd(OAc), (500 mg, 2.23 mmol) in
benzene (50 mL) was added S17 (5 mL, 47.3 mmol) in benzene (40 mL) at 40 °C using dropping funnel
over 1 h. Then, Pd(OAc), (500 mg, 2.23 mmol) was added and the solution of S18 (5 mL, 47.3 mmol) in
benzene (40 mL) was added at 40 °C using dropping funnel over 1 h. The reaction mixture was stirred for
5 h at 40 °C, and the reaction was quenched with sat. Na,COj3, extracted with Et,O, dried over Na;SOy,
filtered, and concentrated in vacuo. Purification by flash column chromatography (SiO,, n-hexane/AcOEt
=10/1) afforded S18 as a yellow oil (5.21 g, 35%).

S18 to S19: To a stirred solution of Phs;PMeBr (5.5 g, 15.4 mmol) in THF (46 mL) was added -BuOK
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(1.73 g, 15.4 mmol) at 0 °C, and the reaction mixture was stirred at 0 °C for 30 min. Then, S18 (1.0 g, 6.4
mmol) in THF (18 mL) was added at 0 °C, and the reaction mixture was stirred at rt for 1 h. The reaction
was quenched with H,O, extracted with Et,0, dried over Na,SOy, filtered, and concentrated in vacuo at
0 °C. Purification by flash column chromatography (Et,O : pentane = 1 : 4) afforded crude S19 (925 mg)

as a colorless liquid.

S19 to S20: LiAlH4 (456 mg, 12 mmol) was added to a solution of crude S19 (925 mg) in Et,0 (20 mL) at
0 °C under argon atmosphere. After addition, the mixture was warmed to rt, and the mixture was stirred for
16 h. Then, worked up by precipitation with 0.5 mL of water and 0.5 mL of 15% NaOH and 1.5 mL of
water at 0 °C, and filtration through celite and washed thoroughly with Et,O. The solvent was reduced
under vacuum at 0 °C. Purification by flash column chromatography (Et,O) afforded crude S20 (362 mg)

as a yellow oil.

S20 to 1k,l: To a stirred solution of S20 (1.0 eq.), S21 (1.3 eq.), PPh; (2.0 eq.) in THF (0.1 M for S20) was
added DMEAD (2.0 eq.) at 0 °C, and the reaction mixture was stirred for 2 h at rt. Then, the reaction
mixture was concentrated in vacuo. Purification by flash column chromatography (hexane/AcOEt = 20/1)

gave 1k,l.

N-allyl-4-methyl-N-((2-(prop-1-en-2-yl)cyclopropyl)methyl)benzenesulfonamide (1k)
'H-NMR (CDCls;, 400 MHz) &: 0.47-0.52 (m, 1H), 0.68-0.72 (m, 1H), 0.97-1.05 (m,
/—l>_< 1H), 1.56 (s, 3H), 2.42 (s, 3H), 2.99 (dd, 1H, J = 14.0, 7.2 Hz), 3.18 (dd, 1H, J = 14.0,
TsN 6.4 Hz), 3.84 (dd, 1H, J =15.6, 6.4 Hz), 3.93 (dd, 1H, J = 15.6, 6.4 Hz), 4.62 (s, 1H),
\_\\ 4.65 (s, 1H), 5.13 (d, 1H, J =11.6 Hz), 5.20 (d, 1H, J = 16.8 Hz), 5.60-5.70 (m, 1H),
7.28 (d, 2H, J = 8.4 Hz), 7.69 (d, 2H, J = 8.4 Hz); *C-NMR (CDCls, 100 MHz) §: 11.0,
17.2,20.7,21.3, 24.6, 49.8, 50.6, 108.7, 118.3, 126.9, 129.5, 133.2, 137.3, 142.9, 144.5; IR (ATR) v: 2921,
1737, 1338, 1153, 1090, 658 cm™'; HRMS (ESI) Calcd for C;7H»;NNaO,S [M+Na] © 328.1347, found
328.1342; yellow oil (241.3 mg, 52%).

4-methyl-N-(2-methylallyl)-N-((2-(prop-1-en-2-yl)cyclopropyl)methyl)benzenesulfonamide (11)
'H-NMR (CDCls, 400 MHz) 8:0.43 (br, 1H), 0.63 (br, 1H), 0.98 (br, 1H), 1.18 (br, 1H),
1.50 (s, 3H), 1.71 (s, 3H), 2.40 (s, 3H), 2.90-2.96 (m, 1H), 3.15-3,19 (m, 2H),
TsN 3.68-3.86 (m, 3H), 4.57 (d, 1H, J= 6.4 Hz), 4.63 (d, 1H, J= 6.4 Hz), 4.89 (s, 2H), 7.28
\_< (d, 2H, J=8.0 Hz), 7.72 (d, 2H, J = 8.0 Hz); BC-NMR (CDCls, 100 MHz) 8:11.1, 16.8,
19.8, 19.9, 21.4, 24.8, 51.1, 53.7, 108.7, 114.0, 127.0, 129.5, 137.3, 140.7, 143.0,
144.7; IR (ATR) v: 2981, 1735, 1337, 1239, 1156 cm’'; HRMS (ESI) Calced for CigH,sNNaO,S [M+Na] *
342.1504, found 342.1515; yellow oil (301.6 mg, 69%).
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2-4-methyl-1-phenylpyrrolidin-3-yl)acetonitrile (2a)
'H-NMR (CDCls, 400 MHz) &: 1.05 (dd, 2.1H, J = 6.8, 1.6 Hz), 1.16 (d,
\ Hy  0.9H, J = 4.4 Hz), 2.10-2.72 (m, 4H), 2.97 (dd, 0.3H, J = 7.6, 7.6 Hz),
: 3.05(dd, 0.7H,J=17.2,7.2 Hz), 3.17 (dd, 0.3 H, J= 7.2, 7.2 Hz), 3.25 (dd,
11CBNQ + 0.7H,J=28.4,5.6 Hz),3.49 (ddd, 1.4 H, J=14.4,7.2, 7.2 Hz), 3.58 (ddd,
|38 H 2 0.6H,J=14.4,7.2,7.2 Hz), 6.52 (d, 2H, J= 7.6 Hz), 6.69 (dd, 1H, J= 7.6,
J: _ 7.6 Hz), 7.23 (dd, 2H, J = 7.6, 7.6 Hz); *C-NMR (CDCls;, 100 MHz)
H\y 6:13.6, (16.8), 17.0, (19.6), 34.9, (38.0), 38.8, (41.8), 51.5, (52.4), 53.7,
(54.7), 111.4, 116.0, 118.9, 129.2, 147.2; IR (ATR) v: 2974, 1736, 1345
cm™; HRMS (ESI) Caled for Cj3H sN;Na [M+Na] 7 223.1211, found 223.1203; yellow oil (28.9 mg,

47%); *( ) in BC NMR is peak of trans-2a

2-4-methyl-1-tosylpyrrolidin-3-yl)acetonitrile (2b)

'H-NMR (CDCls, 400 MHz) &: 0.87 (d, 2.1H, J = 6.4 Hz), 0.98 (d, 0.9H, J
= 6.4 Hz), 1.86-2.48 (m, 7H), 2.85 (dd, 0.3H, J =10.4, 8.0 Hz), 3.00 (dd,
0.7H, J=10.4, 5.6 Hz), 3.06 (dd, 0.3H, J = 10.4, 8.0 Hz), 3.20 (dd, 0.7H,
J=10.4, 5.6 Hz), 3.41-3.58 (m, 2H), 7.34 (d, 2H, J= 8.4 Hz), 7.72 (d, 2H,
J = 8.4 Hz); BC-NMR (CDCls, 100 MHz)* &: 12.8, (16.2), 16.4, (19.1),
21.5, 35.1, (38.1), 38.7, (41.7), 51.2, (52.0), 53.4, (54.3), 118.1, 127.4,
129.8, 133.4, 143.8; IR (ATR) v: 2970, 1736, 1345, 1167 cm’'; HRMS
(ESI) Calcd for C4H;sN,NaO,S  [M+Na] * 301.0987, found 301.0998;
yellow oil (35.2 mg, 68%); *( ) in *C NMR is peak of trans-2b

diethyl-3-(cyanomethyl)-4-methylcyclopentane-1,1-dicarboxylate (2¢)
'H-NMR (CDCls, 400 MHz) &: 0.94 (dd, 3H, J=7.2, 2.4 Hz), 1.25 (t,
6H, J=7.2 Hz), 1.99 (ddd, 1H, J = 14.0, 7.2, 2.0 Hz), 2.16 (ddd, 1H,
J=14.0, 7.2, 2.0 Hz), 2.25-2.65 (m, 6H), 4.19 (q, 4H, J = 7.2 Hz);

© BC-NMR (CDCls, 100 MHz) &: 13.9, 14.5, 17.9, 35.7, 38.3, 39.3,
40.5, 58.6, 61.6, 119.1172.1, 172.2; IR (ATR) v: 2984, 1711, 1360,
1219 cm'l; HRMS (ESI) Caled for C;4H;NNaO, | [M+Na] -
290.1368, found 290.1372; colorless oil (60.3 mg, 82%).

diethyl-3-(2-cyanopropan-2-yl)-4-methylcyclopentane-1,1-dicarboxylate (2d)

'H-NMR (CDCls, 400 MHz) &: 1.06 (d, 3H, J = 6.8 Hz), 1.24 (t,
3H,J="7.6 Hz), 1.26 (t, 3H, J= 7.2 Hz), 1.41 (d, 6H, J = 4.8 Hz),
1.86 (ddd, 1H, J=13.6, 6.8, 6.8 Hz), 2.24-2.41 (m, 4H), 2.49 (dd,
1H, J=13.6, 6.8 Hz), 4.14-4.26 (m, 4H); BC-NMR (CDCls, 100
MHz) &: 14.0, 15.3, 25.7, 28.6, 32.7, 34.0, 35.1, 41.4, 51.8, 57.7,
61.6, 124.2, 172.0, 172.9; IR (ATR) v: 2980, 1728, 1253 cm’;
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HRMS (ESI) Calcd for C;6H,sNNaO4 [M+Na] "318.1681, found 318.1684; colorless oil (22.6 mg, 62%).
diethyl-4-(cyanomethyl)-3,3-dimethylcyclopentane-1,1-dicarboxylate (2e)

'H-NMR (CDCls, 400 MHz) &: 0.85 (d, 3H, J =2.0 Hz), 1.10 (d, 3H, J =
2.0 Hz), 1.25 (t, 3H, J = 7.2 Hz), 1.26 (t, 3H, J = 7.2 Hz), 1.90-2.08 (m,
1H), 2.12-2.29 (m, 4H), 2.34 (ddd, 1H, J=16.4, 5.6, 2.0 Hz), 2.60 (ddd,
1H, J=13.6, 6.8, 2.0 Hz), 4.18 (q, 2H, /= 7.2 Hz), 4.19 (q, 2H, J=7.2
Hz); BC-NMR (CDCl;, 100 MHz) 6:13.9, 17.1, 21.9, 27.7, 38.7, 41.1,
45.3,48.4,57.0,61.6,61.7,119.0, 172.1, 172.4; IR (ATR) v: 2981, 1716,
1239 ecm™'; HRMS (ESI) Calcd for CisHy3NNaO,  [M+Na] * 304.1525,
found 304.1520; colorless oil (24.4 mg, 72%).

Mex2: 21.9, 27.7

2-(2,4,4-trimethyl-1-tosyl-1,2,3,4-tetrahydroquinolin-3-yl)acetonitrile (2f)
(1.06 or 1.01) H H (1.06 or 1.01) 'H-NMR (CDCls, 400 MHz) &: 1.01 (s, 3H), 1.06 (s, 3H),
1.60-1.72 (m, 1H), 2.06 (dd, 1H, J = 16.8, 10.0 Hz), 2.35
H(2.06&235) (44, 1H, J = 16.8, 4.8 Hz), 2.39 (s, 3H), 3.45 (dd, 1H, J =
14.0, 10.4 Hz), 4.22 (dd, 1H, J = 14.0, 3.6 Hz), 7.13-7.26
(m, 5H), 7.53 (d, 2H, J = 8.8 Hz), 7.83 (d, 1H, J = 8.4 Hz);
PC-NMR (CDCls, 100 MHz) &: 16.8, 21.5, 25.4, 28.6, 35.8,
"|\'IS HE458422) 39.1, 46.2, 118.3, 124.1, 125.3, 126.8, 127.1, 127.2, 129.8,
134.8, 136.2, 136.5, 144.1; IR (ATR) v: 3000, 1709, 1357,
1219 cm'l; HRMS (ESI) Caled for C,0H2oN;NaO,S [M+Na] " 377.1300, found 377.1297; yellow solid
(31.1 mg, 71%).

25.4 or 28.6 25.4 or 28.6

2-(4,4-dimethyl-1-tosyl-1,2,3,4-tetrahydroquinolin-3-yl)propanenitrile (2g)
'H-NMR (CDCls, 400 MHz) &: 1.05 (s, 3H), 1.22 (s, 3H), 1.34
(d, 3H, J= 7.2 Hz), 1.60-1.66 (m, 1H), 2.38 (s, 3H), 2.51 (q, 1H,

(1.22)H H (1.05)

163 J=172Hz),3.26 (dd, 1H, J = 14.0, 10.0 Hz), 4.19 (dd, 1H, J =

HUS9 140,36 Hz), 7.14-7.30 (m, SH), 7.46 (dd, 2H, J = 8.0, 2.8 Hz),

CN 7.84 (dd, 1H, J = 8.0, 1.6 Hz); *C-NMR (CDCls, 100 MHz) §:

16.3, 18.9, 232, 24.2, 25.8, 26.0, 28.1, 29.6, 36.8, 37.0, 43.7,

Ts 1) 43.8, 44.6, 44.7, 1207, 122.8, 124.2, 1247, 125.6, 125.7, 126.7,

126.7, 127.2, 127.2, 127.5, 129.6, 129.7, 135.0, 136.1, 136.8, 137.9, 138.1, 144.0, 144.1; IR (ATR) v:
2984, 1716, 1344, 1213 cm’'; HRMS (ESI) Caled for CH24N)NaO,S, [M+Na] © 391.1456, found
391.1469; yellow oil (31.7 mg, 90%).

2-((4S)-4-ethyl-4-methyl-1-tosyl-1,2,3,4-tetrahydroquinolin-3-yl)acetonitrile (2h)
H—, Ft 'H-NMR (CDCls, 400 MHz) : 0.05 (t, 2.3H, J = 8.0 Hz), 0.60 (t, 3H, J = 7.6
cN Hz), 0.98 (s, 3H), 1.03 (s, 2.3H), 1.20-1.39 (m, 2+1.5H), 1.53-1.67 (m, 2+1.5H),
N 2.36 (s, 2.3H), 2.38 (s, 3H), 3.43 (dd, 0.8H, J = 14.0, 9.6 Hz), 3.65 (dd, 1H, J =
Ts 14.0, 9.6 Hz), 4.09 (dd, 1H, J = 13.6, 4.4 Hz), 4.34 (dd, 0.8H, J = 14.0, 3.2 Hz),
7.10-7.24 (m, 5+3.8H), 7.54 (d, 2H, J = 8.0 Hz), 7.59 (d, 1.5H, J = 8.4 Hz), 7.88 (d, 1H, J = 8.0 Hz), 7.94
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(d, 0.8H, J = 8.4 Hz); >C-NMR (CDCl;, 100 MHz) &: 7.6, 9.1, 16.4, 16.6, 21.5, 25.5, 25.8, 28.8, 31.0,
33.8, 38.3, 39.1, 39.7, 45.9, 46.9, 118.4, 123.7, 124.5, 124.7, 125.4, 126.4, 126.8, 127.0, 127.1, 127.4,
129.7, 129.9, 135.3, 136.2, 144.0; IR (ATR) v: 2682, 1721, 1366, 1238 cm™'; HRMS (ESI) Caled for
C21H24N2NaO,S [M+Na] 7391.1456, found 391.1469; yellow oil (11.4 mg, 58%).

3,3-dimethyl-1-tosyloctahydro-1H-indole-4-carbonitrile (2i)
H Ts 'H-NMR (CDCls, 400 MHz) &: 0.62 (s, 3H), 1.15 (s, 3H), 1.56-1.68 (m, 4H), 1.76 (dd, 1H,
N J=9.6,6.0 Hz), 2.05-2.14 (m, 1H), 2.44 (s, 3H), 2.41-2.48 (m, 2H), 3.06 (d, 1H, J=10.8
Hz), 3.27 (d, 1H, J = 10.8 Hz), 3.61 (brs, 1H), 7.33 (d, 2H, J = 7.6 Hz), 7.68 (d, 2H, J =
CNH 7.6 Hz); "C-NMR (CDCls, 100 MHz) &: 18.2, 21.5, 23.0, 26.6, 27.1, 27.9, 28.8, 39.6,
49.6,57.8,60.2, 122.8, 127.5, 129.7, 133.1, 143.8; IR (ATR) v: 2938, 1337, 1159, 669 cm™'; HRMS (ESI)
Calcd for C;gH24N;NaO,S [M+Na] " 355.1456, found 355.1450; colorless solid (30.7 mg, 70%, mp:

115-118 °C).

2-(1-(3-((tert-butyldiphenylsilyl)oxy)propyl)-1-methyl-2,3-dihydro-1H-inden-2-yl)acetonitrile (2j)

To the solution of 1j (74.3 mg, 0.169 mmol), TsCN (36.7 mg, 0.203 mmol), Co
TBDPSO
% (2.0 mg, 0.034 mmol) in EtOH (0.85 mL), PhSiH; (25 ul, 0.203 mmol) was
NC H added at rt, and the solution was stirred for 16 h at rt. Then, the solvent was

removed under reduced pressure, and the residue was purified by flash column chromatography to give
cis-2j (43.2 mg, 55%), and trans-2j (20.1 mg, 25%).

'H-NMR (CDCls, 400 MHz) &: 1.00 (s, 9H), 1.32 (s, 3H), 1.24-1.45 (m, 4H), 2.33 (dd, 1H, J = 15.6, 8.8
Hz), 2.44 (dddd, 1H, J= 9.6, 8.8, 7.2, 5.2 Hz), 2.50 (dd, 1H, J = 15.6, 5.2 Hz), 2.71 (dd, 1H, J= 15.2, 9.6
Hz), 3.11 (dd, 1H, J = 15.2, 7.2 Hz), 3.56 (dd, 2H, J = 10.4, 5.6 Hz), 7.07 (dd, 1H, J = 8.8, 3.2 Hz),
7.17-7.21 (m, 3H), 7.34-7.44 (m, 6H), 7.58 (d, 4H, J = 7.6 Hz); >*C-NMR (CDCls, 100 MHz) §: 17.2, 19.1,
24.5,26.8,27.5,31.3, 36.4, 47.9, 48.0, 64.0, 119.5, 123.5, 124.6, 126.4, 126.8, 127.6, 129.6, 133.8, 135.5,
140.1, 149.2; IR (ATR) v: 2930, 2857, 1736, 1427, 1241, 1105, 755, 700 cm™’; HRMS (ESI) Caled for
C31H;7NnaOs; [M+Na] * 490.2542, found 490.2529; yellow oil

2-methyl-2-2-tosyloctahydrocyclopenta[c|pyrrol-5-yl)propanenitrile (2k)
H 'H-NMR (CDCls, 400 MHz) &: 1.21-1.27 (m, 2H), 1.30 (s, 6H), 1.79-1.88 (m,

TSN<I > < oy VH), 1.98-2.08 (m, 2H), 2.44 (s, 3H), 2.54-2.63 (m, 2H), 3.02 (dd, 2H, J = 9.6,
~ % 6.8 Hz), 3.09 (dd, 1H, J = 9.6, 1.6 Hz), 7.32 (d, 2H, J = 8.0 Hz), 7.69 (d, 2H, J =
H 8.0 Hz); >C-NMR (CDCls, 100 MHz) 8: 21.5, 25.6, 34.5, 35.0, 41.9, 50.5, 53.5,
123.9, 128.0, 129.6, 132.4, 143.6; IR (ATR) v: 2963, 1736, 1240, 1163, 1045, 664 cm™'; HRMS (ESI)

Calcd for C;gH24N;NaO,S [M+Na] " 355.1456, found 355.1451; colorless solid (18.4 mg, 38%, mp:
155-158 °C)

2-methyl-2-3a-methyl-2-tosyloctahydrocyclopenta[c]pyrrol-5-yl)propanenitrile (21)
H 'H-NMR (CDCls, 400 MHz) &: 1.05 (s, 3H), 1.21-1.31 (m. 2H), 1.29 (s, 6H),

TsN: I > < oy 154 (dd, 1H,J = 12,6, 12.6 Hz), 1.67 (dd, 1H, J = 12.6, 7.2 Hz), 1.90-1.99 (m,
~H 1H), 2.01-2.10 (m, 2H), 2.44 (s, 3H), 2.71 (d, 1H, J = 9.0 Hz), 3.10 (d, 2H, J =
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4.8 Hz), 3.20 (d, 1H, J=9.0 Hz), 7.33 (d, 2H, J = 8.4 Hz), 7.70 (d, 2H, J = 8.4 Hz); "C-NMR (CDCls, 100
MHz) §:21.6, 25.5, 25.6, 26.1, 35.2, 41.2, 48.8, 49.1, 49.2, 53.4, 60.1, 124.0, 128.0, 129.6, 132.6, 143.6; IR
(ATR) v: 2969, 1736, 1344, 1158, 664 cm™'; HRMS (ESI) Calcd for C1oH26N,NaO,S [M+Na] " 369.1613,
found 369.1607; colorless solid (16.9 mg, 31%, 124-127 °C)

Synthesis of 3¢

CBry4 (2.0 eq.)
TBDPSO TBAF (3.0 eq.)_ HO PPh (2.0 eq.) Br
THE 02 M) 0.2 M) NG H CH,Cl, (0.2 M) NC H

rt,1h S22 rt, 1 h, 80% (2 steps) 3b

CIS-2]

LDA (2.0 eq.)
LDA (1.3 eq.) .O Mel (10.0 eq.) NG
THF (0.03M) NG H THF (0.1 M) H

78°Ctort, 2h S23 ézaz/"?ztgt;t, SG)h 3c
@dr.=12:1) ° P (single isomer)

Cis-2j to S22: TBAF (1.23 mL, 1.0 M in THF, 1.23 mmol) was added to the solution of cis-2j (191.9 mg)
in THF (2.1 mL) at 0 °C, and the solution was stirred at rt for 1 h. H,O was added and the aqueous phase
was extracted with AcOEt. The organic phase was dried over Na,SOy, filtered and concentrated. The
compound was purified by flash (10:1 Hex:EtOAc) to give crude S22 (79.8 mg)

S22 to 3b: To a solution of crude S22 (79.8 mg) in CH,Cl, (1.7 mL) was added CBr4 (23.1 mg, 0.07
mmol) and PPh; (18.4 mg, 0.07 mmol) at 0 °C, and the solution was stirred at rt for 1 h. The solution was
directly pored to flash column chromatography to give 3b (95.3 mg, 80%, 2 steps)

2-(1-(3-bromopropyl)-1-methyl-2,3-dihydro-1H-inden-2-yl)acetonitrile (3b)
Br 'H-NMR (CDCl3, 400 MHz) §: 1.39 (s, 3H), 1.44-1.83 (m, 4H), 2.48-2.54 (m, 2H),
;QHSE) 2.58-2.65 (m, 1H), 2.78 (dd, 1H, J = 16.0, 9.6 Hz), 3.14 (dd, 1H, J = 16.0, 7.2 Hz),
7.09-7.26 (m, 4H); BC-NMR (CDCls, 100 MHz) &: 17.1, 24.2, 27.8, 33.7, 34.0, 36.3,

47.8,48.0,119.2, 123.5, 124.7, 126.5, 127.1, 140.0, 148.5; IR (ATR) v: 2959, 1740, 1477, 1216, 909, 754,
729 cm™; HRMS (ESI) Caled for CysH;sBrNNa [M+Na] ~ 314.0520, found 314.0520; yellow oil

3b to S23: Preparation of LDA: n-BuLi (0.92 mL, 1.43 mmol) was added to a solution of iPr,NH (0.2 mL,
1.43 mmol) in THF (6.02 mL) at -78 °C, and the solution was stirred at 0 °C for 1 h. Resulting LDA was
added to the solution of 3b (26.4 mg, 0.09 mmol) in THF (3 mL) at -78 °C, and the solution was slowly
warmed to rt, and stirred for 2 h. Then, sat. NH4Cl aq. was added and the aqueous phase was extracted
with AcOEt. The organic phase was dried over Na,SOy, filtered and concentrated. The compound was
purified by flash (20:1 Hex:EtOAc) to give crude S23 (16.9 mg)

S23 to 3¢: LDA (prepared by the same scale for the synthesis of S23) was added to the solution of crude
S23 (16.9 mg) in THF (0.82 mL) at -78 °C, and stirred for 1h at the same temperature. Then, Mel (50 uL,
0.803 mmol) was added to the solution at -78 °C, and the solution was slowly warmed to rt, stirred for 6 h.

Then, sat. NH4ClI aq. was added and the aqueous phase was extracted with AcOEt. The organic phase was
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dried over Na,SOy, filtered and concentrated. The compound was purified by flash (20:1 Hex:EtOAc) to

give 3¢ (15.2 mg) as a single diastereomer.

1,4a-dimethyl-2,3,4,4a,9,9a-hexahydro-1H-fluorene-1-carbonitrile (3¢)
/‘\ 'H-NMR (CDCls, 600 MHz) &: 1.10-1.29 (m, 3H), 1.39 (s, 3H),
232 ~H(156)  143-1.62 (m, 2H), 1.56 (s, 3H), 1.77-1.84 (m, 1H), 2.33-2.36 (m, 1H),
2.64-2.69 (m, 1H), 2.72-2.77 (m, 1H), 7.02-7.19 (m, 4H) ; BC-NMR

1.8)H
| )26_5 (CDCls, 150 MHz) &: 19.8, 23.2, 26.5, 31.7, 32.3, 33.8, 35.5, 45.2,
53.0, 121.5, 124.7, 126.2, 126.5, 126.8, 138.6, 153.0; IR (ATR) v:
(139H LI\ 2980, 1755, 1234 cm™'; HRMS (ESI) Calcd for C;¢H sNNa [M+Na]
1262 (28 248.1452, found 248.1414; yellow oil

Optimization of Catalyst .
entry Co (mol%) time (h) 5a (%) %ee

1 A (5) 4 65 -

o) o) 2 B (racemate, 5) 24 24 -

gﬁS,H s 3 C (5) 24 trace -

P(O)(OEt), iHs (1.5 eq.) 4 D (5) 24 trace -
O/\/ EtOH (0.2 M), rt 0 5 EG) 9 trace -

4a 5a 6 B (chiral, 5) 24 20 0

7 A(2) 9 36 -

N N= —N, N= =N, N= 5
: Ca, Lo, o, :
1 -Bu (o] O t-Bu t-Bu (o) CI)AO t-Bu t-Bu o O t-Bu:
' C '

t-Bu t-Bu t-Bu t-Bu t-Bu t-Bu
A B C (racemate)

_N, sN_ _N, sN_
,Co, .Co,
t-Bu O 6] t-Bu t-Bu (6] 6] t-Bu
t-Bu t-Bu t-Bu t-Bu
D E

General procedure for hydroacylation: EtOH (0.2 M for alkenylacylphosphonate) was added to the
mixture of alkenylacylphosphonate 4 (1.0 eq.), Co A (5 mol%) under an argon atmosphere at rt, then
PhSiH; (1.5 eq.) was added at rt and the solution was stirred at rt. Then, the solvent was removed under

reduced pressure, and the residue was purified by flash column chromatography.

General procedure for the synthesis of acylphosphonate 4

0
R)I\OR NaOH (6.0 eq.)
S24 H,O/EtOH \ o (COCl), (2.0 eq.) o P(OEt)3 (1.0 eq.) o
R = Me, n~ (1/1,0.5M) DMF (3 drops) CH,Cly (1.0 M)
80°C,1h L L L
R™ TOH CHxCl> (1.0M) R~ ~C| rt,>12h R™ “P(OEt),

j\ TFA (10eq) 7 s25 2N $26
R

Ot-Bu CHCI> (0.4 M) S13
S27 rt,2h



S24 to S25: To a solution of S24 (1.0 eq.) in EtOH (1.0 M for S24) was added H,O (1.0 M for S24) and
NaOH (6.0 eq.) at rt, and the reaction mixture was stirred at 80 °C for 1 h. The reaction was quenched with
1 N HCI (pH = 1), extracted with CH,Cl,, dried over Na,SO,, filtered, and concentrated in vacuo.
Purification by flash column chromatography afforded S25. (*Caution!!: Purification of S25 is

necessary even if crude S25 is seems to be pure.)

S27 to S25: To a solution of S27 (1.0 eq.) in CH,Cl, (0.4 M for S27) was added TFA (10 eq.) at 0 °C, and
the reaction mixture was stirred at rt for 2 h. The reaction mixture was evaporated under reduced pressure
and diluted with CH,Cl, and 1 N HCI. The organic layer was separated and the mixture was further
extracted with CH,Cl,. The combined organic extract was then dried over anhydrous sodium sulfate,

concentrated under reduced pressure. Purification by flash column chromatography afforded S25.

(*Caution!!: Purification of S25 is necessary even if crude S25 is seems to be pure.)

S25 to S26: To a solution of S25 (1.0 eq.) in CH,Cl, (1.0 M for S25), (COCl), (2.0 eq.) followed by DMF
(3 drops) was added at 0 °C, and the reaction mixture was stirred at 0 °C for 15 min. and then, the reaction
mixture was allowed to warm to rt. After 2 h, the reaction mixture was evaporated under reduced pressure

gave crude S26, and the resulting volatiles were removed under reduced pressure (at 50 °C, 1 h) to give

S26 which was used in the next step without further purification. (*Caution!!: Careful removal of volatiles

under heating condition is necessary even if crude S26 seems to be pure.)

S26 to 4: P(OEt); (1.0 eq.) was added to the solution of S26 (1.0 eq.) in CH,Cl, (1.0 M) at 0 °C, and stirred
for 1 h at the same temperature. Then, the reaction mixture was allowed to warm to rt, and stirred for
overnight. Any volatiles were removed under reduced pressure and the crude 4 was purified by column
chromatography. (¥*Caution!!: Excess addition of triehylphosphite gave complex mixture. / Even if TLC

indicates the generation of 4 only in a few hours, stirring for overnight is necessary.)

Synthesis of 4a-c
K2003 (40 eq

) o}
R! CO,H Br/\/ R! same as S24 to 4 R!
(4.0 eq) O/w (yield: 3 steps from S28) P(O)(OEY),
_ (40eq) _
oH gnoeoccr;u go7.2h|v|) o/w 4a (R', R? = H): 49% o F
3 R2

R2 oo 4b (R =Br, R®=H): 1% R?
S28 q . S29 4c (R1 =H, R2 = OMe): 45% 4a-c

S28 to S29: To a stirred solution of S28 (1.0 eq.) in MeCN (0.2 M for S28) was added K,COj3 (4.0 eq.),
and allyl bromide (4.0 eq.), and the reaction mixture was stirred at 80 °C for 17 h. The reaction was
quenched with H,0, extracted with AcOEt, dried over Na,SO,, filtered, and concentrated in vacuo.

Purification by flash column chromatography afforded S29 (quant.).
S29 to 4a-c: Same as general procedure (S24 to 4)

diethyl (2-(allyloxy)benzoyl)phosphonate (4a)
O

(:f‘\P(O)(OEt)z S14
o/\/



(CAS-Reg# 1454663-48-9); 'H-NMR (CDCls, 400 MHz) &: 1.35 (t, 6H, J = 7.1 Hz), 4.23 (m, 4H), 4.69 (d,
2H, J=5.1 Hz), 5.38 (m, 2H), 6.13 (m, 1H), 7.02 (m, 2H), 7.50 (m, 1H), 7.92 (dd, 1H, J=7.8 Hz, J= 1.4
Hz); (2.11 g, 49%)

diethyl (2-(allyloxy)-5-bromobenzoyl)phosphonate (4b)
o 'H-NMR (CDCls, 400 MHz) &: 1.36 (t, 6H, J= 7.2 Hz), 4.24 (q, 4H, J = 7.2 Hz),
P(O)(OEt), 4.67 (d, 2H, J = 5.2 Hz), 531 (d, 1H, J = 9.6 Hz), 5.43 (d, 1H, J = 17.2 Hz),
o 6.06-6.16 (m, 1H), 6.87 (d, 1H, J = 8.8 Hz), 7.57 (dd, 1H, J = 8.8, 2.8 Hz), 7.90
(d, 1H, J=2.8 Hz); "C-NMR (CDCls, 100 MHz) &: 16.2, 16.2, 63.7, 63.8, 70.1, 112.9, 115.1, 118.1, 128.2,
128.9, 132.1, 132.9, 137.3, 157.3, 198.7, 200.5; IR (ATR) v: 2984, 1727, 1482, 1227, 1012 cm™'; HRMS
(ESI) Calcd for C14H;sBrNaOsP [M+Na] * 398.9973, found 398.9963; yellow oil (195 mg, 11%).

Br

diethyl (2-(allyloxy)-3-methoxybenzoyl)phosphonate (4c¢)
0 'H-NMR (CDCls, 400 MHz) 8:1.34 (t, 6H, J = 7.2 Hz), 3.89 (s, 3H), 4.25 (q, 4H, J =
P(O)XOEY), 7.2 Hz), 4.63 (d, 2H, J = 5.6 Hz), 5.20 (d, 1H, J = 10.0 Hz), 5.31 (dd, 1H, J = 17.2,
o 1.2 Hz), 6.09-6.21 (m, 1H), 7.10-7.17 (m, 2H), 7.48 (dd, 1H, J = 7.2, 2.4 Hz);
BC-NMR (CDCl;, 100 MHz) 6: 16.2, 16.2, 55.9, 63.7, 63.8, 75.0, 117.0, 118.0,
121.4, 123.8, 131.9, 132.5, 133.8, 147.2, 152.9, 152.9, 200.2, 202.0; IR (ATR) v: 2982, 1724, 1474, 1016
cm’; HRMS (ESI) Caled for CsHy NaOgP  [M+Na] " 351.0973, found 351.0963; yellow oil (492 mg,
45%).

OMe

Synthesis of 4d-f

CO,Me B N7 CO,Me PO)OEY, —— 2 Cer
(:[ (2.0 eq) @ (O)OEY: =424 (88)
NH  NaH (2.0 eq) N N/ﬁ MeO 4e (42)
R—)-s0, DMF (0.5M) PG | PG | F  4f(40)
rt, 16 h, quant
*3 steps from S31
$30 S31 4d-f

S30 to S31: To a solution of S30 (1.0 eq.) in DMF (0.5 M for S30) was added 60% sodium hydride (2.0
eq.) at 0 °C and the mixture was stirred at room temperature for 30 minutes. Allyl bromide (2.0 eq.) was
then added and the mixture was stirred for 16 h. Water was added and the mixture was diluted with ethyl
acetate. The layers were separated and the organic layer was washed with water and brine, dried over
anhydrous Na,;SO,4 and concentrated under reduced pressure. The crude product was purified by silica gel

column chromatography to afford the corresponding S31 (quant.).
S31 to 4d-f: Same as general procedure (S24 to 4)

diethyl (2-((N-allyl-4-methylphenyl)sulfonamido)benzoyl)phosphonate (4d)
o) (CAS-Reg# 1454663-49-0)
P(O)OEt), 'H-NMR (CDCls, 400 MHz) &: 1.36 (m, 6H), 2.42 (s, 3H), 4.27 (m, 6H), 5.02 (m,

NTNF 2H), 5.94 (m, 1H), 6.86 (m, 1H), 7.23 (d, 2H, J = 8.4 Hz), 7.44 (m, 4H), 8.27 (m,
Ts
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1H); (354.2 mg, 88%)

diethyl (2-((N-allyl-4-methoxyphenyl)sulfonamido)benzoyl)phosphonate (4¢)
o) 'H-NMR (CDCls, 400 MHz) &: 1.37 (t, 6H, J = 6.8 Hz), 3.86 (s, 3H), 4.21-4.32
P(O)OEt), (m,6H),5.02(d, IH,J=16.0 Hz), 5.03 (d, 1H, J= 10.8 Hz), 5.90-6.00 (m, 1H),
NN 6.88-6.91 (m, 3H), 7.41-7.47 (m, 2H), 7.51 (d, 2H, J = 8.8 Hz), 8.24-8.27 (m,
MeO—O—éoz 1H); BC-NMR (CDCI;, 100 MHz) o: 16.0, 16.1, 54.3, 55.3, 63.9, 113.7, 118.8,
127.8, 129.5, 130.0, 130.2, 131.0, 132.5, 132.8, 136.8, 136.9, 137.0, 137.6, 162.7, 199.2, 201.0; IR (ATR)
v: 2969, 1733, 1594, 1158, 1019 cm™'; HRMS (ESI) Calcd for CyH,NNaO-PS_[M+Na] " 490.1065, found

490.1053; yellow oil (610.6 mg, 42%)).

diethyl (2-((N-allyl-4-fluorophenyl)sulfonamido)benzoyl)phosphonate (4f)

0 'H-NMR (CDCls, 400 MHz) &: 1.37 (t, 6H, J = 6.8 Hz), 4.26 (brs, 6H), 5.03 (d, 1H,
d‘\mo)(oab J=18.4 Hz), 5.05 (d, 1H, J = 9.2 Hz), 5.88-5.98 (m, 1H), 6.94-6.96 (m, 1H), 7.12
NN (dd, 2H, J = 8.4, 8.4 Hz), 7.45-7.50 (m, 2H), 7.60-7.63 (m, 2H), 8.30-8.32 (m, 1H);
F éOQ BC-NMR (CDCl;, 100 MHz) &: 16.0, 16.1, 54.5, 64.0, 115.7, 115.9, 119.1, 128.2,
130.0, 130.1, 130.8, 131.5, 132.5, 132.8, 134.8, 134.8, 136.4, 136.4, 137.0, 163.5,
166.1, 198.8, 200.6; IR (ATR) v: 2984, 1719, 1492, 1154, 1011, 839 cm™; HRMS (ESI) Calcd for

C20H23FNNaOgPS [M+Na] * 478.0865, found 478.0861; yellow oil (588 mg, 40%).

Synthesis of 4g

CO,Me
(X o
DIBAL (2.5 eq.) NHTs

coM
NP Chloih_ o, St (N OO N
,2h PPh; (2.0 eq.)
DMEAD (2.0 eq.) ¥:\© ¥;\©
32 $33(1.5eq) THF (0.1 M) S35

rt,2h 72% (2 steps) 4g: 65% (3 steps)

S32 to S33: To a stirred solution of S32 (1.0 eq.) in CH,Cl, (0.4 M for S32) at 0 °C was added DIBAL (2.5
eq., 1.0 M in toluene) dropwise. The mixture was stirred at 0 °C to rt for 2 h then treated with ice cold
Rochelles salt (saturated Na/K tartrate) and allowed to stir at 0 °C open to air. The reaction became a
gray-white gelatinous suspension that solubilized over the course of 30 min to 1 h with stirring at room
temperature open to air. The mixture was poured into diethyl ether and H,O. The layers were separated,
and the aqueous layer was extracted twice more with diethyl ether. The organic layers were combined,

dried over Na,SOy, and concentrated to afford a crude S33 which was used without further purification.
S33 to S35: To a stirred solution of S33 (1.5 eq.), S34 (1.0 eq.), PPh; (2.0 eq.) in THF (0.1 M for S34) was
added DMEAD (2.0 eq.) at 0 °C, and the reaction mixture was stirred for 2 h at rt. Then, the reaction

mixture was concentrated in vacuo. Purification by flash column chromatography gave S35.

S35 to 4g: Same as general procedure (S24 to 4)

S16



diethyl (2-((N-(cyclopent-1-en-1-ylmethyl)-4-methylphenyl)sulfonamido)benzoyl)phosphonate (4g)

0 'H-NMR (CDCls, 400 MHz) 6:1.36 (t, 6H, J = 7.2 Hz), 1.75 (dt, 2H, J=15.2, 7.2
@P(O)(OE% Hz), 2.11-2.24 (m, 4H), 2.41 (s, 3H), 4.23-4.31 (m, 6H), 5.42 (s, 1H), 6.95-6.98 (m,

N/\O 1H), 7.21 (d, 2H, J = 8.0 Hz), 7.42-7.48 (m, 4H), 8.36 (m, 1H); BC-NMR (CDCl;,
T 100 MHz) &: 16.3, 21.5, 23.4, 32.2, 33.6, 51.5, 64.2, 127.6, 127.7, 129.2, 130.4,
131.7, 132.7, 135.9, 136.5, 136.9, 138.8, 143.2, 198.3, 200.2; IR (ATR) v: 2982, 1670, 1159, 1018, 750
cm'l; HRMS (ESI) Caled for C,4H30NNaOgPS [M+Na] "514.1429, found 514.1430; yellow oil (301.5 mg,
65%).

Synthesis of 4h,i,1

Br” > CO,t-Bu 0 0 n R 4(%)
EtO,C H (12 eq.) EtO,C EtO,C 1 H 4h(84)
NaH (1.2 eq.) Ot-Bu—> P(O)OEt), 1 Me 4i(25)

EtO,C ar (1.2eq.)  gto,C R EtO,C R
20 (n THF (0.4 M) 2 n 2 n 2 H 41(51)
S36 rt, 16 h s37 4 *4 steps from S36

S36 to S37: To a solution of S36 (1.0 eq.) in THF (0.4 M for S36) was added 60% sodium hydride (1.2
eq.) at 0 °C and the mixture was stirred at room temperature for 30 minutes. terz-Butyl Bromoacetate (1.2
eq.) was then added and the mixture was stirred for 16 h. Water was added and the mixture was diluted
with ethyl acetate. The layers were separated and the organic layer was washed with water and brine, dried
over anhydrous Na,SO4 and concentrated under reduced pressure. The crude product was purified by silica

gel column chromatography to afford the corresponding S37.

S37 to 4: Same as general procedure (S24 to 4)

diethyl 2-allyl-2-(2-(diethoxyphosphoryl)-2-oxoethyl)malonate (4h)

0 (CAS-Reg# 593254-57-0)
EtO,C

2 poyoEy, H-NMR (CDCL;, 400 MHz) 8: 125 (t, 6H, J = 7.2 Hz), 1.37 (t, 6H, J = 7.2 Hz),
B0 M\ 2.76 (d, 2H, J = 7.6 Hz), 3.50 (d, 2H, J = 2.8 Hz), 4.21 (m, 8H), 5.10 (m, 2H), 5.66

(m, TH); (1.60 g, 84%)

diethyl 2-(2-((diethylperoxy)(oxo)-14-phosphanyl)-2-oxoethyl)-2-(2-methylallyl)malonate (4i)

o 'H-NMR (CDCls, 400 MHz) &: 1.25 (t, 6H, J = 7.2 Hz), 1.37 (t, 6H, J = 1.62 (s,

EtO,C
? PO)OEY, 2-4H), 1.65 (s, 0.6H, s 0.6H), 2.84 (s, 1.6H), 2.88 (s, 0.4H), 3.05 (s, 0.6H), 3.55 (s,
Et0,C 1.6H), 4.14-4.24 (m, 8H), 4.65 (s, 0.8H), 4.74 (s, 0.2H), 4.87 (s, 0.8H), 4.90 (s,

0.2H); *C-NMR (CDCls, 100 MHz) &: 13.7, 16.1, 16.2, 22.7, 40.5, 4.8, 45.4, 54.1,
54.2, 61.7, 63.8, 63.9, 116.4, 140.3, 169.8, 170.2, 207.1, 208.8; IR (ATR) v: 2982, 1731, 1183, 1019 cm’’;
HRMS (ESI) Calcd for C17H2oNaOsP, [M+Na] © 415.1498, found 415.1493; yellow oil (357 mg, 25%).

diethyl 2-(but-3-en-1-yl)-2-(2-(diethoxyphosphoryl)-2-oxoethyl)malonate (41)
0 'H-NMR (CDCls, 400 MHz) &: 1.25 (t, 6H, J = 6.8 Hz), 1.38 (t, 6H, J = 7.2 Hz),
EtO,C 1.92-2.15 (m, 4H), 3.52 (s, 2H), 4.14-4.27 (m, 8H), 4.96 (d, 1H, J = 10.0 Hz), 5.00

P(O)(OEt), 13
E10,C (d, 1H, J = 17.2 Hz), 5.68-5.81 (m, 1H); *C-NMR (CDCls, 100 MHz) &: 13.4, 15.8,
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28.5,32.1,44.8,45.4, 54.3, 61.2, 63.5, 114.9, 136.5, 169.4, 206.5, 208.2; IR (ATR) v: 2983, 1731, 1184,
1012 cm'l; HRMS (ESI) Caled for C;7H;9NaOgP [M+Na] " 415.1498, found 415.1508; colorless oil (794.5
mg, 51%).

Synthesis of 4

B B B
BO6 O NaH(12eq) E0,C] , KOH(1eq) EtO.C ] ,  65%  EtO,C]
_, Brr(12eq) gy EIOH (03 M) oy (25teps) o (O)(OET
_— _— _—
THF (0.4 M) t, 15 h, 26% (O)OE:
\ rt, 3 h, quant. \ (SM: 59%) \ \
S38 $39 S40 4

S38 to S39: To a solution of S38 (549 mg, 2.56 mmol) in THF (6.4 mL) was added 60% sodium hydride
(123 mg, 3.07 mmol) at 0 °C and the mixture was stirred at room temperature for 30 minutes. Benzyl
bromide (0.36 mL, 3.07 mmol) was then added and the mixture was stirred for 3 h. Water was added and
the mixture was diluted with ethyl acetate. The layers were separated and the organic layer was washed
with water and brine, dried over anhydrous Na,SO, and concentrated under reduced pressure. The crude
product was purified by silica gel column chromatography to afford the corresponding S39 (779 mg,
quant.).

S39 to S40: To a stirred solution of S39 (779 mg, 2.56 mmol) in EtOH (8.5 mL) at rt, KOH (143 mg, 2.56
mmol) was added. After 15 h, the mixture was acidified with 1 N HCI and filtered. The filter cake (KCI)
was washed with EtOH. The combined filtrate was concentrated and residual liquid was subjected to
column chromatography to afford S40 (186 mg, 26%) and unreacted S39 (481 mg, 59%).

S40 to 4j: Same as general procedure (S25 to 4).

ethyl 2-benzyl-2-(((diethylperoxy)(oxo)-14-phosphanyl)carbonyl)hex-5-enoate (4j)

e0,c. 5" P 'H-NMR (CDCls, 400 MHz) &: 1.19 (t, 3H, J = 7.6 Hz), 1.36 (t, 6H, J = 7.2 Hz),
bo)OEy, 1-90-2.05 (m, 4H), 3.22 (d, 1H, J = 14.0 Hz), 3.29 (d, 1H, J = 140 Hz), 4.10-4.18
\ (m, 2H), 4.22-4.28 (m, 4H), 4.96 (d, 1H, J = 10.0 Hz), 5.01 (d, 1H, J = 17.2 Hz),

5.69-5.83 (m, 1H), 7.08 (d, 2H, J = 8.0 Hz), 7.20-7.25 (m, 3H); *C-NMR (CDCl,,
100 MHz) 6: 13.6, 16.1, 16.1, 27.7,29.2, 36.2, 61.4, 63.8, 63.8, 63.9, 64.1, 64.6, 115.1, 126.8, 128.0, 129.9,
135.2, 136.8, 169.9, 207.1, 208.8; IR (ATR) v: 2981, 1731, 1197, 1011, 700 cm™; HRMS (ESI) Calcd for
Cr0H29NaOgP [M+Na] 7419.1599, found 419.1604; yellow oil (165 mg, 55%).

Synthesis of 4k

H,SO, Ph LHMDS (1.2 eq.) Ph 55%
Ph MeOH Ph O Nal (60 mol% (3 steps)
H . H P(O)(OEt
H 70 Ci 19h H OMe Br
quan (1.2 eq.)

s41 S42 THF (0.2 M)
65°C, 1 h, 86%

S41 to S42: To a solution of S41 (2.0 g) in MeOH (100 mL) was added H,SO4 (1.0 mL) at rt and the
mixture was stirred at 70 °C for 19 h, then MeOH was removed under reduced pressure. sat. NaHCO; aq.

was added and the mixture was diluted with CH,Cl,. The layers were separated and the organic layer was
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washed with water and brine, dried over anhydrous Na,SO,4 and concentrated under reduced pressure. The

crude S42 was used in the next step without further purification.

S42 to S43: To a solution of crude S42 (500 mg, 2.21 mmol) in THF (11 mL) was added LHMDS (2.7 mL,
1.0 M in THF, 2.7 mmol) at -78 °C and the mixture was stirred at 0 °C for 1 h. 4-Bromo-1-butene (0.27
mL, 2.65 mmol) and Nal (199 mg, 1.33 mmol) was then added at -78 °C and the mixture was stirred for 1
h at 65 °C. Water was added and the mixture was diluted with ethyl acetate. The layers were separated and
the organic layer was washed with water and brine, dried over anhydrous Na,SO4 and concentrated under
reduced pressure. The crude product was purified by silica gel column chromatography to afford the
corresponding S43 (528 mg, 86%).

S43 to 4k: Same as general procedure (S24 to 4).

1-((diethylperoxy)(oxo)-14-phosphanyl)-2,2-diphenylhex-5-en-1-one (4k)

o Ph 0 'H-NMR (CDCls, 400 MHz) &: 1.14 (t, 6H, J = 7.2 Hz), 1.76-1.83 (m, 2H), 2.65 (dt,
boyoey, 2H>J = 8.0, 40 Hz), 3.713.92 (m, 4H), 5.73-5.83 (m, 1H), 7.27-7.37 (m, 10H);
\ BC-NMR (CDCL, 100 MHz) 8: 16.0, 16.0, 29.2, 29.6, 34.9, 37.1, 63.5, 63.6, 66.6,

67.2, 114.4, 114.8, 126.7, 127.4, 127.7, 128.2, 128.9, 129.8, 137.7, 138.3, 142.7, 207.6,
209.2; IR (ATR) v: 2981, 1736, 1237, 1016, 700 cm™'; HRMS (ESI) Caled for CyHy;NaO4P, [M+Na] *
409.1545, found 409.1532; yellow oil (399.8 mg, 55%).

Synthesis of 4m

, o) o)
triphosgene
@Oi\ (0.6 eq.) s O/\O/_fm P(OEt)s (1 eq.) @O/_iP(O)(OEt)z
Py. (2 eq.) rt, 4 h
X CH,Cl, (0.5 M) X 63% (2 steps) A
S44 0°Ctort,17 h S45 4m

S44 to S45: To a solution of S44 (1.0 mL, 7.6 mmol) and triphosgene (1.35 g, 4.56 mmol) in CH,CI, (7
mL), pyridine (1.2 mL, 15.2 mmol) was added using dropping funnel over 1 h at 0 °C. The temperature
was allowed to rise to room temperature gradually after the addition of pyridine and the solutions was
stirred for 17 h at room temperature (color of the solution: clear yellow to clear dark orange). The reaction
was quenched with 1N HCI, extracted with CH,Cl,, dried over Na,SOy, filtered, and concentrated in vacuo

gave crude S45 as a deep red oil which was used without further purification.

S45 to 4m: P(OEt); (0.18 mL, 1.07 mmol) was directly added to the crude S45 (210 mg, 1.07 mmol) at
0 °C, and the mixture was stirred at rt for 4 h. Any volatiles were removed under reduced pressure and the

crude 4m was purified by column chromatography (201 mg, 63%, 2 steps).

2-allylphenyl (diethoxyphosphoryl)formate (4m)
o) 'H-NMR (CDCls, 400 MHz) 8:1.45 (t, 6H, J = 7.2 Hz), 3.31 (d, 2H, J = 6.4 Hz),

@O/\p(oxoa)z 4.40 (q, 4H, J = 7.2 Hz), 5.05 (d, 1H, J = 17.2 Hz), 5.10 (d, 1H, J = 10.8 Hz),
AN 5.84-5.94 (m, 1H), 7.08 (d, 1H, J = 8.0 Hz), 7.21-7.29 (m, 3H); *C-NMR
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(CDCl3, 100 MHz) §:16.3, 16.3, 34.3, 64.8, 64.9, 116.7, 121.9, 126.9, 127.5, 130.6, 131.6, 135.3, 147.9,
164.1; IR (ATR) v: 2982, 1721, 1011, 772 cm™'; HRMS (ESI) Calcd for C14H;o0NaOsP [M+Na] " 321.0868,
found 321.0857; yellow oil

Synthesis of 4n

Br /H
TsN
7 348 11% MeO
MeO (2.0e9.) Br Me0 (1.5eq.) (3 steps) 0
—_— —_—
o] K2COs3 (2 eq.) Bfk/o\/ azcccr)\f((?e??\n)) TsN/\/\/NPG TsN/\/\/NPG
_NPG MeCN (0.3 M) NPG Me
H 80 °C = 80 °C
0,
s46 OV TT% sa7 oM%K s49 4n

S46 to S47: To a stirred solution of S46 (1.0 g, 3.23 mmol) in MeCN (11 mL) was added K,CO3 (891 mg,
6.46 mmol), and trans-1,4-dibromo-2-butene (1.38 g, 6.46 mmol), and the reaction mixture was stirred at
80 °C. The reaction was quenched with H,O, extracted with AcOEt, dried over Na,SQy, filtered, and
concentrated in vacuo. Purification by flash column chromatography afforded S47 (1.1 g, 77%).

S47 to S49: To a stirred solution of S47 (442.3 mg, 1.0 mmol) in MeCN (3.3 mL) was added K,CO; (414
mg, 3.0 mmol), and S48 (338 mg, 1.5 mmol), and the reaction mixture was stirred at 80 °C. The reaction
was quenched with H,O, extracted with AcOEt, dried over Na,SOy, filtered, and concentrated in vacuo.

Purification by flash column chromatography afforded S49 (491 mg, 84%).
S49 to 4n: Same as general procedure (S24 to 4)

diethyl(E)-(2-((4-fluoro-N-(4-((4-methyl-N-(2-methylallyl)phenyl)sulfonamido)but-2-en-1-yl)phenyl)s
ulfonamido)benzoyl)phosphonate (4n)

'H-NMR (CDCls, 400 MHz) &: 1.31-1.43 (m, 6H), 1.52 (s, 3H), 2.42 (s,

(EtO),(O)P. 3H), 3.31-3.69 (br, 4H), 4.15 (q, 4H, J = 6.8 Hz), 4.26 (brs, 2H), 4.63 (s,

o o 1H), 4.79 (s, 1H), 5.30 (dt, 1H, J = 15.2, 6.8 Hz), 5.68 (d, 1H, J = 15.2,

TsN/\/\/N\,,S// 6.8 Hz), 6.84 (d, 1H, J= 6.8 Hz), 7.09 (d, 1H, J= 8.4 Hz), 7.14 (d, IH, J

° \©\F = 8.8 Hz), 7.21-7.39 (m, 2H), 7.44-7.49 (m, 2H), 7.54 (d, 1H, J = 8.8 Hz),

7.58 (d, 1H, J = 8.8 Hz), 7.61 (d, 2H, J = 8.0 Hz), 8.26 (dd, 1H, J = 6.8,

2.8 Hz); BC-NMR (CDCls, 100 MHz) 8: 16.2, 16.3,19.7, 21.4, 47.9, 52.7, 53.3, 114.4, 115.9, 116.2, 127.1,

128.3, 129.2, 129.5, 129.5, 130.2, 130.3, 130.7, 131.6, 133.0, 134.5, 136.5, 136.5, 136.7, 136.9, 137.3,

139.8, 143.2,163.8, 166.3, 199.2, 201.0; IR (ATR) v: 2809, 1348, 1158, 1022 cm™; HRMS (ESI) Calcd for
C3,H33FN;NaOgPS [M+Na] " 715.1689, found 715.1685; yellow oil (100.2 mg, 11%).

3-methylchroman-4-one (5a)
(CAS-Reg# 16982-86-8)
i 'H-NMR (CDCls, 400 MHz) &: 1.19 (d, 3H, J = 6.8 Hz), 2.78-2.91 (m, 1H), 4.13 (dd, 1H, J
d‘j/ =11.2,11.2 Hz), 4.46 (dd, 1H, J=11.2, 5.2 Hz), 6.93 (d, 1H, J = 8.4 Hz), 6.99 (dd, 1H, J
© =7.6,7.2 Hz), 7.43 (dd, 1H, J=8.4, 7.2 Hz), 7.89 (d, 1H, J = 7.6 Hz); (28.5 mg, 65%)
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6-bromo-3-methylchroman-4-one (5b)

'H-NMR (CDCls, 400 MHz) &: 1.21 (d, 3H, J = 7.2 Hz), 2.82-2.91 (m, 1H), 4.15 (dd,

1H,J=11.2, 11.2 Hz), 4.50 (dd, 1H, J = 11.2, 5.2 Hz), 6.87 (d, 1H, J = 8.4 Hz), 7.53
(6] (dd, 1H, J = 8.4, 2.8 Hz), 8.00 (d, 1H, J = 2.8 Hz); "C-NMR (CDCls, 100 MHz) §:

10.6, 40.4,72.2, 114.0, 119.8, 121.7, 129.7, 138.3, 160.6, 193.5; IR (ATR) v: 2991, 1738, 1239, 822 cm™’;

HRMS (ESI) Calcd for CjoHoBrNaO, [M+Na] = 262.9684, found 262.9681; colorless solid (26.4 mg,

59%).

(0]
Br.

8-methoxy-3-methylchroman-4-one (5c¢)
o) 'H-NMR (CDCl;, 400 MHz) &: 1.23 (d, 3H, J = 7.2 Hz), 2.84-2.93 (m, 1H), 3.92 (s, 3H),
Qf‘j/ 4.23 (dd, 1H, J=10.8, 10.8 Hz), 4.61 (dd, 1H, J=10.8, 4.8 Hz), 6.96 (dd, 1H, J=7.6, 7.6
0 Hz), 7.04 (d, 1H, J = 7.6 Hz), 7.49 (d, 1H, J = 7.6 Hz); "C-NMR (CDCls;, 100 MHz) &:
OMe 10.7, 40.5, 56.1, 72.7, 116.2, 118.4, 120.8, 121.0, 148.6, 151.5, 194.7; IR (ATR) v: 2983,

1736, 1373, 1237, 1045 cm™; HRMS (ESI) Calcd for C11H2NaO;3, [M+Na] * 215.0684, found 215.0678;
colorless solid (15.5 mg, 69%).

3-methyl-1-tosyl-2,3-dihydroquinolin-4(1H)-one (5d)
0 (CAS-Reg# 30504-93-9); 'H-NMR (CDCls, 400 MHz) &: 1.13 (d, 3H, J= 7.2 Hz), 2.39 (s,
(:ﬁ‘j/ 3H), 2.42-2.49 (ddq, 1H), 3.64 (dd, 1H, J=13.8, 13.8 Hz), 4.46 (dd, 1H, J=13.8, 4.8 Hz),
N 7.22-7.27 (m, 3H), 7.53 (dd, 1H, J = 8.4, 8.4 Hz), 7.60 (d, 2H, J= 8.4 Hz), 7.84 (d, 1H, J
Ts =8.4 Hz), 7.95 (d, 1H, J = 8.4 Hz); (28.5 mg, 57%)

1-((4-methoxyphenyl)sulfonyl)-3-methyl-2,3-dihydroquinolin-4(1H)-one (5e)
0 'H-NMR (CDCls, 400 MHz) &: 1.13 (d, 3H, J = 7.2 Hz), 2.41-2.51 (m, 1H), 3.63 (dd,
1H, J = 13.6, 13.6 Hz), 3.83 (s, 3H), 4.45 (dd, 1H, J = 13.6, 4.8 Hz), 6.89 (d, 2H, J =
(:ﬁ:jj/ 9.2 Hz), 7.22 (dd, 1H, J=17.6, 7.6 Hz), 7.53 (ddd, 1H, J= 8.4, 7.6, 1.6 Hz), 7.64 (d, 2H,
Meo_<;>_éo2 J=9.2 Hz), 7.84 (d, 1H, J= 8.4 Hz), 7.95 (dd, 1H, J= 7.6, 1.6 Hz); BC-NMR (CDCls,
100 MHz) 6: 12.3, 40.2, 52.2, 55.6, 114.5, 123.1, 124.6, 125.0, 128.1, 128.9, 131.1,

134.4, 142.4, 163.4, 195.5; IR (ATR) v: 2983, 1736, 1372, 1233, 1043 cm’'; HRMS (ESI) Calcd for
C17H17NNaO,S [M+Na] * 354.0776, found 354.0785; yellow oil (32.6 mg, 56%).

1-((4-fluorophenyl)sulfonyl)-3-methyl-2,3-dihydroquinolin-4(1H)-one (5f)
0 'H-NMR (CDCls, 400 MHz) &: 1.14 (d, 3H, J = 6.8 Hz), 2.42-2.52 (m, 1H), 3.65 (dd, 1H,
J=13.6,13.6 Hz), 4.46 (dd, 1H, J=13.6, 4.8 Hz), 7.15 (dd, 2H, J = 8.8, 8.8 Hz), 7.23 (dd,
N 1H, J = 8.0, 8.0 Hz), 7.55 (ddd, 1H, J = 8.8, 8.0, 1.6 Hz), 7.75 (dd, 2H, J = 8.8, 4.8 Hz),
F_O_éOZ 7.81 (d, 1H, J = 8.8 Hz), 7.97 (dd, 1H, J = 8.0, 1.6 Hz); BC-NMR (CDCls, 100 MHz) 6:
12.4,40.4,52.4, 116.7, 116.9, 122.9, 124.7, 125.4, 128.3, 129.5, 129.6, 134.5, 135.7, 142.0, 164.5, 166.2,
195.2; IR (ATR) v: 2932, 1690, 1355, 1170, 734 cm’'; HRMS (ESI) Calcd for C;¢H 4FNNaO;S [M+Na] "
342.0576, found 342.0586; colorless solid (20.2 mg, 46%).

1'-tosyl-1',2'-dihydro-4'H-spiro[cyclopentane-1,3'-quinolin]-4'-one (5g)
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o 'H-NMR (CDCls, 400 MHz) &: 1.68-1.87 (m, 6H), 2.00-2.11 (m, 2H), 2.41 (s, 3H), 3.99
(;E“jo (s, 2H), 7.08 (dd, 1H, J = 7.2, 7.2 Hz), 7.32 (d, 2H, J = 8.4 Hz), 7.39 (dd, 1H, J = 7.8,
" 7.8 Hz), 7.59 (d, 1H, J = 8.4 Hz), 7.78 (d, 2H, J = 8.4 Hz), 8.00 (d, 1H, J = 7.8 Hz);
Ts 3C-NMR (CDCls, 100 MHz) &: 21.5, 25.7, 33.2, 53.9, 54.9, 118.4, 122.3, 123.3, 126.8,
129.0, 130.0, 134.2, 136.9, 142.3, 144.4, 197.6; IR (ATR) v: 2953, 1683, 1351, 1161 cm™; HRMS (ESI)

Calcd for CyyH»NNaOsS, [M+Na] " 378.1140, found 378.1153; colorless solid (19.5 mg, 30%, mp:
117-119 °C)

diethyl 3-methyl-4-oxocyclopentane-1,1-dicarboxylate (5h)

EtO,C 0 'H-NMR (CDCl;, 400 MHz) &: 1.11 (d, 3H, J = 7.6 Hz), 1.27 (t, 6H, J = 7.2 Hz), 1.97 (dd,
></V|i 1H, J=12.8, 12.8 Hz), 2.41 (m, 1H), 2.72 (d, 1H, J = 18.8 Hz), 2.84 (dd, 1H, J = 12.8,

8.8 Hz), 2.95 (d, 1H, J=18.8 Hz), 4.22 (q, 4H, J = 7.2 Hz); BC-NMR (CDCls, 100 MHz)

0: 13.9, 38.1, 42.5, 44.4, 54.8, 61.9, 62.0, 170.7, 171.0, 215.8; IR (ATR) v: 2984, 1731, 1238, 1044 cm™;

HRMS (ESI) Calcd for C1,H gNaOs [M+Na] * 265.1052, found 265.1060; yellow oil (56 mg, 81%).

EtO,C

diethyl 3,3-dimethyl-4-oxocyclopentane-1,1-dicarboxylate (5i)

EtO2C O 'H-NMR (CDCls, 400 MHz) &: 1.07 (s, 6H), 1.27 (t, 6H, J = 7.2 Hz), 2.52 (s, 2H), 2.98 (s,
><:/P 2H), 4.23 (m, 4H); >C-NMR (CDCls, 100 MHz) §: 13.9, 25.2, 43.9, 44.3, 45.2, 53.9, 62.1,

171.4, 218.5; IR (ATR) v: 2970, 1731, 1366, 1184 cm™; HRMS (ESI) Calcd for

Ci3HyoNaOs [M+Na] 7279.1208, found 279.1203; yellow oil (25.1 mg, 54%).

EtO,C

ethyl 1-benzyl-3-methyl-2-oxocyclopentane-1-carboxylate (5j)
Et0,C_Bn 'H-NMR (CDCls, 400 MHz) &: 0.62-0.73 (m, 1H), 0.88 (d, 3H, J = 7.2 Hz), 1.25 (t, 3H, J
t( =7.2 Hz), 1.89-2.01 (m, 1H), 2.06-2.12 (m, 1H), 2.24-2.41 (m, 2H), 3.11 (d, 1H, J = 14.0
Hz),3.17 (d, 1H, J=14.0 Hz), 4.16 (q, 2H, J=7.2 Hz), 7.11 (d, 2H, J= 7.6 Hz), 7.21-7.26
(m, 3H); BC-NMR (CDCls, 100 MHz) &: 26.4, 26.6, 37.6, 39.2, 46.6, 50.5, 64.1, 64.6, 116.9, 118.0, 119.6,
124.6, 152.8, 188.6; IR (ATR) v: 2964, 1747, 1722, 1454, 1156, 702 cm™; HRMS (ESI) Calcd for
Ci6H20NaO3 [M+Na] "283.1310, found 283.1303; yellow oil (20.4 mg, 50%)

5-methyl-2,2-diphenylcyclopentan-1-one (5Kk)

pn Ph (CAS-Reg# 1912-08-9); 'H-NMR (CDCls, 400 MHz) §: 1.16 (d, 3H, J = 7.6 Hz), 1.56-1.62
(m, 1H), 2.18-2.26 (m, 1H), 2.37-2.45 (m, 1H), 2.52-2.59 (m, 1H), 2.78-2.84 (m, 1H),
7.18-7.32 (m, 10H); (24.9 mg, 53%)

diethyl 4-methyl-3-oxocyclohexane-1,1-dicarboxylate (51)
o 'H-NMR (CDCls, 400 MHz) &: 1.06 (d, 3H, J = 6.4 Hz), 1.22-1.27 (m, 6H), 1.40-1.51
EtO2C><:/§7 (m, 1H), 2.02-2.11 (m, 1H), 2.18 (ddd, 1H, J = 13.6, 13.6, 3.6 Hz), 2.32 (qd, 1H, J = 6.4,
6.4 Hz), 2.41 (dd, 1H, J=13.6, 2.8 Hz), 2.51 (d, 1H, J = 14.8 Hz), 2.96 (d, 1H, J = 14.8
Hz), 4.13-4.26 (m, 4H); >C-NMR (CDCls, 100 MHz) &: 13.9, 13.9, 14.5, 29.9, 30.2,
44.0,45.1, 57.6, 61.8, 61.8, 170.3, 170.4, 208.2; IR (ATR) v: 2980, 1735, 1229, 1045 cm™'; HRMS (ESI)

EtO,C
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Calcd for C;3H;0NaOs [M+Na] 7279.1208, found 279. 1214; yellow oil (26.4 mg, 37%).

3-methylchroman-2-one (5m)
o. .o (CAS-Reg#66122-70-1)
@I 'H-NMR (CDCl3, 400 MHz) &: 1.54 (d, 3H, J = 6.8 Hz), 2.89-2.99 (m, 2H), 4.64-4.73 (m,
1H), 7.26 (t, 1H, J= 6.8 Hz), 7.39 (t, 1H, J=7.6 Hz), 7.53 (dt, 1H, J= 7.6, 1.6 Hz), 8.10
(d, 1H, J="7.6 Hz); (17.8 mg, 52%)

3-(4,4-dimethyl-1-tosylpyrrolidin-3-yl)-1-((4-fluorophenyl)sulfonyl)-2,3-dihydroquinolin-4(1H)-one
(trans-5n)
'H-NMR (CDCls, 400 MHz) &: 0.74 (s, 3H), 1.07 (s, 3H), 2.44 (s, 3H),
F 2.59-2.68 (m, 1H), 2.87 (d, 1H, J=9.6 Hz), 3.10 (dd, 1H, J=10.8, 7.6 Hz),
3.20 (d, 1H, J=9.6 Hz), 3.57-3.62 (m, 2H), 3.92 (dd, 1H, J = 13.6, 9.6 Hz),
4.20 (dd, 1H, J=13.6, 4.4 Hz), 7.14-7.22 (m, 3H), 7.32 (d, 2H, J = 8.4 Hz),
7.48-7.56 (m, 2H), 7.70 (d, 2H, J = 8.4 Hz), 7.76-7.84 (m, 2H), 7.92 (d, 1H,
J = 8.0 Hz); BC-NMR (CDCls, 100 MHz) &: 21.5, 21.6, 26.0, 40.4, 44.0, 45.5, 49.2, 49.4, 61.2, 116.8,
117.0, 120.8, 123.9, 124.8, 127.4, 128.7, 129.6, 129.7, 129.8, 133.4, 134.9, 141.7, 143.6, 193.9; IR (ATR)
v: 1734, 1345, 1158, 634 cm™'; HRMS (ESI) Calcd for CysHyoFN;NaOsSy, [M+Na] © 579.1400, found
579.1399; colorless solid (23.5 mg, 28%, 135-137 °C).

General procedure for cyclization: EtOH (0.2 M for alkenyloxime) was added to the mixture of
alkenyloxime 6 (1.0 eq.), Co (5 mol%) under an argon atmosphere at rt, then PhSiH; (1.5 eq.) was added at
rt and the solution was stirred at rt. Then, the solvent was removed under reduced pressure, and the residue

was purified by flash column chromatography.

General procedure for the synthesis of alkenyloximes 6

1 AcONa (5.0 eq.) 1 NEt; (2.0 eq.)

R R1 R']

H,NOH-HCI (3.0 eq.) AcCl (2.0 eq.)

=0 HLO/EOH (17402 M) R>=N0H CHaCL (02 M) R>=NOAC R>=NOTBS
2 2 2

Rz g0°c,1h i, 2 h
S50 S51 6e,g,h,i 6d.f,j

|TBSCI (2.0 eq.), imidazole (2.0 eq.) T
DMAP (10 mol%), CH,Cl, (0.2 M), rt, 1 h

S50 to S51: To a solution of S50 (1.0 eq.) in H,O/EtOH (1/4, 0.2 M for S50), H,NOH*HCl (5.0 eq.) and
AcONa (5.0 eq.) was added at rt, and the mixture was stirred for 1 h at 80 °C. Then, the mixture was
diluted with water and the aqueous layer was extracted with CH,Cl,. The combined organic layers were
washed with brine, dried over Na,SQOy, filtered, and concentrated on a rotary evaporator gave crude S51

which was purified by column chromatography.

S51 to 6e,g,h,i: To a solution of S51 (1.0 eq.) in CH,Cl, (0.2 M for S51), NEt; (2.0 eq.) and AcCl (2.0 eq.)
was added at 0 °C, and the mixture was stirred for 2 h at rt. Then, the mixture was diluted with 1N HCI and

the aqueous layer was extracted with CH,Cl,. The combined organic layers were washed with brine, dried
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over Na,SQy, filtered, and concentrated on a rotary evaporator gave crude 6e,g,h,i which was purified by
column chromatography.

S51 to 6d.f,j: To a solution of S51 (1.0 eq.) in CH,ClI, (0.2 M for S51), imidazole (2.0 eq.) and TBSCI (2.0
eq.) was added at 0 °C, and the mixture was stirred for 1 h at rt. Then, the mixture was diluted with H,O
and the aqueous layer was extracted with CH,Cl,. The combined organic layers were washed with brine,
dried over Na,SOy, filtered, and concentrated on a rotary evaporator gave crude 6d,f,j which was purified

by column chromatography.

Synthesis of 6a

cl TsNH, (2 eq.) Ph

KoCOs (4 eq.) B TSN VS (% ) TN
. 1.5eq. . eq.
Nal (1 eq.) TsHN/\( (15ea)o e 2 ) o T
Me MeCN (0.2 M) Me K,COs3(2eq.) H,O/EtOH
s52 80°C s53  acetone (0.3 M) O g5 (1/4,02M) N
17 h, 68% rt, 16 h, quant. 80°C,1h “‘wOH

67% (E/IZ=1/3.1)
6a (E/Z=1/3.1)
recrystallization (Hexane/AcOEt, 3 times) 6a (Z 0n|y)<j

S52 to S53: To a stirred solution of S52 (3.0 mL, 30.81 mmol) in MeCN (154 mL) was added K,CO3 (17.0
g, 123.2 mmol), Nal (4.6 g, 30.81 mmol) and TsNH; (10.5 g, 61.6 mmol), and the reaction mixture was
stirred at 80 °C. The reaction was quenched with H,O, extracted with AcOEt, dried over Na,SOy, filtered,
and concentrated in vacuo. Purification by flash column chromatography afforded S53 (4.5 g, 65%).

S53 to S54: To a stirred solution of S53 (2.55 g, 10.0 mmol) in acetone (33 mL) was added K,CO; (2.76 g,
20 mmol), phenayl bromide (2.99 g, 15.0 mmol) and the reaction mixture was stirred at rt for 16 h. The
reaction was quenched with H,O, extracted with AcOEt, dried over Na,SQOy, filtered, and concentrated in

vacuo. Purification by flash column chromatography afforded S54 (3.42 g, quant.).
S54 to 6a: Same as general procedure (S50 to S51).

1-(4-isopropyl-2,3,5-trimethoxyphenyl)-5-methylhex-5-en-1-ol (6a)
TN 'H-NMR (CDCls, 400 MHz) &: 1.33 (s, 3H), 2.43 (s, 3H), 3.51 (s, 2H), 4.50 (s, 2H), 4.72
Ph Me (s, 1H), 4.76 (s, 1H), 7.28 (d, 2H, J = 8.4 Hz), 7.33-7.40 (m, 3H), 7.60-7.69 (m, 4H),
9.30 (brs, 1H); BC-NMR (CDCls, 100 MHz) &: 19.8, 21.5, 42.4, 56.0, 114.4, 127.3,
127.5, 128.3, 129.4, 129.7, 133.7, 135.0, 140.0, 143.6, 154.9; IR (ATR) v: 3245, 3069,
2906, 1327, 1155, 752, 661 cm; HRMS (ESI) Caled for CjoH2N,;NaO;S [M+Na] "381.1249, found
381.1252; colorless solid (323 mg, 67%, mp: 140-143 °C)

N\
OH

Synthesis of 6b

To a stirred solution of 6a (103.3 mg, 0.289 mmol) in THF (1.4 mL) was added NaH (35 mg, 0.88 mmol)
at 0 °C, and the reaction mixture was stirred at 0 °C for 30 min. Then, benzyl bromide (0.1 mL, 0.84
mmol) was added at 0 °C, and the mixture was stirred for 2 h at rt. The reaction mixture was quenched
with H;O, extracted with AcOEt, dried over Na,SQy, filtered, and concentrated in vacuo. Purification by

flash column chromatography afforded 6b (£/Z mixture) which was recrystallized from hexane and AcOEt
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to give 6b (Z only, 45.9 mg, 35%).

(Z)-N-(2-((benzyloxy)imino)-2-phenylethyl)-4-methyl-N-(2-methylallyl)benzenesulfonamide (6b)
TsN 'H-NMR (CDCls, 400 MHz) 8:1.31 (s, 3H), 2.42 (s, 3H), 3.47 (s, 2H), 4.46 (s, 2H), 4.62
Ph Me (s, 1H), 4.67 (s, 1H), 5.14 (s, 2H), 7.20-7.41 (m, 10H), 7.57-7.72 (m, 4H); BC-NMR
N ogn (CDCls, 100 MHz) 86:19.7, 21.5, 42.7, 55.7, 76.6, 114.4, 127.4, 127.5, 128.0, 128.2, 128.4,
128.5, 129.2, 129.6, 1334.0, 135.3, 137.2, 139.9, 143.4, 153.9; IR (ATR) v: 2970, 1738,
1365, 1216, 612 cm™; HRMS (ESI) Caled for CaHgN,NaO;Si [M+Na] *471.1718, found 471.1716;

colorless solid

Synthesis of 6¢

To a solution of 6a (319 mg, 0.89 mmol) in CH,Cl, (1.8 mL), NEt; (0.25 mL, 1.78 mmol) and BzCl (0.21
mL, 1.78 mmol) was added at 0 °C, and the mixture was stirred for 2 h at rt. Then, the mixture was diluted
with water and the aqueous layer was extracted with CH,Cl,. The combined organic layers were washed
with brine, dried over Na,SQy, filtered, and concentrated on a rotary evaporator gave crude 6¢ which was

purified by column chromatography (378 mg, 92%).

(Z)-N-(2-((benzoyloxy)imino)-2-phenylethyl)-4-methyl-N-(2-methylallyl)benzenesulfonamide (6¢)
TeN 'H-NMR (CDCls, 400 MHz) 8:1.39 (s, 3H), 2.44 (s, 3H), 3.54 (s, 2H), 4.70 (s, 2H), 4.80
ph\n) Me (s, 1H), 4.84 (s, 1H), 7.24 (d, 2H, J= 7.6 Hz), 7.38 (dd, 2H, J= 7.6, 7.6 Hz), 7.44-7.66 (m,
N. 8H), 8.07 (d, 2H, J = 7.6 Hz); BC-NMR (CDCls, 100 MHz) &: 19.5, 21.2, 43.0, 55.4,
08z 115.3, 127.2, 128.1, 128.1, 128.3, 128.4, 129.4, 129.5, 130.3, 132.2, 133.4, 134.8, 139.0,
143.6, 162.6, 163.0; IR (ATR) v: 2942, 1763, 1344, 1212 cm’'; HRMS (ESI) Caled for Cy¢HpNoNaOsS,
[M+Na] " 485.1510, found 485.1506; colorless solid

(2)-N-(2-(((tert-butyldimethylsilyl)oxy)imino)-2-phenylethyl)-4-methyl-N-(2-methylallyl)benzenesulf
onamide (6d)
6a to 6d: Same as general procedure (S51 to 6d).

Ph b Me 'H-NMR (CDCls, 400 MHz) 8: 0.17 (s, 6H), 0.91 (s, 9H), 1.34 (s, 3H), 2.43 (s, 3H), 3.50
(s, 2H), 4.53 (s, 2H), 4.69 (s, 1H), 4.72 (s, 1H), 7.28 (d, 2H, J = 8.4 Hz), 7.32-7.35 (m,
3H), 7.66-7.70 (m, 4H); BC-NMR (CDCl;, 100 MHz) 6: -5.1, 18.0, 19.8, 21.5, 26.0,
42.1,55.3,113.9, 127.2, 127.5, 128.1, 129.1, 129.6, 134.3, 135.2, 140.0, 143.4, 157.0; IR (ATR) v: 2954,
1737, 1372, 1238, 1045, 744, 666 cm™; HRMS (ESI) Calcd for C,sH36N>NaO3SSi  [M+Na] 7495.2114,

found 495.2096; colorless oil (143.8 mg, quant.).

N\
oTBS

N-(2-(acetoxyimino)-2-phenylethyl)-4-methyl-N-(2-methylallyl)benzenesulfonamide (6e)

6a to 6e: Same as general procedure (S51 to 6e).

TsN
Ph\”) Me 'H-NMR (CDCls, 400 MHz) 8: 1.36 (s, 1.8 H), 1.41 (s, 1.2H), 2.03 (s, 1.2H), 2.24 (s, 1.8
NOAG H), 2.42 (s, 1.2H), 2.44 (s, 1.8H), 3.51 (s, 1.2H), 3.63 (s, 0.8H), 4.31 (s, 0.8H), 4.54 (s,

(E/Z=1/15)  12H), 4.75 (s, 0.6H), 4.81 (s, 0.6H), 4.83 (s, 0.4H), 4.86 (s, 0.4H), 7.23 (dd, 2H, J = 8.4,
8.4 Hz), 7.36-7.46 (m, 4H), 7.62-7.73 (m, 3H); >C-NMR (CDCLs;, 100 MHz) 8: 19.4, 19.6, 19.7, 19.7, 21.5,
43.6, 50.8, 55.1, 55.9, 115.2, 115.8, 127.4, 127.5, 128.1, 128.2, 128.3, 128.4, 129.6, 129.7, 130.0, 130.1,
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130.5, 132.3, 135.1, 135.3, 139.5, 139.8, 143.6, 143.8, 161.4, 161.5, 168.2, 168.9; IR (ATR) v: 2928, 1739,
1349, 1160, 812, 782 cm™'; HRMS (ESI) Caled for C51H24NoNaO4Si  [M+Na] * 423.1255, found 423.1347;
yellow oil (45.1 mg, 80%).

Synthesis of 6f

N
Br CO,Et TsN MeNHOMe*HCI (2 eq.) Me TsN
TeN (2eq.) iPrMgCl (4 eq.) |
— Eto\”) N

-

b K,COs (2 eq.) THF (0.5M), 1, 2h  MeO
s55 Acetone (0.2 M) 0 s56 82% (2steps) 0 S57
55°C,18h

MeMgBr (3 eq.) ‘\PNY 63% (3 steps from S57) _ \PNY

THF (0.2 M), 1t, 2 h
o] S58 NOTBS 6f

S55 to S56: To a stirred solution of S55 (1.0 g, 4.44 mmol) in acetone (22 mL) was added K,COj3 (1.23 g,
8.88 mmol), ethyl bromoacetate (0.98 mL, 8.88 mmol) and the reaction mixture was stirred at 55 °C for 18
h. The reaction was quenched with H,O, extracted with AcOEt, dried over Na,SO,, filtered, and

concentrated in vacuo. Short column chromatography gave crude S56.

S56 to S57: To a solution of crude S56 and MeNHOMe*HCI (866 mg, 8.88 mmol) in THF (9 mL) was
added iPrMgCl (2.0 M in THF, 8.9 mL, 17.8 mmol) at -20 °C and the mixture was stirred at room
temperature for 2 h. Sat. NH4ClI aq. was added and the mixture was diluted with ethyl acetate. The layers
were separated and the organic layer was washed with water and brine, dried over anhydrous Na,SO,4 and
concentrated under reduced pressure. The crude product was purified by silica gel column chromatography

to afford the corresponding S57 as a yellow oil (1.19 g, 82%, 2 steps).

S57 to S58: To a solution of S57 (136.4 mg, 0.42 mmol) in THF (2 mL) was added MeMgBr (3.0 M in
Et,0, 0.42 mL, 1.3 mmol) at 0 °C and the mixture was stirred at room temperature for 2 h. Sat. NH4ClI aq.
was added and the mixture was diluted with ethyl acetate. The layers were separated and the organic layer
was washed with water and brine, dried over anhydrous Na,SO, and concentrated under reduced pressure.

The crude S58 was used in the next step without further purification.
S58 to 6f: Same as general procedure (S50 to 6f). (108.2 mg, 63%, 3 steps)

N-(2-(((tert-butyldimethylsilyl)oxy)imino)propyl)-4-methyl-N-(2-methylallyl)benzenesulfonamide
(6f)
TsN/\K 'H-NMR (CDCls, 400 MHz) &: 0.13 (s, 5.3H), (s, 0.7H), 0.90 (s, 1.1H), 0.91 (s, 7.9H),
Me Me 1.65 (s, 2.6H), 1.68 (s, 0.4H), 1.84 (s, 2.6H), 1.92 (s, 0.4H), 2.43 (s, 2.6H), 2.44 (s,
NOTBS 0.4H), 3.62 (s, 0.2H), 3.64 (s, 1.8H), 3.78 (s, 1.8H), 4.04 (s, 0.2H), 4.76 (s. 0.1H), 4.80
(E/z=1/7.3) (s, 0.9H), 4.87 (s, 1H), 7.29 (d, 2H, J = 8.0 Hz), 7.69(d, 2H, J = 8.0 Hz); BC-NMR
(CDCI3, 100 MHz) &: -5.3, 12.3, 18.0, 20.0, 21.5, 26.0, 51.9, 54.3, 114.8, 127.3, 129.6, 136.2, 139.7, 143.3,
157.7; IR (ATR) v: 2928, 1342, 1160, 916, 777, 655 cm™'; HRMS (ESI) Calcd for Cy0H34N,NaO;Si ,
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[M+Na] " 433.1957, found 433.1953; colorless oil
Synthesis of 6g,h,i

RO.C_ (/5
H,NOH-HCI NEt; (1.2 eq.) RO,C 0
(0] (3 eq) NOH AcCl (1.2 eq.) NOAc RO,C $62 (1 eq.) n R n 6(%)
) el LG DA Et 1 6g(78)
Ph H,O/MeOH Ph THF (0.2M) Ph NaH (1.2 eq.) RO,C Bn 1 6h(87)
c1 (1/8,0.4 M) cit2h S61 C| THF (0.2 M) Ph i
ss9 . 17h s60 54% (2steps) (1.2eq.) rt,2h 6 NOAc Et 2 6i(76)

S59 to S60: To a slurry of phenacyl chloride (3.0 g, 19.4 mmol) and hydroxylamine hydrochloride (4.02 g,
58.2 mmol) in 5 mL of water was added with stirring portionwise methanol (40 mL) to yield a clear
solution. The clear solution was stirred for 17 h at room temperature and was added cold water, whereupon
an orange solid precipitated out. The oxime product was filtered out, washed several times with water, and

dried under reduced pressure gave crude S60 which was used in the next step without further purification.

S60 to S61: To a solution of crude S60 in THF (116 mL), NEt; (3.3 mL, 23.3 mmol) and AcCl (1.7 mL,
23.3 mmol) was added at 0 °C, and the mixture was stirred for 2 h at rt. Then, the mixture was diluted with
H,0 and the aqueous layer was extracted with AcOEt. The combined organic layers were washed with
brine, dried over Na,SOy, filtered, and concentrated on a rotary evaporator gave crude S61 which was

purified by column chromatography (2.2 g, 54%, 2 steps).

S61 to 6g,h,i: To a solution of S61 (1.0 eq.) in THF (0.2 M for S61) was added 60% sodium hydride (1.2
eq.) at 0 °C and the mixture was stirred at room temperature for 30 minutes. S62 (1.2 eq.) was then added
and the mixture was stirred for 2 h. Water was added and the mixture was diluted with ethyl acetate. The
layers were separated and the organic layer was washed with water and brine, dried over anhydrous
Na,SO4 and concentrated under reduced pressure. The crude product was purified by silica gel column

chromatography to afford the corresponding 6g,h,i.

diethyl 2-(2-(acetoxyimino)-2-phenylethyl)-2-(2-methylallyl)malonate (6g)
'H-NMR (CDCls, 400 MHz) 8: 1.13 (t, 0.9H, J = 6.8 Hz), 1.22 (t, 5.1H, J = 6.8 Hz), 1.62
e (5, 0.45H), 1.65 (s, 2.55H), 2.02 (s, 2.55H), 2.21 (s, 0.45H), 2.65 (s, 0.3H), 2.97 (s, 1.7H),
F10:C 3.35 (s, 1.7H), 3.61 (s. 0.3H), 3.86-4.18 (m, 4H), 4.72 (s, 0.15H), 4.80 (s, 0.85H), 4.85 (s,
NoAc  0.15H), 4.88 (s, 0.85H), 7.28-7.59 (m, 5H); >*C-NMR (CDCls, 100 MHz) §: 13.7, 19.6,
(EZ=571) " 23.0,37.6,39.6, 55.4, 61.5, 116.0, 127.3, 128.0, 129.5, 132.9, 140.6, 162.5, 168.6, 170.3;
IR (ATR) v: 2981, 1770, 1732, 1202, 760 cm™'; HRMS (ESI) Caled for C5;H,;NNaOg [M+Na] * 412.1736,

found 412.1725; yellow oil (284.2 mg, 78%).

Et0,C

dibenzyl 2-(2-(acetoxyimino)-2-phenylethyl)-2-(2-methylallyl)malonate (6h)
'H-NMR (CDCls, 400 MHz) &: 1.56 (s, 3H), 1.98 (s, 2.17H), 2.17 (s, 0.83H), 2.69 (s,
Me 0.56H), 3.03 (s, 1.44H), 3.37 (s, 1.44H), 3.68 (s, 0.56H), 4.58-5.06 (m, 6H), 7.11-7.55 (m,
BnoeC 15H); >C-NMR (CDCls, 100 MHz) §: 14.1, 19.5, 20.9, 22.9, 23.8, 31.3, 37.7, 39.8, 40.9,
NOAc  55.5,56.0, 60.2, 67.3, 67.3, 113.8, 116.2, 127.3, 128.0, 128.1, 128.1, 128.3, 129.5, 130.2,
(EZ=28) 1337, 134.1, 134.6, 135.1, 140.3, 140.4, 162.0, 163.5, 168.7, 169.8, 169.9; IR (ATR) v:

BnOZC
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2943, 1730, 1194, 903, 736 cm’'; HRMS (ESI) Calcd for CsH3NNaOg _[M+Na] * 536.2049, found
536.2049; yellow oil (504.5 mg, 87%).

diethyl 2-(2-(acetoxyimino)-2-phenylethyl)-2-(3-methylbut-3-en-1-yl)malonate (6i)

E10,C 'H-NMR (CDCls, 400 MHz) &: 1.17 (t, 6H, J = 6.8 Hz), 1.63 (s, 0.52H), 1.67 (s, 2.48H),
co. e 1.82-2.31 (m, 7H), 3.39 (s, 1.66H), 3.57 (s, 0.34H), 3.80-4.20 (m, 4H), 4.58 (s, 0.17H),
2
Ph 4.61 (s, 0.17H), 4.64 (s, 1.83H), 4.68 (s, 1.83H), 7.29-7.82 (m, SH); *C-NMR (CDCls,
NOAc

100 MHz) &: 13.8, 19.5, 22.2, 30.4, 32.0, 37.3, 56.0, 61.4, 110.5, 127.7, 127.9, 129.7,
1322, 1445, 162.4, 168.4, 170.1; IR (ATR) v: 2982, 1728, 1183, 903, 697 cm’;
HRMS (ESI) Calcd for C»,H9NNaOg | [M+Na] " 426.1893, found 426.1902; yellow oil (404.0 mg, 76%).

(E/Z = 4.8/1)

Synthesis of 6

. OMe 3N HCI (1.2 eq.) L 32% TSNY
OMe QX —~ THF (0.3 M) 7 (3 steps from S64)

TsN OMe > TsN
Nal (1 eq.) 60 °C,3h |
TsHN M ,
S OMe | COs (2 eq)) — NOTBS
S63 MeCN (0.3 M) S64 se5 Me 6j
80°C, 17 h, 79% Me (E/Z = 11)

S63 to S64: To a stirred solution of S63 (1.25 g, 4.83 mmol) in MeCN (16 mL) was added K,CO; (1.33 g,
9.65 mmol), Nal (724 mg, 4.83 mmol) and 3-chloro-2-methyl-1-propene (0.94 mL, 9.65 mmol), and the
reaction mixture was stirred at 80 °C for 17 h. The reaction was quenched with H,O, extracted with AcOEt,

dried over Na,SO,, filtered, and concentrated in vacuo. Purification by flash column chromatography
afforded S64 (1.2 g, 79%).

S64 to S65: To a stirred solution of S64 (1.2 g, 3.83 mmol) in THF (12 mL) was added 3N HCI (1.5 mL,
4.5 mmol) at rt, and the reaction mixture was stirred at 60 °C for 3 h. The reaction was quenched with H,O,
extracted with AcOEt, dried over Na,SQOy, filtered, and concentrated in vacuo. Purification by flash column
chromatography afforded crude S65 (864 mg) and S64 (223 mg, 19%).

S65 to 6j: Same as general procedure (S50 to 6j).

N-(2-(((tert-butyldimethylsilyl)oxy)imino)ethyl)-4-methyl-N-(2-methylallyl)benzenesulfonamide (6j)
'H-NMR (CDCls, 400 MHz) 6: 0.11 (s, 3H), 0.13 (s, 3H), 0.90 (s, 9H), 1.69 (s, 1.5H), 1.75
(s, 1.5H), 2.43 (s, 3H), 3.68 (s, 1H), 3.69 (s, 1H), 3.85 (d, 1H, J= 6.0 Hz), 4.03 (d, 1H, J =
NOTBS 3.6 Hz), 4.86 (s, 1H), 4.93 (s, 1H), 6.74 (t, 0.5H, J = 4.0 Hz), 7.28-7.33 (m, 2.5H), 7.69 (d,
(E/z=1/1)  2H, J = 8.0 Hz); BC-NMR (CDCls, 100 MHz) o: -5.5, -5.5, 17.9, 19.7, 21.4, 25.8, 25.8,

TsN
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42.5,45.5, 53.7, 55.2, 115.0, 115.5, 127.1, 129.7, 129.8, 135.8, 136.4, 139.3, 139.3, 143.4, 143.6, 149.9,
152.1; IR (ATR) v: 2929, 1739, 1350, 1249, 1160, 912, 754 cm’'; HRMS (ESI) Calcd for
Ci9H3:N;NaO3SSi | [M+Na] 7 419.1801, found 419.1791; colorless oil (250 mg, 32%).

O-benzoyl-N-(4,4-dimethyl-3-phenyl-1-tosylpyrrolidin-3-yl)hydroxylamine (7c)
'H-NMR (CDCls, 400 MHz) &: 0.70 (s, 3H), 1.10 (s, 3H), 2.28 (s, 3H), 3.37 (d, 1H, J =
TsN\/:L/ 9.2 Hz), 3.46 (d, 1H, J=9.2 Hz), 3.94 (d, 1H, J=11.2 Hz), 4.21 (d, 1H, J= 11.2 Hz),
PrHOBZ 717 (d, 2H, J = 8.4 Hz), 7.28-7.38 (m, 7H), 7.53 (dd, 1H, J = 7.2, 7.2 Hz), 7.64 (d, 2H,
J=8.4Hz),7.76 (d, 2H, J = 7.6 Hz), 7.92 (s, 1H); *C-NMR (CDCls;, 100 MHz) &: 19.6, 21.4, 24.9, 44.8,
53.1, 60.0, 72.8, 126.5, 127.4, 127.8, 128.3, 128.4, 129.0, 129.6, 133.3, 143.5, 165.5; IR (ATR) v: 2924,
1718, 1343, 1157, 705 cm’'; HRMS (ESI) Caled for CpeHagN,NaO3Si  [M+Na] © 487.1662, found
487.1160; colorless solid (20.9 mg, 35%).

O-(tert-butyldimethylsilyl)-N-(4,4-dimethyl-3-phenyl-1-tosylpyrrolidin-3-yl)hydroxylamine (7d)
'H-NMR (CDCls, 400 MHz) &: -0.21 (s, 3H), -0.09 (s, 3H), 0.46 (s, 3H), 0.71 (s, 9H),
TSN/\:I\/ 1.05 (s, 3H), 2.43 (s, 3H), 3.26 (d, 1H, J = 9.6 Hz), 3.30 (d, 1H, J= 9.6 Hz), 3.87 (d,
PO TES 1H, J=10.0 Hz), 4.19 (d, 1H, J=10.0 Hz), 4.97 (brs, 1H), 7.19-7.30 (m, 5H), 7.33 (d,
2H, J = 8.0 Hz), 7.79 (d, 2H, J = 8.0 Hz); BC-NMR (CDCls, 100 MHz) 6: -5.53, -5.45, 17.8, 19.6, 21.5,
25.6,25.9,44.0,51.2,59.9,73.5,127.1, 127.3, 127.5, 127.6, 129.7, 134.5, 138.4, 143.4; IR (ATR) v: 2926,
1713, 1345, 1158, 1092, 826 cm™'; HRMS (ESI) Calcd for C,sH3N,NaO;Si [M+Na] * 497.2270, found

497.2257; colorless solid (23.7 mg, 60%).

O-acetyl-N-(4,4-dimethyl-3-phenyl-1-tosylpyrrolidin-3-yl)hydroxylamine (7e)
'H-NMR (CDCls;, 400 MHz) &: 0.58 (s, 3H), 1.04 (s, 3H), 1.80 (s, 3H), 2.44 (s, 3H),
TSN/\:L/ 3.28 (d, 1H, J=9.6 Hz), 3.40 (d, 1H, J=9.6 Hz), 3.83 (d, 1H, J=11.2 Hz), 4.08 (d, 1H,
p,NHOAC  J=11.2 Hz), 7.25-7.31 (m, 4H), 7.33 (d, 2H, J = 8.0 Hz), 7.79-7.81 (m, 3H); BC-NMR
(CDCl;, 100 MHz) 6: 18.8, 19.7, 21.5, 24.7, 44.6, 53.1, 59.8, 72.4, 126.5, 127.4, 127.7,
128.2, 129.5, 134.2, 136.9, 143.5, 169.7; IR (ATR) v: 2969, 1739, 1343, 1220, 1157, 813 cm’'; HRMS
(ESI) Calcd for C;Hy6N2NaO4Si  [M+Na] "425.1511, found 425.1504; colorless solid (32.8 mg, 61%).

O-(tert-butyldimethylsilyl)-N-(3,4,4-trimethyl-1-tosylpyrrolidin-3-yl)hydroxylamine (7f)
'H-NMR (CDCls, 400 MHz) &: -0.02 (s, 3H), 0.02 (s, 3H), 0.78 (s, 3H), 0.84 (s, 3H),
TSN\/:I\/ 0.87 (s, 3H), 0.96 (s, 3H), 2.42 (s, 3H), 3.04 (d, 1H, J=10.8 Hz), 3.16 (brs, 2H), 3.64
M OTBS (4, 1H, J = 10.8 Hz), 4.42 (brs, 1H), 7.30 (d, 2H, J = 7.6 Hz), 7.72 (d, 2H, J = 7.6 Hz);
BC-NMR (CDCls, 100 MHz) &: -5.6, -5.5, 16.0, 17.9, 19.1, 21.5, 24.3, 26.1, 43.0, 54.2, 59.9, 68.1, 127.3,
129.6, 134.4, 143.2; IR (ATR) v: 2952, 1542, 1344, 1158, 1094, 665 cm™; HRMS (ESI) Caled for
Cy0H36N2NaO3SSi  [M+Na] 74352114, found 435.2107; yellow oil (25.7 mg, 66%).

diethyl 3-(acetoxyamino)-4,4-dimethyl-3-phenylcyclopentane-1,1-dicarboxylate (7g)

E10,C 'H-NMR (CDCls, 400 MHz) &: 0.66 (s, 3H), 1.15 (s, 3H), 1.28 (t, 6H, J = 7.2 Hz),
>< 1.79 (s, 3H), 2.17 (d, 1H, J = 14.4 Hz), 2.91 (d, 1H, J = 14.4 Hz), 3.06 (d, 1H, J =

PO 14 4 HZ), 335 (d, TH, J = 14.4 Hz), 4.16-4.32 (m, 4H), 7.24-7.40 (m, SH), 8.09 (brs,

EtO,C
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1H); BC-NMR (CDCl;, 100 MHz) 6: 14.0, 18.9, 21.4,27.4, 39.3, 45.7, 47.4, 56.7, 61.5, 61.7, 74.6, 126.5,
127.1, 127.9, 138.8, 169.8, 172.1, 173.0; IR (ATR) v: 2980, 1730, 1369, 1238, 1044, 700 cm’; HRMS
(ESI) Caled for CyH29NNaOg , [M+Na] " 414.1893, found 414.1906; orange oil (57.5 mg, 96%).

dibenzyl 3-(acetoxyamino)-4,4-dimethyl-3-phenylcyclopentane-1,1-dicarboxylate (7h)
BnO,C ) 'H-NMR (CDCls, 400 MHz) &: 0.63 (s, 3H), 1.13 (s, 3H), 1.64 (s, 3H), 2.18 (d, 1H,
J=14.4Hz),2.97 (d, 1H, J=14.4 Hz), 3.11 (d, 1H, J=14.4 Hz), 3.37 (d, 1H, J =
prNMOAC 14.4 Hz), 5.06-5.20 (m, 4H), 7.24-7.36 (m, 15H), 8.14 (s, 1H)); BC-NMR (CDCls,
100 MHz) 6: 18.8, 21.4, 27.5, 39.5, 45.6, 47.5, 56.9, 67.3, 67.4, 74.7, 126.4, 127.1, 127.9, 127.9, 128.0,
128.0, 128.2, 128.4, 128.5, 135.4, 135.8, 138.6, 169.9, 171.8, 172.7; IR (ATR) v: 2969, 1731, 1239, 698
cm’; HRMS (ESI) Calcd for C3;H33NNaOg , [M+Na] 7 538.2206, found 538.2193; yellow oil (69.2 mg,
83%).

BnO,C
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