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1. General information

"H NMR spectra were recorded on Bruker 400 MHz and 600 MHz spectrometer and the chemical
shifts were reported in parts per million (J) relative to internal standard TMS (0 ppm) for CDCIs. The
peak patterns are indicated as follows: s, singlet; d, doublet; dd, doublet of doublet; t, triplet; m,
multiplet; g, quartet. The coupling constants, .J, are reported in Hertz (Hz). *C NMR spectra were
obtained at Bruker 100 MHz, 150 MHz and referenced to the internal solvent signals (central peak is
77.0 ppm in CDCls). CDCl3 was used as the NMR solvent. APEX II (Bruker Inc.) was used for
ESI-MS and EI-MS. Flash column chromatography was performed over silica gel 200-300. All
reagents were weighed and handled in air at room temperature. All chemical reagents were
purchased from Alfa, Aldrich, TCI, and J&K and used without further purification.

CAUTION-I: Mixing a metal salt and peroxide can cause explosion. See: Jones, A. K.; Wilson, T. E.;
Nikam, S. S. In Encyclopedia of Reagents for Organic Synthesis, Paquette, L. A. Ed.; John Wiley &
Sons, Inc. 1995, 2, 880.
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2. General procedure for synthesis of start materials 1

All the unactivated alkene substrate 1 was known compounds. Unactivated alkenes 1a-1t*2 and 1u®
were prepared as followed procedure.

(a) General procedure for the synthesis of 1a-1t.

o)
(0] R2
1% CO,Me/COEt NaB(OMe), (10-30 mol%) R
R +
I R

CO,Me/CO,Et CH5CN

EtO,C/MeO,C CO,Me/CO,Et
To a 25 mL round bottom flask with a magnetic stir bar a solution of Michael donor (1.0 mmol) and
NaB(OMe)4 (0.10-0.30 mmol, 10-30 mol %) in MeCN (3.0 mL) was added a,f-unsaturated ketone
(1.0-2.0 mmol) at room temperature. The resulting solution was stirred at room temperature or 50 °C
under air atmosphere and monitored by TLC. Upon completion, solvent was removed under reduced
pressure, and the residue was purified by flash column chromatography on silica gel (ethyl
acetate/petroleum ether = 1/12-1/4) to give the desired products in good yield.

(b) General procedure for the synthesis of 1u.

Ph
MeOZC

h Br NaH (1.2 equiv), THF
+ >
MeO,C Ph :/_ 0 - 25 °C, overnight

MeOZC COzMe

To a stirred suspension of NaH (60% in mineral oil, 2.4 mmol.) in dry THF (6.0 ml) at 0 °C was
added a solution of dimethyl 2-phenethylmalonate (2.0 mmol) in THF (2.0 mL). The reaction
mixture was kept for 0.5 h, and then a solution of allyl bromide (2.2 mmol) in THF (2.0 mL) was
added dropwise, and then allowed to stir at room temperature for 12 h. Quenched with saturated
NH4Cl, extracted with ethyl acetate, and washed with brine. The organic phase was dried over
anhydrous Na2SOa4 and concentrated. The residue was purified by column chromatography on silica

gel (EtOAc/petroleum ether = 1:15) to give disubstituted product 1u as a colorless oil.
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3. General procedure for synthesis of products 3

' Wl _ooBu-t
-TsOH+H,0 (30 mol% R
)J\L J/ )J\ t-BuOOH i - ( 0) )L\[ /\/\)?\
X

50 °C, 5 h, N,

3
X = C(COZR)

R = Bz, alkyl, amide, ester

To a 10 mL sealable pressure tube was added unactivated alkenes 1 (0.1 mmol), p-TsOH-H20 (0.03
mmol), acetone (0.6 mL) and t-BuOOH (5.5 M in decane, 0.5 mmol) under N2 atmosphere at room
temperature, and the resulting solution was stirred at 50 °C for 5 h. The resulting mixture and the
solvent were evaporated under vacuum. The residue was purified by flash column chromatography

on silica gel (eluent: ethyl acetate/petroleum ether) to give the peroxides 3a-3u.

O

OOBu-t
Ph .

MeO,C CO,Me

Dimethyl 2-(2-(tert-butylperoxy)-3-oxo-3-phenylpropyl)-2-(5-oxohexyl)malonate (3a): Isolated
by flash column chromatography (ethyl acetate/petroleum ether = 3:1, Rr = 0.4) in 64% yield (28.7
mg); Colorless oil; *H NMR (600 MHz, CDCls, ppm) & 8.07 (d, J = 7.2 Hz, 2H), 7.58 (t, J = 7.4 Hz,
1H), 7.47 (t, J = 7.8 Hz, 2H), 5.16 (dd, J = 7.0, 5.5 Hz, 1H), 3.72 (s, 3H), 3.71 (s, 3H), 2.45-2.43 (m,
4H), 2.13 (s, 3H), 2.12-2.06 (M, 1H), 2.04-1.99 (m, 1H), 1.63-1.58 (m, 2H), 1.27-1.19 (m, 2H), 1.13
(s, 9H); °C NMR (150 MHz, CDCls, ppm) 6 208.5, 197.9, 171.3, 171.2, 135.2, 133.3, 129.0, 128.5,
81.6, 80.8, 55.9, 52.7, 52.6, 43.2, 33.2, 32.8, 29.9, 26.4, 23.8; HRMS (ESI) calcd for C24H340sNa
(M+Na)™: 473.2146; found: 473.2141.

O
OOBu-t

MeO
MeOZC COzMe

Dimethyl  2-(2-(tert-butylperoxy)-3-(4-methoxyphenyl)-3-oxopropyl)-2-(5-oxohexyl)malonate
(3b): Isolated by flash column chromatography (ethyl acetate/petroleum ether = 3:1, Rr = 0.35) in 63%
yield (30.2 mg); Colorless oil; *H NMR (600 MHz, CDCls, ppm) 6 7.97 (d, J = 8.2 Hz, 2H), 7.27 (d,
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J=8.6 Hz, 2H), 5.15 (t, J = 6.2 Hz, 1H), 3.72 (s, 3H), 3.71 (s, 3H), 2.45-2.41 (m, 7H), 2.13 (s, 3H),
2.11-2.05 (m, 1H), 2.03-1.98 (m, 1H), 1.63-1.58 (m, 2H), 1.26-1.18 (m, 2H), 1.14 (s, 9H); 13C NMR
(150 MHz, CDCls, ppm) & 208.6, 196.2, 171.4, 171.3, 163.7, 131.4, 128.1, 113.7, 81.6, 80.8, 55.9,
55.5, 52.7, 52.6, 43.2, 33.4, 32.8, 29.9, 26.4, 23.8; HRMS (ESI) calcd for CasHssOgsNa (M+Na)*:
503.2252; found: 503.2254.

(0]
OOBu-t

Ph
MeO,C CO,Me

Dimethyl 2-(3-([1,1'-biphenyl]-4-yl)-2-(zert-butylperoxy)-3-oxopropyl)-2-(5-oxohexyl)malonate
(3¢): Isolated by flash column chromatography (ethyl acetate/petroleum ether = 3:1, Rr = 0.4) in 63%
yield (32.9 mg); Colorless oil; *H NMR (600 MHz, CDCl3, ppm) ¢ 8.16 (d, J = 8.4 Hz, 2H), 7.70 (d,
J=8.4Hz, 2H), 7.65 (d, J = 7.3 Hz, 2H), 7.48 (t, J = 7.4 Hz, 2H), 7.41 (t, J = 7.4 Hz, 1H), 5.19 (t, J
= 6.5 Hz, 1H), 3.73 (s, 3H), 3.72 (s, 3H), 2.47-2.44 (m, 4H), 2.13 (s, 3H), 2.10-2.08 (m, 1H),
2.06-2.01 (m, 1H), 1.64-1.59 (m, 2H), 1.29-1.19 (m, 2H), 1.15 (s, 9H); 3C NMR (150 MHz, CDCls,
ppm) 0 208.5, 197.4, 171.4, 171.3, 145.9, 139.9, 133.8, 129.7, 129.0, 128.3, 127.3, 127.1, 81.8, 80.9,
55.9, 52.7, 52.6, 43.2, 33.3, 32.8, 30.0, 26.4, 23.8; HRMS (ESI) calcd for C3oHzsOsNa (M+Na)*:
549.2459; found: 549.2455.

(0]
OOBu-t

Me
MeO,C CO,Me

Dimethyl 2-(2-(tert-butylperoxy)-3-oxo-3-(p-tolyl)propyl)-2-(5-oxohexyl)malonate (3d): Isolated
by flash column chromatography (ethyl acetate/petroleum ether = 3:1, Rr = 0.4) in 65% yield (30.1
mg); Colorless oil; 'H NMR (600 MHz, CDCls, ppm) 6 7.97 (d, J = 8.2 Hz, 2H), 7.27 (d, J = 8.6 Hz,
2H), 5.15 (t, J = 6.2 Hz, 1H), 3.72 (s, 3H), 3.71 (s, 3H), 2.45-2.41 (m, 7H), 2.13 (s, 3H), 2.11-2.05
(m, 1H), 2.03-1.98 (m, 1H), 1.63-1.58 (m, 2H), 1.26-1.18 (m, 2H), 1.14 (s, 9H); 3C NMR (150 MHz,
CDCls, ppm) ¢ 208.6, 197.4, 171.3, 171.2, 144.2, 132.6, 129.2, 129.1, 81.5, 80.8, 55.9, 52.6, 52.5,
43.2, 33.3, 32.8, 29.9, 26.4, 23.8, 23.7, 21.7; HRMS (ESI) calcd for C2sHzsOsNa (M+Na)*: 487.2302;
found: 487.2305.
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Me OOBu-t

MeO,C CO,Me

Dimethyl 2-(2-(tert-butylperoxy)-3-oxo-3-(m-tolyl)propyl)-2-(5-oxohexyl)malonate (3e): Isolated
by flash column chromatography (ethyl acetate/petroleum ether = 3:1, Rr = 0.4) in 61% yield (28.2
mg); Colorless oil; *H NMR (600 MHz, CDCls, ppm) 6 7.86 (d, J = 6.9 Hz, 2H), 7.40-7.34 (m, 2H)
5.15 (t, J = 6.3 Hz, 1H), 3.72 (s, 3H), 3.71 (s, 3H), 2.45-2.42 (m, 7TH), 2.13 (s, 3H), 2.12-2.07 (m,
1H), 2.04-1.99 (m, 1H), 1.63-1.58 (m, 2H), 1.27-1.21 (m, 2H), 1.14 (s, 9H); 3C NMR (150 MHz,
CDCls, ppm) 6 208.5, 198.0, 171.3, 171.2, 138.2, 135.2, 134.1, 129.5, 128.3, 126.2, 81.5, 80.8, 55.9,
52.6, 52.5, 43.2, 33.2, 32.7, 29.9, 26.4, 23.8, 21.4; HRMS (ESI) calcd for CasH3s0sNa (M+Na)*:
487.2302; found: 487.2304.

Me O
OOBu-t

MeO,C CO,Me

Dimethyl 2-(2-(tert-butylperoxy)-3-oxo-3-(o-tolyl)propyl)-2-(5-oxohexyl)malonate (3f): Isolated
by flash column chromatography (ethyl acetate/petroleum ether = 3:1, Rr = 0.4) in 64% vyield (29.5
mg); Colorless oil; 'H NMR (600 MHz, CDCls, ppm) 6 7.67 (d, J = 7.2 Hz, 1H), 7.38-7.36 (m, 1H),
7.27-7.24 (m, 2H), 5.03 (dd, J = 9.0, 2.9 Hz, 1H), 3.71 (s, 3H), 3.66 (s, 3H), 2.46 (s, 3H), 2.44-2.33
(m, 4H), 2.12 (s, 3H), 2.09-2.04 (m, 1H), 2.02-1.97 (m, 1H), 1.61-1.55 (m, 2H), 1.24-1.20 (m, 1H),
1.09 (s, 9H), 1.08-1.03 (m, 1H); *C NMR (150 MHz, CDCls, ppm) & 208.5, 202.1, 171.3, 171.2,
138.6, 136.4, 131.7, 131.2, 128.4, 125.3, 82.0, 80.6, 56.0, 52.6, 52.5, 43.2, 32.6, 32.5, 29.9, 26.3,
23.8, 23.7, 20.7; HRMS (ESI) calcd for C2sH3sOsNa (M+Na)*: 487.2302; found: 487.2303.

O
OOBu-t

MeOQC COZMe

Dimethyl 2-(2-(tert-butylperoxy)-3-(4-fluorophenyl)-3-oxopropyl)-2-(5-oxohexyl)malonate (3g):
Isolated by flash column chromatography (ethyl acetate/petroleum ether = 3:1, Rr = 0.4) in 63% yield
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(29.3 mg); Colorless oil; 'H NMR (600 MHz, CDCls, ppm) 6 8.15-8.13 (m, 2H), 7.15 (t, J = 8.5 Hz,
2H), 5.09 (t, J = 6.5 Hz, 1H), 3.73 (s, 3H), 3.72 (s, 3H), 2.46-2.42 (m, 4H), 2.14 (s, 3H), 2.11-2.05
(m, 1H), 2.03-1.98 (m, 1H), 1.63-1.58 (m, 2H), 1.26-1.19 (m, 2H), 1.13 (s, 9H); 3C NMR (150 MHz,
CDCls, ppm) & 208.5, 196.4, 171.3, 165.8 (d, J = 253.6 Hz), 131.8 (d, J = 9.1 Hz), 131.5 (d, J = 2.9
Hz), 115.6 (d, J = 21.6 Hz), 82.0, 80.9, 55.9, 52.7, 52.6, 43.2, 33.2, 32.8, 29.9, 26.4, 23.7; 1°F NMR
(564 MHz, CDCls, ppm) 6 -104.62 (s, 1F); HRMS (ESI) calcd for C24H33FOgNa (M+Na)*: 491.2052;
found: 491.2054.

(0]
OOBu-t

cl
MeO,C CO,Me

Dimethyl 2-(2-(tert-butylperoxy)-3-(4-chlorophenyl)-3-oxopropyl)-2-(5-oxohexyl)malonate (3h):
Isolated by flash column chromatography (ethyl acetate/petroleum ether = 3:1, Rf = 0.4) in 61% yield
(29.5 mg); Colorless oil; *H NMR (600 MHz, CDCls, ppm) & 8.04 (d, J = 8.5 Hz, 2H), 7.45 (d, J =
8.5 Hz, 2H), 5.08 (dd, J = 7.2, 5.4 Hz, 1H), 3.72 (s, 3H), 3.72 (s, 3H), 2.46-2.41 (m, 4H), 2.14 (s,
3H), 2.10-2.05 (m, 1H), 2.03-1.98 (m, 1H), 1.63-1.58 (m, 2H), 1.25-1.18 (m, 2H), 1.12 (s, 9H); *3C
NMR (150 MHz, CDCls, ppm) 6 208.5, 196.8, 171.2, 139.7, 133.4, 130.6, 128.8, 82.1, 81.0, 55.8,
52.7, 52.6, 43.2, 33.2, 32.8, 29.9, 26.4, 23.7; HRMS (ESI) calcd for C24H33ClOsNa (M+Na)*:
507.1756; found: 507.1759.

(0]
OOBu-t

Br
MeO,C CO,Me

Dimethyl 2-(3-(4-bromophenyl)-2-(tert-butylperoxy)-3-oxopropyl)-2-(5-oxohexyl)malonate (3i):
Isolated by flash column chromatography (ethyl acetate/petroleum ether = 5:1, R = 0.4) in 58% yield
(30.4 mg); Colorless oil; *H NMR (600 MHz, CDCls, ppm) & 7.97 (d, J = 8.6 Hz, 2H), 7.62 (d, J =
8.6 Hz, 2H), 5.07 (dd, J = 7.4, 5.3 Hz, 1H), 3.72 (s, 3H), 3.72 (s, 3H), 2.46-2.41 (m, 4H), 2.14 (s,
3H), 2.10-2.05 (m, 1H), 2.03-1.97 (m, 1H), 1.63-1.58 (m, 2H), 1.26-1.18 (m, 2H), 1.12 (s, 9H); 3C
NMR (150 MHz, CDCls, ppm) 6 208.5, 197.0, 171.2, 133.8, 131.8, 130.7, 128.5, 82.1, 81.0, 55.8,
52.7, 52.6, 43.2, 33.2, 32.8, 30.0, 26.4, 23.7; HRMS (ESI) calcd for C24H33sBrOsNa (M+Na)":
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551.1251; found: 551.1254.

(0]
OOBu-t

F4C
MeO,C CO,Me

Dimethyl 2-(2-(tert-butylperoxy)-3-oxo-3-(4-(trifluoromethyl)phenyl)propyl)-2-(5-oxohexyl)
malonate (3j): Isolated by flash column chromatography (ethyl acetate/petroleum ether = 3:1, Rt =
0.4) in 59% yield (30.7 mg); Colorless oil;*H NMR (600 MHz, CDClIs, ppm) ¢ 8.21 (d, J = 8.2 Hz,
2H), 7.74 (d, J = 8.2 Hz, 2H), 5.11 (dd, J = 8.1, 4.4 Hz, 1H), 3.73 (s, 3H), 3.72 (s, 3H), 2.47-2.40 (m,
4H), 2.14 (s, 3H), 2.11-2.05 (m, 1H), 2.04-1.99 (m, 1H), 1.64-1.59 (m, 2H), 1.26-1.20 (m, 2H), 1.12
(s, 9H); 3C NMR (150 MHz, CDCls, ppm) & 208.4, 197.2, 171.2, 137.9, 134.4 (q, J = 32.6 Hz),
129.4, 1255 (g, J = 3.5 Hz), 123.6 (q, J = 270.6 Hz), 82.3, 81.1, 55.8, 52.7, 52.6, 43.1, 33.1, 32.8,
29.9, 26.3, 23.8, 23.7; 1%F NMR (564 MHz, CDCls, ppm) J -63.18 (s, 3F); HRMS (ESI) calcd for

CasHs3F30sNa (M+Na)*: 541.2020; found: 541.2022.
(@)

OOBu-t
I i

MeO,C CO,Me

Dimethyl 2-(2-(zert-butylperoxy)-3-(naphthalen-2-yl)-3-oxopropyl)-2-(5-oxohexyl)malonate (3k):
Isolated by flash column chromatography (ethyl acetate/petroleum ether = 3:1, Rr = 0.4) in 30% yield
(14.9 mg); Colorless oil; *H NMR (600 MHz, CDCls, ppm) J 8.68 (s, 1H), 8.10-8.08 (m, 1H), 7.99 (d,
J=8.1Hz, 1H), 7.91-7.88 (m, 2H), 7.63-7.60 (m, 1H), 7.57-7.55 (m, 1H), 5.29 (dd, J = 7.2, 5.4 Hz,
1H), 3.74 (s, 3H), 3.72 (s, 3H), 2.54-2.48 (m, 2H), 2.44 (t, J = 7.4 Hz, 2H), 2.16-2.09 (m, 4H),
2.07-2.02 (m, 1H), 1.64-1.59 (m, 2H), 1.27-1.22 (m, 2H), 1.14 (s, 9H); *C NMR (150 MHz, CDCls,
ppm) ¢ 208.5, 197.8, 171.4, 171.3, 135.7, 132.5, 132.4, 131.0, 129.8, 128.6, 128.3, 127.8, 126.7,
124.6, 81.7, 80.9, 56.0, 52.7, 52.6, 43.2, 33.4, 32.8, 29.9, 26.4, 23.8; HRMS (ESI) calcd for
C2sH3s08Na (M+Na)*: 523.2302; found: 523.2304.
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MeO,C CO,Me

Dimethyl 2-(2-(tert-butylperoxy)-3-oxo-3-(thiophen-2-yl)propyl)-2-(5-oxohexyl)malonate (31):
Isolated by flash column chromatography (ethyl acetate/petroleum ether = 3:1, Rf = 0.5) in 32% yield
(14.7 mg); Colorless oil; *H NMR (600 MHz, CDCls, ppm) & 8.01-8.00 (m, 1H), 7.69-7.68 (m, 1H),
7.17-7.15 (m, 1H), 4.88 (dd, J = 9.4, 3.6 Hz, 1H), 3.75 (s, 3H), 3.72 (s, 3H), 2.49-2.39 (m, 4H), 2.14
(s, 3H), 2.13-2.08 (m, 1H), 2.03-1.98 (m, 1H), 1.62-1.59 (m, 2H), 1.28-1.20 (m, 2H), 1.18 (s, 9H);
13C NMR (150 MHz, CDCls, ppm) 6 208.6, 191.4, 171.2, 171.1, 140.7, 134.2, 133.7, 128.0, 83.3,
81.2, 55.8, 52.7, 52.6, 43.3, 33.8, 32.4, 29.9, 26.4, 23.8, 23.7;, HRMS (ESI) calcd for C22H320sNa
(M+Na)*: 479.1710; found: 479.1708.

0]

OOBu-t
Ph

MeOZC COzMe

Dimethyl 2-(2-(tert-butylperoxy)-3-oxo-5-phenylpentyl)-2-(5-oxohexyl)malonate (3m ): Isolated
by flash column chromatography (ethyl acetate/petroleum ether = 3:1, Rt = 0.4) in 54% yield (25.8
mg); Colorless oil; *H NMR (600 MHz, CDCls, ppm) ¢ 7.28 (t, J = 7.6 Hz, 2H), 7.22-7.18 (m, 3H),
4.25 (dd, J = 7.2, 5.8 Hz, 1H), 3.72 (s, 3H), 3.71 (s, 3H), 3.11-3.04 (m, 1H), 2.95-2.87 (m, 3H), 2.44
(t, J = 7.3 Hz, 2H), 2.15 (d, J = 5.8 Hz, 2H), 2.13 (s, 3H), 2.06-2.00 (m, 1H), 1.96-1.91 (m, 1H),
1.61-1.56 (m, 2H), 1.19 (s, 9H), 1.15-1.11 (m, 2H); 3C NMR (150 MHz, CDCls, ppm) & 210.2,
208.5, 171.1, 171.0, 141.3, 128.4, 128.3, 126.0, 84.6, 81.1, 55.6, 52.8, 52.6, 43.2, 38.7, 32.5, 32.1,
29.9, 29.2, 26.4, 23.8, 23.6; HRMS (ESI) calcd for CasHssOsNa (M+Na)*: 501.2459; found:
501.2456.

(0]
OOBu-t

MeO,C CO,Me
Dimethyl  2-(2-(tert-butylperoxy)-3-cyclohexyl-3-oxopropyl)-2-(5-oxohexyl)malonate  (3n):
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Isolated by flash column chromatography (ethyl acetate/petroleum ether = 4:1, Rr = 0.3) in 56% yield
(25.4 mg); Colorless oil; 'TH NMR (600 MHz, CDCls, ppm) 6 4.34 (dd, J = 8.4, 4.1 Hz, 1H), 3.74 (s,
3H), 3.72 (s, 3H), 2.88-2.84 (m, 1H), 2.44 (t, J = 7.4 Hz, 2H), 2.24-2.18 (m, 2H), 2.13 (s, 3H),
2.06-2.01 (m, 1H), 1.97-1.92 (m, 1H), 1.85-1.78 (m, 4H), 1.62-1.57 (m, 2H), 1.41-1.25 (m, 6H), 1.20
(s, 9H), 1.18-1.09 (m, 2H); 3C NMR (150 MHz, CDCls, ppm) & 213.6, 208.5, 171.3, 171.2, 83.3,
80.8, 55.8, 52.7, 52.6, 45.7, 43.2, 32.5, 29.9, 29.4, 28.2, 26.4, 25.8, 25.5, 23.8, 23.7; HRMS (ESI)
calcd for C24H400sNa (M+Na)™: 479.2615; found: 479.2613.

o)

% ,OOBu-t
M

MeOZC COzMe

Dimethyl 2-((2R)-2-(tert-butylperoxy)-3-oxocyclopentyl)-2-(5-oxohexyl)malonate (30): Isolated
by flash column chromatography (ethyl acetate/petroleum ether = 5:1, Rt = 0.4) in 41% yield (16.3
mg); Colorless oil (dr > 20:1); *H NMR (600 MHz, CDCls, ppm) § 4.26 (d, J = 7.9 Hz, 1H), 3.74 (s,
3H), 3.72 (s, 3H), 3.10-3.06 (m, 1H), 2.44 (t, J = 7.3 Hz, 2H), 2.30-2.26 (m, 3H), 2.13 (s, 3H),
2.07-1.97 (m, 2H), 1.66-1.50 (m, 5H), 1.21 (s, 9H); 3C NMR (150 MHz, CDCls, ppm) & 212.5,
208.6, 171.1, 171.0, 84.9, 80.6, 60.0, 52.3, 52.2, 43.3, 42.4, 36.5, 34.4, 29.9, 26.4, 24.3, 23.9, 21.0;
HRMS (ESI) calcd for C20H3208Na (M+Na)*: 423.1989; found: 499.1988.

0]

OOBu-t
i‘:r/(\u/\)?\

MeOZC COzMe

Dimethyl 2-((1S)-2-(tert-butylperoxy)-3-oxocyclohexyl)-2-(5-oxohexyl)malonate (3p): Isolated
by flash column chromatography (ethyl acetate/petroleum ether = 5:1, Rt = 0.4) in 46% yield (18.9
mg); Colorless oil (dr > 20:1); *H NMR (600 MHz, CDClz, ppm) 6 4.27 (d, J = 4.6 Hz, 1H), 3.65 (s,
3H), 3.63 (s, 3H), 2.55-2.51 (m, 1H), 2.45-2.42 (m, 1H), 2.37 (t, J = 7.3 Hz, 2H), 2.17-2.12 (m, 1H),
2.06 (s, 3H), 1.90-1.78 (m, 5H), 1.52-1.47 (m, 2H), 1.34-1.29 (m, 1H), 1.28-1.20 (m, 2H), 1.17 (s,
9H); BC NMR (150 MHz, CDCls, ppm) 6 208.6, 207.5, 170.7, 170.6, 86.3, 80.9, 60.2, 52.3, 52.0,
45.9, 43.2, 38.0, 34.3, 29.9, 26.4, 24.4, 24.1, 23.9, 21.6; HRMS (ESI) calcd for C21H34OsNa
(M+Na)*: 437.2146; found: 437.2143.
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0]

p OOBu-t
BuO (0]

MeO,C CO,Me

1-(tert-butyl) 3,3-dimethyl 1-(tert-butylperoxy)-8-oxononane-1,3,3-tricarboxylate (3q): Isolated
by flash column chromatography (ethyl acetate/petroleum ether = 5:1, Rr = 0.35) in 57% yield (25.3
mg); Colorless oil; 'H NMR (600 MHz, CDCls, ppm) ¢ 4.23 (t, J = 6.3 Hz, 1H), 3.73 (s, 6H), 2.45 (t,
J = 7.4 Hz, 2H), 2.29 (d, J = 6.4 Hz, 2H), 2.13 (s, 3H), 2.07-2.01 (m, 1H), 1.98-1.93 (m, 1H),
1.62-1.57 (m, 2H), 1.48 (s, 9H), 1.44 (d, J = 4.6 Hz, 2H), 1.21 (s, 9H); *C NMR (150 MHz, CDCls,
ppm) ¢ 208.5, 171.3, 171.2, 170.4, 81.5, 80.6, 79.2, 55.7, 52.7, 52.5, 43.3, 33.0, 32.1, 29.9, 28.0, 26.4,
23.8, 23.6; HRMS (ESI) calcd for C22H3sO9Na (M+Na)*: 469.2408; found: 469.2405.

0
Ph< OOBu-t
N

|
Me

MeOZC COzMe

Dimethyl 2-(2-(tert-butylperoxy)-3-(methyl(phenyl)amino)-3-oxopropyl)-2-(5-oxohexyl)
malonate (3r): Isolated by flash column chromatography (ethyl acetate/petroleum ether = 3:1, Rt =
0.3) in 33% vyield (16.0 mg); Colorless oil; *H NMR (600 MHz, CDCls, ppm) 6 7.43 (t, J = 7.6 Hz,
2H), 7.35 (t, J = 7.4 Hz, 1H), 7.26 (d, J = 7.4 Hz, 2H), 4.47 (dd, J = 10.5, 2.8 Hz, 1H), 3.66 (s, 3H),
3.55 (s, 3H), 3.30 (s, 3H), 2.47-2.43 (m, 1H), 2.30 (t, J = 7.5 Hz, 2H), 2.18-2.15 (m, 1H), 2.11 (s,
3H), 1.89-1.84 (m, 1H), 1.62-1.57 (m, 1H), 1.39-1.34 (m, 2H), 1.17 (s, 9H), 1.04-0.99 (m, 1H),
0.80-0.73 (m, 1H); 3C NMR (150 MHz, CDCls, ppm) 6 208.5, 171.2, 170.2, 143.1, 129.6, 128.0,
127.9, 80.9, 75.6, 55.4, 52.5, 52.4, 43.2, 38.0, 33.4, 32.1, 29.9, 26.4, 23.6, 23.5; HRMS (ESI) calcd
for C2sH3sNOs (M+H)™: 480.2592; found: 480.2589.

(0]
OOBu-t

(0]
Me

MeO,C CO,Me

Dimethyl 2-(2-(tert-butylperoxy)-3-oxo-3-phenylpropyl)-2-(2-methyl-5-oxohexyl)malonate (3s):

Isolated by flash column chromatography (ethyl acetate/petroleum ether = 3:1, R = 0.4) in 58% yield
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(27.1 mg); Colorless oil (dr = 1:1); 'H NMR (600 MHz, CDCls, ppm) & 8.07 (d, J = 7.6 Hz, 2H),
7.58 (t, J = 7.4 Hz, 1H), 7.47 (d, J = 7.6 Hz, 2H), 5.19 (dd, J = 8.8, 3.7 Hz, 0.5H), 5.12 (dd, J = 8.8,
3.8 Hz, 0.5H), 3.71 (s, 3H), 3.70 (s, 3H), 2.53-2.38 (m, 4H), 2.18-2.13 (m, 4H), 1.99-1.88 (m, 1H),
1.60-1.51 (m, 2H), 1.46-1.38 (m, 1H), 1.12 (d, J = 2.4 Hz, 9H), 0.83 (d, J = 5.6 Hz, 3H); *C NMR
(150 MHz, CDCls, ppm) & 208.7, 208.6, 198.0, 197.9, 171.8, 171.7, 171.5, 171.4, 135.3, 135.2,
133.3, 129.1, 129.0, 128.5, 81.9, 81.6, 80.9, 80.8, 55.1, 55.0, 52.6, 52.5, 52.4, 41.0, 40.1, 39.7, 33.8,
33.6, 31.6, 31.4, 30.0, 29.9, 28.4, 28.3, 26.4, 20.0, 19.9; HRMS (ESI) calcd for CasHssOsNa

(M+Na)*: 487.2302; found: 487.2299.

(0]
OOBu-t

EtO,C CO,Et

Diethyl 2-(2-(tert-butylperoxy)-3-oxo-3-phenylpropyl)-2-(5-oxohexyl)malonate (3t): Isolated by
flash column chromatography (ethyl acetate/petroleum ether = 5:1, R = 0.4) in 61% yield (29.0 mg);
Colorless oil; *H NMR (600 MHz, CDCls, ppm) 6 8.07 (d, J = 7.4 Hz, 2H), 7.57 (t, J = 7.4 Hz, 1H),
7.46 (t, J = 7.7 Hz, 2H), 5.14 (t, J = 6.1 Hz, 1H), 4.22-2.14 (m, 7H), 2.45-2.42 (m, 4H), 2.13 (s, 3H),
2.12-2.06 (m, 1H), 2.04-1.99 (m, 1H), 1.63-1.58 (m, 2H), 1.26-1.21 (m, 8H), 1.13 (s, 9H); 3C NMR
(150 MHz, CDCls, ppm) ¢ 208.6, 198.0, 170.9, 170.8, 135.2, 133.2, 129.1, 128.5, 81.9, 80.8, 61.6,
61.4, 55.9, 43.3, 33.0, 32.5, 29.9, 26.4, 23.9, 23.7, 14.0; HRMS (ESI) calcd for C2sH3sO7Na
(M+Na)™: 501.2459; found: 501.2460.

OOBu-t

MeOZC COzMe

Dimethyl 2-(2-(tert-butylperoxy)-2-phenylethyl)-2-(5-oxohexyl)malonate (3u): Isolated by flash
column chromatography (ethyl acetate/petroleum ether = 5:1, Rf = 0.3) in 58% yield (24.6 mg);
Colorless oil; *H NMR (600 MHz, CDCls, ppm) 6 7.34-7.28 (m, 5H), 4.81 (dd, J = 8.0, 5.0 Hz, 1H),
3.71 (s, 3H), 3.55 (s, 3H), 2.58-2.54 (m, 1H), 2.41 (t, J = 7.4 Hz, 1H), 2.34-2.31 (m, 1H), 2.13 (s,
3H), 2.08-2.05 (m, 1H), 2.02-1.99 (m, 1H), 1.60-1.55 (m, 2H), 1.24-1.20 (m, 2H), 1.11 (s, 9H); 13C
NMR (150 MHz, CDCls, ppm) ¢ 208.6, 171.6, 171.5, 141.1, 128.1, 127.9, 127.3, 81.9, 80.0, 55.9,
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52.5, 52.4, 43.3, 37.3, 32.1, 29.9, 26.5, 23.8, 23.7; HRMS (ESI) calcd for Cz3H3:s07Na (M+Na)*:
445.2197; found: 445.2195.

p-TsOH+H,0 (30 mol%) ph OOBu-t 4
)K £BuOOH
CHCI, (0.6 mL) \
MeO,C CO,Me ... 50 °C, 5 h, N, MeO,C CO,Me . ./
1a 3

To a 10 mL sealable pressure tube was added unactivated alkenes 1 (0.1 mmol), p-TsOH-H20 (0.03
mmol), CHsCl (0.6 mL) and t-BuOOH (5.5 M in decane, 0.5 mmol) under N2 atmosphere at room
temperature, and the resulting solution was stirred at 50 °C for 5 h. The resulting mixture and the
solvent were evaporated under vacuum. The residue was purified by flash column chromatography

on silica gel (eluent: ethyl acetate/petroleum ether) to give the peroxides 3v-3x.

)

OOBu-t
Ph (0]

Ph
MeO,C CO,Me

Dimethyl 2-(2-(tert-butylperoxy)-3-oxo-3-phenylpropyl)-2-(5-oxo-5-phenylpentyl)malonate (3v):
Isolated by flash column chromatography (ethyl acetate/petroleum ether = 4:1, R = 0.3) in 28% yield
(14.3 mg); Colorless oil; *H NMR (600 MHz, CDCls, ppm) 6 8.36 (d, J = 7.3 Hz, 2H), 7.95 (d, J =
7.3 Hz, 2H), 7.58-7.55 (m, 2H), 7.48-7.45 (m, 4H), 5.19 (dd, J = 7.5, 5.0 Hz, 1H), 3.72 (s, 3H), 3.71
(s, 3H), 2.99 (t, J = 7.3 Hz, 2H), 2.48-2.42 (m, 2H), 2.18-2.13 (m, 1H), 2.11-2.05 (m, 1H), 1.81-1.76
(m, 2H), 1.39-1.33 (m, 1H), 1.31-1.23 (m, 1H), 1.13 (s, 9H); C NMR (150 MHz, CDCls, ppm) 6
199.8, 197.9, 171.4, 171.3, 137.0, 135.3, 133.3, 133.0, 129.1, 128.6, 128.5, 128.1, 81.6, 80.9, 56.0,
52.7,52.6, 38.2, 33.2, 32.9, 26.4, 24.3, 24.0; HRMS (ESI) calcd for C290H3s0sNa (M+Na)*: 535.2302;
found: 535.2303.

Ph

M602C COQMe

Dimethyl 2-(2-(tert-butylperoxy)-3-oxo-3-phenylpropyl)-2-(3-(2-oxocyclopentyl)propyl)-

malonate (3w): Isolated by flash column chromatography (ethyl acetate/petroleum ether = 3:1, Rf =
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0.3) in 16% vyield (7.6 mg); Colorless oil (dr = 1:1); *H NMR (600 MHz, CDCls, ppm) 6 8.05 (d, J =
7.3 Hz, 2H), 7.56 (t, J = 7.4 Hz, 1H), 7.46 (t, J = 7.9 Hz, 2H), 5.17-5.14 (m, 1H), 3.71 (s, 3H), 3.70
(s, 3H), 2.43-2.41 (m, 2H), 2.31-2.27 (m, 1H), 2.22-2.17 (m, 1H), 2.12-2.05 (m, 2H), 2.04-1.97 (m,
3H), 1.80-1.72 (m, 2H), 1.50-1.43 (m, 1H), 1.30-1.19 (m, 3H), 1.11 (s, 9H); 3C NMR (150 MHz,
CDCls, ppm) ¢ 221.0, 220.9, 197.9, 171.4, 171.3, 135.3, 135.2, 133.3, 129.1, 128.6, 81.6, 81.5, 80.9,
80.8, 56.0, 55.9, 52.7, 52.6, 48.9, 48.8, 38.2, 38.1, 33.3, 33.2, 32.9, 32.8, 29.9, 29.8, 29.7, 29.6, 26.4,
22.4, 22.3, 20.8; HRMS (ESI) calcd for C2sH3sOsNa (M+Na)*: 499.2302; found: 499.2303.

0]

OOBu-t
Ph . 0

MeO,C CO;Me CO,Et

3-ethyl 7,7-dimethyl 9-(tert-butylperoxy)-2,10-dioxo-10-phenyldecane-3,7,7-tricarboxylate (3x):
Isolated by flash column chromatography (ethyl acetate/petroleum ether = 3:1, R = 0.3) in 40% yield
(20.9 mg); Colorless oil (dr = 1:1); *H NMR (600 MHz, CDCls, ppm) 6 8.06 (d, J = 7.5 Hz, 2H),
7.58 (t, J = 7.4 Hz, 1H), 7.47 (t, J = 7.9 Hz, 2H), 5.17-5.14 (m, 1H), 4.22-4.17 (m, 2H), 3.71 (s, 3H),
3.71 (s, 3H), 3.42 (t, J = 7.3 Hz, 1H), 2.42 (d, J = 6.0 Hz, 2H), 2.23 (d, J = 0.8 Hz, 3H), 2.11-2.07 (m,
1H), 2.05-2.01 (m, 1H), 1.90-1.85 (m, 2H), 1.30-1.22 (m, 5H), 1.12 (d, J = 0.5 Hz, 9H); *°C NMR
(150 MHz, CDClIs, ppm) ¢ 202.8, 197.9, 197.8, 171.2, 171.1, 169.6, 169.5, 135.3, 133.4, 129.1,
128.6, 81.5, 81.4, 61.5,59.4, 59.3, 55.9, 52.7, 52.6, 33.2, 32.8, 32.7, 29.0, 28.9, 28.2, 26.5, 22.3, 22.2,
14.2; HRMS (ESI) calcd for C27H3s010Na (M+Na)*: 545.2357; found: 545.2361.

4. Large scale synthesis and transformation

o) o)
Ph = o p-TsOHH,0 (30 mol%) ph OOBu-t o
+ N+ +BuooH
50 °C, 5 h, N,
MeO,C CO,Me MeO,C CO,Me
1a 3a

To a 25 mL sealable pressure tube was added unactivated alkenes 1a (1 mmol), p-TsOH-H20 (0.03
mmol), acetone (6.0 mL) and t-BuOOH (5.5 M in decane, 0.5 mmol) under N2 atmosphere at room
temperature, and the resulting solution was stirred at 50 °C for 5 h. The resulting mixture and the

solvent were evaporated under vacuum. The residue was purified by flash column chromatography
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on silica gel (eluent: ethyl acetate/petroleum ether =1/10-1/5) to give the peroxide 3a in 57% vyield
(261 mg).

00B
Ph ” 0 | P ~P° 0
Et;N (5 equiv)

MeCN (1.0 mL)
MeOZC COZMe 25 OC, N2, 3h M602C COzMe

3a 4

To a 25 mL Schlenk tube with a magnetic stir bar were added 3a (45.0 mg, 0.1 mmol), EtsN (70.0 vL,
0.5 mmol) in MeCN (1.0 ml) and then allowed to stir at room temperature under N2 atmosphere for 3
h. The resultant residue was purified by flash chromatography (ethyl acetate/petroleum ether =
1/8-1/5) to afford dimethyl 2-(2,3-dioxo-3-phenylpropyl)-2-(5-oxohexyl)malonate (4) (31.7 mg, 84%
yield) as a yellow oil. *H NMR (600 MHz, CDCls, ppm) 6 8.00 (d, J = 7.2 Hz, 2H), 7.64 (t, J = 7.4
Hz, 1H), 7.50 (t, J = 7.8 Hz, 2H), 3.76 (s, 6H), 3.48 (s, 2H), 2.44 (t, J = 7.3 Hz, 2H), 2.12 (s, 3H),
2.06 (t, J = 8.4 Hz, 2H), 1.61-1.56 (m, 2H), 1.31-1.26 (m, 2H); **C NMR (150 MHz, CDCls, ppm) &
208.4, 199.0, 190.9, 171.0, 134.6, 131.7, 130.5, 128.8, 56.0, 52.9, 43.1, 41.2, 34.1, 29.9, 24.2, 23.6;
HRMS (ESI) calcd for C20H2407Na (M+Na)™: 399.1414; found: 399.1405.

i OOBu-t i Q
Ph (0] FeBr, (1.2 equiv) Ph
MeCN (1.0 mL) 0 COMe
MeO,C CO,Me 25°C, N5, 5h 0]
3a 5, 38%, dr=4:1

To a 25 mL Schlenk tube with a magnetic stir bar were added 3a (90.0 mg, 0.2 mmol), FeBr2 (51.8
mg, 0.24 mmol) in MeCN (1.0 ml) and then allowed to stir at room temperature under N2 atmosphere
for 5 h. The resultant residue was purified by flash chromatography (ethyl acetate/petroleum ether =
1/5-1/2) to afford compound 5 with 4 : 1 diastereomer ( 26.1 mg, 38%, yellow oil). *H NMR (600
MHz, CDCls, ppm) 6 8.01 (d, J = 8.0 Hz, 2H), 7.65 (t, J = 7.4 Hz, 1H), 7.52 (t, J = 7.8 Hz, 2H), 5.73
(dd, J = 9.2, 7.2 Hz, 1H), 3.84 (s, 3H), 3.04-3.01 (M, 1H), 2.47-2.41 (m, 4H), 2.18-2.12 (m, 5H),
1.81-1.76 (m, 1H), 1.62-1.57 (m, 2H); *C NMR (150 MHz, CDCls, ppm) & 208.4, 194.0, 193.3,
172.8, 169.6, 169.4, 134.4, 134.1, 133.9, 129.0, 128.9, 128.8, 128.7, 76.9, 76.6, 55.2, 53.5, 42.9, 42.8,
34.0, 29.9, 24.2, 23.4, 23.3; HRMS (ESI) calcd for CioH2206Na (M+Na)*: 369.1309; found:
369.1303.
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5. Mechanistic studies

(a) Control experiments

o o) \<
TEMPO (5.0 equiv)
N-O (@]
Ph ~ + )J\ Standard condition
> a +
MeO,C CO,Me t-BuOGH 96% 6 detected by HRMS
1 M+ H*=214.1799
2 M + Na* = 236.1618

To a 10 mL sealable pressure tube was added added unactivated alkenes l1a (0.1 mmol),
p-TsOH-H20 (0.03 mmol), TEMPO (78.1 mg, 0.5 mmol), acetone (0.6 mL) and t-BuOOH (5.5 M in
decane, 0.5 mmol) under N2 atmosphere at room temperature, and the resulting solution was stirred
at 50 °C for 5 h. The model reaction was totally supressed where alkene la was almost fully

recovered, and we can detect the molecular weight of compound 6 by HRMS (Figure 1).

T: FTMS + p ESI Full ms [100.0000-1000.0000]
21417992

100+
] N-O o
g ]
g .
5% M+H*=214.1799
%
£ 404 =
£
=
% 2] 248.20598
20] 215.18329 i
] = = 228.19549 236.16183 _ Lo
118518425 197.09596 201 54541 20506832 213.09072 | 1216.99028 20 1484 \ 18183 240.23157 24720937
-rrrr—tr—tr-r----Trre-rrr——ttrrr L B e e e s e e e e e e e e e e
180 185 200 205 210 215 220 225 220 225 240 245 250
mz
T: FTMS + p ESI Full ms [100.0000-1000.0000]
23816183
100
] < N-O 0
3 80+ \_<
g 3
‘g =
2 0 M+Na*=236.1618 240.23157
2
<
$ i Z32,1502¢ 241.08575 242.60361
£ 407 23720861
<
e ]
20-] 22458099 235.19298
. 5 239.22413
231.85308 238.14094 243.09128
221.21428 | 233.19202 | 22581378 | } A 1
LI B s s s e S e S e e e e s s e e e e T T T e T T T T
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miz

Figure 1. HRMS of the reaction solution
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Ph =,

MeO,C CO,Me

1a

Bu

(0]
)j\ BHT (5 equiv) o OH
Standard condition
> 1a +
Bu
t-BuOOH 48%

7 detected by HRMS
M+ H* =277.2158
M + Na® = 299.1980

To a 10 mL sealable pressure tube was added added unactivated alkenes la (0.1 mmol),

p-TsOH-H20 (0.03 mmol), BHT (110 mg, 0.5 mmol), acetone (0.6 mL) and t-BuOOH (5.5 M in

decane, 0.5 mmol) under N2 atmosphere at room temperature, and the resulting solution was stirred

at 50 °C for 5 h. The model reaction was totally supressed where alkene la was almost fully

recovered, and we can detect the molecular weight of compound 7 by HRMS (Figure 2).

T: FTMS + p ESI Full ms [100.0000-1000.0000]

27721578
100+ ‘Bu
1 [e] OH
g 80 4— :
E ] Bu
£ 0Jlet i M+ H*=277.2158
< -
£ 40
$ 9]
s
% 2] 278.21920
ornail 2}”:_27105315 279.15863 28018257 281.17139 28220001 283.18750
LB e e LIS e e
2750 275 2760 2765 2770 2775 2780 278 2790 2795 2800 2805 2810 2815 2820 2825 2830
m/z
I: FTMS + p ESI Full ms [100.0000-1000.0000] =
i 29915796
B ‘Bu
J fe} OH —— P
" ) / < é
& il ‘Bu
2 804
e M + Na* = 299.1980
<
£ 40 298.31001 S05.13817
2
- 20134 18.34
6] 300.20134 00 p000s 318.20009
] . 306.14155
28220317 286.31024 29026854 29321070 296.18971 | N { [ 310.15042 21247777 10 112302 $19.30354
™TT T L E e e e — | BN B S S S S e — R e R K T e e e s =TT
280 285 250 295 200 205 210 215 320
Figure 2. HRMS of the reaction solution
O Standard condition )j\/\/u\
+BuOOH  + )J\ -

Detected by GCMS

2a M = 114.0

To a 10 mL sealable pressure tube was added added p-TsOH-H20 (0.03 mmol), acetone (0.6 mL)

and t-BuOOH (5.5 M in decane, 0.5 mmol) under N2 atmosphere at room temperature, and the

resulting solution was stirred at 50 °C for 5 h. We can detect the molecular weight of 2,5-hexadione

by GC-MS. (Figure 3)
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Figure 3. GC-MS of the reaction solution
(b) Kinetic isotope effect (KIE) experiment
0]
OOBu-t
(0] Ph
Ph = 0
MeO,C CO,Me
Standard condition o 3a
MeOZC COzMe + 0.3 mL >
1a o 10min, 36% o OOBu-t
e Ku/Kp =1.1: 1
HOOBuU-t DsC” "CDs CDs
0.3 mL MeO,C CO,MeD D
3a'd6

To a 10 mL sealable pressure tube was added unactivated alkenes 1a (0.1 mmol), p-TsOH-H20 (0.03
mmol), acetone (0.3 mL), acetone-ds (0.3 mL) and t-BuOOH (5.5 M in decane, 0.5 mmol) under N2
atmosphere at room temperature, and the resulting solution was stirred at 50 °C for 10 minutes. The
yield was 36% with a ratio of 1.1 : 1 (kw : ko), which suggested that the cleavage of the C(sp®)-H
bond was not the rate-determining steps in this transformation. *H NMR (600 MHz, CDCls, ppm) ¢
8.06 (d, J = 7.4 Hz, 2H), 7.58 (t, J = 7.4 Hz, 1H), 7.47 (t, J = 7.8 Hz, 2H), 5.16 (dd, J = 7.0, 5.2 Hz,
1H), 3.72 (s, 3H), 3.71 (s, 3H), 2.45-2.40 (m, 3.06H), 2.13 (s, 1.58H), 2.10-2.06 (m, 1H), 2.04-1.99
(m, 1H), 1.63-1.58 (m, 2H), 1.25-1.17 (m, 2H), 1.13 (s, 9H). HRMS (ESI) calcd for C24H2sDs0sNa
(M+Na)™: 478.2460; found: 478.2458.

(c) Deuterium labeling experiment

The deuterium unactivated alkene substrate 1a was known compound. Unactivated alkene 1la-d, was

prepared as followed procedure.!
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D
Ph Z"  1)LiHMDS, THF Ph D~
2) D,O
MeO,C CO,Me MeO,C CO,Me
1a 1a-d,

Experimental procedures for the synthesis of la-d,: To a solution of 1la (608.0 mg, 2.0 mmol) in
THF (3.0 mL) at -78 <C was slowly added a solution of LIHMDS (5.0 mL, 1.0 M in THF) under No.
After being stirred for 1 h at -78 <C, the reaction mixture was quenched by slowly sequential
addition of D20 (2.0 mL). Then the mixture was warmed to room temperature, stirred for an
additional 30 mins, and extracted with ethyl acetate (3 x 5.0 mL). The combined organic extracts
were washed with brine (5.0 mL), dried over Na2SOs, filtered, and concentrated. The residue was
repeated three times as the procedure described above and purified by flash chromatography on silica
gel (ethyl acetate/petroleum ether = 1/12-1/6) to  give  the  dimethyl
2-allyl-2-(3-(4-bromophenyl)-3-oxopropyl) malonate-d. (1a-d.) (535.0 mg, 88% yield) as a colorless
oil. 1a-d»?: Colorless oil; *H NMR (400 MHz, CDCls, ppm) 6 7.94 (d, J = 7.2 Hz, 2H), 7.56 (t, J =
7.4 Hz, 1H), 7.45 (t, J = 7.8 Hz, 2H), 5.74-5.64 (m, 1H), 5.16-5.11 (m, 2H), 3.72 (s, 6H), 3.02-2.91
(m, 0.14H), 2.71 (d, J = 7.4 Hz, 2H), 2.30 (s, 2H).
93% o 98%

0O +
o~/ O
Ph M )J\ Standard condition pp,

HOOBu-t
MeOZC COzMe M902C COzMe

1a-d, 3a-d,, 57%

To a 10 mL sealable pressure tube was added unactivated alkenes 1a-d> (0.1 mmol), p-TsOH-H20
(0.03 mmol), acetone (0.6 mL) and t-BuOOH (5.5 M in decane, 0.5 mmol) under N2 atmosphere at
room temperature, and the resulting solution was stirred at 50 °C for 5 h. The resulting mixture and
the solvent were evaporated under vacuum. The residue was purified by flash column
chromatography on silica gel (ethyl acetate/petroleum ether = 1/8-1/5) to give the peroxide 3a-d; in
54% yield (24.3 mg).

3a-dy: Colorless oil; *H NMR (600 MHz, CDCls, ppm) 6 8.05 (d, J = 7.3 Hz, 2H), 7.57 (t, J = 7.4 Hz,
1H), 7.46 (t, J = 7.9 Hz, 2H), 5.15 (dd, J = 7.2, 5.2 Hz, 0.02H), 3.70 (s, 3H), 3.69 (s, 3H), 2.44-2.41
(m, 4H), 2.12 (s, 3H), 2.09-2.04 (m, 1H), 2.01-1.97 (m, 1H), 1.61-1.57 (m, 2H), 1.23-1.17 (m,
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1.14H), 1.12 (s, 9H); **C NMR (150 MHz, CDCls, ppm) ¢ 208.6, 197.9, 171.3, 171.2, 135.2, 133.3,
129.0, 128.5, 80.8, 55.9, 52.7, 52.6, 43.2, 33.1, 32.7, 29.9, 26.4, 23.7; HRMS (ESI) calcd for
C24H32D208Na (M+Na)*: 475.2271; found: 475.2266.
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8
0
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0.146719 Hz
3.4079220 sec
62.22
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600.1739011 MHz
1H
9.96 usec
65536
600.1700077 MHz
EM
0
0.30 Hz
0
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NAME wll-554p-20210610
EXPNO 1
PROCNO 1

Date 20210611

Time 5.40
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 65536
SOLVENT CDC13

NS 8

DS 0

SWH 9615.385 Hz
FIDRES 0.146719 Hz
AQ 3.4079220 sec
RG 76.92

DW 52.000 usec
DE 6.50 usec
TE 295.6 K

D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1739011 MHz
NUC1 1H

Pl 9.96 usec
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GB 0

PC 1.00
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AQ 0.9088159 sec
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DE 6.50 usec
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D1 2.00000000 sec
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WLL-578PP-20210709

2
1

20210709

15.58

spect

5 mm PABBO BB/
zgpg30

65536

CDC13

100

4

36057.691
0.550197
0.9088159
190.02

13.867

6.50

302.2
2.00000000
0.03000000

CHANNEL f1
150.9279571
13C

14.00

32768
150.9128665
EM

0

1.00

0

1.40


mayang66789
放置图像


AN MHOOONOOOMNMAAN A AT OIFIETMULONLODOOODOO>TONOMTIMHOOVWOWMOTIr-LW
HO WO MOMANALTONANILTTON AV ITTITOANNOODOVWLOOVWIOILITMNMHMMANOOMODWESHOO ™ WO
Qo WV VOVWVOUNWOWOMEEETTVODOODOODOODOUY IS TN A A A A A A A AHO >0 O OO O WO
QO mIOWOIOMOMOMOMOMOMANANNANANNANNNANNANANNANNAAAAAAAAAA
L_A‘¥L\L\L_,L‘J_,L¥L‘é§§§§§§§§§§§§§§§§§§§%§§%§%§§§§§§§§§§%§4 \é%gééééégggégégzési’A IE.;I:I{.LI|I“;IEE|I‘!
4t::;:::::::%‘-“-“__“_‘\_ﬁ
(0]
NAME WLL-600-PRO-20211224
COOMe EXPNO 1
0 PROCNO 1
Date_ 20211224
0 © Time 16.17
5 INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG 2g30
TD 65536
SOLVENT CDC13
NS 8
DS 0
SWH 9615.385 Hz
FIDRES 0.146719 Hz
AQ 3.4079220 sec
RG 62.22
DW 52.000 usec
DE 6.50 usec
TE 298.0 K
D1 1.00000000 sec
TDO 1
======== CHANNEL f1l ========
SFO1 600.1739011 MHz
NUC1 1H
Pl 9.96 usec
SI 65536
SF 600.1700092 MHz
| | WDW EM
\ | SSB 0
‘M I LB 0.30 Hz
| ‘h “ | | ‘ GB 0
| LJ g0 PC 1.00
R e e B
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COOMe NAME WLL-600-PRO-20211224
EXPNO 2
o PROCNO 1
o) (o) Date_ 20211224
Time 16.52
5 INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 300
DS 4
SWH 36057.691 Hz
FIDRES 0.550197 Hz
AQ 0.9088159 sec
RG 190.02
DW 13.867 usec
DE 6.50 usec
TE 298.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 150.9279571 MHz
NUC1 13C
Pl 11.90 usec
ST 32768
SF 150.9128726 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
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Date_
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PULPROG
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SWH
FIDRES
AQ

RG

DW

DE

wll-614p-20211118

1

1

20211118
21.23
spect

5 mm PABBO BB/
zg30

65536
CDC13

8

0

9615.385
0.146719
3.4079220
69.87
52.000
6.50

297.7
1.00000000
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600.1739011
1H

9.96

65536
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EM
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NAME wll-3-22-1-20210323
EXPNO 1
MeO,C COMe PROCNO 1
tad, Date_ 20210323
Time 15.14
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG zg30
TD 32768
SOLVENT CDC13
NS 8
DS 0
SWH 6393.862 Hz
FIDRES 0.195125 Hz
AQ 2.5625076 sec
RG 161
DW 78.200 usec
DE 6.50 usec
TE 294.9 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 1H
Pl 10.40 usec
PL1 -1.00 dB
\ PL1W 17.01305389 W
U | | SFO1 400.1326008 MHz
| SI 32768
i M I . SF 400.1300098 MHz
WDW EM
I . | non .
LB 0.30 Hz
GB 0
e e e R L D R I PC 1.00
11 10 9 8 7 6 5 4 3 2 1 0 ppm
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NAME wll-599p-20210727
MeO,C CO,Me EXPNO !
Date 20210727
3a-d, Time 19.53
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 8
DS 0
SWH 9615.385 Hz
FIDRES 0.146719 Hz
AQ 3.4079220 sec
RG 62.22
DW 52.000 usec
DE 6.50 usec
TE 298.1 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1739011 MHz
NUC1 1H
Pl 9.96 usec
ST 65536
SF 600.1700154 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
[ “‘ PC 1.00
|
M “‘ [
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