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1. General

'H and '3C NMR spectra were recorded at 400 MHz and 101 MHz using CDCl; as a solvent. The chemical
shifts are reported in & (ppm) values (*H and 3C NMR relative to CHCl;, 6 7.26 ppm for 'H NMR and § 77.0
ppm for 33C NMR and CFCl; (6 0 ppm for *F NMR), multiplicities are indicated by s (singlet), d (doublet), t
(triplet), g (quartet), p (pentet), h (hextet), m (multiplet) and br (broad). Coupling constants (J), are
reported in Hertz (Hz). All reagents and solvents were employed without further purification. The products
were purified using a commercial flash chromatography system. TLC was developed on silica gel 60 F254
aluminum sheets. All reagents were purchased from Sigma-Aldrich or Alfa Aesar and used as received
without any further purification. HCI/DMPU (43% w/w) was prepared following our reported work.[

2. General procedures

2.1 General procedure for hydrochlorination of alkenes with combined acid system

HCI/DMPU (43% w/w, 8 equiv) was added to a solution of alkene 1 (0.2 mmol) in AcOH (0.5 ml), the
mixture was stirred at room temperature for designated time. Then the reaction mixture was diluted with
Et,O (1 ml), sequentially washed with water (1 ml), NaHCO; aqueous solution (2 x 1 ml) and brine (1 ml).
The organic layer was dried over Na,SO, and concentrated to dryness. The residue was purified by flash
chromatography on silica gel (hexanes/ethyl acetate) to obtain pure product 2.

2.2 Additive-based screening for heterocycles

HCI/DMPU (43% w/w, 8 equiv) and heterocycle additives (0.2 mmol, 1 equiv) were added to a solution of
styrene 1a (0.2 mmol) in AcOH (0.5 ml), the mixture was stirred at room temperature for 6 h. Then internal
standard CH,Br, (0.2 mmol, 1 equiv) was added into the reaction mixture. Both reaction yield and additive
remaining were determined through analysis of crude 'H NMR.

2.3 Comparison of efficiency with different HCl sources

HCl sources (8 equiv) was added to a solution of styrene 1a (0.4 mmol) in AcOH (1 ml), the mixture was
stirred at room temperature for 5 h. The reaction yield was monitored at 20 min, 40 min, 1 h, 1.5 h, 2 h,
3 h and 5 h through analysis of crude 'H NMR.

2.4 Study of the effect of chloride concentration

Four parallel reactions with styrene 1a (0.4 mmol), HCI/DMPU (43% w/w, 2 equiv) in AcOH (1 ml) were set
up, then 0, 1, 2 and 4 equivalents of LiCl was added respectively, the reaction mixtures were stirred at
room temperature for 5 h. The reaction yields were monitored at 20 min, 40 min, 1 h, 1.5 h, 2 h, 3 h and
5 h through analysis of crude 'H NMR.

2.5 Mechanism study of hydrochlorination of styrene



A) KIE study for hydrochlorination of styrene

Two parallel reactions with styrene 1a (0.4 mmol), HCI/DMPU (43% w/w, 2 equiv) in AcOH (1 ml) and
AcOD (1 ml) were set up, then the reaction mixtures were stirred at room temperature for 5 h. The
reaction yields were monitored at 20 min, 40 min, 1 h, 1.5 h, 2 h, 3 h and 5 h through analysis of crude 'H
NMR. The reaction rates were showed in Scheme S1.
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Scheme S1. Reaction rates in AcOH and AcOD.
B) Mechanism study for step 1: acetylation of styrene

Four parallel reactions were set up: (1) styrene 1a (0.4 mmol), TfOH (2 equiv) in AcOH (1 ml); (2) styrene
1a (0.4 mmol), Ga(OTf)3 (2 equiv) in AcOH (1 ml); (3) styrene 1a (0.4 mmol), Ga(OTf); (2 equiv) in AcOD (1
ml); (4) styrene 1a (0.4 mmol) in AcOH (1 ml). Then the reaction mixtures were stirred at room
temperature for 5 h. The reaction yields were monitored at 20 min, 40 min, 1 h, 1.5h, 2 h,3 hand 5 h
through analysis of crude *H NMR. The reaction rates of reaction (2) and (3) were showed in Scheme S2.
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Scheme S2. Reaction rates of reaction (2) and (3).
C) Mechanism study for step 2: chlorination

Five parallel reactions with 1-phenylethyl acetate (0.4 mmol), HCI/DMPU (2 equiv) in solvents: (1) AcOH
(2 ml); (2) AcOD (1 ml); (3) DCM (1 ml); (4) Tol (1 ml); (5) DMF were set up. Then the reaction mixtures
were stirred at room temperature for 5 h. The reaction yields were monitored at 20 min, 40 min, 1 h, 1.5
h, 2 h, 3 h and 5 h through analysis of crude 'H NMR. The reaction rates of reaction (1) and (2) were
showed in Scheme S3.
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Scheme S3. Reaction rates of reaction (1) and (2).

2.6 Gram-scale synthesis of 2a

HCI/DMPU (43% w/w, 8 equiv) was added to a solution of styrene 1a (1.04g, 10 mmol) in AcOH (25 ml),
the mixture was stirred at room temperature for 6 h. Then the reaction mixture was diluted with Et,0
(25 ml), sequentially washed with water (25 ml), NaHCO; aqueous solution (2 x 25 ml) and brine (25 ml).
The organic layer was dried over Na,SO, and concentrated to dryness. The residue was purified by flash
chromatography on silica gel to obtain pure product 2a with 90% yield.



3. Characterization of product 2

(1-chloroethyl)benzene (2a)

Cl

o

1H NMR (400 MHz, CDCl3) & 7.43 — 7.25 (m, 5H), 5.09 (g, J = 6.8 Hz, 1H), 1.85 (d, J = 6.8 Hz, 3H). 13C NMR
(100 MHz, CDCl;) & 142.78, 141.69, 128.60, 128.22, 126.47, 58.76, 26.50. Colorless oil (24.4 mg).

1-(1-chloroethyl)-2-methylbenzene (2b)B!

Cl

cC

IH NMR (400 MHz, CDCl3) 6 7.53 (d, J = 7.5 Hz, 1H), 7.25 — 7.15 (m, 3H), 5.35 (q, J = 6.7 Hz, 1H), 2.42 (s,
3H), 1.87 (d, J = 6.8 Hz, 3H). 3C NMR (100 MHz, CDCl5) & 140.42, 135.22, 130.55, 128.14, 156.50, 125.69,
55.00, 25.16, 18.99. Colorless oil (28.0 mg).

1-(1-chloroethyl)-3-methylbenzene (2c)B!

Cl

o

1H NMR (400 MHz, CDCl5) § 7.27 — 7.21 (m, 3H), 7.12 (d, J = 7.1 Hz, 1H), 5.07 (g, J = 6.8 Hz, 1H), 2.37 (s,
3H), 1.84 (d, J = 6.8 Hz, 3H). 3C NMR (100 MHz, CDCl5) & 142.71, 138.33, 129.02, 128.52, 127.19, 123.51,
58.91, 26.48, 21.41. Colorless oil (29.5 mg).

1-(1-chloroethyl)-4-methylbenzene (2d)®

Cl

o

IH NMR (400 MHz, CDCl5) 6 7.31 (d, /= 7.8 Hz, 2H), 7.16 (d, / = 7.8 Hz, 2H), 5.08 (q, J = 6.9 Hz, 1H), 2.34 (s,
3H), 1.84 (d, J = 6.8 Hz, 3H). 3C NMR (100 MHz, CDCl;) 6 139.87, 138.10, 129.27, 126.39, 58.81, 26.43,
21.13. Colorless ail (27.7 mg).

1-(tert-butyl)-4-(1-chloroethyl)benzene (2e)®!

Cl



H NMR (400 MHz, CDCl3) 6 7.42 — 7.30 (m, 4H), 5.10 (q, / = 6.8 Hz, 1H), 1.85 (d, J = 6.8 Hz, 3H), 1.31 (s,
9H). 13C NMR (100 MHz, CDCl5) & 151.27, 139.74, 126.18, 125.54, 58.74, 34.58, 31.28, 26.36. Colorless oil
(33.8 mg).

1-(1-chloroethyl)-3-methoxybenzene (2f)!®!
Cl
/OO)\

1H NMR (400 MHz, CDCl) § 7.27 (d, J = 8.2 Hz, 1H), 7.02 — 6.95 (m, 2H), 6.84 (d, J = 8.2 Hz, 1H), 5.06 (q, J
= 6.8 Hz, 1H), 3.82 (s, 3H), 1.84 (d, J = 6.8 Hz, 3H). 3C NMR (100 MHz, CDCl;) & 159.70, 144.32, 129.64,
118.75, 113.62, 112.23, 58.64, 55.26, 26.50. Colorless oil (32.4 mg).

1-(1-chloroethyl)-2-methoxybenzene (2g)"!

Cl

CL

1H NMR (400 MHz, CDCl3) & 7.33 (d, J = 7.5 Hz, 1H), 7.24 (t, J = 7.8 Hz, 1H), 6.96 (t, ) = 7.4 Hz, 1H), 6.87 (d,
J = 8.2 Hz, 1H), 5.09 (d, J = 6.3 Hz, 1H), 3.85 (s, 2H), 1.50 (d, J = 6.5 Hz, 3H). 13C NMR (100 MHz, CDCl;) &
156.51, 133.35, 128.28, 126.07, 120.76, 110.38, 66.53, 55.23, 22.81. Colorless oil (30.7 mg).

1-(1-chloroethyl)-4-fluorobenzene (2h)B!

Cl

ion

1H NMR (400 MHz, CDCl;) 6 7.43 — 7.37 (m, 2H), 7.05 — 7.01 (m, 2H), 5.08 (g, / = 6.8 Hz, 1H), 1.83 (d, J =
6.8 Hz, 3H). 3C NMR (100 MHz, CDCl;) 6 162.36 (d, J = 246.0 Hz), 138.69, 128.25 (d, J = 9.0 Hz), 115.47 (d,
J=21.0 Hz), 57.92, 26.56. Colorless oil (29.5 mg).

1-chloro-4-(1-chloroethyl)benzene (2i)“

Cl

SO

1H NMR (400 MHz, CDCl3) & 7.41 — 7.26 (m, 4H), 5.05 (g, J = 6.8 Hz, 1H), 1.82 (d, J = 6.8 Hz, 3H). 13C NMR
(100 MHz, CDCl;) 6 141.29, 133.95, 128.77, 127.89. Colorless oil (32.9 mg).

1-(1-chloroethyl)-4-(trifluoromethyl)benzene (2j)@!



Cl

F3C/©)\

1H NMR (400 MHz, CDCl5) § 7.61 (d, J = 8.2 Hz, 2H), 7.53 (d, J = 8.1 Hz, 2H), 5.10 (g, J = 6.9 Hz, 1H), 1.84 (d,
J=6.8 Hz, 3H). 13C NMR (100 MHz, CDCl;) 6 146.56, 130.18 (m), 126.89, 125.65 (d, J = 3.0 Hz), 57.47, 26.45.
Colorless oil (32.5 mg).

(1-chloropropyl)benzene (2k)®

Cl

o

1H NMR (400 MHz, CDCl3) 8 7.39 = 7.28 (m, 5H), 4.79 (t, J = 8.0 Hz, 1H), 2.22 — 1.99 (m, 2H), 1.00 (t, J = 8.0 Hz, 3H).
13C NMR (100 MHz, CDCl) & 141.75, 128.54, 128.14, 126.95, 65.46, 33.20, 11.69. Colorless oil (22.6 mg).

2-chlorooctane (2m)t®

/\/W

Cl

1H NMR (400 MHz, CDCl3) 6 4.02 (q, J = 6.6 Hz, 1H), 1.73 - 1.66 (m, 2H), 1.56 — 1.28 (m, 11H), 0.89 — 0.86
(m, 3H). 3C NMR (100 MHz, CDCl;) 6 58.88, 40.36, 31.67, 28.76, 26.59, 25.31, 22.54, 14.00. Colorless oil
(19.33 mg).

2-chlorotridecane (2n)Y

WV\M/

Cl

'H NMR (400 MHz, CDCl5) 6 4.02 (q, J = 6.7 Hz, 1H), 1.70 (td, J = 5.7, 3.0 Hz, 2H), 1.55-1.17 (m, 21H), 0.93
—0.78 (m, 3H). 3C NMR (100 MHz, CDCl;) 6 58.95, 40.37, 31.89, 29.61, 29.55, 29.48, 29.32, 29.11, 26.65,
26.51, 25.33, 22.67, 14.09. Colorless oil (31.1 mg).

(2-chloropropyl)benzene (20)12

oy

14 NMR (400 MHz, CDCl) 6 7.39 — 7.15 (m, 5H), 4.24 — 4.19 (m, 1H), 3.02 (ddd, J = 50.8, 13.8, 6.8 Hz, 2H),
1.50 (d, J = 6.5 Hz, 3H). 13C NMR (100 MHz, CDCl;) 6 137.94, 129.31, 128.38, 126.76, 58.50, 46.66, 24.64.
Colorless oil (24.4 mg).

1-(2-chloropropyl)-4-methylbenzene (2p)3!

T



IH NMR (400 MHz, CDCl5) 6 7.11 (m, 4H), 4.24 — 4.16 (m, 1H), 2.99 (ddd, J = 50.7, 13.8, 6.9 Hz, 2H), 2.33
(s, 3H), 1.50 (d, J = 6.5 Hz, 3H). 13C NMR (100 MHz, CDCl5) & 136.33, 134.90, 129.19, 129.08, 58.70, 46.26,
24.62, 21.06. Colorless oil (27.3 mg).

1-(2-chloropropyl)-4-fluorobenzene (2q)*3!

1H NMR (400 MHz, CDCl;) 6 7.25 - 6.97 (m, 4H), 4.21 — 4.13 (m, 1H), 3.12-2.83 (m, 2H), 1.50 (d, / = 6.5
Hz, 3H).13C NMR (100 MHz, CDCl3) 6 161.8 (d, J = 244.0 Hz), 133.60, 130.79 (d, J = 7.0 Hz), 115.19 (d, J =
21.0 Hz), 58.44, 45.69, 24.61. Colorless oil (24.9 mg).

1-(2-chloropropyl)-4-methoxybenzene (2r)4

\Om

1H NMR (400 MHz, CDCl;) 6 7.11 (d, J = 8.1 Hz, 2H), 6.84 (d, J = 7.8 Hz, 2H), 4.20 — 4.12 (m, 1H), 3.78 (s,
3H), 2.95 (ddd, J = 49.0, 13.9, 6.8 Hz, 2H), 1.48 (d, J = 6.5 Hz, 3H).13C NMR (100 MHz, CDCl;) & = 158.42,
130.30, 130.04, 113.76, 58.84, 55.21, 45.77, 24.52. Colorless oil (28.1 mg).

4-(2-chloropropyl)-1,2-dimethoxybenzene (2s)

IH NMR (400 MHz, CDCl3) 6 6.82 —6.70 (m, 3H), 4.24 —4.11 (m, 1H), 3.87 (s, 3H), 3.86 (s, 3H), 3.07 - 2.79
(m, 2H), 1.50 (d, J = 8.0 Hz, 3H). 3C NMR (100 MHz, CDCl;) & 148.79, 147.91, 130.55, 121.39, 112.59,
111.14, 58.70, 55.86, 46.27, 24.60, 24.55. HRMS(CI) calcd. for [C11H46CIO,] ([M+H]) 215.0839; found
215.0828. Colorless oil (32.6 mg).

(3-chlorobutyl)(phenyl)sulfane (2t)

S\/\/

©/ Cl

1H NMR (400 MHz, CDCls) & 7.36 — 7.19 (m, 5H), 4.23 — 4.17 (m, 1H), 3.19 — 2.98 (m, 2H), 2.03 — 1.97 (m,
2H), 1.52 (d, J = 8.0 Hz, 3H). 3C NMR (100 MHz, CDCl;) 6 138.85, 129.32, 128.95, 126.13, 57.05, 39.48,

30.72, 25.24. Colorless oil (30.1 mg). HRMS(CI) calcd. for [C1oH1,CIS] ([M-H]) 199.0348; found 199.0338.
Colorless oil (110.6 mg).

((3-chlorobutyl)sulfonyl)benzene (2u)!5!



1H NMR (400 MHz, CDCl5) § 7.92 — 7.90 (m, 2H), 7.69 — 7.65 (m, 1H), 7.60 — 7.56 (m, 2H), 4.13 — 4.05 (m,
1H), 3.38 — 3.18 (m, 2H), 2.27 — 1.98 (m, 2H), 1.51 (d, J = 8.0 Hz, 3H). 13C NMR (100 MHz, CDCl5) § 138.99,
133.87, 129.39, 127.95, 56.18, 53.66, 32.88, 25.18. Colorless oil (39.6 mg).

2-(3-chlorobutyl)isoindoline-1,3-dione (2v)1¢!
0
S

1H NMR (400 MHz, CDCl;) 6 7.83 — 7.68 (m, 4H), 7.69 — 7.65 (m, 1H), 7.60 — 7.56 (m, 2H), 4.06 — 4.01 (m,
1H), 3.91-3.77 (m, 2H), 2.13 - 2.01 (m, 2H), 1.54 (d, J = 8.0 Hz, 3H). 1*C NMR (100 MHz, CDCl3) 6 168.17,
133.96, 132.03, 123.24, 55.54, 38.63, 35.64, 25.27. Colorless oil (39.5 mg).

4-(3-chlorobutoxy)benzonitrile (2x)

H NMR (400 MHz, CDCl5) & 7.58 (d, J = 8.0 Hz, 2H), 6.94 (d, J = 8.0 Hz, 2H), 4.31 — 4.12 (m, 3H), 2.28 — 2.06
(m, 2H), 1.60 (d, J = 8.0 Hz, 3H). 13C NMR (100 MHz, CDCl;) 6 161.96, 133.99, 119.09, 115.17, 65.24, 54.72,
39.38, 25.50. HRMS(CI) calcd. for [C1,H15CINO] ([M+H]) 210.0686; found 210.0679. White solid (26.0 mg).

1-(3-chlorobutoxy)-4-nitrobenzene (2y)

14 NMR (400 MHz, CDCl5) 6 8.19 (d, J = 8.0 Hz, 2H), 6.95 (d, J = 8.0 Hz, 2H), 4.33 — 4.17 (m, 3H), 2.31 - 2.08
(m, 2H), 1.61 (d, J = 8.0 Hz, 3H). 13C NMR (100 MHz, CDCl;) 6 163.71, 141.60, 125.90, 114.42, 65.70, 54.70,
39.35, 25.51. HRMS(CI) calcd. for [C1oH13CINO3] ([M+H]) 230.0584; found 230.0576. Colorless oil (41.3 mg).

4-(3-chlorobutoxy)benzaldehyde (2z)

1H NMR (400 MHz, CDCl5) & 9.88 (s, 1H), 7.83 (d, J = 8.0 Hz, 2H), 7.00 (d, J = 8.0 Hz, 2H), 4.32 — 4.17 (m,
3H), 2.29 — 2.08 (m, 2H), 1.61 (d, J = 8.0 Hz, 3H). 3C NMR (100 MHz, CDCl3) & 190.69, 163.72, 131.96,
130.09, 114.75, 65.23, 54.81, 39.48, 25.50. HRMS(CI) calcd. for [C1;H14ClO,] ([M+H]) 213.0682; found
213.0673. Colorless oil (29.8 mg).

4-chlorooctane (2a’)17!

W

Cl



1H NMR (400 MHz, CDCl5) & 3.93 — 3.87 (m, 1H), 1.73 — 1.20 (m, 10H), 0.94 — 0.83 (m, 6H). 3C NMR (100
MHz, CDCl;) & 63.94, 40.57, 38.22, 28.62, 22.25, 19.67, 13.92, 13.55. Colorless oil (21.4 mg).

chlorocyclooctane (2b’)1]

Cl

O

1H NMR (400 MHz, CDCl5) 6 4.25 - 4.18 (m, 1H), 2.13-1.93 (m, 4H), 1.77 - 1.72 (m, 2H), 1.58 — 1.50 (m,
8H). 13C NMR (100 MHz, CDCls) 6 63.54, 35.13, 27.37, 24.89, 23.54. Colorless oil (24.4 mg).

1-chloro-1-methylcyclohexane (2¢’)1*°!

N

14 NMR (400 MHz, CDCl3) 6 1.94 — 1.85 (m, 2H), 1.76 — 1.50 (m, 10H). 13C NMR (100 MHz, CDCl;) & 72.43,
41.55, 33.46, 25.18, 22.62. Colorless oil (23.1 mg).

10



4. Copies of NMR spectra of product 2

2a

Cl

7.43
7.41
7.37
7.35
733
7.31
7.29

7.28
7.25

5.12

5.10
5.08
5.07

L.
X

=

_-1.86
~N-1.84

{1700

I~ 1600

{1500

I~ 1400

1300

{1200

{1100

I~ 1000

900

I~ 800

=700

I~ 600

500

I-400

300

{200

100

-0.00—=

| 10

10.0 9.5

2a

Cl

142.78

128.60
128.22

126.47

5.0
f1 (ppm)

3.0

58.76

26.50

230 22

210 00 190 180

T
160

T
150

140|

130

T
120

T T
110 100
f1 (ppm|

- -100

23

22

21

20

11



° ° ° ° ° ° ° ° ° ° °
8 8 8 8 8 8 8 8 8 8 ° ° ° ° 3
& 8 J N ] g g 3 S S 8 3 2 8 o Q@ e 3 ] { ] 2 n 5
L L L L L L L L L L L L 1 1 1 1 L L L L L 1 1
°
= A
- e 2
°
" E
Fo
3 o
S
. E
Le i
1 66'8T — EEE—— ]
in or'sz— =
_ F o 3 °
]
98T~ /J —] €€
isd Fs o o
L2 2
wr— ~— — Twm n o
F
00§ — - 2
°
C 8
°
L2 1
°
R
Le z
°
8
°
L2 S
&
n i3 =)
e - g
T T
& o5
o8 ne
kg 3 e
s
'S V f =] To.ﬁ -~ g
SE's in S
LE'S [ 69°SCT — S —————
05°9¢T * —% S
v1'821 - 3 -
L2 SS°0ET —
© zzser/ 3 o
ZY'0pT — — =
0
L@ =
sTL 3
oL 3
81'L L2 38
0z'L [ __ | T -
wL— = €€
sz’ ] e
R
L~ //, R Tf Fe =
vse 3
b o
1 g
°
F e
°
3 2
in
Lo -
3 8
]
2 i o
_ F o _
o o 4 A
wn 3 S
a F o o) 2 N
Y o
/‘\ g
— 3
1 ]

10.0

12



7.27
7.25
7.23
7.22
7.21
7.12
7.11
5.09
5.07
5.06
5.04
2.37

{4500

185
184

\:
/
AN

I~ 4000

2c

3500

I~ 3000

2500

I~ 2000

1500

I~ 1000

500

—_

3.1
1.0

i mo{ ==
320
3.38-]

26
Cl

— 14271
i}

129.02

128.52

58.91
— 26.48
=214t

N\ 12351

F24

22
2c

=20

I 1 (WY (YN ool bk bt ™ L deg il bl g [ TR TP Y st e Ll J " L
P e o 3 e ol o D sl s 10

T T T T T T T T T T T T T T T
130 120 110 190 90| 80 7| 60 50 4 30 20 fto 0 -10
f1 (ppm)

T T T T T T T T T T
230 220 210 200 190 180 170 160 150

=)




NonN®n canun 53 T o
el “939 o @ @ {4000
[e]] NNNNN LT RV ~ -
2d 3500
3000
2500
{2000
1500
i
1000
[
500
[
|
|
| | l
]1 AL
|
T T PO
a o S N <«
23 3 - &
T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 15 1.0 0.5 0.0
f1 (ppm)
S R& @ 2 o F4s
cl ] ds @ ] > o
/ N g9 o9 A &R
X:* 40
2d
F35
30
f25
f-20
15
10
]
|
. m e o “N‘b R D o . il TN RN R .
| " f iy by e v Wi ORI AR W““” Wt itk w’ f “‘w-‘-r Ul ‘r'YT oy ¥ " ro
-5
T T T T T T T T T I T U T T T T T T T T T T T T T
230 22 210 | 200 | 190 180 | 170/ |160 50 | 140 130 20 110 100 | 90 80 70 60 50 40 30 20 1 0 -10
f1 (ppm)

14



o o s o o o o o o o o o o
8 8 8 8 8 8 8 8 8 8 8 8 s S
3 8 2 8 3 8 2 S 3 8 3 8 8 2
3 8 A ] 2 g a & { 8 2 E 3 E ]
Il Il Il Il Il Il Il Il Il Il Il Il Il Il
rer LJ‘ F60°01
Qw“ﬁ > - — —F 9
981
£0°S 2\
wm.m W ~ === T oot
s
beL
AN — I Fesrv
L€ N
6L

[

N

2.5 2.0 1.5 1.0 0.5 0.0

3.0

4.0

4.5

6.0 5.5

6.5

9.5 9.0 8.5 8.0

10.0

f1 (ppm)

k40
k35
F30
=25

20

9€'9z
8TTE ~
8SPE ~

30

40

bL8S — D —

PSSTT ~

81°971

PLBET — I

LTTST— D—

f1 (ppm)

230 220 210 R0O 190 180 ’\ 160 150 140 130 120 110 100 9P 80 70 60

15



g 8 § 8 8 8 8 § 8 8 8 8 8 8 3 g s s | 8 e v g 2 g v g =w g = g
o By 5 @ & S & BN & = = = = = 3 5} ¥ N o © o @ M ¥ o o N N n n
L L L L L L L L L L L L L L L L L L L
L g =
n °
Fo
°
1 -
°
! =
n
— (al 059
¢ ]
€8T~ - €€
a1~ { it °
{ L3 °
]
n °
La 3
975§ —
- 985 — 2
F e
R
0
t F e
1 o
8
e — _ ——  Feee
! e
1 L2 _
&
Lo °
< g
: | g ®
7 o 3 =
s — ———==— oot [ 93 €27 — =
wo.m\ 1 et
SL8TT — 2
0
Fuw
°
b9'67T — @
i <
o
°
=]
" e PrT —
La °
€8'9 i 2
mw.oﬂ .
169" — Es860 ° o
mm.ww f, WS.N F~ 0L°65T — =3
00z
STLF —_— Fert
RN\ " R
6L F
9
3
<
Fe
°
i <
in
Fe
|
o 7 a
° \
L2 o
b
b T=
N [
n ]
F o ]
— o 3

10.0

16



o g 9o © © © o © o e o o 9o o o o °
8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 o o o o 2
g 8 8 § § 8 8 8 § & 8 8 8 & ] 8 8 8 8 8 5
g ¥ 8 & & 8 8 ¥ & 8 R & 8 ¥ 8 2 8 8 % KR o o
L L L L L L L L L L L L L L L L L L L L 1 L
. i
6v T~ - @@ = Taee
1571
G8'c — — = Feee
90'S
80 |

mo.m\

s

98’9

88'9 /

6’9
o

969
1697
L

\ﬁ\

Foot

0’1
(i

0.0

0.5

1.0

2.0

2.5

6.5 6.0 5.5 5.0 4.5 4.0
1 (ppm)

7.0

tas
F-40

35

30

25

20

15

10

-10

187 —

20

30

40

€085 —

50

60

€599 —

WWWWKWWWW Lfnﬁwﬂmmj’i

70

80

90

100|

OTT—

or0zr
£0°92T ~

chastspon

1110|
f1 (ppm)

120

87821 —

1130}

SEEET~C

140

150

A
wN.N\
€L

vEL

[e]]

29

Tery
T
660

7.5

8.5 8.0

9.0

10.0

TS 95T

160

170

180

90

200

p10

220

230

17



Cl

7.40
7.39

i

7.38
7.37
7.37
7.25
7.05
7.03
7.01

§

5.10
5.08
5.07
5.05

A
X5

184
182

{3000

2800

I-2600

{2400

2200

{-2000

{1800

1600

I~ 1400

1200

1000

I-800

600

400

I-200

100

9.5

9.0

—163:59
—161.13
138.69
128.29

T T
5.0 4.5
f1 (ppm)

_~115.58
- 115.37

57.92

vl

26.56

—
AN

n
Ltlad )

A7 ARt b b

Gl

210

T
180

T T
120 10 100
f1 (ppm)

~-200

F40

25

20

18



{2500

2000
1500
500

T~
asd

22
27

STL
[ /
L~

vEL \
9€L

2i

.

Feee

To.«

Feov

0.0

0.5

1.5

2.0

3.0

4.5

5.0
f1 (ppm)

5.5

6.0

8.5 8.0

9.0

10.0

n o 0 o n o n o n o
I ] Q@ < 8 2 Q R k4 B in °
L L L L L L L L L L L L
3 o
w
3 °
o
E E
F
E o
B
4’ =
=
3 S
B (=}
- ¢
5 o
3
wis— = o
5
= °
E R
—
3 o
8
3
o
&
3 o
S
A
£ e
3 o
I}
68'L2T — - 3 -
5 [l
wer” -
S6'€ET — E—
o
E ?
67 THT — - -
E o
2
2
2
o
2 2
o
3 S
I
8
2
P [=3
2
o
8
_ B
[3)
S
E S
S
. o
F 8
- N
[§) 3 2
3 ]

19



[-2400

2200
{-2000
I~ 1800

1600

1400

1200

1000

800

600

{400
{200

{--200

3N

0.0

8T~
s8T"

L0°S
60°'S k

E.mw

s

STL—
sL

YSL~
09°L~-T
9L \

2j

Fave

Foot

2.0

3.0

4.5

5.0
f1 (ppm)

5.5

6.0

7.0

9.5 9.0 8.5 8.0 7.5

10.0

}-340
320

I-300

280
260
240
220
200
180
160
140
120
100
80
F60
40
F20
0

+-20

S'9C —

20

LLS—

40

50

60

70

T€LL—

80

90

100

fagaas
€9'SCT
99°SZT
68°9CT
68°9CT
91°621

110
f1 (ppm:

120

78'62T
8T'0€T
0S'0€T
78°0€T

9S°9pT —

140 13

50

160

170

180

Cl

220 210 200 190

230

20



3 8 2 < 2 g 2 8 ° ° n « °
2 e 3 ] ] 5 b S 2 b H ] s S ~ - °
L L L L L L L L L L L L L L L L
2
3 )
° -
Fo -
K3
= °
. 6911 — 3 -
860\ m _lLe =
Ly —_— TE o E
0T ] = |
20T B L2 < °
+0'Z 3 a
90 b o0z'ee — :
80°C =] o =
. > = S
Lare [© 3 N
B - I
T
N n 3 2
N T~ 2
4 °
< 1 8
L2 3
959 — = =
3 ~
n =
F e kA
8
. =
F <
= 2
i F
[ 3 8
Foot = = .
£ i £
s < =
=
in 3 S
Lo 3
S6'921 =
b1'82T — °
. Va 3 @
° 5821 3 “
LS 3
°
e
SLTHT — - E— -
n 3
Lo =
E 3
)
F e = o
2
To.m 3
0 =
e 3 S
S 1 2
L2 X 2
M\
= °
0 E g
La 3
£ g
e E ]
LS 3
)
S
_ ~ —= ~ 3
© N | w C\A N 3
@ =}
F i
E 2
= 3 °
B = ]
]

21



|-400

350

{300

250

{200

150

100
50

980
wm.oV
mm.c\

8T T~
0zT -

— T

0.0

8CT
/A

K
= \ops

15

T
9’1
8b'T
0s'T
v9'T
9T
69'T
oLt
€L'T

66'€

ﬁo.vW
o

o/

Cl

2m

H\‘mw.w

2.0

2.5

6.5 6.0 55 5.0 4.5 4.0 35
f1 (ppm)

7.0

8.0

8.5

9.5 9.0

10.0

17

16

15

14

13

12

-10

00'pT —

52T

Wy

20

TEST~
6597 —
or8z
191"

9E°0b —

N

30

40

88'85 —

Al

L

50

60

70

80

90

100

i

110

i

f1 (ppm)

130 120

40

Cl

Nt

180 170 160

190

200

2m

210

FERS g /\7/

22

230

22



F 700
= 650

=600

550

- 500
450
400
350
300

{250

=200

=150

- 100

50

- -50

Fore
Erea

0.0

0.5

i)
g
227

Cl

ST,

2n

=]

T
Ferv
Free

F oot

2.0

3.0

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
f1 (ppm)

10.0

r 1
17

16

15

F14

13

12

-10

60'pT —

ho.NN
mm.mw/
E,WN/
§9'9¢

20

:.me\u

TE6C
8v'6C
SS'6C
1962
68°T€
LEOY

40

50

S6'85 —

60

70

80

L

90

A e bkt
Ll

"

100

i

m

110

f1 (ppm)

"
f

b

W

120

130

n

|
oot

140

150

160

170

it o mm

180

19

200

e

210

N N N
2n

220

230

23



) ) 2 s ) ) 2 o
3 3 3 3 3 3 3 ) ) ) ) 2 ) ) ) 2 8
3 2 2 a ] 2 3 3 3 3 3 S S 3 8 =1 2
2 = 3 2 = = = S 2 R 3 3 53 a & = 0
1 1 1 1 1 1 1 I | 1 | 1 1 I 1 1 1
66T~ - »
o1 Fsre
ST

£€6'C
S6'C
96°C
867~
90°€—F
L0€
60°€

e

AR4
mﬁ.vu/
TP~
wy
vy

Elad

6T°L
1L
YL
STL
9T L ~E

I

6L
€L
€€,
vEL
9L

o]

20

01
0T

Wﬁm.o

0.0

0.5

1.0

2.0

25

4.0 3.5

4.5

5.5 5.0
f1 (ppm)

6.0

7.0

21
20

19

18

17

16

15

14

13

F12

-10

10

20

bove —

99°9% —

30

40

50

0585 —

60

70

80

0p

110
f1 (gpm)

120

92921 ~_
86821 —
16zt

b6 LET —

140 130

150

9.5 9.0 8.5 8.0

10.0

160

170

18D

190

200

20

22 210

230

24



° ° ° ° ° ° ° ° °
8 8 8 8 8 8 8 8 ° ° ° ° ]
< ] 8 8 3 S ] 8 8 8 8 8 ]
& N R K ] 3 S S 8 3 2 R )
L L L L L L L L L L L L L
=] S
E
6v T~ - L Torc |
151 —
cer— I — e
06 r
6T
€6°C
567 & — —=== Fu1 |
— === L1

€0°EF
¥0'€
90°€
80°€

9T’y
NA.VH/
6T &
a4
(<44

i{a4

AN

NEN

YL

2p

To.«

Fesv

0.0

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0

8.0

9.5 9.0

10.0

f1 (ppm)

o ° I © < N o @ © < ~ o
& ] ] 8 3 N N E g 5 o S @ © < ~ o
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3 o
E °
) =
—3
= ]
90Tz — - =
9vT — =
°
E ]
- °
3 g
9z:9p — =
B
%= 2
085 — 3 3
E
- R
o
E ©
°
&
o
1 S
3 =
E o8
3 ne
ES b=l
2 )
3 S
E
. 5
80671 =]
61621 S
06'VET ~ -
€€°9T o
g
F 3
= °
3
- -
a
- 3
z 2
=
- °
- 5
=
3 °
3 2
2 o
3 g
E
\‘I = )
3 <]
3 &
{ S
a 2
\/\ \ ” )
= ]
\ M F N
= o
R
]
3

25



1800

1700

- 1600

- 1500

- 1400

1300

1200

1100

I~ 1000

900

800

{700

|- 600

I~ 500
400
300
200
I~ 100

- -100

6P T~
05T~

16'C
€6°C
s6'T
L6T~E
667 -f
10°€
€0°E
So'€

A8
m;/
Ty~
8Ty -f
m;u\
T

169
669 H/
T0°L~%

STL~

9T’L
mﬁ.h\\‘
STL

2q

Fere

M\D.N

Foot

Fere
Feoz

0.0

0.5

1.0

2.5

4.0 3.5

55 5.0 4.5
f1 (ppm)

6.0

6.5

9.5 9.0 8.5 8.0 7.5

10.0

- o -
& R N~ - o
L L L L L
b3 S
°
°
M :
]
19vC —
'W "
]
=
W ;
69'sy — =
E4 °
W )
bb'8S — \W 3
W\ )
R
= 3
=
=
E
= 8
°
M \W
o8
865 = =
62°STT W o
S
SL70ET —= &
28°0€T _
09eer
°
= z
. o
a
°
85091 — - 2
20'€9T — —

"

170

180

1190

Cl

200

2q

o A

220 21

230

26



{3000

2800

2600
2400
{2200
{2000
{1800
1600
I~ 1400
1200
- 1000
800

600

{400
{200

=-200

80
F75
70
F65
F-60
F55
F50
F-a5
F40
k35
30
f25
F20
k15
F10

LT~
60T~

98T
88'C
06'C
wT~=
66'CF
00°€
e
v0'E

8L€ —
484
i4%4
184
LT
6Tv
0’y

€89~
589"
oTL~
[4VEe)
seL”

Cl

2r

Fot
Feorr F

Fere
Fooe

0.0

0.5

2.5 2.0 1.5

3.0

4.0

4.5

5.0
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

10.0

-10

10

20

v —

30

40

LLSY — -

50

1255

+8'85 — -

60

70

80

9P

100

9L°ETT —

10
f1 (ppm)

20

POOET ~_
0€'0ET <

130

140

150

180 170 149

90

200

210

22(

230

27



900
800
I~ 700
600

I~ 500

{400

300

I-200
100

)

35

30

25

20

10

6T~ -
05T

58T
18T

88

06'C

253

967 — /
86'C

00°€

10

€0°E

SO°E

98'E -
e

1454

WHQV //
8T

6T°%

itad

[x44

999

899

o9

€9

SL9~E //
(Wo-F

08'9

289

€89

s8'9

Cl

Fesz

Foes
Foot

0.0

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

10.0

10

SSvT
09T

20

30

LT —

98'55 —

50

0085 —

70

80

90

100

PTTTT ~
65CIT

6€°TCT —

SS'0ET —

120 110
f1 (ppm

130

140

T6' 26T ~
64851~

150

Cl

190 180 170 160

200

210

220

230

28



e I 8 3 2 < ] 8 8 3 5 ] 8 ° 3 ° ° S 2o @ n © ®w ¥ @ N o o
- 8] @ & ~ & N B 2 a = ~ = @ el ¥ I o B = = - - = = - - = = ~ - =3
L L L L L L L L L L L 1 1 1 1 1 1 1 L L L L L L L L L L L L 1 I
S
° L :
S 4
1
1 o
wn -
S =
S
S
—=] - 3 =1
I ]
=] 3
o1 - vTST— —_—F
~ —_ . : E .
Mm.ﬁu\ I Tom - 2008 — — % [}
S6'T 2
16T / j 3
66T — f B WNM.N S 8b°6€ — —x 2
st — =
[
€07 " - 2
S0z o
86'C |
00's Sorsg— 3 _
10°e = T ] 3 °
A — 4+ e |
S0 — -
453 R
br'e 0 3
STE L .
A% 2
61°t
D.v/ 2 3
6T
1Y~ f ——= TS &
NN.‘\\
. i 3
£Th < 8
Ef
38 3 ZE
o 3 =
°
n 1 8
w 3
£1°92T ~_ - 3
S6'87T ~ > °
° ceee = 2
I
S8'SET — -—
°
5
i M
" 3
<
°
3
e -
61°L ° -
1L IN 3 2
seL —— : S
— —  — —= = -
44 T o =
€L ~ 3 5
ve'L g
9L
° 3
@ E -
°
in — 2 4
o @ o
°
8
]
°
o -
°
b
- -
N n N =
E
S
]
3 ]
°
S - o
]
E ]

29



=450

[~ 400

=350

300

=250

{200

150

100
50
=0

ro

17

16

15

14

F13

12

11

10

0S'T
5T
L6'T
86°T
00'¢
10°C
20T
€0C
0T
90T
0T
8T'C
[rard
1z
we
€T
STT
9zt
e
81°€
6T°E
oce

ﬂN.mV
e

AL

0.5

1.0

1.5

2.0

3.0

-10

10

81'ST —

88'2¢ —

20

30

99°€S —
8195 —

50

60

€2°€ -]
E.ﬂ
see

e 4
zee
eee ]

pe'e ] ﬁ
se'e

oce
5
8e°e |
S0t
90t |
L0t
80 ]
60'%
60
o1y
Ty

I

4.0 3.5

4.5

5.0
f1 (ppm)

5.5

Ly

70

80

Loy

100

110
(gpm)

12

130

30

S6'L21 7
oeez1
18'€€1 "

€Ty

6.0

66 BET ~ —

9S°L
85°L /
09°Z ~&

6.5

7.0

150 14(

160

L9°L \
69°L
06 \“
6L

]

o
\

N\

2u

9.0 8.5 8.0

9.5

10.0

170

180

Cl

e

190

200

o
A\

\

2u

dal

220 210

230



(400
380
360
340
(320
300
280
260

240

=220

=200

180

160

- 140

120

100

80

60

F-40

=20

-20

Tm.N

To.N

0.0

0.5

1.0

1.5

T

6.5 6.0 5.5 5.0 4.5 4.0 35 3.0
f1 (ppm)

7.0

7.5

T

4

LTST—

$9'5€ —
€9'8€ —

-10

10

30

bS'SS —

50

YTELT —

£0'ZET ~

T
110 100
f1 (ppm)

T
120

130

96°€EET —

140

150

LT°89T —

R
oy e @
NN

[e]]

iéo
2v ©

9.5 9.0 8.5 8.0

10.0

0

210

>
N

e
=
s

31



240

230

220

210

{200

190

180

=170

- 160

150

I~ 140

130

=120

110

100

90

80

=70

60

50

40

30

~-10

-20

F34
F32

30

28

26,

F24

22

20

18

16

14

12

10

0.0

1.0

65T~
1971
90T
207

y

1.5

Fave

b

Ll

i

-10

10

0S§°'sT—

L,

8E'6E —

807
607
112
sy
€12
ST'Z
127

=i

J

UYS —

T
[2 &%
€2z ]
vz ]

vT'S9 —

9TT

8T

b,

3(5

50

4

4.0

4.5

T
100

5.0|
f1 (ppm:

Nr

i

110
1 (ppm|

LTSTT —
60°6TT —

5.5

6.0

66EET —

T
130

A

6.5

Y69~
969~

STUL—

;1

ik

T
140

150

1B0

9.0

9.5

2x

o

210

10.0

32



450

I~ 400

350

=300

250

I-200

150

- 100
50

09T~
291"
20T

S.N/
017 ~
112
e
Q.NA
ST'T

o1z
€27
[cad
sz
97
82
6272
£z ]
€]
(T

wﬂ.v/

6T'v ./W

0zt
1
NN..&
€y

€2
vz ]

8Tt

P69~
1697

Q

2y

i

L.

—_—

I

Feoe

%Nq.w

— M\Z.N

Fooz

0.0

0.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 2.5 2.0
f1 (ppm)
3\//W/ c

10.0

W

186 —

SE'6E —

20

30

40

0LbS —

Wl

50

60

0459 —

WV

70

90

100

rYIT —

06'SZT —

110
f1 (ppr)

120

130

140

09'THT —

150

TLE9T —

170

180

19|

200

2y

J

220 210

230

33



300
280
260
240
F220

200
180
160
140
F120
100

80
k60
F40
=20

- -20

=32
30
28
26

24

22

=20

18

16

14

F12

10

09T~
[SREd

STC
wﬁ.N/
we

P

=60'€

=

0.0

0.5

1.0

2.0

10

20

05°6z —

e
9T
6T°C

2.5

8v'6E —

9T
D.L
61
0z

3.5

8'vS —

40

50

7%

€T°59 —

245

4.0

(24 R\
9TY—¢
8Tv
67t
o€y
€Y
€Y

4.5

5.0

70

80

4

g5

m

90

00

6.0

6.5

1 (ppm)

SLYIT —

110
f1 (ppm)

120

T
HVB.N

7.5

60°0ET ~
96°TET —

130

40

To.«

8.5

9.0

10.0

150

TLE9T —

170 16

180

19

™

q

11.5 11.0

12.0

20

210

220

230

34



280

I-260
=240
=220
200
- 180
160
140
120
I~ 100
80

60

40

=20

-20
35
30
25
=20
15
10

£8°0
80
980
88°0
68°0
160
2608
$60
07T~
ST
9T
Ay
8Tt
0e'1 4
ze1
be'T
9’1
8€°T |
ov'1
1]
01
b1
W
601
5T
€57
551
951
991
89'T
o1
175
€1
s8¢ |
om.&
£33

o]

0.0

0.5

1.0

2.0

L

-

2.5

3.0

3.5

35

-10

fi
40 30 20

50

4.0

4.5

5.0
f1 (ppm)

55

6.0

6.5

7.0

7.5

8.0

8.5

9.0
[e]]

2a'
2a'

9.5

10.0

220 210 2 190 | 180 170 160 150 140  f130 120 | 110 _ 100, 90 80 70
1 (ppm)

230




1200
1100
- 1000
900
800
t 700
600
500
400
300
200

- 100

- -100

0s'T
£S°T
£S°T
LT
9T
LT
£€6'T
S6°T
L6'T
66'T
10T
ToC
20T
L0
80°C
80T
o1’z
(454
£1T

////
|

e N

8T’y
6T°%
jtad

A

0.0

2.0

3.0

[aad
[xa4
L4
STy

voL—

2b'

5.5 5.0 4.5
f1 (ppm)

6.0

6.5

7.5

9.0 8.0

10.0

u 5 u 5 u
g 9 8 b ] s o
L L L L L L L
T
]
3
=
E
°
3
E
o
S
k4
3 o
1 S
PS'ET =
68'vC — E
e 3
A¥ad E 3
1°G¢ — =
1 o
g
1
4 °
8
mv
1
S
8
bS5 €9 — _—_
;3 o
i3 S
o
3 8
x
= *
5 o
= S
3
¥ of
3 S
3 =
3 o
8
3 8
3 o
E g
3 s
E3 ]
=
3 3
3 2
o
3 g
; 5
> S
8
E 3 o
8
e
3 o
5]
2
- o
3 e
s
5 =
- o
3 g
i =

230

36



7.25
1.94
1.91
1.85
1.76
1.73
1.69
1.66
1.62
1.58
1.55
15

1.50
1.25
1.21
1.18

2200

%

cl 2100

2000
2c' 1900
I~ 1800
1700
/ 1600
- 1500
1400
1300
1200
1100
- 1000
900
800
700
‘ 600
I-500

I-400
hexane
300

i ‘u‘ ‘/‘ [
Wi -

~-200

i F-100
g 3
XS

T

T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0
f1 (ppm)

77.29
6.9
76.65
76.65
72.43
— 41.55
— 33.46
—25.18

(o] N

k50
2c' t-45
k40
F3s
k30

25

20

|
ik iank m iyt i el it s el Ml L " h..“ A iAatnliat "

T T T
230 220 10 2p0 190 80 0 160 150 40 130 120 110
1 (ppm)




References

(1]
(2]

(3]
(4]
(5]
(6]

(7]
(8]
(9]
(10]

(11]
(12]
(13]
(14]

(15]
(16]

(17]

(18]
(19]

S. Liang, R. Ebule, G. B. Hammond, B. Xu, Org. Lett. 2017, 19, 4524-4527.

R. M. Denton, J. An, B. Adeniran, A. J. Blake, W. Lewis, A. M. Poulton, J. Org. Chem. 2011, 76,
6749-6767.

A. H. Cherney, S. E. Reisman, J. Am. Chem. Soc. 2014, 136, 14365-14368.

K. Kiyokawa, M. Yasuda, A. Baba, Org. Lett. 2010, 12, 1520-1523.

T. Mizumori, T. Hata, H. Urabe, Chem. Eur. J. 2015, 21, 422-426.

R. W. Hartmann, H. Buchborn, G. Kranzfelder, H. Schoenenberger, A. E. Bogden, J. Med. Chem.
1981, 24, 1192-1197.

T. Kauffmann, T. Abel, G. Neiteler, M. Schreer, Tetrahedron Lett. 1990, 31, 503-506.

A. H. Cherney, N. T. Kadunce, S. E. Reisman, J. Am. Chem. Soc. 2013, 135, 7442-7445.

M. Yus, D. J. Ramén, |. Gdmez, Tetrahedron 2003, 59, 3219-3225.

J. Terao, H. Todo, S. A. Begum, H. Kuniyasu, N. Kambe, Angew. Chem. Int. Ed. 2007, 46, 2086-
2089.

M. Feldhues, H. J. Schafer, Tetrahedron 1985, 41, 4213-4235.

B. D. Kelly, T. H. Lambert, J. Am. Chem. Soc. 2009, 131, 13930-13931.

D. J. Wilger, J.-M. M. Grandjean, T. R. Lammert, D. A. Nicewicz, Nature Chemistry 2014, 6, 720.
M. Waibel, K. J. Kieser, K. E. Carlson, F. Stossi, B. S. Katzenellenbogen, J. A. Katzenellenbogen,
Eur. J. Med. Chem. 2009, 44, 3560-3570.

A. Brandt, A. Wojtasiewicz, M. Sniezek, M. Makosza, Tetrahedron 2010, 66, 3378-3385.

J. Coulomb, V. Certal, M.-H. Larraufie, C. Ollivier, J.-P. Corbet, G. Mignani, L. Fensterbank, E.
Lacote, M. Malacria, Chem. Eur. J. 2009, 15, 10225-10232.

N. Ortega, A. Feher-Voelger, M. Brovetto, J. |. Padrdn, V. S. Martin, T. Martin, Adv. Synth. Catal.
2011, 353, 963-972.

M. Zhao, W. Lu, Org. Lett. 2017, 19, 4560-4563.

R. P. Kirchen, T. S. Sorensen, J. Am. Chem. Soc. 1978, 100, 1487-1494.

38



