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Materials and methods

Melting Points were determined on a Reichert-Kofler hot-stage microscope and are uncorrected. Mass
spectra were obtained on a Shimadzu QP 1000 instrument (El, 70 eV) and on a Bruker maXis 4G instrument
(ESI-TOF, HRMS). H, 3Cand *F NMR spectra were recorded on a Bruker Avance Ill 400 spectrometer (400
MHz for *H, 100 MHz for 13C, 40 MHz for **N, 376 MHz for *F) at 297 K using a, directly detecting broadband
observe (BBFO) probe. The centre of the solvent signal was used as an internal standard which was related
to TMS with § 7.26 ppm (*H in CDCl3), § 77.00 ppm (*3C in CDCl3). °N spectra (gsHMBC) were referenced
against neat, external nitromethane, °F NMR spectra by absolute referencing via = ratio. Spin-spin coupling
constants (J) are given in Hz.

In nearly all cases, full and unambiguous assighnment of all resonances was performed by combined
application of standard NMR techniques, such as APT, HSQC, HMBC, COSY and NOESY experiments.

All the reactions were carried out under inert atmosphere of argon. THF was distilled over Na/benzophenone.
Chemicals were purchased from Sigma-Aldrich, Acros, Alfa Aesar and TCI Europe. Solutions were evaporated
under reduced pressure with a rotary evaporator.

TLC was carried out on aluminium sheets precoated with silica gel 60F254 (Merchery-Nagel, Merk); the spots
were visualised under UV light (A = 254 nm).

General procedure

General Procedure 1

To a solution of carbonyl compound (aldehyde or ketone, 1 equiv) in dry THF (3 mL) cooled at -78 °C, the
dihalomethane carbenoids precursor was added (1.5 equiv) under Argon atmosphere. After 10 min, MelLi-
LiBr 2.2 M solution in diethyl ether (1.4 equiv) was added dropwise during a period of 15 min and, then the
stirring was continued for additional 0.5 h. freshly distilled thionyl chloride (1.5 equiv) was added dropwise
with good stirring at -78 °C during a period of 10 min. After the addition of thionyl chloride had been
completed, the reaction mixture was stirred at rt for 30 min. The mixture was quenched with saturated (ag.)
NH4CI (3 mL) and extracted with diethylether (3 mL). The organic layer was washed with saturated (aq.) NaCl
(5 mL), dried over anhydrous Na,SO,, filtered and concentrated under reduced pressure (bath: rt) to give the
crude compound eventually purified as indicated below.
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Characterization and spectral data of compounds

Compound 1b !

2-(4-Bromophenyl)-1-chloropropan-2-ol
Cl
OH
Me

Br

By following the General procedure 1, starting from 1-(4-bromophenyl)ethanone (200 mg, 1.0 mmol, 1
equiv) in dry THF (3 mL), chloroiodomethane (0.11 mL, 1.5 mmol, 1.5 equiv) , MeLi-LiBr 2.2 M solution in Et,0
(0.64 mL, 1.4 mmol, 1.4 equiv) and quenching the reaction with saturated (ag.) NH4Cl (3 mL) and extracted
with diethylether (3 mL), compound 1b was obtained in 90% vyield (224 mg) as colorless oil after column
chromatography on silica gel (n-hexane as eluent).

1H NMR (200 MHz, CDCls) &: 7.50 (m, 2H, Ph H-3,5), 7.35 (m, 2H, Ph H-2,6), 3.76 (s, 2H, CH,Cl), 2.63 (s, 1H,
OH), 1.61 (s, 3H, CHs).

13C NMR (50 MHz, CDCl3) 8: 143.2 (Ph C-1), 131.5 (Ph C-3,5), 126.8 (Ph C-2,6), 121.6 (Ph C-4), 73.6 (COH), 55.0
(CH.Cl), 27.3 (CHa).

HRMS (ESI), m/z: calcd. for CoH11BrClIO*: 248.9676 [M+H]*; found: 248.9680.

Compound 2
(4-bromo-1-[(1E)-1-chloro-1-propen-2-yllbenzene)
Cl

Me

Br

By following the General procedure 1, starting from 4’-bromoacetophenone (200 mg, 1.0 mmol, 1 equiv) in
dry THF (3 mL), chloroiodomethane (0.1 mL, 1.5 mmol, 1.5 equiv), MeLi-LiBr 2.2 M solution in diethyl ether
(0.6 mL, 1.4 mmol, 1.4 equiv), thionyl chloride (0.1 mL, 1.5 mmol, 1.5 equiv), compound 2 was obtained in
95% yield (220mg) as yellow oil after column chromatography on silica gel (n-hexane as eluent).

'H NMR (400 MHz, CDCls) &: 7.46 (m, 2H, Ph H-3,5), 7.20 (m, 2H, Ph H-2,6), 6.33 (q, *Juu= 1.4 Hz, 1H, H-1),
2.17 (d, “uu= 1.4 Hz, 3H, CH3).

13C NMR (100 MHz, CDCls) 8: 139.2 (C-2), 137.5 (Ph C-1), 131.6 (2C, Ph C-3,5), 127.5 (2C, Ph C-2,6), 121.8
(Ph C-4), 116.4 (C-1), 16.7 (C-3).

HRMS (ESI), m/z: calcd. for CoHgBrCIH*: 230.9571 [M+H]*; found: 230.9573.
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Compound 3
1-[(1E)-1-chloro-1-propan-2-yl]-4-iodobenzene
Cl

Me
|

By following the General procedure 1, starting from 4-iodo-acetophenone (200 mg, 0.8 mmol, 1 equiv) in dry
THF (3 mL), chloroiodomethane (0.1 mL, 1.2 mmol, 1.5 equiv), MelLi-LiBr 2.2 M solution in diethyl ether (0.5
mL, 1.1 mmol, 1.4 equiv), thionyl chloride (0.1 mL, 1.2 mmol, 1.5 equiv), compound 3 was obtained in 87%
yield (198 mg) as oil after column chromatography on silica gel (n- hexane as eluent).

H NMR (400 MHz, CDCls) 8:7.66 (m, 2H, Ph H-3,5), 7.07 (m, 2H, Ph H-2,6), 6.33 (q, “iu= 1.4 Hz, 1H, H-1),
2.17 (d, “un= 1.4 Hz, 3H, CHs).

13C NMR (100 MHz, CDCls) 8: 139.8 (Ph C-1), 137.6 (2C, Ph C-3,4), 127.7 (3C, Ph C-2,6, C-2), 116.4 (C-1), 93.2
(Ph C-4), 16.7 (CHs).

HRMS (ESI), m/z: calcd. for CoHsCIIH*: 278.9432 [M+H]*; found: 278.9434.

Compound 4
2,4-dichloro-1-[(1E)-1-chloro-1-propen-2-yl]benzene
Cl

Me
Cl Cl

By following the General procedure 1, starting from 2’,4’-dichloroacetophenone (200 mg, 1.1 mmol, 1 equiv)
in dry THF (3 mL), chloroiodomethane (0.1 mL, 1.6 mmol, 1.5 equiv), MeLi-LiBr 2.2 M solution in diethyl ether
(0.7 mL, 1.5 mmol, 1.4 equiv), thionyl chloride (0.1 mL, 1.6 mmol, 1.5 equiv), compound 4 was obtained in
92% vyield (216 mg) as yellow oil after column chromatography on silica gel (n-hexane as eluent).

H NMR (400 MHz, CDCls) &: 7.40 (d, 1H, % = 2.1 Hz, Ph H-3), 7.22 (dd, /i = 8.2 Hz, 4 = 2.1 Hz, 1H, Ph
H-5), 7.10 (d, 3Jup = 8.2 Hz, 1H, Ph H-6), 6.08 (q, “/n = 1.5 Hz, 1H, H-1), 2.12 (d, “Jun = 1.5 Hz, 3H, CHs).

13C NMR (100 MHz, CDCls) 8: 138.6 (Ph C-1), 137.1 (C-2), 134.2 (Ph C-4), 133.4 (Ph C-2), 130.9 (Ph C-6),
129.7 (C-3), 127.1 (Ph C-5), 118.7 (C-1), 18.2 (CHs).

HRMS (ESI), m/z: calcd. for CsH;ClsH*: 220.9686 [M+H]*; found: 220.9687.

Compound 5
1-[(1E)-1-chloro-1-propen-2-yl]-4-fluorobenzene
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Cl

Me

F
By following the General procedure 1, starting from 4-fluoro-acetophenone (200 mg, 1.45 mmol, 1 equiv) in
dry THF (3 mL), chloroiodomethane (0.2 mL, 2.17 mmol, 1.5 equiv), MeLi-LiBr 2.2 M solution in diethyl ether
(0.9 mL, 2.03 mmol, 1.4 equiv), thionyl chloride (0.2 mL, 2.17 mmol, 1.5 equiv), compound 5 was obtained in
89% yield (220 mg) as oil after column chromatography on silica gel (pentane as eluent).

1H NMR (400 MHz, CDCls) 6:7.30 (m, 2H, Ph H-2,6), 7.03 (m, 2H, Ph H-3,5), 6.27 (q, “un= 1.4 Hz, 1H, H-1),
2.18 (d, “un= 1.4 Hz, 3H, CHs).

13C NMR (100 MHz, CDCls) &: 162.4 (d, YJcr= 247.1 Hz, Ph C-4), 137.6 (C-2), 136.4 ( d, *Jcr= 3.4 Hz, Ph C-1),
127.5 (d, 2C, 3Jcr= 8.0, Ph C-2,6), 115.7 (d, ®Jcr= 1.5 Hz, C-1), 115.4 (d, 2C, 2Jcr= 21.5 Hz, Ph C-3,5), 17.0
(CHs).

19F NMR (376 MHz, CDCls) 6: -114.5 (m).

HRMS (ESI), m/z: calcd. for CoHsCIFH*: 171.0371 [M+H]*; found: 171.0373.

Compound 6
1-[(1E)-1-chloro-1-propen-2-yl]-4-(trifluoromethyl)benzene
(o

Me
F3C

By following the General procedure 1, starting from 1-[4-(trifluoromethyl)phenyl]ethanone (200 mg, 1.06
mmol, 1 equiv) in dry THF (3 mL), chloroiodomethane (0.1 mL, 1.59 mmol, 1.5 equiv), MeLi-LiBr 2.2 M solution
in diethyl ether (0.7 mL, 1.49 mmol, 1.4 equiv), thionyl chloride (0.1 mL, 1.59 mmol, 1.5 equiv), compound
6 was obtained in 88% yield (206 mg) as oil after column chromatography on silica gel (pentane as eluent).

'H NMR (400 MHz, CDCls) 6:7.60 (m, 2H, Ph H-3,5), 7.44 (m, 2H, Ph H-2,6), 6.40 (s, 1H, H-1), 2.22 (s, 3H,
CHs).

13C NMR (100 MHz, CDCls) &: 143.7 (q, *Jcr= 1.3 Hz, Ph C-1), 137.5 (C-1), 129.8 (q, %Jcr = 32.6 Hz, Ph C-4),
126.2 (2C, Ph C-2,6), 125.5 (q, 2C, 3Jcr = 3.8 Hz, Ph C-3,5), 124.1 (q, Ycr= 270.1 Hz, CF5), 117.8 (C-1), 16.8
(CHs).

F NMR (376 MHz, CDCls) &: -62.6 (s, CF3).

HRMS (ESI), m/z: calcd. for CioHsCIFsH*: 221.0339 [M+H]*; found: 221.0341.
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Compound 7
4-[(1E)-1chloro-1-propen-2-ylbenzonitrile
Ci

Me

NC
By following the General procedure 1, starting from 4-acethylbenzonitrile (200 mg, 1.38 mmol, 1 equiv) in
dry THF (3 mL), chloroiodomethane (0.2 mL, 2.07 mmol, 1.5 equiv), MeLi-LiBr 2.2 M solution in diethyl ether
(0.9 mL, 1.93 mmol, 1.4 equiv), thionyl chloride (0.2 mL, 2.07 mmol, 1.5 equiv), compound 7 was obtained in
90% vyield (220 mg) as oil after column chromatography on silica gel (chloroform/pentane 6:4 as eluent).

H NMR (400 MHz, CDCls) 6:7.63 (m, 2H, Ph H-3,5), 7.43 (m, 2H, Ph H-2,6), 6.45 (q, “/un = 1.4 Hz, 1H, H-1),
2.21 (d, “n = 1.4 Hz, 3H, CHs).

13C NMR (100 MHz, CDCls) 8: 144.6 (Ph C-1), 137.2 (C-2), 132.4 (2C, Ph C-3,5), 126.5 (2C, Ph C-2,6), 118.9 (C-
2), 118.6 (CN), 111.4 (Ph C-4), 16.6 (CHs).

HRMS (ESI), m/z: calcd. for C1oHsCINH*: 178.0418 [M+H]*; found: 178.0418.

Compound 82
[(1E)-1-chloro-1-propen-2-yllbenzene
Cl

Me

By following the General procedure 1, starting from acetophenone (200 mg, 1.67 mmol, 1 equiv) in dry THF
(3 mL), chloroiodomethane (0.2 mL, 2.5 mmol, 1.5 equiv), MeLi-LiBr 2.2 M solution in diethyl ether (1.1 mL,
2.3 mmol, 1.4 equiv), thionyl chloride (0.2 mL, 2.5 mmol, 1.5 equiv), compound 8 was obtained in 94% vyield
(239 mg) as yellow oil after column chromatography on silica gel (n-hexane as eluent).

H NMR (400 MHz, CDCls) 6: 7.34 (m, 2H, Ph H-3,5), 7.33 (m, 2H, Ph H-2,6), 7.29 (m, 1H, Ph H-4), 6.32 (q,
4Jun = 1.4 Hz, 1H, H-1), 2.20 (d, 4y = 1.4 Hz, 3H, CHa).

13C NMR (100 MHz, CDCls) 6: 140.3 (C-2), 138.4 (Ph C-1), 128.5 (2C, Ph C-3,5), 127.8 (Ph C-4), 125.9 (2C, Ph
C-2,6), 115.8 (C-1), 16.9 (CHs).

HRMS (ESI), m/z: calcd. for CsHoCIH*: 153.0466 [M+H]*; found: 153.0466.

Compound 9
1-[(1E)-1-chloro-1-propen-2-yl]-2-methylbenzene
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Cl

Me

Me

By following the General procedure 1, starting from 2’-methylacetophenone (200 mg, 1.5 mmol, 1 equiv) in
dry THF (3 mL), chloroiodomethane (0.2 mL, 2.2 mmol, 1.5 equiv), MeLi-LiBr 2.2 M solution in diethyl ether
(1.0 mL, 2.1 mmol, 1.4 equiv), thionyl chloride (0.2 mL, 2.2 mmol, 1.5 equiv), compound 9 was obtained in
85% yield (211 mg) as yellow oil after column chromatography on silica gel (n-hexane as eluent).

'H NMR (400 MHz, CDCl5) 6: 7.19 (m, 2H, Ph H-3,4), 7.15 (m, 1H, Ph H-5), 7.07 (m, 1H, Ph H-6), 5.96 (q, “/uu
= 1.5 Hz, 1H, H-1), 2.28 (s, 3H, Ph CHs), 2.08 (d, “Jux= 1.5 Hz, 3H, CHs).

13C NMR (100 MHz, CDCls) 8: 141.0 (Ph C-1), 139.6 (C-2), 135.3 (Ph C-2), 130.3 (Ph C-3), 128.4 (Ph C-6),
127.6 (Ph C-4), 125.7 (Ph C-5), 116.2 (C-1), 19.7 (Ph CHs), 18.8 (CH).

HRMS (ESI), m/z: calcd. for C1oH11CIH*: 167.0622 [M+H]*; found: 167.0624.

Compound 10
1-[(1E)-1-chloro-1-propen-2-yl]-4-methoxybenzene
Cl

Me

MeO
By following the General procedure 1, starting from 4’-methoxyacetophenone (200 mg, 1.3 mmol, 1 equiv)
in dry THF (3 mL), chloroiodomethane (0.2 mL, 2.0 mmol, 1.5 equiv), MeLi-LiBr 2.2 M solution in diethyl ether
(0.9 mL, 1.9 mmol, 1.4 equiv), thionyl chloride (0.2 mL, 2.0 mmol, 1.5 equiv), compound 10 was obtained in
81% vyield (197 mg) as yellow oil after column chromatography on silica gel (n-hexane as eluent).

'H NMR (400 MHz, CDCl5) 6: 7.27 (m, 2H, Ph H-2,6), 6.87 (m, 2H, Ph H-3,5), 6.25 (q, “/un= 1.4 Hz, 1H, H-1),
3.81 (s, 3H, OCH3), 2.17 (d, “Junu= 1.4 Hz, 3H, CH3).

13C NMR (100 MHz, CDCl3) &: 159.3 (Ph C-4), 137.9 (C-2), 132.8 (Ph C-1), 127.0 (2C, Ph C-2,6), 114.3 (C-1),
113.9 (2C, Ph C-3,5), 55.3 (OCH3), 16.9 (CHs3).

HRMS (ESI), m/z: calcd. for C1oH11CIOH*: 183.0571 [M+H]*; found: 183.0573.
Compound 11
[(1E)-1-chloro-1-penten-2-yl]benzene

(o]

n-Pr
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By following the General procedure 1, starting from 1-phenylbutan-1-one (200 mg, 1.35 mmol, 1 equiv) in
dry THF (3 mL), chloroiodomethane (0.2 mL, 2.0 mmol, 1.5 equiv), MeLi-LiBr 2.2 M solution in diethyl ether
(0.9 mL, 1.9 mmol, 1.4 equiv), thionyl chloride (0.2 mL, 2.0 mmol, 1.5 equiv), compound 11 was obtained in
84% yield (205 mg) as yellow oil after column chromatography on silica gel (n-hexane as eluent).

1H NMR (400 MHz, CDCls) 6: 7.32 (m, 2H, Ph H-3,5), 7.30 (m, 2H, Ph H-2,6), 7.29 (m, 1H, Ph H-4), 6.24 (m,
1H, H-1), 2.66 (m, 2H, H-3), 1.43 (m, 2H, H-4), 0.92 (t, 3y u= 7.4 Hz, 3H, CHs).

13C NMR (100 MHz, CDCls) &: 143.4 (C-2), 139.7 (Ph C-1), 128.5 (2C, Ph C-3,5), 127.7 (Ph C-4), 126.6 (2C, Ph
C-2,6), 115.6 (C-1), 32.5 (C-3), 20.7 (C-4), 13.7 (CH).

HRMS (ESI), m/z: calcd. for C11H13CIH*: 181.0779 [M+H]*; found: 181.0777.

Compound 12
[(12)-1-chloro-3,3-dimethyl-1-buten-2yl] benzene
Ci

t-Bu

By following the General procedure 1, starting from 2,2-dimethyl-1-phenylpropanone (200 mg, 1.23 mmol,
1 equiv) in dry THF (3 mL), chloroiodomethane (0.1 mL, 1.85 mmol, 1.5 equiv), MeLi-LiBr 2.2 M solution in
diethyl ether (0.8 mL, 1.73 mmol, 1.4 equiv), thionyl chloride (0.1 mL, 1.85 mmol, 1.5 equiv), compound 12
was obtained in 91% yield (218 mg) as oil after column chromatography on silica gel (n- hexane as eluent).

1H NMR (400 MHz, CDCls) 8:7.39 (m, 2H, Ph H-3,5), 7.33 (m, 1H, Ph H-4), 7.07 (m, 2H, Ph H-2,6), 6.25 (s, 1H,
H-l), 1.14 (S, 9H, C(CH3)3).

13C NMR (100 MHz, CDCls) 8: 152.8 (C-2), 138.1 (Ph C-1), 129.2 (2C, Ph C-2,6), 127.8 (2C, Ph C-3,5), 126.9
(Ph C-4), 114.2 (C-1), 37.0 (C(CHs)3), 29.2 (3C, C(CH3)3).

HRMS (ESI), m/z: calcd. for CioHisCINa*: 217.0755 [M+Na]*; found: 217.0757.

Compound 13
2-methyl-2-propanyl-4-[(1E)-1-chloro-1-propen-2-yl]benzoate
Ci

Me
t-BuO

(0]
By following the General procedure 1, starting from ter-butyl 4-acetylbenzoate (200 mg, 0.91 mmol, 1 equiv)
in dry THF (3 mL), chloroiodomethane (0.1 mL, 1.4 mmol, 1.5 equiv), MeLi-LiBr 2.2 M solution in diethyl ether
(0.6 mL, 1.3 mmol, 1.4 equiv), thionyl chloride (0.1 mL, 1.4 mmol, 1.5 equiv), compound 13 was obtained in
86% yield (197 mg) as oil after column chromatography on silica gel (chloroform/pentane 6:4 as eluent).
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1H NMR (400 MHz, CDCls) 6:7.95 (m, 2H, Ph H-3,5), 7.37 (m, 2H, Ph H-2,6), 6.41 (q, “un= 1.4 Hz, 1H, H-1),
2.09 (d, “un= 1.4 Hz, 3H, CHs), 1.59 (s, 9H, C(CHs)s).

13C NMR (100 MHz, CDCls) &: 165.4 (C=0), 144.1 (Ph C-1), 137.9 (C-2), 131.3 (Ph C-4), 129.7 (2C, Ph C-3,5),
125.6 (2C, Ph C-2,6), 117.5 (C-1), 81.1 (C(CHs)s), 28.2 [3C, C(CHs)s], 16.7 (CHs).

HRMS (ESI), m/z: calcd. for Ci4H17ClIO,H*: 253.0989 [M+H]*; found: 253.0988.

Compound 142
1,1’-(2-chloro-1,1-ethenediyl) dibenzene
Cl

By following the General procedure 1, starting from benzophenone (200 mg, 1.1 mmol, 1 equiv) in dry THF
(3 mL), chloroiodomethane (0.1 mL, 1.7 mmol, 1.5 equiv), MeLi-LiBr 2.2 M solution in diethyl ether (0.7 mL,
1.5 mmol, 1.4 equiv), thionyl chloride (0.1 mL, 1.7 mmol, 1.5 equiv), compound 14 was obtained in 93% yield
(219 mg) as yellow oil after column chromatography on silica gel (n-hexane as eluent).

14 NMR (400 MHz, CDCls) 8: 7.41 (m, 2H, Ph H-3,5), 7.33 (m, 2H, Ph H-2,6), 7.31 (m, 4H, Ph H-4, H-3",4’,5'),
7.22 (m, 2H, Ph H-2",6"), 6.60 (s, 1H, H-2).

13C NMR (100 MHz, CDCls) 8: 143.9 (C-1), 140.1 (Ph C-1’), 137.6 (Ph C-1), 129.8 (2C, Ph C-2,6), 128.4 (2C, Ph
C-3',5'), 128.2 (2C, Ph C-3,5), 128.1 (Ph C-4’), 128.0 (Ph C-4), 127.7 (2C, Ph C-2',6), 115.9 (C-2).

HRMS (ESI), m/z: calcd. for C14H11CIH*: 215.0622 [M+H]*; found: 215.0624.

Compound 153
1,1’-(2-chloro-1,1-ethenediyl) bis (4-chlorobenzene)
Cl

|
cl ‘ ‘m

By following the General procedure 1, starting from 4,4’-dichlorobenzophenone (200 mg, 0.8 mmol, 1 equiv)
in dry THF (3 mL), chloroiodomethane (0.1 mL, 1.2 mmol, 1.5 equiv), MeLi-LiBr 2.2 M solution in diethyl ether
(0.5 mL, 1.1 mmol, 1.4 equiv), thionyl chloride (0.1 mL, 1.2 mmol, 1.5 equiv), compound 15 was obtained in
89% yield (201 mg) as yellow oil after column chromatography on silica gel (heptane/acetone 95:5 as eluent).

H NMR (400 MHz, CDCl) &: 7.38 (m, 2H, Ph H-3,5), 7.28 (m, 2H, Ph H-3’,5’), 7.25 (m, 2H, Ph H-2,6), 7.12 (m,
2H, Ph H-2,6’), 6.59 (s, C-2).
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13C NMR (100 MHz, CDCls) 5: 141.8 (C-1), 138.2 (Ph C-1’), 135.5 (Ph C-1), 134.3 (Ph C-4’), 134.2 (Ph C-4),
131.2 (2C, Ph C-2,6), 128.9 (2C, Ph C-1’,6), 128.7 (2C, Ph C-3’,5’), 128.6 (2C, Ph C-3,5), 116.8 (C-2).

HRMS (ESI), m/z: calcd. for C14HoClsH*: 282.98426 [M+H]*; found: 282.98428.

Compound 16%
1-[(2)-(2-chloro-1-phenylvinyl)-4-methoxybenzene
Ci

l l OMe

By following the General procedure 1, starting from 4-methoxybenzophenone (200 mg, 0.94 mmol, 1 equiv)
in dry THF (3 mL), chloroiodomethane (0.1 mL, 1.3 mmol, 1.5 equiv), MeLi-LiBr 2.2 M solution in diethyl ether
(0.6 mL, 1.3 mmol, 1.5 equiv), thionyl chloride (0.1 mL, 1.4 mmol, 1.5 equiv), compound 16 was obtained in
85% vyield (196 mg) as yellow oil after column chromatography on silica gel (n-hexane as eluent).

H NMR (400 MHz, CDCls) 8: 7.30 (m, 3H, Ph H-3,4,5), 7.28 (m, 2H, Ph H-2",6’), 7.22 (m, 2H, Ph H-2,6), 6.93
(m, 2H, Ph H-3",5"), 6.52 (s, 1H, H-2), 3.85 (s, 3H, OCHs).

13C NMR (100 MHz, CDCls) 8: 159.2 (Ph C-4’), 143.4 (C-1), 140.6 (Ph H-1), 131.2 (2C, Ph C-2",6"), 129.8 (Ph C-
1’), 128.4 (2C, Ph C-3,5), 128.0 (Ph C-4), 127.9 (2C, Ph C-2,6), 115.1 (C-2), 113.5 (2C, Ph C-3",5"), 55.2 (OCHs).

HRMS (ESI), m/z: calcd. for C15H13CIOH*: 245.0728 [M+H]*; found: 245.0727.

Compound 17
1-[(2-chloro-1-(Z)-phenylvinyl)-4-azido] benzene
Cl

Saol

By following the General procedure 1, starting from 4-azidobenzophenone (200 mg, 0.9 mmol, 1 equiv) in
dry THF (3 mL), chloroiodomethane (0.1 mL, 1.3 mmol, 1.5 equiv), MeLi-LiBr 2.2 M solution in diethyl ether
(0.6 mL, 1.3 mmol, 1.4 equiv), thionyl chloride (0.1 mL, 1.3 mmol, 1.5 equiv), compound 17 was obtained in
94% vyield (215 mg) as yellow oil after column chromatography on silica gel (n-hexane as eluent).

'H NMR (200 MHz, CDCls) 8: 7.34 (m, 5H, Ph H-2,3,4,5,6), 7.20 (m, 2H, Ph H-2",6), 7.06 (m, 1H, Ph H-3),
6.95 (m, Ph H-5%), 6.57 (s, 1H, H-2).

13C NMR (100 MHz, CDCls) &: 143.0 (Ph C-4°), 140.0 (C-1), 136.9 (Ph C-1), 131.5 (2C, Ph C-2,67), 129.8 (2C,
Ph C-3,5), 129.5 (Ph C-1'), 129.1 (Ph C-4), 128.5 (2C, Ph C-2,6), 118.8 (2C, Ph C-3",5'), 116.1 (C-2).

HRMS (ESI), m/z: calcd. for C14H10CINsNa*: 278.0461 [M+Na]*; found: 278.0465.
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Compound 18
2,2’-(2-chloro-1,1-ethenediyl) dithiophene

By following the General procedure 1, starting from di-3-thienyl ketone (200 mg, 1.0 mmol, 1 equiv) in dry
THF (3 mL), chloroiodomethane (0.1 mL, 1.5 mmol, 1.5 equiv), MeLi-LiBr 2.2 M solution in diethyl ether (0.7
mL, 1.4 mmol, 1.4 equiv), thionyl chloride (0.1 mL, 1.5 mmol, 1.5 equiv), compound 18 was obtained in 86%
yield (194 mg) as yellow oil after column chromatography on silica gel (heptane/acetone 95:5 as eluent).

H NMR (400 MHz, CDCls) &: 7.45 (dd, 3y = 5.2 Hz, “un= 1.2 Hz, Th H-5), 7.30 (m, 2H, Th H-3,5), 7.09 (dd,
3Jun=5.2 Hz, 3= 3.7 Hz, Th H-4), 7.06 (m, Th H-3’), 7.02 (dd, 3/un= 5.1 Hz, 3Juu = 3.6 Hz, Th H-4"), 6.56 (s,
H-2).

13C NMR (100 MHz, CDCls) &: 142.0 (Th C-2’), 138.0 (Th C-2), 130.7 (C-1), 129.8 (Th C-3), 127.1 (Th C-5),
127.10 (2C, Th C-3',4’), 126.4 (Th C-4), 125.8 (Th C-5’), 115.7 (C-2).

HRMS (ESI), m/z: calcd. for CioH,CIS;H*: 226.9750 [M+H]*; found: 226.9752.

Compound 19
3-[(Z)-2-chloro-1-phenylvinyl] ciclopentenyl (ciclopentyl) iron

? /Cl

&

By following the General procedure 1, starting from benzoylferrocene (200 mg, 0.7 mmol, 1 equiv) in dry THF
(3 mL), chloroiodomethane (0.1 mL, 1.0 mmol, 1.5 equiv), MeLi-LiBr 2.2 M solution in diethyl ether (0.4 mL,
1.0 mmol, 1.4 equiv), thionyl chloride (0.1 mL, 1.0 mmol, 1.5 equiv), compound 19 was obtained in 84% yield
(186 mg) as yellow oil after column chromatography on silica gel (heptane/acetone 9:1 as eluent).

'H NMR (400 MHz, CDCl5) 6:7.45 (m, 2H, Ph H-3,5), 7.38 (m, Ph H-4), 7.34 (m, 2H, Ph H-2,6), 6.49 (s, 1H, H-
2),4.24 (s, 2H, Fc H-1,5), 4.19 (s, 2H, Fc H-2,4), 4.13 (s, 5H, Fc H-1,2,3,4,5).

13C NMR (100 MHz, CDCl3) &: 141.9 (C-1), 137.4 (Ph C-1), 129.0 (2C, Ph C-2,6), 128.1 (2C, Ph C-3,5), 127.6
(Ph C-4), 111.6 (C-2), 84.8 (Fc C-3), 69.5 (5C, Fc C-1,2,3,4,5), 68.9 (2C, Fc C-1,5), 66.6 (2C, Fc C-2,4).

HRMS (ESI), m/z: calcd. for Ci1gH1sCIFeH*: 323.0284 [M+H]*; found: 323.286.
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Compound 20
1,1’-(2-chloro-1,1-ethenediyl)dicyclohexane
Cl

By following the General procedure 1, starting from dicyclohexylmethanone (200 mg, 1.0 mmol, 1 equiv) in
dry THF (3 mL), chloroiodomethane (0.1 mL, 1.5 mmol, 1.5 equiv), MeLi-LiBr 2.2 M solution in diethyl ether
(0.7 mL, 1.4 mmol, 1.4 equiv), thionyl chloride (0.1 mL, 1.5 mmol, 1.5 equiv), compound 20 was obtained in
90% yield (204 mg) as yellow oil after column chromatography on silica gel (n-hexane as eluent).

'H NMR (400 MHz, CDCls) &: 5.76 (s, 1H, CHCI), 2.69 (m, 1H, H-1’), 1.98 (m, 1H, H-1), 1.76 (m, 2H, H-3’,5),
1.75 (m, 2H, H-3,5), 1.69 (m, 2H, H-2,6), 1.68 (m, 2H, H-4,4), 1.54 (m, 2H, H-2",6"), 1.42 (m, 2H, H-2",6'), 1.31
(m, 2H, H-3",5’), 1.25 (m, 2H, H-3,5), 1.17 (m, 2H, H-4,4’), 1.12 (m, 2H, H-2,6).

13C NMR (100 MHz, CDCls) 8: 151.9 (C=C), 112.2 (CHCI), 41.0 (C-1), 40.7 (C-1’), 34.2 (2C, C-2,6), 29.7 (2C, C-
2’,6’), 27.0 (2C, C-3,5), 26.1 (2C, C-3,5’), 26.1 (C-4), 26.07 (C-4').

HRMS (ESI), m/z: calcd. for Ci4H3CIH*: 227.1561 [M+H]*; found: 227.151563.

Compound 21

(1Z)-1-chloromethylene)indane
Cl

By following the General procedure 1, starting from 1-indanone (200 mg, 1.5 mmol, 1 equiv) in dry THF (3
mL), chloroiodomethane (0.2 mL, 2.3 mmol, 1.5 equiv), MeLi-LiBr 2.2 M solution in diethyl ether (1.0 mL, 2.1
mmol, 1.4 equiv), thionyl chloride (0.2 mL, 2.3 mmol, 1.5 equiv), compound 21 was obtained in 93% yield
(230 mg) as yellow oil after column chromatography on silica gel (n-hexane as eluent).

1H NMR (400 MHz, CDCls) 8: 7.39 (m, 1H, Ar H-7), 7.27 (m, 1H, Ar H-4), 7.23 (m, 1H, Ar H-5), 7.18 (m, 1H, Ar
H-6), 6.52 (t, “Juu= 2.8 Hz, 1H, CHCl), 3.05-3.01 (m, 2H, H-3), 2.90-2.86 (m, 2H, H-2).

13C NMR (100 MHz, CDCls) 8: 146.9 (Ar C-3a), 145.4 (C-1), 138.9 (Ar C-7a), 128.5 (Ar C-5), 126.6 (Ar C-6),
125.6 (Ar C-4), 120.1 (Ar C-7), 108.7 (CHCI), 29.6 (C-3), 29.3 (C-2).

HRMS (ESI), m/z: calcd. for C1oHsCIH*: 165.0466 [M+H]*; found: 165.0465.

Compound 22°
9-(chloromethylene)-9H-fluorene
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By following the General procedure 1, starting from 9H-fluorenone (200 mg, 1.1 mmol, 1 equiv) in dry THF
(3 mL), chloroiodomethane (0.1 mL, 1.7 mmol, 1.5 equiv), MeLi-LiBr 2.2 M solution in diethyl ether (0.7 mL,
1.6 mmol, 1.4 equiv), thionyl chloride (0.1 mL, 1.7 mmol, 1.5 equiv), compound 22 was obtained in 82% yield
(193 mg) as yellow oil after column chromatography on silica gel (n-hexane as eluent).

1H NMR (400 MHz, C¢De) 6: 8.45 (m, 1H, Ar H-1), 7.41 (m, 1H, Ar H-4), 7.38 (m, 1H, Ar H-5), 7.13 (m, 1H, Ar
H-3), 7.12 (m, 1H, Ar H-2), 7.10 (m, 1H, Ar H-6), 7.05 (m, 1H, Ar H-8), 6.99 (m, 1H, Ar H-7), 6.66 (s, 1H, CHCI).

13C NMR (100 MHz, CsDs) 5: 141.5 (Ar C-4a), 139.4 (Ar C-4b), 138.0 (Ar C-8a), 137.1 (Ar C-9), 136.3 (Ar C-9a),
129.5 (Ar C-3), 128.7 (Ar C-6), 127.7 (Ar C-2), 127.3 (Ar C-7), 126.6 (Ar C-1), 120.4 (Ar C-8), 120.1 (Ar C-4),
117.6 (CHCI).

HRMS (ESI), m/z: calcd. for C14HsCIH*: 213.0466 [M+H]*; found: 213.0465.

Compound 23
7-chloro-9-((E)chloromethylene)-9H-thioxanthene
Cli

Co
S

By following the General procedure 1, starting from 2-chloro-9H-thioxanthen-9-one (200 mg, 0.8 mmol, 1
equiv) indry THF (3 mL), chloroiodomethane (0.1 mL, 1.2 mmol, 1.5 equiv), MeLi-LiBr 2.2 M solution in diethyl
ether (0.5 mL, 1.1 mmol, 1.4 equiv), thionyl chloride (0.1 mL, 1.2 mmol, 1.5 equiv), compound 23 was
obtained in 89% yield (199 mg) as yellow oil after column chromatography on silica gel (n-hexane as eluent).

H NMR (400 MHz, C¢D¢) &: 7.93 (m, 1H, H-1), 7.48-7.24 (m, 6H, H-2,3,4,5,6,8), 6.54 (s, 1H, CHCI).
13C NMR (100 MHz, C¢D¢) &: 136.5 (C-9), 135.7,135.67, 134.5, 132.8, 132.78, 132.5, 131.8, 131.75, 131.7,
130.7, 130.5, 129.3 (C-1), 129.0 (C-8°), 128.2, 128.0, 127.96, 127.7, 127.65, 127.2, 127.16, 126.6, 126.1,

126.07, 125.8, 125.6, 118.2 (CHCI), 118.1 (CHCI).

HRMS (ESI), m/z: calcd. for C14HsCl,S*: 278.9802 [M+H]*; found: 278.9807.

Compound 24
4-(E)-chloromethylene)-5-fluoro-3-methyl-1-phenyl-1,4-dihydrochromeno[2,3-c] pyrazole
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By following the General procedure 1, starting from 4-(chloromethylene)-5-fluoro-3-methyl-1-phenyl-1,4-
dihydrochromenol[2,3-c]pyrazole (200 mg, 0.68 mmol, 1 equiv) in dry THF (3 mL), chloroiodomethane (0.1
mL, 1.0 mmol, 1.5 equiv), MelLi-LiBr 2.2 M solution in diethyl ether (0.4 mL, 1.0 mmol, 1.4 equiv), thionyl
chloride (0.1 mL, 1.5 mmol, 1.5 equiv), compound 24 was obtained in 84% yield (186 mg) as yellow oil after
column chromatography on silica gel (n-hexane as eluent).

H NMR (400 MHz, CDCl3) &: 7.79 (m, 2H, Ph H-2,6), 7.49 (m, 2H, Ph H-3,5), 7.33 (m, 1H, Ph H-4), 7.24 (m,
1H, Ar H-7), 7.03 (m, 1H, Ar H-8), 6.97 (m, 1H, Ar H-6), 6.68 (s, 1H, CHCI), 2.62 (s, 3H, CH).

13C NMR (100 MHz, CDCls) &: 159.5 (d, YJcr = 250.1 Hz, Ar C-5), 152.0 (d, 3Jcr= 5.4 Hz, Ar C-8a), 148.0 (C-9a),
145.2 (Pyr C-3), 137.5 (Ph C-1), 129.2 (2C, Ph C-3,5), 128.5 (d, *Jcr= 10.8 Hz, Ar C-7), 126.7 (Ph C-4), 121.9
(d, *Jer=4.3 Hz, C-4), 121.2 (2C, Ph C-2,6), 113.2 (d, °Jc = 3.4 Hz, Ar C-8), 112.8 (d, %Jc = 17.1 Hz, Ar C-4a),
112.5 (d, “Jcr= 18.1 Hz, CHCI), 112.4 (d, 2Jcr= 24.2 Hz, Ar C-6), 99.8 (Pyr C-3a), 18.1 (CHs).

19 NMR (376 MHz, CDCl3) &: -112.1 (dd, Y = 11.3 Hz, ¥y r = 5.8 Hz, F).

HRMS (ESI), m/z: calcd. for C1sH12CIFN,OH*: 327.0695 [M+H]*; found: 327.0696.

Compound 25
(chlorometylene)cyclooctane
Ci

By following the General procedure 1, starting from cyclooctanone (200 mg, 1.6 mmol, 1 equiv) in dry THF
(3 mL), chloroiodomethane (0.2 mL, 2.4 mmol, 1.5 equiv), MeLi-LiBr 2.2 M solution in diethyl ether (1.0 mL,
2.2 mmol, 1.4 equiv), thionyl chloride (0.2 mL, 2.4 mmol, 1.5 equiv), compound 25 was obtained in 92% yield
(233 mg) as yellow oil after column chromatography on silica gel (n-hexane as eluent).

H NMR (400 MHz, CDCl3) &: 5.82 (m, CHCl), 2.33 (m, 2H, H-2), 2.20 (m, 2H, H-8), 1.71 (m, 2H, H-3), 1.66 (m,
2H, H-7), 1.51-1.47 (m, 4H, H-4,5), 1.49 (m, 2H, H-6).

13C NMR (100 MHz, CDCls) &: 144.4 (C-1), 111.7 (CHCI), 35.1 (C-8), 29.4 (C-2), 27.1 (C-6), 26.1 (C-4), 25.8 (C-
5), 25.6 (C-3), 25.6 (C-7).

HRMS (ESI), m/z: calcd. for CoH1sCIH*: 159.0935 [M+H]*; found: 159.0936.

Compound 26°

(cloromethyliden) cyclopentadecane
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Cl

By following the General procedure 1, starting from cyclopentadecanone (200 mg, 0.89 mmol, 1 equiv) in
dry THF (3 mL), chloroiodomethane (0.1 mL, 1.3 mmol, 1.5 equiv), MeLi-LiBr 2.2 M solution in diethyl ether
(0.6 mL, 1.3 mmol, 1.4 equiv), thionyl chloride (0.6 mL, 1.3 mmol, 1.5 equiv), compound 26 was obtained in
83% yield (189 mg) as oil after column chromatography on silica gel (n- hexane as eluent).

1H NMR (400 MHz, CDCls) &: 5,80 (s, 1H, CHCI), 2.20 (m, 2H, H-16), 2.07 (m, 2H, H-3), 1.50-1.26 (m, 24 H, H-
4-15).

13C NMR (100 MHz, CDCls) 6: 143.3 (C-2), 112.1 (C-1), 35.4 (C-3), 30.2 (C-16), 27.6-25.7 (m, C4-16).

HRMS (ESI), m/z: calcd. for CigH29CIH*: 257.2031 [M+H]*; found: 257.2033.

Scale up of the reaction using 20 mmol of starting material

By following the General procedure 1, starting from cyclopentadecanone (4.5 g, 20 mmol, 1 equiv) in dry THF
(30 mL), chloroiodomethane (2.2 mL, 30 mmol, 1.5 equiv), MeLi-LiBr 2.2 M solution in diethyl ether (12.7 mL,
28 mmol, 1.4 equiv), thionyl chloride (2.2 mL, 30 mmol, 1.5 equiv), compound 26 was obtained in 87% yield
(4.470 g) as yellow oil after column chromatography on silica gel (n- heptane as eluent). Spectroscopic and
spectrometric data match with those ones reported for the running reaction at 1.3 mmol scale.

Compound 27

2-(chloromethylene)adamantane

Cl

By following the General procedure 1, starting from 2-adamantanone (200 mg, 1.3 mmol, 1 equiv) in dry THF
(3 mL), chloroiodomethane (0.2 mL, 2.0 mmol, 1.5 equiv), MeLi-LiBr 2.2 M solution in diethyl ether (0.9 mL,
1.9 mmol, 1.4 equiv), thionyl chloride (0.2 mL, 2.0 mmol, 1.5 equiv), compound 27 was obtained in 90% yield
(214 mg) as yellow oil after column chromatography on silica gel (n- heptane as eluent).

'H NMR (400 MHz, CDCl5) 6: 5.75 (s, 1H, CHCI), 3.12 (m 1H, H-3), 2.49 (m, 1H, H-1), 1.97 (m, 2H, H-5,7), 1.89
(m, 2H, H-4,10), 1.88 (m, 2H, H-8,9), 1.83 (m, 2H, H-7), 1.75 (m, 4H, H-4,8,9,10).

13C NMR (100 MHz, CDCls) &: 149.7 (C-2), 103.9 (CHCI), 39.3 (C-8,9), 38.0 (C-1), 37.9 (C-4,10), 36.8 (C-6),
31.8 (C-3), 28.2 (C-5,7).
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HRMS (ESI), m/z: calcd. for C11H1sCIH*: 183.0935 [M+H]*; found: 183.0937.

Compound 28
9-(bromomethylene)-9H-thioxanthene

L

By following the General procedure 1, starting from 9H-thioxanthen-9-one (200 mg, 0.9 mmol, 1 equiv) in
dry THF (3 mL), dibromomethane (0.1 mL, 1.4 mmol, 1.5 equiv), MeLi-LiBr 2.2 M solution in diethyl ether (0.6
mL, 1.3 mmol, 1.4 equiv), thionyl chloride (0.1 mL, 1.4 mmol, 1.5 equiv), compound 28 was obtained in 92%
yield (239 mg) as yellow oil after column chromatography on silica gel (heptane/acetone 95:5 as eluent).

1H NMR (400 MHz, CDCls) 6: 7.99 (m, 1H, Ph H-8), 7.48 (m, 1H, Ph H-5), 7.46 (m, 1H, Ph H-1), 7.42 (m, 1H,
Ph H-4), 7.33 (m, 1H, Ph H-7), 7.30 (m, 1H, Ph H-6), 7.28 (m, 2H, Ph H-2,3), 6.69 (s, CHBr).

13C NMR (100 MHz, CDCl3) 5: 139.3 (C-9), 135.9 (C-9a), 133.1 (C-10a), 132.0 (C-8a), 131.7 (C-4a), 129.1 (C-
8), 128.0 (C-6), 127.7 (C-3), 127.0 (C-2), 126.7 (C-5), 126.0 (C-4), 125.7 (C-7), 125.7 (C-1), 106.3 (CHBr).

HRMS (ESI), m/z: calcd. for C14HsBrSH*: 288.9681 [M+H]*; found: 288.9686.

Compound 297

2-(iodomethylene) adamantane

By following the General procedure 1, starting from 2-adamantanone (200 mg, 1.3 mmol, 1 equiv) in dry THF
(3 mL), dilodomethane (0.2 mL, 2.0 mmol, 1.5 equiv), MeLi-LiBr 2.2 M solution in diethyl ether (0.9 mL, 1.9
mmol, 1.4 equiv), thionyl chloride (0.2 mL, 2.0 mmol, 1.5 equiv), compound 29 was obtained in 87% vyield
(311 mg) as yellow oil after column chromatography on silica gel (n- heptane as eluent).

H NMR (400 MHz, CDCl3) &: 5.75 (s, 1H, CHI), 3.12 (m, 1H, H-1), 2.49 (m, 1H, H-3), 1.97 (m, 2H, H-5,7), 1.89
(m, 2H, H-8,9), 1.88 (m, 2H, H-4,10), 1.84 (m, 2H, H-6), 1.76 (m, 4H, H-4,8,9,10).

13C NMR (100 MHz, CDCls) 8: 149.7 (C-2), 103.9 (CHI), 39.3 (2C, C-4,10), 38.0 (C-3), 37.9 (2C, C-8,9), 36.8 (C-
6), 31.9 (C-1), 28.2 (2C, C-5,7).

HRMS (ESI), m/z: calcd. for Ci1HisIH*: 275.0291 [M+H]*; found: 275.0294.

Compound 308
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4-[(1E)-1-fluoro-1-propen-2-yl]benzonitrile

Me

NC
By following the General procedure 1, starting from 4-acetylbenzonitrile (200 mg, 1.4 mmol, 1 equiv) in dry
THF/Et,0 (1:1 10 mL), fluoroiodomethane (0.1 mL, 2.1 mmol, 2 equiv), MeLi-LiBr 2.2 M solution in diethyl
ether (0.9 mL, 1.9 mmol, 1.4 equiv), thionyl chloride (0.2 mL, 2.1 mmol, 1.5 equiv), compound 30 was
obtained in 85% vyield (192 mg) as yellow oil after column chromatography on silica inverse phase gel
(Acetonitrile/water 8:2 as eluent).

14 NMR (400 MHz, CDCls) 8: 6.94 (m, 2H, Ph H-2,6), 6.53 (m, 2H, Ph H-3,5), 6.35 (d, i = 83.5 Hz, CHF),
1.59 (d, “un = 3.8 Hz, 3H, CHs).

13C NMR (100 MHz, CDCls) &: 147.8 (d, 2cr = 262.2 Hz, CHF), 141.6 (d, 3Jcr = 3.4 Hz, Ph C-4), 132.2 (2C, Ph C-
2,6), 126.1(d, “Jcr = 3.4 Hz, 2C, Ph C-3,5), 119.2 (d, 2Jcr = 11.0 Hz, C-2), 118.8 (CN), 111.5 (Ph, C-1), 11.4 (d,
3Jc,|: =59 HZ, CH3).

19F NMR (376 MHz, CDCls) 5: -126.6 (dq, Zr.y = 83.5 Hz, 3¢ = 3.8 Hz, CHF).

HRMS (ESI), m/z: calcd. for C1oHsFNH*: 162.0714 [M+H]*; found: 162.0716.

Compound 31
2-methyl-2-propanyl 4-[(1E)-1-fluoro-1-propen-2-yllbenzoate
F

Me
t-BuO

(0]
By following the General procedure 1, starting from ter-butyl-4acetylbenzoate (200 mg, 0.9 mmol, 1 equiv)
in dry THF/Et,0 (1:1 10 mL), fluoroiodomethane (0.1 mL, 1.4 mmol, 1.5 equiv), MeLi-LiBr 2.2 M solution in
diethyl ether (0.6 mL, 1.3 mmol, 1.4 equiv), thionyl chloride (0.1 mL, 1.4 mmol, 1.5 equiv), compound 31 was
obtained in 93% yield (198 mg) as yellow oil after column chromatography on alumina gel grade | (n-
heptane/acetone 99:1 as eluent).

H NMR (400 MHz, CDCl3) &: 7.94 (m, 2H, Ph H-2,6), 7.34 (m, 2H, Ph H-3,5), 6.97 (qd, Y = 84.2 Hz, 4y =
1.5 Hz, CHF), 2.05 (dd, %/ = 3,8 Hz, YJun = 1.5 Hz, 3H, CHs), 1.59 (s, 9H, C(CHs)s).

13C NMR (100 MHz, CDCl) &: 165.5 (C=0), 146.9 (d, Ycr = 260.5 Hz, CHF), 141.7 (d, 3Jcr = 9.1 Hz, Ph C-4),
130.9 (Ph C-1), 129.7 (2C, Ph C-2,6), 125.5 (d, “Jcr = 3.3 Hz, 2C, Ph C-3,5), 81.0 [C(CH3)s], 28.2 (3C, C(CH3)3),
12.0 (d, ¥Jcr = 6.0 Hz, CH3).

F NMR (376 MHz, CDCl3) &: -128.5 (dq, %Jrn = 84.2 Hz, *Je s = 3.8 Hz, CHF).
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HRMS (ESI), m/z: calcd. for C14H17FO,H*: 237.1285 [M+H]*; found: 237.1287.

Compound 32
(3aS, 5a$,8E,9bS)-8-(chloromethylene)-3,5-a,9-trimethyl-3a,4,5,5a,8,9b-hexahydronaphto[1,2-b]
furan-2(3H)-one

By following the General procedure 1, starting from santonin (200 mg, 0.8 mmol, 1 equiv) in dry THF (3 mL),
chloroiodomethane (0.1 mL, 1.2 mmol, 1.5 equiv), MeLi-LiBr 2.2 M solution in diethyl ether (0.5 mL, 1.1
mmol, 1.4 equiv), thionyl chloride (0.1 mL, 1.2 mmol, 1.5 equiv), compound 32 was obtained in 90% yield
(201 mg) as oil after column chromatography on silica gel (chloroform as eluent).

H NMR (400 MHz, CDCl3) § 6.67 (d, 1H, 3Juy= 10.0 Hz, C;H), 6.18 (m, 1H, CHCI), 5.72 (dd, 1H, 3Juu= 10.0 Hz,
4Jun= 1.6 Hz, CeH), 4.81 (d, 1H, 3un= 11.1 Hz, CopH), 2.33 (m, 1H, CsH), 2.08 (d, 3H, Jyu= 1.3 Hz, CsCH3),
1.98 (m, 1H, C4H,), 1.81 (m, 1H, Cs.H), 1.69 (m, 1H, CsHa), 1.65 (m, 1H, CsHa), 1.54 (m, 1H, CsHs), 1.25 (d, 3H,
3Jun= 7.0 Hz, C3CHs), 1.23 (s, 3H, Cs2CH).

13C NMR (100 MHz, CDCls) &: 178.1 (C=0), 139.8 (C-6), 135.2 (C-9a), 134.2 (C-8), 122.2 (C-9), 114.2 (CHCI),
82.4 (C-9b), 53.7 (C-3a), 41.1 (C-3), 40.9 (C-5a), 38.7 (C-5), 26.3 (C-5a CHs), 24.1 (C-4), 13.5 (C-9 CHs), 12.4
(C-3 CHs).

HRMS (ESI), m/z: calcd. for Ci6H15CIO,H*: 279.1146 [M+H]*; found: 279.1144.
Compound 33°

[(1E,3E)-4-chloro-3-methyl-1,3-butadien-1-yl]benzene
[(1E,3Z)-4-chloro-3-methyl-1,3-butadien-1-yl]benzene

Me Me
X Cl X

Cl

major (E,E) 59% minor (E,Z) 41%

By following the General procedure 1, starting from 4-phenylbut-3-en-2-one (200 mg, 1.4 mmol, 1 equiv) in
dry THF (3 mL), chloroiodomethane (0.2 mL, 2.1 mmol, 1.5 equiv), MeLi-LiBr 2.2 M solution in diethyl ether
(0.9 mL, 1.9 mmol, 1.4 equiv), thionyl chloride (0.2 mL, 2.1 mmol, 1.5 equiv), compound 33 was obtained in
86% yield (215 mg) as yellow oil after column chromatography on silica gel (n-hexane as eluent).

Major:
'H NMR (400 MHz, CDCl5) &: 7.41 (m, 2H, Ph H-2,6), 7.37-7.22 (m, 3H, Ph H-3,4,5), 6.77 (d, 1H, 3Ju 1 = 16.0
Hz, H-2), 6.60 (d, 1H, 3Juu = 16.0 Hz, H-1), 6.26 (m, 1H, H-4), 2.04 (d, 3H, “Jun = 1.3 Hz, CHs).
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13C NMR (100 MHz, CDCls) : 137.1 (2C, Ph C-1, C-3), 128.7 (2C, Ph C-3,5), 128.6 (C-1), 128.5 (C-2), 127.7 (Ph
C-4), 126.4 (2C, Ph C-2,6), 119.9 (C-4), 13.0 (CHs).

Minor:
'H NMR (400 MHz, CDCl3) &: 7.50 (m, 2H, Ph H-2,6), 7.37-7.22 (m, 3H, Ph H-3,4,5), 7.38 (dd, 1H, 3/yn = 16.2
*Jun = 0.8 Hz, H-2), 6.70 (d, 1H, 3y = 16.2 Hz, H-1), 6.01 (m, 1H, H-4), 1.99 (d, 3H, *J4.x = 1.5 Hz, CHs).

13C NMR (100 MHz, CDCl3) : 136.9 (Ph C-1), 134.3 (C-3), 131.5 (C-1), 128.7 (2C, Ph C-3,5), 128.0 (Ph C-4),
126.8 (2C, Ph C-2,6), 124.0 (C-2), 116.0 (C-4), 18.2 (CHs).

HRMS (ESI), m/z: calcd. for C11H11CIH*: 179.0622 [M+H]*; found: 179.0625.

Compound 34
[4-(chloromethyl)-3-cyclohexen-1-yl] benzene

o
Ph

By following the General procedure 1, starting from 4-phenylcyclohexanone (200 mg, 1.2 mmol, 1 equiv) in
dry THF (3 mL), chloroiodomethane (0.1 mL, 1.7 mmol, 1.5 equiv), MeLi-LiBr 2.2 M solution in diethyl ether
(0.7 mL, 1.6 mmol, 1.4 equiv), thionyl chloride (0.1 mL, 1.7 mmol, 1.5 equiv), compound 34 was obtained in
84% yield (208 mg) as yellow oil after column chromatography on silica gel (n-hexane as eluent).

H NMR (400 MHz, CDCl3) &: 7.33 (m, 2H, Ph H-3,5), 7.24 (m, 2H, Ph H-2,6), 7.23 (m, 1H, Ph H-4), 5.92 (m,
1H, H-3), 4.07 (s, 2H, CH,Cl), 2.80 (m, 1H, H-1), 2.38 (m, 1H, H-2), 2.30 (m, 2H, H-5), 2.22 (m, 1H, H-2), 2.04
(m, 1H, H-6), 1.82 (m, 1H, H-6).

13C NMR (100 MHz, CDCls) 8: 146.4 (Ph C-1), 134.3 (C-4), 128.4 (2C, Ph C-3,5), 127.1 (C-3), 126.8 (2C, Ph C-
2,6), 126.2 (Ph C-4), 50.1 (CHCl), 39.7 (C-1), 33.4 (C-2), 29.5 (C-6), 26.6 (C-5).

HRMS (ESI), m/z: calcd. for Cy3H1sCIH*: 207.0935 [M+H]*; found: 207.0937.

Compound 35
(E)-[2-(chloromethyl)-2-cyclohexen-1-yl)methyl]lbenzene
Cl

Ph™ X

By following the General procedure 1, starting from 2-benzylidenecyclohexanone (200 mg, 1.1 mmol, 1
equiv) indry THF (3 mL), chloroiodomethane (0.1 mL, 1.6 mmol, 1.5 equiv), MeLi-LiBr 2.2 M solution in diethyl
ether (0.7 mL, 1.5 mmol, 1.4 equiv), thionyl chloride (0.1 mL, 1.6 mmol, 1.5 equiv), compound 35 was
obtained in 92% yield (221 mg) as yellow oil after column chromatography on silica gel (n-hexane as eluent).
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'H NMR (400 MHz, CDCl5) &: 7.35 (m, 2H, Ph H-3,5), 7.31 (m, 2H, Ph H-2,6), 7.22 (m, 1H, Ph H-4), 6.66 (s, 1H,
H-1), 6.18 (t, 1H, Y= 4.3 Hz, C3H), 4.34 (s, 2H, CH,Cl), 2.64 (m, 2H, CeH.), 2.26 (m, 2H, C4H,), 1.69 (m, 2H,
CsHa).

13C NMR (100 MHz, CDCls) 6: 137.6 (Ph C-1), 134.6 (C-2), 134.3 (C-1), 134.0 (C-3), 129.4 (2C, Ph C-2,6), 128.0
(2C, Ph C-3,5), 126.4 (Ph C-4), 124.2 (C1H), 46.3 (CH,Cl), 27.0 (CeH2), 26.2 (CaH2), 22.5 (CsH,).

HRMS (ESI), m/z: calcd. for CiaH1sCIH*: 219.0935 [M+H]*; found: 219.0937.

Compound 36
(fluoromethyl)-3H-indene

By following the General procedure 1, starting from 1-indanone (200 mg, 1.5 mmol, 1 equiv) in dry THF/Et,0
(1:1 10 mL), fluoroiodomethane (0.2 mL, 2.3 mmol, 1.5 equiv), MeLi-LiBr 2.2 M solution in diethyl ether (1.0
mL, 2.1 mmol, 1.4 equiv), thionyl chloride (0.2 mL, 2.3 mmol, 1.5 equiv), compound 36 was obtained in 81%
yield (180 mg) as yellow oil after column chromatography on silica gel (n-hexane as eluent).

1H NMR (400 MHz, CDCl3) &: 7.50 (m, 1H, H-7), 7.46 (m, 1H, H-4), 7.33 (m, 1H, H-5), 7.25 (m, 1H, H-6), 6.58
(m, 1H, H-2), 5.43 (qd, 2H, “Jur = 47.3 Hz, YJun = 1.4 Hz, CHF), 3.44 (m, 2H, H-1).

13C NMR (100 MHz, CDCl3) &: 144.1 (C-7a), 142.8 (d, 3Jcr = 2.0 Hz, C-3a), 139.9 (d, Jcr = 16.8 Hz, C-3), 132.8
(d, 3Jur = 9.3 Hz, C-2), 126.3 (C-5), 125.3 (C-6), 124.0 (C-7), 119.6 (C-4), 79.3 (d, Ycr = 153.2 Hz, CHF), 38.1 (d,
4Jer = 1.7 Hz, C-1).

19 NMR (376 MHz, CDCl3) 8: -216.8 (qt, Y = 47.3 Hz, 4y ¢ = 6.2 Hz, CHF).

HRMS (ESI), m/z: calcd. for CioHsFH*: 149.0761 [M+H]*; found: 149.0763.

Compound 37
6-(chloromethylene)-3-methoxy-17-methyl-6,7-didehydro-4,5-epoxymorphinane
Me

MeO
By following the General procedure 1, starting from hydrocodone (200 mg, 0.7 mmol, 1 equiv) in dry THF (3
mL), chloroiodomethane (0.1 mL, 1.0 mmol, 1.5 equiv), MeLi-LiBr 2.2 M solution in diethyl ether (0.4 mL, 0.9
mmol, 1.4 equiv), thionyl chloride (0.1 mL, 1.0 mmol, 1.5 equiv), compound 37 was obtained in 80% vyield
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(186 mg) as oil white solid after column chromatography on silica gel (dichloromethane/methanol 95:5 as
eluent).

H NMR (400 MHz, CDCl3) 6 6.69 (d, 1H, *Jyu= 8.2 Hz, CoH), 6.62 (d, 1H, 3Jun= 8.2 Hz, C1H), 5.92 (d, 1H, 3y u=
5.5 Hz, C7H), 5.13 (s, CsH), 4.40 (dd, 1H, 2= 11.4 Hz, “Juu = 2.3 Hz, CHCl), 3.95 (d, 1H, Y= 11.4 Hz,
CH,Cl), 3.85 (s, 3H, OCH3), 3.15 (m, 1H, CoH), 3.03 (d, 1H, Y= 18.6 Hz, C1oH2), 2.58 (m, 1H, CisH2), 2.44 (m,
1H, C14H), 2.43 (s, 3H, NCHs), 2.41 (m, 1H, C1oH), 2.29 (m, 1H, C16H), 2.03 (m, 1H, CsH), 1.99 (m, 1H, CisH),
1.82 (m, 1H, C1sH), 1.55 (m, 1H, CsH).

13C NMR (100 MHz, CDCl3) &: 144.6 (C-4), 143.2 (C-3), 132.4 (C-6), 131.7 (C-7), 129.4 (C-12), 127.0 (C-11),
118.8 (C-1), 113.6 (C-2), 86.3 (C-5), 59.0 (C-9), 56.5 (OCHs), 46.8 (C-16), 46.5 (CH,Cl), 43.1 (NCHs), 41.2 (C-
13), 38.4 (C-14), 35.3 (C-15), 24.9 (C-8), 20.8 (C-10).

HRMS (ESI), m/z: calcd. for Ci1gH22CINO;Na*: 354.1231 [M+Na]*; found: 354.1234.

Compound 381°

[(E)-2-chloro-vinyl] benzene

o

By following the General procedure 1, starting from benzaldehyde (200 mg, 1.9 mmol, 1 equiv) in dry THF (3
mL), chloroiodomethane (0.2 mL, 2.8 mmol, 1.5 equiv), MeLi-LiBr 2.2 M solution in diethyl ether (1.2 mL, 2.6
mmol, 1.4 equiv), thionyl chloride (0.2 mL, 2.8 mmol, 1.5 equiv), compound 38 was obtained in 93% vyield
(245 mg) as oil after column chromatography on silica gel (n- hexane as eluent).

1H NMR (400 MHz, CDCls) §:7.32 (m, 2H, Ph H-3,5), 7.31 (m, 2H, Ph H-2,6), 7.29 (m, 1H, Ph H-4), 6.83 (d, 1H,
3JH,H =13.7 Hz, H-l), 6.65 (d, 1H, 3JH,H =13.7 Hz, H-Z).

13C NMR (100 MHz, CDCls) 8: 134.9 (Ph C-1), 133.3 (C-1), 128.8 (2C, Ph C-3,5), 128.1 (Ph C-4), 126.1 (2C, Ph
C-2,6), 118.7 (C-2).

HRMS (ESI), m/z: calcd. for CsH;CINa*: 161.0123 [M+Na]*; found: 161.0125.

Compound 39
1-4-[(E)-2chlorovinyl] phenyl piperidine

T,

By following the General procedure 1, starting from 4-(piperidin-1-yl)benzaldehyde (200 mg, 1.1 mmol, 1.0
equiv) indry THF (3 mL), iodochloromethane (0.1 mL, 1.6 mmol, 1.5 equiv), MeLi-LiBr 2.2 M solution in diethyl
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ether (0.7 mL, 1.5 mmol, 1.4 equiv), thionyl chloride (0.1 mL, 1.6 mmol, 1.5 equiv), compound 39 was
obtained in 87% yield (212 mg) as oil after column chromatography on silica gel (n- hexane as eluent).

'H NMR (400 MHz, CDCl;) 6:7.18 (m, 2H, Ph H-3,5), 6.86 (m, 2H, Ph H-2,6), 6.73 (d, 1H, *Jun = 13.6 Hz, H-1),
6.46 (d, 1H, *Jun = 13.6 Hz, H-2), 3.18 (m, 2H, Pip H-6), 1.70 (m, 6H, Pip H-2,3,5), 1.59 (m, 2H, Pip H-4).

13C NMR (100 MHz, CDCls) &: 151.7 (Ph C-1), 132.9 (C-1), 127.0 (2C, Ph C-3,5), 125.4 (Ph C-4), 115.9 (2C, Ph
C-2,6), 115.2 (C-2), 50.0 (2C, Pip C-2,6), 25.6 (2C, Pip C-3,5), 24.3 (Pip C-4).

HRMS (ESI), m/z: calcd. for Ci13H16CINNa*: 244.0863 [M+Na]*; found: 244.0865.

Compound 401!

[(E)-2-bromo-vinyl] benzene

o

By following the General procedure 1, starting from benzaldehyde (200 mg, 1.9 mmol, 1 equiv) in dry THF (3
mL), dibromomethane (0.2 mL, 2.8 mmol, 1.5 equiv), MeLi-LiBr 2.2 M solution in diethyl ether (1.2 mL, 2.6
mmol, 1.4 equiv), thionyl chloride (0.2 mL, 2.8 mmol, 1.5 equiv), compound 40 was obtained in 91% yield
(317 mg) as oil after column chromatography on silica gel (n- hexane as eluent).

'H NMR (400 MHz, CDCls) 6:7.31 (m, 4H, Ph H-2,3,5,6), 7.29 (m, 1H, Ph H-4), 7.11 (d, 1H, *Ju = 14.0 Hz, H-
1), 6.77 (d, 1H, 3Jyn = 14.0 Hz, H-2).

13C NMR (100 MHz, CDCl3) 8: 137.2 (C-1), 135.9 (Ph C-1), 128.8 (2C, Ph C-3,5), 128.3 (Ph C-4), 126.1 (2C, Ph
C-2,6), 106.5 (C-2).

HRMS (ESI), m/z: calcd. for CsH;BrNa*: 204.9623 [M+Na]*; found: 204.9625.

Compound 41
1-chloro-2-(2,4-difluorophenyl)-2-propanylsulfurochloridoite

Cl
0OSOClI

F F

By following the General procedure 1, starting from 2’,4’-difluoroacetophenone (200 mg, 1.3 mmol, 1
equiv) in dry THF (3 mL), chloroiodomethane (0.2 mL, 1.9 mmol, 1,5 equiv), MeLi-LiBr 2.2 M solution in
diethyl ether (0.8 mL, 1.8 mmol, 1.4 equiv), thionyl chloride (0.2 mL, 1.9 mmol, 1.5 equiv). The reaction was
quenched with water (3 mL) and extracted with diethylether (3 mL). The organic layer was washed with
saturated (aq.) NaCl (5 mL), dried over anhydrous Na,SO,, filtered and concentrated under reduced
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pressure (bath: rt) to give the compound 41 was obtained in 74 % yield (278 mg) as yellow oil after column
chromatography on silica gel (n-hexane as eluent).

'H NMR (400 MHz, CDCl5) &: 7.55 (m, 1H, Ph H-6), 6.89 (m, 1H, Ph H-5), 6.85 (m, 1H, Ph H-3), 4.32 (d, 1H, %
=11.3 Hz, H-1), 4.01 (dd, 1H, %/ = 11.3, *J = 0.8 Hz, H-1), 2.10 (d, 3H, *J = 0.7 Hz, CH3).

13C NMR (100 MHz, CDCls) 6: 163.1 (dd, Y = 251.3, 3/ =12.4 Hz, Ph C-4), 160.6 (dd, IJ = 253.5, 3/ = 12.4 Hz, Ph
C-2), 130.1 (dd, 3/ = 9.66, %J = 4.7 Hz, Ph C-6), 120.2 (Ph C-1), 111.0 (dd, 2 = 20.9, *J = 3.6 Hz, Ph C-5), 105.1
(dd, ¥ = 27.5, 2 = 25.6 Hz, Ph C-3), 68.0 (d, 3/ = 3.4 Hz, C-2), 52.7 (d, *J = 6.7 Hz, C-1), 29.0 (d, *J = 2.9 Hz,
CHs).

HRMS (ESI), m/z: calcd. for CoHsCl2F20,S*: 288.9663 [M+H]*; found: 288.9665.

Compound 42

1-chloro-3-methyl-2-phenyl-2-butanyl sulfurochloridoite

Cl

0SsocCl
i-Pr

By following the General procedure 1, starting from Isobutyrophenone (200 mg, 1.4 mmol, 1 equiv) in dry
THF (3 mL), chloroiodomethane (0.2 mL, 2.0 mmol, 1.5 equiv), MeLi-LiBr 2.2 M solution in diethyl ether (0.9
mL, 1.9 mmol, 1.4 equiv), thionyl chloride (0.2 mL, 2.0 mmol, 1.5 equiv). The reaction was quenched with
water (3 mL) and extracted with diethylether (3 mL). The organic layer was washed with saturated (aq.)
NaCl (5 mL), dried over anhydrous Na,SOg, filtered and concentrated under reduced pressure (bath: rt) to
give the compound 42 was obtained in 66% yield (260 mg) as yellow oil after column chromatography on
silica gel (n-hexane as eluent).

H NMR (400 MHz, CDCls) &: 7.57 (m, 2H, Ph H-2,6), 7.37 (m, 2H, Ph H-3,5), 7.31 (m, 1H, Ph H-4), 4.14-3.97
(AB-System, 2H, 2ags = 11.4 Hz, H-1), 2.70 (m, 1H, H-3), 1.14 (d, 3H, “/ = 6.5 Hz, CH3), 0.91 (d, 3H, %/ = 6.6 Hz,
CHs).

13C NMR (100 MHz, CDCl3) &: 139.9 (Ph C-1), 128.0 (2C, Ph C-3,5), 127.8 (Ph C-4), 127.4 (2C, Ph C-2,6), 81.7
(C-2),53.1(C-1), 35.5(C-3), 18.3 (CH3), 17.3 (CHs3).

HRMS (ESI), m/z: calcd. for C1:H15Cl1,0,5*: 281.0164 [M+H]*; found: 281.0169.

Compound 43

(3E)-1-chloro-4-phenyl-3-buten-2-yl sulfurochloridoite
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Cl

0SO0cClI

By following the General procedure 1, starting from cinnamaldehyde (200 mg, 1.5mmol, 1 equiv) in dry THF
(3 mL), chloroiodomethane (0.2 mL, 2.3 mmol, 1.5 equiv), MeLi-LiBr 2.2 M solution in diethyl ether (1.0 mL,
2.1 mmol, 1.4 equiv), thionyl chloride (0.2 mL, 2.3 mmol, 1.5 equiv). The reaction was quenched with water
(3 mL) and extracted with diethylether (3 mL). The organic layer was washed with saturated (aq.) NaCl (5
mL), dried over anhydrous Na,SO,, filtered and concentrated under reduced pressure (bath: rt) to give the
compound 43 was obtained in 71% yield (282 mg) as yellow oil after column chromatography on silica gel
(n-hexane as eluent).

1H NMR (400 MHz, CDCls) 8: 7.42 (m, 2H, Ph H-2,6), 7.35 (m, 2H, Ph H-3,5), 7.31 (m, 1H, Ph H-4), 6.73 (d,
1H, 3/ = 15.7 Hz, H-4), 6.21 (dd, 1H, 3/ = 15.7, %/ = 8.8 Hz, H-3), 4.70 (m, 1H, H-2), 3.88 (dd, 1H, 2/ = 11.2, 3J=
5.5 Hz, H-1), 3.78 (dd, 1H, & = 11.2, *J= 8.0 Hz, H-1).

13C NMR (100 MHz, CDCls) 8: 135.4 (Ph C-1), 135.0 (C-4), 128.7 (2C, Ph C-3,5), 128.6 (Ph C-4), 126.9 (2C, Ph
C-2,6), 125.9 (C-3), 61.1 (C-2), 47.8 (C-1).

HRMS (ESI), m/z: calcd. for CioH11Cl,0,S": 264.9851 [M+H]*; found: 264.9855.

Compound 44
(E)-1-(1-chloroprop-1-en-2-yl)-2,4-difluorobenzene
Cl

Me

F F

By following the General procedure 1, starting from 2’,4’-difluoroacetophenone (200 mg, 1.3 mmol, 1 equiv)
in dry THF (3 mL), chloroiodomethane (0.1 mL, 1.9 mmol, 1.5 equiv), MeLi-LiBr 2.2 M solution in diethyl ether
(0.8 mL, 1.8 mmol, 1.4 equiv), thionyl chloride (0.1 mL, 1.9 mmol, 1.5 equiv), compound 44 was obtained as
a mixture of two separable isomers consisting in (E)-44 (47% yield, 115 mg, yellow oil) and (Z)-44 (37% yield,
91 mg, yellow oil) after column chromatography on silica gel (n-hexane as eluent) (Z) R¢0.8, (E) Rf0.77

'H NMR (400 MHz, CDCl5) 6: 7.17 (dd, 1H, ) = 8.7, 3/ =6.4 Hz, Ph H-3), 6.83 (m, 2H, Ph H-5,6), 6.23 (s, 1H, H-
1), 2.15 (s, 3H, CHs).

13C NMR (100 MHz, CDCl3) &: 162.4 (dd, ¥ = 244.9, 3/ =11.6 Hz, Ph C-4), 159.4 (dd, Y = 250.8, *J = 8.0 Hz, Ph
C-2), 133.5 (C-2), 130.2 (dd, 3/ = 9.2, 3/ = 5.4 Hz, Ph C-6), 124.6 (d, 2/ = 20.1, Ph C-1), 118.6 (C-2), 111.3 (dd, ¥
=21.1,% = 3.8 Hz, Ph C-5), 104.4 (t, %J = 26.0 Hz, Ph C-3), 17.7 (d, *J = 2.9Hz, CHs).

F NMR (376 MHz, CDCl3) &6: -110.7 (p, */ = 8.0 Hz, F1), -110.4 (q, *J = 8.9 Hz, F2).
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HRMS (ESI), m/z: calcd. for CoH;CIF,H*: 189.0283 [M+H]*; found: 189.0285.
(Z)-1-(1-chloroprop-1-en-2-yl)-2,4-difluorobenzene

Cl

Me

H NMR (400 MHz, CDCls) 8: 7.20 (m, 1H, Ph H-3), 6.87 (m, 2H, Ph H-5,6), 6.19 (s, 1H, H-1), 2.06 (s, 3H, CHs).
13C NMR (100 MHz, CDCls) 8: 162.5 (dd, Y = 248.8, 3/ =11.1 Hz, Ph C-4), 159.4 (dd, I/ = 249.4, 3/ = 12.4 Hz, Ph
C-2), 133.3 (C-2), 130.9 (dd, 3/ = 8.9, 3/ = 4.5 Hz, Ph C-6), 122.6 (Ph C-1), 115.9 (C-2), 111.2 (dd, & =21.3, % =
3.7 Hz, Ph C-5), 104.2 (t, 2J = 25.6 Hz, Ph C-3), 22.5 (d, %/ = 2.0 Hz, CHs).

19F NMR (376 MHz, CDCls) &: -110.6 (p, “J = 8.0 Hz, F1), -110.1 (g, J = 8.5 Hz, F2).

HRMS (ESI), m/z: calcd. for CoH;CIF,H*: 189.0283 [M+H]*; found: 189.0289.

S25



References

(1) lelo, L.; Miele, M.; Pillari, V.; Senatore, R.; Mirabile, S.; Gitto, R.; Holzer, W.; Alcantara, A. R.; Pace, V. Org. Biomol.
Chem. 2021, 19, 2038-2043.

(2) Deng, Y.; Wei, X.-J.; Wang, X.; Sun, Y.; Noél, T. Chemistry — A European Journal 2019, 25, 14532-14535.

(3) Mourigs, V.; Waschbiisch, R.; Carran, J.; Savignac, P. Synthesis 1998, 1998, 271-274.

(4) (a) Zhang, G.; Bai, R.-X,; Li, C.-H.; Feng, C.-G.; Lin, G.-Q. Tetrahedron 2019, 75, 1658-1662. (b) Liu, C.; Xue, Y.; Ding, L.;
Zhang, H.; Yang, F. European Journal of Organic Chemistry 2018, 2018, 6537-6540.

(5) Akhmetov, V.; Feofanov, M.; Sharapa, D. I.; Amsharov, K. Journal of the American Chemical Society 2021, 143,
15420-15426.

(6) Satoh, T.; Takano, K.; Ota, H.; Someya, H.; Matsuda, K.; Koyama, M. Tetrahedron 1998, 54, 5557-5574.

(7) Lu, X.-L.; Shannon, M.; Peng, X.-S.; Wong, H. N. C. Organic Letters 2019, 21, 2546-2549.

(8) Liu, Q.; Shen, X.; Ni, C.; Hu, J. Angewandte Chemie International Edition 2017, 56, 619-623.

(9) Fienemann, H.; Kébrich, G. Chemische Berichte 1974, 107, 2797-2803.

(10) lakovenko, R.; Hlavac, J. Green Chemistry 2021, 23, 440-446.

(11) Mdller, D.; Alexakis, A. Organic Letters 2012, 14, 1842-1845.

S26



Copies of NMR spectra

Compound 1b

19T —

€97 —

69°€
0L€
SL'E

LLE—7
6L°€E Vi
[4:2%

€8¢

€10a2 92°L
[4 A
€L
SEL
9€’L

LEL

8€°L
'L
6L
0S'L

sL

Cl

OH

Me

Br

(*H NMR, CDCl;, 200 MHz)

Fure

Feor

Fee1
Fooz

0.0

0.5

2.5 2.0 1.5 1.0

3.0

5.0 4.5 4.0 3.5
f1 (ppm)

5.5

9.5

10.0

0SS —

9'€L—
€1DAD 0°4L —

91z —
8921 — R

86T ~ -3
STET — —_

TEPT —

Cl
OH
Me

Br
(13C NMR, CDCI;, 50 MHz)

T
100
1 (ppm)

110

T T
180 170

T
190

S27



Compound 2

Lre
81T v

€9
€€9 v

6T°L
TTL /
P-WI0J0101Yd 9Z°L
YL /
Sb'L
WL
A A
A A

Cl

Me

Br
'H NMR, 400 MHz, CDCl,

W_‘VNN.M

Foe

Froc

YLOT —

P-WLIOJOIOND 00°LL —

8€9TT —

9LTeT —

6v°LCT —

E9'TET —

ES°LET —
8T6ET —

Cl

Me

Br

13C NMR, 100 MHz, CDCl;

f1 (ppm)

528



Compound 3

IT'CT
Z.Nv

€€°9
€€°9 v

P-WLI0J0I0YD 9Z°L

S9L~
RYEd

Cl
Me

H NMR, 400 MHz, CDCl,

]
:
1
ro
:
<
4 o
1
o
<
M-
n
M-
e
ey
Froe
0
[T ey
0.
e
tn
™
<
re
1
F<
<
[
1
[
<
e
— Toot
n
"o
N
J Feer [N
wn
[~
Fee
0.
[~
tn
[~
<
o
tn
[m o
e
Fo
2

f1 (ppm)

99°9T —

P-WLI0JOI0IY 00°LL —

vT'E6 —

woTT —

0L L2 —

6S°LET —
9L'6ET —

Cl

Me

13C NMR, 100 MHz, CDCl,

T T T T T T T
180 170 160 150 140 130 120 110

T
190

T
200

f1 (ppm)

S29



Compound 4

p-wiojolojyd

Cl

aa.Nv

[aw4

809
809 v

6072
ﬁu.N/
0T'L
HNNV.
9T'L
wm.n\

oL \
oL

Me

Cl

Cl

H NMR, 400 MHz, CDCl,

Free

Toot

Eso1
B0
F6°0

1.0 0.5 0.0

1.5

4.0 3.5 3.0 2.5 2.0

4.5
1 (ppm)

6.5 6.0 5.5 5.0

7.0

8.0

8.5

9.0

ST'8T —

P-WLI0JOI01YD 00°LL —

0L'8TT —

or e~
19621~
S8'0ET ~
SEEET ~
Lrver "
60'LET
o5ger

Cl
Me

Cl

cl
13C NMR, 100 MHz, CDCl;

110

T T T T T T T
190 180 170 160 150 140 130 120

T
200

f1 (ppm)

S30



Compound 5

81'C
81'C

L9
L9
L9
879
00°Z
€0°L
v0'L
S0,
P-wiiojololyd 9L
8L
6T°L
0€'L
€L

>

?
\

N\

{

Cl

Me

F
'H NMR, 400 MHz, CDClI,

Foor

J Wﬁ.N

f1 (ppm)

0L —

P-ULIOJOIOIYD 00°LL —

6T°STT
0S°STT
99°'STT
89'STT

b LTT
L5°LTT v

LE9ET
0b"9€T W
LS'LET

8T 19T —
v9°E9T —

Cl

Me

F
13C NMR, 100 MHz, CDCl,

T T T T T T T T
190 180 170 160 150 140 130 120 110

T
200

f1 (ppm)

S31



0S'vTT-
6v P11~
8YHTT-
LypTT-
W HIT-
W HTIT-
SYYIT-
P pTT-
EPIT-

0S'vIT-

mI\:.W
8 bTT- -
LhTT-~
O HTT-—
WpIT-—1
mtv:.\
bTI-

evv11-

Cl

Me

F
9F NMR, 376 MHz, CDCl,

-114.50 -114.60
f1 (ppm)

-114.40

-114.30

94 -96 -98 -100 -104 -108 -112 -116 -120 -124 -128 -132 -136 -140 -144 -148
f1 (ppm)

-92

-90

S32



Compound 6

we—

o9 —

P-WLI0JOIOIY 9Z'L N

mv.n/

Sh'L—

Cl

Me

H NMR, 400 MHz, CDClI,

Foor

Feoz
Fee'1

f1 (ppm)

LL°9T —

6L LT
00021
oszer
STt
Sb'seT
8b'SCT
[4NT4)
95°sT
0921 ~=
0£°62T ~_
£9°621 - F
mm.mwﬂ\“
80T
TSLET —

YLEPT v

9L EPT

Cl

Me

13C NMR, 100 MHz, CDCl,

T T T T T T T T T
190 180 170 160 150 140 130 120 110

T
200

f1 (ppm)

S33



Cl

Me
FsC
19F NMR, 376 MHz, CDCl,

-62.60

-62.60

T

T

T

T

T

T

T

T

-62.45 -62.50 -62.55 -62.60 -62.65 -62.70 -62.75 -62.80
f1 (ppm)
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
-34 -36 -38 -40 -42 -44 -46 -48 -50 -52 -54 -56 -58 -60 -62 -f64( -66)5 -68 -70 -72 -74 -76 -78 -80 -82 -84 -86 -88 -90 -92 -94 -96
1 (ppm

S34



Compound 7

oz'e
1T v

Sb'9 v

Sv'9

P-WI0J0I01YD 92°L ~_
(272N
L —
9L~
v

Cl
Me

NC
'H NMR, 400 MHz, CDCl,

Fooe

Feo

Feet
Fere

1 (ppm)

¥S'9T —

P-WLI0JOIOIYD 00'LL —

LETIT—

£9°8TT~
06817~

8¥°92T —

LETET —

8T LET —

9PPT —

Cl

Me

NC
13C NMR, 100 MHz, CDCl,

140

170

120 110

130

150

160

190 180

200

f1 (ppm)

S35



Compound 8

p-ui0j0I0yd

oze
oze v

€9
€9 v

9L
6TL
6TL
0€L
0€L
0€L
€L
w©L
w©L
w©L
€€°L
veL
veL
SE€L

Cl

Me

H NMR, 400 MHz, CDCl,

8T

Fesv

f1 (ppm)

88°9T —

P-WLIOJOLIYY 00°LL —

9L°STT —

16521~
SLLTT ~
15821 -~

0b'8ET ~
e 0T —

Cl

Me

13C NMR, 100 MHz, CDCl;

T T T T T T T T
190 180 170 160 150 140 130 120 110

T
200

f1 (ppm)

S36



Compound 9

80°C
mo.NV
8T

96°'S
96°'S
96°'S
L6°S

90,
80
ST'L
yAWA
81
61
61
0zL
1L
P-ULIOJOIOND 92°L

9L

Cl

Me

Me
'H NMR, 400 MHz, CDCl,

3

Fsoe
Fooe

Foot

0T
0€

f1 (ppm)

b8BT~
6961 <

P-ULIOJOI0IY 00°LL —

Cl

0zT9TT —

PLISTT N
T9LTT~
[a4:1a 0
zoer
£€°5ET —

296ET \_
€0 THT ~

Me

Me
13C NMR, 100 MHz, CDCl,

T T
160

180

140 130 120 110

150

170

190

200

f1 (ppm)

S37



Compound 10

Lre
JAN4

18'€

vT9
ST9
ST9
989
(89
889
889
9TL
P-wiiojololyd 9z
9L
8L
8L

>

7
A\

7

I

Cl

Me

MeO
H NMR, 400 MHz, CDCl,

=
L
ro
7
<
o
Lt
o
o
@ Fa
n
P | M-
<
ey
4
Fore |
L
ey
<
Il
tn
el
TN.M
<
r<
Lt
<
<
)
n
[
<
el
—— Toot [
L
o
07 | o
N
< Fese ol
tn
-~
<
[T oo
L
[T oo
=
o
n
o
=
Fo
S

f1 (ppm)

88°9T —

0€°'SS —

P-WI00IOIYD 00°LL —

98'ETT ~.
9THIT

00°LeT —
8TET —

88°LET —

6C°65T —

Cl

Me

MeO
13C NMR, 100 MHz, CDCl,

f1 (ppm)

S38



Compound 11

06°0
Nm.ow
¥6'0

W
T %

SP'T—¢

LP'T \\
LT

S9'C
99T
99T
9T
89'C

29
VN.ov
P-WLI0JOIOIYD 9Z°L
9L
9aTL
9T'L
9aT'L
6T°L
0€'L
gL
€L
TEL
€L
€€°L
veL
veEL

Cl

n-Pr

'H NMR, 400 MHz, CDClI,

Fue

Foor

Fees

1.0

1.5

2.5

3.0

4.5

5.0

6.5

7.5

8.0

8.5

9.5

f1 (ppm)

SLET —

£9°0C —

157 —

P-WLI0JOI014D 00°£L —

Y9'STT —

15921 ~_
69421 —
6b821 7

99°6ET —
EPT —

Cl

n-Pr

13C NMR, 100 MHz, CDCl,

T T T T T T T T
190 180 170 160 150 140 130 120 110

T
200

f1 (ppm)

S39



Compound 12

p-wiojoioyd

vTT—

sT9—
20

90, y
80

60°L u,
stL )ﬁ
[

€672\
£6°L
vE'L ]
se's
[
e
8€°L ]
6€°L ]
6€L
e
e

—

Cl

t-Bu

H NMR, 400 MHz, CDCl,

ke

3

Feeor

F 00T

00T

Fore

7.0

7.5

f1 (ppm)

76T —

66°9€ —

P-W0J0I01YD 00°LL —

9T HIT —

Y6921 ~_
28 e —
86zt -

80'8ET —

8eST —

Cl

t-Bu

13C NMR, 100 MHz, CDCl,

T T T T T T T
180 170 160 150 140 130 120 110

T
190

T
200

f1 (ppm)

5S40



Compound 13

1z
ﬁN.Nv

w9
w9
w9

w9

P-WJ0j040|Yyd 9Z° /£ ~
9L~
ser”

oL~
96"

Cl

Me

t-BuO

o
H NMR, 400 MHz, CDCl,

196

Feee

Feoe

e 12

f1 (ppm)

TL9T —

6187 —

P-WI0J0I0IY 00'LL —

oT'18 —

€9°00T —

T9°L0T —

SPLIT —

29'seT —
99'62T ~_
STTET —

06°LET —

PP —

6£°99T —

Cl

Me

t-BuO

o

13C NMR, 100 MHz, CDCl;

140

160

120 110

130

150

190 180 170

200

f1 (ppm)

541



Compound 14

p-w.ojolo|yd

827
e

L

€L

9T L~
0€°L
0€°L
oes
0e'L ]
1€
1€,
1€
1€,
zee ]
zee ]
[
YL
bEL
pELA
9L
oL 1
65 ]

Cl

H NMR, 400 MHz, CDCl,

H\NO,N

18°€
L
%4

f1 (ppm)

Cl

13C NMR, 100 MHz, CDCl,

P-WHI0J0I0142 00°£L —

98'STT —

[VAvaas
S6°LTT W
90°8CT
61°8CT \“
TH'8CT \\‘
S8'6CT

95 L€T
TT°0PT —
S8'EPT ~

T T T T T T T
180 170 160 150 140 130 120 110

T
190

T
200

f1 (ppm)

542



Compound 15

Cl
Cl I l Cl

H NMR, 400 MHz, CDCl,

659 —

e
€TL
vTL

P-wJojoio|yd 9z°/
8TLT
0L 7
€L

[\

Foot

T_m

f1 (ppm)

Cl

P-WLI0J0I0UD 00°LL —

T8'9TT —

€9'8¢1

Cl I l Cl

13C NMR, 100 MHz, CDCl,

L LI

T T T T T T T T
190 180 170 160 150 140 130 120 110

T
200

f1 (ppm)

543



Compound 16

Cl

S8 —

s
P-w.Jojoi0|yd 92/ E
e ]
8z¢ ]
6T
6T,
0eL
0£'L
oeL
€L
€L

OMe

'H NMR, 400 MHz, CDClI,

<

[

:

tn

re

=

=

tn

o

<

M=

n

M-

N

e

0

[Fey

<

e

n

[l

Froe | o

<

n

<

<

[

n

[

<

o

n

Foor [[©

6T | 9

[~
86T
Bygy

n

~

<

[T oo

n

"o

Q

o

n

[Fo

=

o

=

f1 (ppm)

wss —

P-WL0J0I0142 00°£L —

PSETT ~
OT'STT —

88°LTT

10°8CT
-~

9€'8CT
08°6ZT *
ETTET

SS0PT —
ob'EPT —

TTeST —

Cl

OMe

13C NMR, 100 MHz, CDCl;

T T T T T T T T
190 180 170 160 150 140 130 120 110

T
200

f1 (ppm)

S44



Compound 17

LS9
¥6'9
169
v0'L
60°L
8T°L
6T°L
oz'L
0z'L
L
wL
P-w0j0l01Yd 9Z°L
8L
8T'L
6C°L
0€'L
[44
€L
€€'L
SE€L
9L
8E'L
6L
oL
WL
WL

Cl

A\t

~
-

y
y
y
y
]
y
y
i
i
|
|

\
QL

H NMR, 200 MHz, CDCl,

-1.0

3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5
f1 (ppm)

8.0 7.5 7.0 6.5 6.0

8.5

9.5

P-ULIOJOIOIY 00°LL —

90°9TT /

+¥8'81T
e
0€'8CT
05°8¢T
£0°6CT

96CT ~=
s

6L°6CT

I TET \
68'9E€T
S6'6ET —
96'CHT ~

Cl

N3

13C NMR, 100 MHz, CDCl,

T T T T T
170 160 140

T

T

190

-10

120 110

130

150

180

200

f1 (ppm)

545



Compound 18

oT°L
(w4 ]
P-w.oj010jyd 97"/
9L

H NMR, 400 MHz, CDCl,

wﬁ.m
50T
H\‘vo.ﬁ

f1 (ppm)

P-W0JOI01Y2 00°LL —

ELSTT —

9/°sTT
9T /
60°/CT
v /2T W
€861 \
0L°0€T
96°LET —

0T —

13C NMR, 100 MHz, CDCl,

130

180

110

120

160 150 140

170

190

200

f1 (ppm)

546



Compound 19

C?

€Ty
wﬁéw
9Ty
mﬁ.w\

YTy

69 —

p-WLIOJOIOND 9Z°L
43
ve'L
S€L
8L~

or'L—F
V'L
Sv'L
L

L

Fe

=t

H NMR, 400 MHz, CDCl,

LY
8t

e

Frot

ST
0T
1 %4

L

f1 (ppm)

T
&

13C NMR, 100 MHz, CDCl,

$9'99 ~_
€6'89 ~
1569 "

P-W0JOI01Y2 00°LL —

8L¥8 —

POTIT —

T9°LTT N\
60°'8CT —
06T '
ObLET —

98'THT —

180

190

160 150 140 130 120 110

170

200

f1 (ppm)

547



Compound 20

L0°T
L0°T
80'T
or'T
T
PTT 1
ST'T
91T
LT°T
8T'T 9
8T'T 4
6T°T
0T o
0zT'T
12T A
TTT A
€TT ~
e
STT
L't
81T
6T
0e'1
1€7
7€ ]
€1
ve'1
se1
97 |
61
661
ov'T
W'
el
9’1
9’1
st
€T
€S°T
$S°T
SS°T
9S°T
99’1
9T
891
891
891
69°T
69°T
69°T
oLt
oLt
7T
7T
oWt
oWt
€LT
LT
SLT
SLT
SLT
9T
LT
8LT
61
s6'
961
961
961
161
86'1
66'T
10T
59T
59T
992
19t
89
69
ot
e
we

9L’S
P-ULIOJOIOND 9T°L.

Cl

'H NMR, 400 MHz, CDCl,

Wg.w
zor |12
-

Feot
Togo
m\mc o

ey

Feso

Toot

f1 (ppm)

£09C
Nﬁ.wNW
mm.wN\
vL'6C
vere "

89°0F ~
86°0v

P-ULI0JOIOIYD 00°LL —

LT —

€6'TST —

Cl

13C NMR, 100 MHz, CDCl,

T T T T T T T T T
190 180 170 160 150 140 130 120 110

T
200

f1 (ppm)

548



Compound 21

98T
98T
48T
88C
68T
68C
06T
e
€0
v0'E
S0°€

159
Nm.wv
€99

8T°L
oTL
L
TTL

wL
€L
YL
STL
P-WI0J0I0|YD 9Z°L
9L
8T°L
8T°L
8E°L
ov'L

Cl

H NMR, 400 MHz, CDCl,

Feoz
e

k4
b1
A101

f1 (ppm)

976~
5962~

P-W10J0I01Y2 00°LL —

80T —

80°0CT —
85°GCT ~_

99T
[43: A0

T6'8ET —

PP ST ~
68°9bT —

Cl

13C NMR, 100 MHz, CDCl,

110

T T T T T T T
190 180 170 160 150 140 130

T
200

f1 (ppm)

549



Compound 22

o1
9p-auazuaq 91"/, b
e
£
8e'L
8e'L
6€°L
6L
ov'L

oL
oL
WL
WL
WL
WL
WL
€L
b8
b8
b8
Sb'8
Sb'8
Sb'8
9’8
9’8
9’8
9’8

Cl

'H NMR, 400 MHz, CDCl,

O

660

f1 (ppm)

e
9p-auazuaq 90°8ZT
[ 74:741

8b'6CT
PE9ET

i
OT"LET
86'LET
T6ET

6 THT

13C NMR, 100 MHz, CDCl,

f1 (ppm)

S50



Compound 23

Cl

_

Cl

S
H NMR, 400 MHz, CDClI,

Foot

e

f1 (ppm)

P-W0JOI01Y 00°LL —

SO'8TT ~,
28t
19°seT
seser y
£0°92T 7
60°92T 7
19921 J
9T°£TT -]
veser
s9zz
esLen
96°£2T
10'82T |
oz'get
20621 |
16T |
05°0€T #
99°0€T
89°TET
SCTET
6L°TET
T1S°TET
8L°TET
6L°2€T
9 HET
19°S€T
TSt
05°9€T

Cl

Cl

s
13C NMR, 100 MHz, CDCl,

I mmm l

T

T

190

170 160 150 140 130 120 110

180

200

f1 (ppm)

S51



Compound 24

p-wuojoI0|yd

w9T—

H NMR, 400 MHz, CDCl,

Reoz
=760
=680

H\&Q.N

3.0

45 4.0
f1 (ppm)

5.0

Y187 —

P-W1040I01Y2 00°LL —

1866 —
ogerT
6£°CIT
vSeIT
L8°TTT

vLTIT
STETT \
(A28

LTI~
06121 =
[7TAENE
bS'8TT ~
Tz6er

LY LET —

61'SpT
£0°86T
T0°ZST ~C

0€'8ST —
8L°09T —

13C NMR, 100 MHz, CDCl;

T T T T T T T
190 180 170 160 150 140 130

T
200

f1 (ppm)

S52



19F NMR, 376 MHz, CDCl,

-112.06
-112.07
-112.09
-112.10

{

—-112.06
—-112.07

—-112.09
~-112.10

—

-111.85

T

T

-111.95

—

-112.05

—

—

-112.15
f1 (ppm)

-112.25

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

-180

-60

-65

-70

-75

-80

T
-85

T

-90

-95

-100

-105

-110

-115

-120
1 (ppm)

-125

S53

-130

-135

-140

-145

-150

-155

-160

-165

-170

-175



Compound 25

6017
6v'T
05°T |
9T
59T
S9°T 4
99'T 1
99T
£9°T A
£9°T A
89'T
0T
TLT A
12T
W
e/
81T
81T
0z
0z'z
12T
e
(434
334
SE'T

18'S
LEN
[4:5]

P-ULI0J0I0|YD 97°2 —

Cl

H NMR, 400 MHz, CDCl,

199
Ty
0'C

f1 (ppm)

85°SC
€9°'S5C W
85T

‘o7 /]
mooN\
el

90°'5€ —

P-ULIOJOION 00°LL —

69°TTT —

Yo b —

Cl

13C NMR, 100 MHz, CDCl,

10

20

40

50

70

80

110

T
190

T
200

f1 (ppm)

S54



Compound 26

9Tt
et
€€t
%'l
%'t
8’1
1
b1
w1
1 \
051
50T
50T

0T
0T
80T

81'C
[rard
we

08's —

P-WLIOJOION 9L —

Cl

'H NMR, 400 MHz, CDCl,

To.wN

FSST
F6S'T

wwu.o

1.5

2.0

f1 (ppm)

69°ST
bE9T
LE9C
8b'9C
09°9¢
0£92
€49
5892
Elviass
wLe \
L1°0€
LE°6E —

P-WI0JOI01Y2 00°LL —

£0°CTT —

6T EPT —

13C NMR, 100 MHz, CDCl;

T T T T T T T
180 170 160 150 140 130 120 110

T
190

T
200

f1 (ppm)

S55



Compound 27

€T
LT
€8'T
€8T
£8'T
¥8'T
98T
8T
8T
88'T
68'T
68T
06'T
06'T
6T
L6'T
6v'c—

wmwe—

SLS—

P-uiI0}0I0IY 9Z'L —

Cl

'H NMR, 400 MHz, CDCl,4

1i LJUUWL

Tm.mﬂ

Fa

F ot

W 60°0

W 00°T

f1 (ppm)

S8'TE —
+8°9¢

£€6'LE W
96°LE a

62°6€

P-WLIOJOIOND 00°LL —

Cl

£€6'€0T —

S9'6¥T —

13C NMR, 100 MHz, CDCl,

T T T T T T T T
190 180 170 160 150 140 130 120 110

T
200

f1 (ppm)

S56



Compound 28

699
P-WI0J0I0|Yd 9Z°L
9T'L
@ZL
8L
6L
6T°L
0€'L

e

S

H NMR, 400 MHz, CDCl,

To.ﬁ

Fe6e
Fsez |

Wﬁo.ﬂ [

4.0 3.5

4.5
1 (ppm)

7.5 7.0 6.5 6.0 5.5 5.0

8.0

P-ULI0JOI0IYD 00" 2L —

£T°90T —

[AT4}
vLSTT
86'SCT
99921 &
66921 -7
[AVa4s \
L6°LTT
TT'6CT
89'TET
96'TET
TTEeT
18'SET

8T6ET

S
13C NMR, 100 MHz, CDClI,

Hllym

T

T T T
150 140 130

T

T

180

110

120

160

170

190

200

f1 (ppm)

S57



Compound 29

vLT
vLT
LLT
LLT
LT
LT
€8T
v8'T
98'T
8T
8T

06'T
06'T
6T

L6°T
6b'C —

e
e W

e

SLS—

P-ULIOJOIOND 9Z'L —

H NMR, 400 MHz, CDCl,

E

%ﬁh,:

60

660

W 00°T

<
re

f1 (ppm)

9T'8C —
98'TE —

§8'9¢
6'LE W

16°LE
0€'6€ s/

P-ULIOJOIOIY 00°LL —

6°€0T —

€L°6VT —

13C NMR, 100 MHz, CDCl,

i

T T T T T T T T
190 180 170 160 150 140 130 120 110

T
200

f1 (ppm)

S58



Compound 30

65T ~_
09T~

ST~
Sb'9

Nm.oW
$59~"

€69~
6697
9p-auszuaq 9T'L —

Me

n

ro

T

=

o

!

=

2

[~

n

Tm.m -

<

ey

B

el

<

™

1

e

2

<

n

<

<

[

wn

[T

3 <

el

el

ST [©

" o

Foor L2

&

e~
= L

Q o

[a] o
c b

z-. wn

I o
S L

o L2

< =y
& L

= wn

[S] 2 [[o
z L

I

- =

Fo

-

f1 (ppm)

8ETT —

PSTTIT —
SL'8TT
PT6TT W
ST6TT

01’9zt /

8C'9¢T —

o0 BeT
€6'TET
66'TET W
LTCET
[Ami4s
T9'TpT v
8b'OPT —
60661 —

Me

NC
13C NMR, 100 MHz, CDCl,

50

110

T
190

T
200

f1 (ppm)

S59



F
Me
t298 BRAR
gEis 2858
NC SRR SRR
19F NMR, 376 MHz, CDCl, S S
T T T T T T T T T T T T
-126.35 -126.45 -126.55 -126.65 -126.75 -126.85
f1 (ppm)
T T T T T T T T T T T T T T T T T T
-125.0 -125.4 -125.8 -126.2 -126.6 -127.0 -127.4 -127.8 -128.2 -128.6 -129.0
f1 (ppm)

S60



Compound 31

65°F
88'T
VO.N/

S0C
S0C
90T

989
£8'9 H/
L0°L
80°L
9T'L
P-wojol0|Yd 97°L Wv

9L
€€°L
S€°L

6L~
s6L

Me

t-BuO

o
'H NMR, 400 MHz, CDCl,

Fooe

1.5

2.0

2.5

3.0

f1 (ppm)

v6' 1T —

8187 —

P-W10J0I01Y2 00°LL —

0018 —

99°6TT —

PPSTI~
JAN-IASa
£9'62T —
€601~

[Za 5
19'56T ~
07'8bT ~

Sp'S9T —

Me

t-BuO

o
13C NMR, 100 MHz, CDCl,

T T T T T T T T
190 180 170 160 150 140 130 120 110

T
200

f1 (ppm)

S61



19°821-
09'8¢T-
65°8CT-
85°8CT-
6£°8CT-
8E'8TT-
LE8TT-
9£'8C1-

Me

t-BuO

(o]
19F NMR, 376 MHz, CDClI,

19'8¢1-
09821~
65821~
85821

6£'8CT-
8€'8CT-
LE°8TT-
9€£'8CT-

Y

Ve

-128.4 -128.6 -128.8

-128.2

f1 (ppm)

-70 -80 -90 -100 -110 -120 -130 -140 . —(150) -160 -170 -180 -190 -200 -210 -220 -230 -240
1 (ppm

-60

S62



Compound 32

6Lb~
R

s
s

s

819
819 v

99'9 ~_
899"

P-WLI0J0I0YD 92°L —

H NMR, 400 MHz, CDClI,

0T
44
T

WMm T
14

90T

Feot

Foot

f1 (ppm)

0b'TT N
TS —
60b1 7
1861 —
TTHT
0£'9z

beror >
1967 —
89'8E ~_

€600~
80TH

LY'ES —
bLSS —

P-WLI0JOI0ID 00°LL —

LET8 —

6T ¢IT

STHIT N.
szgrt
bTTer —~

ETPET —
ST'GET 7
08'6£T ~—

60841 —

Me

o

o
=

o

13C NMR, 100 MHz, CDCl,

T T T T T T T T
190 180 170 160 150 140 130 120

T
200

f1 (ppm)

S63



Compound 33

66T
66'T

o
we/

J,

.

P-WLI0J0I0|Y> 97°L
oTL
€L
seL

X Cl N
Cl

Me

0.7

minor

major 1

H NMR, 400 MHz, CDClI,

=€CT

Bg6T

=007
80T
150
01

ST
%o.m
18T
T

N

3.0

3.5

4.5
f1 (ppm)

5.0

v8'CT —

£0°8T —

P-WI040I01Y> 00°LL —

°ELTT
T6°6TT
Y0'peT
Tp'9zT
9,'92T
8'9¢T
£9°LTT
¥0°8CT
8v'8CT
9'8CT
89'8CT
9P TET
86'9€T
60°LET

ANt

Cl

AN
minor 0.7

N P

major 1
13C NMR, 100 MHz, CDCl,4

T T T T T T T T
190 180 170 160 150 140 130 120 110

T
200

f1 (ppm)

S64



£6'
0z'L
17
127
£z
€z
sz
9T,
P-W10J0101y> 972 |

m——

Compound 34

Cl

Ph
H NMR, 400 MHz, CDCl,

MJ__A_MJW

20T
(424

1

Fveo

F6bE
sz

f1 (ppm)

(592"
€567 —
SE'EE~L

596 —

6005 —

P-WI0J0I0IY 00'LL —

v1°92T
T8°9CT ~
90221 \
11748
TEPET —

EPOPT —

Cl

Ph
13C NMR, 100 MHz, CDCl;

1l

T T T T T T T T
190 180 170 160 150 140 130 120 110

T
200

f1 (ppm)

Compound 35

S65



p-Wiojoi0jyd

99T
891
69T |
121
(788
812 |
veT |
ez |
sz o
522
57z
922
ez
a
12T
827
see’
2%
€97
€92
9T
9T
592
592
99T

vEY —

LT°9
mﬁ.ww

619

999 —

1L
wwe
vN.h/

S
vZ'L ]
97'L
ﬁ.&
[

oez ]
o0e'
02
1€
[
[
[
€eL
€€
beL
seL
S€L
e

——

Cl

X

Ph

H NMR, 400 MHz, CDClI,

(-

Fuoe

Fre

oz

201
Fery

f1 (ppm)

o'TT —
9T'9Z ~_
v0'LT—

0£'9p —

P-WH0J0I012 00°£L —

9THZT N
97T ~\
10'821 ~
L£°67T —
L6'EET

0E'bET W
E9vEL
85'LET

Cl

X

Ph

13C NMR, 100 MHz, CDCl,

T
110

T T T T T T T
190 180 170 160 150 140 130

T
200

f1 (ppm)

Compound 36

S66



p-wiojouolyd

€€
EP'E
vr'e
Sb'e
Sb'e
Sb'e

LE°S
LE°S
LE°S
8€°G

8b'S
6v°G
6v°S
0S°S

LS9
859
859
659
659

637

9L y
972~
9r'L ]
e
e
€L
e ]
e
1€,
€€/
ee ]
ez ]
e
St/
stz ]
VA A
e
8bL
8v's ]
6v°L
6v°
05°
05°
18°L-

F

'H NMR, 400 MHz, CDCl,

TQ.N

Foot

=oe'1
Bgo1
Fsoz

f1 (ppm)

F
13C NMR, 100 MHz, CDCl;

90°8€
£0°8€ v

DaUuoi0ioup o0

$S'8L —
ST08

09'6TT —
96'€CT

STseT M
S€92T —

vLTET
€8'TET >
98'6€T

€0°0bT
LLTPT

6L7CPT \

[A% 44}

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

S67



86°9T¢-
96'91¢-
¥6'91C-
€697
S89TC-
€8°9T¢-
89T
891
08'91¢-
€L°9TC-
191
69°91¢C-
89°9T¢-

F
19F NMR, 376 MHz, CDCl,

-217.15

-217.05

86'9TC- —
96'9TC- —
¥6'91C- —
€691 —

T
-216.95

S89TZ-~_
€8'917-~_
T89TT-~
891z~
08'91z-~" r

T
-216.85
f1 (ppm)

-216.75

€L9TC-—
TL9TT-—
69°9TC- —
89°9T¢- —

T
-216.65

T
-216.55

-80 -90 -100 -110 -120 -130 -140 -150 . —(160) -170 -180 -190 -200 -210 -220 -230 -240 -250
1 (ppm

-70

S68



Compound 37

6'S
6'S
€6'S
£€6'S
659
Hm.m/
€99 ~=

+9'9
+9'9
899
09
9
Nu.m\\‘

P-W110J0I0|YD 97°L

Q
=z

Cl

/

o

MeO
H NMR, 400 MHz, CDClI,

o'
61
Fwt

H’E\?
Fs60

ot
880

6°C
90

80
0T

f1 (ppm)

80°0C —

88'vC —

bE'SE ~
TH'8E ~
9T TH ~_
80°Eh ~
9\
609 —

€595 —
1065 —

p-wi0j0.0]Yyd 00"

oo

lllnl

N

T€98 —

6S°ETT —

T8'8TT —

£6'97T ~
TH'62T ~C
LOTET ~
9e7zeET

STEPT ~
WPt

Cl

e
/

o

MeO
13C NMR, 100 MHz, CDCl,

T T T T T T T T T
190 180 170 160 150 140 130 120 110

T
200

f1 (ppm)

Compound 38

S69



Cl

€99\
99—

p-W.0J0I0jYyd 97"/
9L
8T°L
6CL
6C°L
0€'L
TEL
(44
€€L
€L
vEL

H NMR, 400 MHz, CDClI,

WOA
0T S
~N

Fess

f1 (ppm)

Cl

P-ULI0JOI014D 00°£L —

89°8TT —

0T°92T ~
P1'8CT —
£L°8TT ’
LTEET —
98'VET —

13C NMR, 100 MHz, CDCl,

T T T T T T T T
190 180 170 160 150 140 130 120 110

T
200

f1 (ppm)

Compound 39

S70



9S°T
6S°T
09'1T
89T
LT
LT
7T

e
LT'E W.
8T'€E \

oce

vr'9

?V.W/
L9~k
wo

s\
589~
1897

LTL
LTL
8T°L
6T°L

P-ULIOJOIOND 9Z°L

@

'H NMR, 400 MHz, CDClI,

Cl

=

S'E
6'€

H/Qo.ﬁ
H\Nm.o
H\Mm.ﬁ

4.0

4.5

5.0

T
5.5

f1 (ppm)

9THT ~
19'67

@

20°0S —

Cl

=

13C NMR, 100 MHz, CDCl,

ST'STT~
6°'STT

6€°'GCT ~

66'9¢T —

€6'CET —

YLTIST —

T T T T T T T T
190 180 170 160 150 140 130 120 110

T
200

f1 (ppm)

Compound 40

S71



p-wJojoi0|yd

Br

SC9~
6,97
60,
MEW
€L
9TL
9TL
67L
6TL
oL
€L
€L
€L
€€,
€L

H NMR, 400 MHz, CDCl,

00T
Feev

f1 (ppm)

Br

13C NMR, 100 MHz, CDCl;

P-WLIOJOIOND 00°LL

05°90T —

60°92T ~_
97821~
8,871

T6'SET ~
LTLET

f1 (ppm)

Compound 41

572



p-wiojoio|yd

ore—

00'v
ooé/
wr
v’
TEP ~_
g€y

w89
€89
+8'9
S8'9
98’9
89
489
88'9
68'9
68'9
68'9
06'9
9TL—
€S°L
¥S'L

98°L \‘
95,

Cl

0SOClI

Me

Fere

Fsre

F

F

H NMR, 400 MHz, CDClI,

L Feot

2.0

3.0

4.0 3.5

4.5
f1 (ppm)

5.5 5.0

6.0

7.5

66'87 —

L8 —

20'89 —

P-ULI0JOI0YD 00°LL —

6401
90°S0T ~=
1es01

06°0TT
¥6°0TT
TTTIT
vITTTT
0z°0zT —

T0°0€T
90°0€T
TT°0ET

ST0ET

bT6ST
v 65T

6L°19T
16191 v

62°¥9T
Tr'v9T *-

Cl

0SOCI

Me

F

F

13C NMR, 100 MHz, CDCl,

T T T T T T T T
190 180 170 160 150 140 130 120 110

T
200

f1 (ppm)

Compound 42

S73



p-Wwiojoio|yd

060~
w60
ETT~
st1s

69'C
ON.NW

we

96'€

mm.mV
€Ty —
mﬁé\

9T'Lq
67L
67
6244
0£°z |
e
[
[
7€'
€672
€672
S
SE'L
SELA

9€°L

R
wf
8¢,
se
6c°L
6€L
6€'s
95
95°2
95/ ]
529
5L

85°L

85°L

65°L

Cl

0socCl
i-Pr

'H NMR, 400 MHz, CDCl,

Fose

Fort

p—d Fo1

—— Too1

e

f1 (ppm)

LT~
bE8T

75°6E —

ET'ES —

P-ULI0JOIONYD 00°LL —

L9918 —

WL
08421 W
86221

68°6ET —

Cl

osocl
i-Pr

13C NMR, 100 MHz, CDCl,

T T T T T T T T
190 180 170 160 150 140 130 120 110

T
200

f1 (ppm)

S74



Compound 43

p-Ww.0j0.01yd

SLE
LLE
8L'€
08°€
98¢
L8°E
68°E
06'€ —=
L9
L9%
L9
69'%
69t
69t
69%
oLy
7y
1744
7y
1744
wUv
€Ly
€LY

819
0’9 W
09
w9
vT9
L9~

897
9TL /
8T'L
67'L Al
0€°L ]
0€°2 ]
1€
e
[
€€°L
eet
YL u
seL
ez
9L}
9L}
€L
€L
2]
T2

Cl

H
0SOClI

AN

H NMR, 400 MHz, CDCl,

Foot
o1

Foot

Fot

€€
1%4

4.5 4.0

f1 (ppm)

T
5.0

SLLy—

6019 —

P-Wi0j010|Yd 00°LL —

8L'STT
68°9ZT V

29821
69821 w
L6PET ~_
8e'seT

Cl

H
0SOClI

X

13C NMR, 100 MHz, CDCl,

170

150 140 130 120 110

160

190 180

200

f1 (ppm)

S75



Compound (E)-44

ST —

€C9—
649
6.9
189
w89
389
€89
+8'9
S8'9
98’9
489
9T'L
LrL
8T°L
61°L
oT'L
p-wiojololyd 9z~

Cl

Me

F

F

TH NMR, 400 MHz, CDCl,

|

Fare

4.5

5.0

5.5

f1 (ppm)

v9'LT v

L9°LT

01T'¥0T
9€'v0T /
T9'v0T —
vTTTT
8T'TTT
SETIT
6E°TTT

95°8TT v

6S'8TT

65°vTT v

EL°PCT

PI0ET
9T'0ET
0z'0eT \‘

ST0ET
bSEET

TS'8ST
+9°8ST /
20° 191
01T° 19T
YT 19T
TTT9t
LS°E9T
69°€9T

Cl

Me

F

F
13C NMR, 100 MHz, CDClI,

T
140

160

-10

120 110

130

150

190 180 170

200

f1 (ppm)

S76



8L°0T1-
9L'0T1-
vL0TT-
TLorT-
0£°0TT-
vH'0TT-
T¥0TT-
6€°0TT-
9€'0TT-

Cl
Me

8011
ou.o:‘V
vLoTE-—

NN.D:‘\

0L01T-

PH0TT-

:u._u:‘V
6E0TT- 7
mm.o:‘\

F

F

19F NMR, 376 MHz, CDClI,

-110.2 -110.4 -110.6 -110.8 -111.0 -111.2

-110.0

f1 (ppm)

-100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -22(
f1 (ppm)

-50 -70 -90

-20

-10

S77



Compound (Z)-44

90C—

P-WLI0JOI0N 97°L

Cl

Me

F

F
'H NMR, 400 MHz, CDCl;

Foze

Foot

Froz
Fsot

-1.0

0.0

0.5

1.0

1.5

4.5 4.0

f1 (ppm)

5.5

6.0

6.5

7.0

9.0 8.5

9.5

18T
mm.NNv

P-Wi0j0104y2 00"

86°€0T

60'8ST
TZ'8ST /
£5°09T

69°09T

0z'19T
TET9T \
L9°€9T
6L°€9T

Cl

Me

F

F

13C NMR, 100 MHz, CDClI,

bl

-10

T T T T T T T
180 170 160 150 140 130 120 110

T
190

T
200

f1 (ppm)

S78



£49°011-
S9°0TT-
€9°0TT-
19°011-
65°0TT-
81°011-
ST0TT-
E€T°0TT-
T1°0T1-

Cl

£9°01T-
mw.QAH.M
mw.o:‘w
19°0TT-
mm.o:‘\

8T°0TT-~_
STOTT-~
ET0TT-—
trort-~"

Me

F

F

19F NMR, 376 MHz, CDClI,

-110.8

-110.6

-110.4

f1 (ppm)

-110.2

-110.0

-100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -22(
f1 (ppm)

-50 -70 -90

-20

-10

S79



