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1. General Remarks

All reactions sensitive to moisture and/or air were carried out under an atmosphere of dry nitrogen
(N,) using anhydrous solvents. Solvents were either dried by passing them through commercially
available columns (n-pentane, CH,Cl,) or distilling them from CaH, (CCl,, C,H,Cl,;, C,H,Cl,, PhH).
THF was freshly distilled from Na/benzophenone (ketyl radical). IR spectra were recorded on a Bruker
Vector 22 FT-IR spectrometer equipped with a Specac Golden Gate ATR unit. High resolution mass
spectra (HRMS) were recorded using a Finnigan MAT 95 spectrometer (EI) or a Bruker micrOTOF-Q
spectrometer (ESI). NMR spectra were recorded on a Bruker Avance 250MHz, 300 MHz or 500 MHz
spectrometer and calibrated using the residual non-deuterated solvent signal or tetramethylsilane
(TMS) as an internal standard. Column chromatography (CC) was carried out using silica gel (60 Dm,
0.040-0.063 mm) and thin layer chromatography (TLC) was carried out using silica gel plated
aluminum sheets (silica gel 60, Fs,). High performance liquid chromatography (HPLC) was carried
out using a K-501 pump and a K 2400 RI-detector in combination with a Eurospher-100 Si column by
KNAUER. The photochemical reactions were carried out using a Heraeus Hg-Lamp (180 W), a
ORIEL Xenon-Lamp (75 W), or a MEGAMAN Compact Fluorescent Lamp (23 W, 1395 Lumen).

2. IR spectra of TBA[Fe]
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Figure S1: TBA[Fe] in CH;CN - no irradiation.
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Figure S2: TBA[Fe] in CH;CN — after 6 h irradiation (180 W, Hg lamp).
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Figure S3: TBA[Fe] + PPh; (1.5 equiv.) in CH3CN - after 4 h irradiation (180 W, Hg lamp).
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Figure S5: TBA[Fe] in DCM — after 6 h at 45 °C.
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3. UV spectrum of TBA[Fe]
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Figure S10: UV spectrum of TBA[Fe] in CH:CN.

4. Fluorescence spectrum of TBA[Fe]
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Figure S11: Fluorescence spectrum of TBA[Fe] in CH;CN. The excitation scan (blue) and emission

scan (red).
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5. Conversion-Time and Temperature-Time Plot for the Rearrangement of VCP
1 (measured by in-situ IR-spectroscopy)

removed probe & added vinyl substrate
product 2 M__‘.M_a”‘g‘

—y

280

Turning on UV lamp

0.004
temperature

260
— 0.002
=
=
Q250 £
g 3 %
= 000 S i e
p £ vinylcyclopropane 1
-0.002
230
oo
20
20 -0.006
00:00:00 00:15:00 00:30:00 00:45:00 01:00:00 01:15:00 01:30:00 (01:45:00 02:00:00 02:15:00 02:30:00
Relztive Time
6. Preparation of Vinylclopropanes
O O
H3C CH3
/
1

1,1'-(2-Vinylcyclopropane-1,1-diyl)diethanone (1):™

(trans)-1,4-Dibrombut-2-ene (4.278 g, 20 mmol, 1 equiv.) and K,CO; (8.154 g, 59 mmol, 2.95 equiv.)
were suspended in acetone (35 mL). 2,4-Pentanedione (2.0 mL, 20 mmol, 1.0 equiv.) was added drop
wise and the mixture was heated to reflux for 14.75 h. The reaction mixture was cooled to room
temperature and Et,O (35 mL) was added. The resulting precipitate was removed via filtration and
washed with Et,0 (2 x 25 mL). The solvent was removed under reduced pressure and the residue
purified by column chromatography on silica gel eluting with n-pentane/Et,0 4:1 (v/v) yielding 1.547
g (51%) of the desired product 1 as a colorless oil.

R = 0.29 (n-pentane/Et,0, 4:1 (v/v)); *H-NMR (250 MHz, CDCl5) § 5.33-5.28 (m, 2H), 5.17-5.13 (m,
1H), 2.67-2.58 (m, 1H), 2.27 (s, 3H), 2.17 (s, 3H), 1.84 (dd, J = 7.1, 5.3 Hz, 1H), 1.49 (dd, J = 8.8, 5.1
Hz, 1H) ppm; *C-NMR (63 MHz, CDCl5) § 202.7, 202.4, 132.8, 118.9, 51.2, 32.4, 30.9, 26.9, 20.2
ppm; IR (ATR, neat) 3088, 3010, 1684, 1638 cm™; GC/MS (El, 70 eV) m/z (%) 152 (M*, 5), 137
(40), 109 (100), 95 (22), 91 (33), 67 (44).
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0O O

Ph Ph
=

3

(2-Vinylcyclopropane-1,1-diyl)bis(phenylmethanone) (3):%

1,3-Diphenyl-1,3-propanedione (3.364 g, 15 mmol, 1 equiv.) was dissolved in anhydrous THF (20
mL) under an atmosphere of dry nitrogen. NaH (1.200 g, 60% in mineral oil, 30 mmol) was added as a
solid and the suspension stirred for 15 min at room temperature. (trans)-1,4-Dibrombut-2-ene (3.158
g, 15 mmol, 1 equiv.) was added and the reaction mixture stirred for 66 h at room temperature. The
resulting suspension was diluted with Et,O and the precipitate removed via filtration and washed with
Et,O. A saturated solution of NH,CI (100 mL) was added. The mixture was extracted with Et,O (2 x
150 mL) and EtOAc (100 mL). The combined organic phases were dried over MgSO, and the solvent
was removed under reduced pressure. The residue was purified via column chromatography on silica
gel eluting with petrol ether/EtOAc 20:1 to 10:1 (v/v) to yield a mixture of product and unreacted
starting materials. Pure product was obtained via additional purification using HPLC eluting with
petrol ether/EtOACc 20:1 giving 758 mg (18%) of 3 as a colorless solid.

R = 0.33 (petrol ether/EtOAc, 20:1(v/v)); '"H-NMR (300 MHz, CDCly) § 7.72-7.64 (m, 4H), 7.39-7.32
(m, 2H), 7.26-7.21 (m, 4H), 5.42-5.38 (m, 2H), 3.37-3.29 (m, 1H), 2.34 (dd, J = 4.4, 7.2 Hz, 1H), 1.58
(dd, J = 4.4, 8.6 Hz,. 1H) ppm; *C-NMR (63 MHz, CDCl;) 196.7, 196.0, 138.1, 137.7, 133.0, 132.9,
132.85, 128.6, 128.43, 128.4, 118.7, 47.7, 31.2, 21.3 ppm; IR (ATR, neat) 3061, 2986, 1680, 1660,
1633, 1594, 1575, 1446 cm™; HRMS (ESI) calc. for [C1oH:60, + Na']: 299.1043, found 299.1036.

(R)-3: [a]p®: +305.6 (¢ = 5.33, CHCls); (S)-3: [a]p™: -305.6 (c = 5.33, CHCI,).
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Results obtained with enhanced integrator!

Instrument 1 15.06.15 10:08:23 Dominik

Jata File C:\HPCHEM\1\DATA\DP\DP65HZ200.D Sample Name: DP65h2
Chiralcel OD-H; Heptan/Isopropanol 95:5, 0.5 mL/min; 3p o O
1

Ph)% Ph
o . = 0,
Injection Date 27.05.15 14:26:59
Sample Name DP65h2 Vial 12 (R)-3
Acg. Operator Dominik
Inj Volume 3 pl
Method C:\HPCHEM\ 1\METHODS\BPOD9_1.M
Last changed 22.05.15 15:55:29 by Dominik
DAD1 A, Sig=235,4 Ref=550.100 (DP\DP65H200.D)
mAU % % ~
£
0 ‘rr‘ T T T 7 =
10 20 30 40 50 60 min
DAD1 B, Sig=240,4 Ref=550,100 (DP\DP85H200.D)
mAU % % 2
o T : T r‘ T T T ’ T T T ¥ T ' T T U 1
| 10 30 40 50 60 min
DAD1 C, Sig=220,4 Ref=550,100 (DP\DP65H200.D)
mAU % o
0 ' - T r’ T T T T T T
10 30 40 50 60 min|
DAD1 D, 5ig=212,4 Ref=550,100 (DP\DP65H200.D)
mAU 1 % @
i : 8
0 e T = T T T 7 T T T T
10 20 40 50 60 min
DAD1 E, Sig=210,20 Ref=550,100 (DP\DP65H200.D)
mAU %
0 = L — 1 7 T T i
| 10 20 30 40 50 60 mi
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution 1.0000
Signal 1: DAD1 A, Sig=235,4 Ref=550,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
Rintuial Bt | —===|==m==== |=m==—= === f=——m—— |
1 9.483 PB 0.2796 4.96877e4 2640.18140 99.4388
2 11.107 BP 0.2726 280.42484 14.31167 0.5612
Totals 4.99682e4 2654.49306

Page 1 of 2
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at%/?ile C:\HPCHEM\ 1\DATA\DP\DP65H300.D

Sample Name: DP65H3

Chiralcel OD-H; Heptan/Isopropanol 95:5, 0.5 mL/min; 3p 0 O
1
Ph Ph
==== ErssssssosoesssSSEEss P~
Injection Date 20.05.15 15:59:54
Sample Name DP65H3 vial @ 12 (S)-3
Acg. Operator Dominik
Inj Volume : 3 ul
Acqg. Method C:\HPCHEM\ 1\METHODS\BPOD9_1.M
Last changed 20.05.15 15:58:17 by Isabel
(modified after loading)
Analysis Method : C: « \HPCHEM\ 1\METHODS\BPOD9 1.M
Last changed 22.05.15 15:55:29 by Dominik
DADA A, Sig=235,4 Ref—sso 100 (DP\DP65H300 D)
mAU
500 3 §
0"—*"'5 L S R R F N ) ey S R
B 15 20 25 30 35 40 _min
DAD1 B, Srg-240 4 Ref=550, 100 (DP\DPBSHBOO \DPE5H300.D)
mAU% ~
500 4 =~
1 4 L
Y T L A T T i T T T 1 T T T T T T T 7
5 15 20 25 30 35 40 min
DAD1 C, Sig=220,4 Ref=550, 100 (DP\DP65H300 )}
mAU 3
=L e
Am 7
15 2 2% 3 3 40 min
“DAD1D, s|g—212 4 Ref=550, 100 (DP\DP65H300 D)
mAU -
500 g
o
Y 1 T A R S 7 Y
5 10 20 25 30 35 40 _min
DAD1 E, Sig=210,20 Ref=550,100 (DP\DP65H300.D)
mAU% 3
| 500 g g\
| o
‘ 0 A T T T T T T T T R
‘ 5 10 15 20 25 30 35 40 mi
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution 1.0000
Signal 1: DAD1 A, Sig=235,4 Ref=550,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] 3
e R o= [===mmm = |
1 9.648 PB - 0.2836 319.26849 16.65573 1.6750
2 11.285 BB 0.3328 1.87413e4 825.64966 98.3250
Totals : 1.90606e4 842.30539
Results obtained with enhanced integrator!
Instrument 1 26.05.15 10:57:42 Dominik Page 1 of 2
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CO,Et C(0)CH

H o, H H &, H
C(O)CH3 CO,Et
5a 5b

(anti) and (syn) Ethyl 1-acetyl-2-vinylcyclopropanecarboxylate (5a and 5b):™

(trans)-1,4-Dibrombut-2-ene (1.390 g, 6.5 mmol) and K,CO; (2.695 g, 19.5 mmol) were added to a
dried flask under an atmosphere of dry nitrogen. Anhydrous ethanol (14 mL) was added followed by
the drop wise addition of ethyl acetoacetate (0.8 mL, 6.5 mmol). The reaction mixture was heated to
reflux for 15 h then cooled to room temperature and diluted with Et,O (15 mL). The precipitate was
removed via filtration and washed with Et,O (2 x 10 mL). The solvent was removed under reduced
pressure. The reaction gave rise to three major products: Diastereoisomer 5a and 5b alongside some
dihydrofurane 6. Diastereoisomer 5b could be separated by regular column chromatography on silica
gel eluting with petrol ether/EtOAc 20:1 (v/v) to give 0.457 g (39%) as a colorless oil.
Diastereoisomer 5a was purified via HPLC eluting again with petrol ether/EtOAc 20:1 (v/v) giving
0.231 g (20%) as a colorless oil. The yield of dihydrofurane 6 was not determined.

5a:

Rs = 0.29 (petrol ether/EtOAc, 20:1 (v/v)); *H-NMR (250 MHz, CDCl3) & 5.35-5.26 (m, 2H), 5.15-
5.11 (m, 1H), 4.33- 4.13 (m, 2H), 2.67-2.57 (m, 1H), 2.33 (s, 3H), 1.85 (dd, J = 7.5, 4.6 Hz, 1H), 1.53
(dd, J = 8.8, 4.6 Hz, 1H), 1.30 (t, J = 7.2 Hz, 3H) ppm; *C-NMR (63 MHz, CDCl;) § 201.1, 170.4,
132.8,118.9, 61.5, 42.7, 33.5, 30.5, 20.1, 14.1 ppm; IR (ATR, neat) 3088, 2984, 2929, 1702, 1637 cm’
1 GC/MS (EI, 70 eV) m/z (%) 182 (M*, found), 139 (54), 136 (45), 135 (48), 121 (100), 94 (65), 93
(56), 67 (55), 66 (98), 65 (43).

5b:

Rs = 0.23 (petrol ether/EtOAc, 20:1 (v/v)); "H-NMR (250 MHz, CDCl;) § 5.58-5.44 (m, 1H), 5.29
(dd, J =17.0, 1.6 Hz, 1H), 5.14 (dd, J = 10.1, 1.6 Hz, 1H), 4.24 (g, J = 7.1 Hz, 2H), 2.61 (ddd, J = 8.4,
8.4, 8.4 Hz, 1H), 2.40 (s, 3H), 1.76 (dd, J = 7.7, 4.4 Hz, 1H), 1.58 (dd, J = 8.9, 4.4 Hz, 1H), 1.30 (t, J
= 7.1 Hz, 3H) ppm; *C-NMR (63 MHz, CDCl;) § 202.0, 168.8, 133.1, 118.8, 61.4, 43.2, 34.3, 29.5,
23.1, 14.2 ppm; IR (ATR, neat) v 3088 , 2984 , 2938 , 1724 , 1695 , 1638 cm™; GC/MS (EI, 70 eV)
m/z (%) 182 (M*, found), 139 (61), 136 (43), 135 (50), 121 (100), 94 (64), 93 (56), 67 (54), 66 (97),
65 (44).
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Figure S12: NOE-Spectra of 5a (red), 5b (blue) and the *H-spectrum of 5a (green).

(anti) and (syn) tert-Butyl 1-acetyl-2-vinylcyclopropane-1-carboxylate (7a and 7b):™

CO,tBu C(O)CH,3

H } H H 4. H
C(O)CH, CO,tBu
7a 7b

NaH (0.800 g, 60% in mineral oil, 20 mmol) was suspended in anhydrous THF (16 mL) under an
atmosphere of dry nitrogen. The reaction mixture was cooled to 0 °C (cryostat). tert-Butyl acetoacetate
(1.6 mL, 9.51 mmol) was added drop wise and the reaction mixture stirred at 0 °C for 1 h. (trans)-1,4-
Dibrombut-2-ene (2.034 g, 9.51 mmol) was added drop wise as a solution in anhydrous THF (6 mL).
Upon completion of the addition the cooling bath was removed and the reaction mixture stirred for 40
h. The resulting suspension was diluted with Et,0 (20 mL) and the precipitate removed via filtration
and washed with Et;,0 (2 x 10 mL). The solvent was removed under reduced pressure.
Diastereoisomer 7a and 7b alongside some dihydrofurane 8. Diastereoisomer 7b could be isolated via
regular column chromatography on silica gel elution with petrol ether/EtOAc 20:1 (v/v) giving 0.267 g
(13%) as a colorless oil. Diastereoisomer 7a was isolated via HPLC eluting with petrol ether/EtOAc
20:1 (v/v) yielding 0.409 g (21%) as a colorless oil. The yield of dihydrofurane 8 was not determined.

7a:

Rr = 0.37 (petrol ether/EtOAc, 20:1 (v/v)), *H-NMR (250 MHz, CDCls) & 5.30-5.25 (m, 2H), 5.14-
5.09 (m, 1H), 2.59-2.49 (m, 1H), 2.29 (s, 3H), 1.76 (dd, J = 7.5, 4.5 Hz, 1H), 1.49 (s, 9H), 1.45 (dd, J
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= 8.8, 4.6 Hz, 1H) ppm; *C-NMR (63 MHz, CDCls) & 201.4, 169.4, 133.1, 118.6, 82.3, 43.7, 32.8,
30.4, 28.0, 19.8 ppm; IR (ATR, neat) 2978, 2932, 1701, 1637 cm™; GC/MS (El, 70 eV) m/z (%) 210
(M*, found), 154 (50), 135 (32), 121 (58), 111 (45), 94 (60), 66 (37), 57 (100).

Tb:

R; = 0.29 (petrol ether/EtOAc, 20:1 (v/v)); *H-NMR (250 MHz, CDCls) § 5.59-5.45 (m, 1H), 5.29
(dd, J=17.2, 1.6 Hz, 1H), 5.14 (dd, J = 10.1, 1.6 Hz, 1H), 2.58 (ddd, J = 8.3, 8.3, 8.3 Hz, 1H), 2.40 (s,
3H), 1.69-1.62 (m, 1H), 1.51-1.46 (m, 1H), 1.49 (s, 9H) ppm; *C-NMR (63 MHz, CDCl;) & 202.4,
167.8, 133.3, 118.4, 82.2, 44.2, 33.6, 29.5, 28.1, 22.9 ppm; IR (ATR, neat) 3087, 2978, 2934, 1719,
1696, 1638 cm™; GC/MS (EI, 70 eV) m/z (%) 210 (M", found), 154 (47), 135 (32), 121 (57), 111
(48), 94 (57), 93 (29), 66 (37), 57 (100).

[rel]

JRIT-009-H2 1000 1 N: KLEIN_S00
JokiT-009-F2 2003 1 W: KLEIN_S500
scale : 49.08 Shift : -0.1015 ppm = -50.7879 Hz
IN_500
0.0017 ppm = -0.8712 Hz

N
1 [ppm]

Figure S13: NOE-Spectra of 7a (green), 7b (red) and the *H-spectrum of 7a (blue).

(anti) and (syn) Ethyl 1-benzoyl-2-vinylcyclopropane-1-carboxylate (9a and 9b):"!

CO,Et C(O)Ph
H } H H o, H
ST T e
C(O)Ph CO,Et
9a 9b

Ethyl benzoylacetate (2.883 g, 15 mmol, 1 equiv.) was dissolved in anhydrous EtOH (20 mL) under an
atmosphere of dry nitrogen. K,COs (4.146 g, 30 mmol, 2 equiv.) was added and the suspension stirred
at room temperature for 15 min. Additional anhydrous EtOH (10 mL) was added prior to the addition
of (trans)-1,4-dibrombut-2-ene (3.158 g, 15 mmol, 1 equiv.). The reaction mixture was stirred for 95 h

S14



at room temperature. The reaction mixture was diluted with Et,O and the precipitate removed via
filtration and washed with additional Et,O. The solvent was removed under reduced pressure. The
residue was portioned between H,O (30 mL) and Et,O (40 mL). The Aqueous layer was extracted with
Et,O (3 x 40 mL). The combined organic extracts were dried over MgSO, and the solvent was
removed under reduced pressure. The residue was purified via column chromatography on silica gel
eluting with n-pentane/Et,0 20:1 (v/v) followed by HPLC eluting with petrol ether/EtOAc 20:1 (v/v)
giving 1.374 g (37%) of diasterecisomer 9b as a colorless oil and 936 mg (26%) of diasterecisomer 9a
as a colorless oil. The assignment of the diastereoisomers is based on the assignment of the ethyl and
tert-butyl esters above.

9a:

R = 0.33 (n-pentane/Et,0, 20:1 (v/v)); "H-NMR (300 MHz, CDCly) & 7.84-7.80 (m, 2H), 7.55-7.750
(m, 1H), 7.45-7.40 (m, 1H), 5.33 (dd, J = 2.0, 16.9 Hz, 1H), 5.25-5.13 (m, 1H), 5.01 (dd, J = 2.0, 10.0
Hz, 1H), 4.14-3.90 (m, 2H), 2.96-2.88 (m, 1H), 1.95 (dd, J = 4.6, 7.4 Hz, 1H), 1.62 (dd, J = 4.6, 8.7
Hz, 1H), 0.92 (t, J = 7.2 Hz, 3H) ppm; ®C-NMR (75 MHz, CDCly) § 193.7, 171.0, 137.7, 133.2,
132.8, 128.5, 128.4, 118.6, 61.5, 39.8, 32.9, 19.6, 13.6 ppm; IR (ATR, neat) 2982, 1722, 1677, 1638,
1598, 1580, 1449 cm'™; HRMS (ESI) calc. for [C1sH1505+ Na']: 267.0992, found 267.0977.

9b:

Rs = 0.33 (n-pentane/Et,0, 20:1 (v/v)); 'H-NMR (300 MHz, CDCls) & 7.88-7.85 (m, 2H), 7.57-7.52
(m, 1H), 7.46-7.41 (m, 2H), 5.83-5.71 (m, 1H), 5.43-5.37 (m, 1H), 5.23-5.19 (m, 1H), 4.00 (q,J=7.4
Hz, 2H), 2.79-2.71 (m, 1H), 1.94 (dd, J = 4.8, 7.7 Hz, 1H), 1.66 (dd, 4.8, 9.0 Hz, 1H), 0.90 (t,J=7.1
Hz, 3H) ppm; *C-NMR (75 MHz, CDCly) § 194.5, 169.3, 137.3, 133.1, 132.8, 128.5, 128.2, 118.8,
61.3, 40.6, 30.4, 21.6, 13.7 ppm; IR (ATR, neat) 3086, 2982, 1727, 1678, 1637, 1598, 1581, 1448
cmt; HRMS (ESI) calc. for [Cy5H1605 + Na*]: 267.0992, found 267.0980.

Ethyl 1-acetyl-2,2-dimethyl-3-(2-methylprop-1-en-1-yl)cyclopropane-1-carboxylate (17):

A solution of diisopropylamine (1.55 mL, 11 mmol, 1.1 equiv.) in THF (20 mL) was cooled to -78 °C
and 1.6 M n-BuLi (6.87 mL, 11 mmol, 1.1 equiv.) was added dropwise. The reaction mixture was
warmed to room temperature for 15 min, then re-cool to -78 °C. Ethyl chrysanthemate (2.17 mL, 10
mmol, 1 equiv.) was added dropwise in to the reaction mixture and stirred for 30 min at -78 °C then 1
h at room temperature. The reaction mixture was re-cooled to -78 °C again and acetyl chloride (0.71
mL, 10 mmol, 1 equiv.) was added dropwise. The reaction was allowed to warm to room temperature
and stirred overnight. The reaction was quenched by sat. NH4ClI, diluted with water, and extract with
three time of diethyl ether. The combined organic layers were dried over MgSQ,, filtered and then
concentrated under reduced pressure. The residue was purified by column chromatography on silica
gel eluting with n-pentane/EA 40:1 (v/v) to afford 1.3345 g (56%) of 17 as a colorless oil.
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Rs = 0.37 (n-pentane /EA, 40:1 (v/v)); *H-NMR (300 MHz, CDCls) & 5.03-5.00 (m , 1H), 4.19 (q, J =
7.1 Hz, 2H), 2.58 (d, J = 8.0 Hz, 1H), 2.27 (s, 3H), 1.73 (s, 3H), 1.71 (s, 3H), 1.33 (s, 3H), 1.26 (t, J =
7.1 Hz, 3H), 1.11 (s, 3H) ppm; *C-NMR (75 MHz, CDCl,)  201.3, 168.6, 137.1, 117.1, 60.8, 51.2,
34.8, 33.4, 30.2, 25.7, 22.0, 18.7, 18.0, 14.1 ppm; IR (ATR) 2980, 2929, 1733, 1700, 1446, 1377,
1355, 1304, 1274, 1178, 1095, 852 cm™; HRMS (ESI) calc. for [C14H»,05 + Na']: 261.1461, found:
261.1452,

19

1,1'-(2-(Prop-1-en-2-yl)cyclopropane-1,1-diyl)bis(ethan-1-one) (19):

1,4-Dibromo-2-methylbut-2-ene (1,59 g, 7 mmol, 1 equiv.) and K,COs (2,90 g, 21 mmol, 3 equiv.)
were suspended in acetone (20 mL). 2,4-Pentanedione (0,7 mL, 7 mmol, 1.0 equiv.) was added drop
wise and the mixture was heated to reflux for 18 h. The reaction mixture was cooled to room
temperature and Et,O (35 mL) was added. The resulting precipitate was removed via filtration and
washed with Et,0 (2 x 25 mL). The solvent was removed under reduced pressure and the residue
purified by column chromatography on silica gel eluting with n-pentane/Et,O 4:1 (v/v) yielding 378
mg (32%) of the desired product 19 as a yellow oil.

R = 0.38 (n-pentane/Et,0, 4:1 (v/v)); 'H-NMR (250 MHz, CDCl3) & 4.94 (d, J = 0.8 Hz, 1H), 4.75 (s,
1H), 2.57 (t, J = 8.4 Hz, 1H), 2.23 (d, J = 1.2 Hz, 3H), 2.20 (d, J = 1.2 Hz, 3H), 1.94 (ddd, J = 8.0, 5.1,
1.0 Hz, 1H), 1.76 (d, J = 0.5 Hz, 3H), 1.50 — 1.41 (m, 1H) ppm; *C-NMR (63 MHz, CDCls) § 203.2,
202.5, 138.6, 113.9, 51.2, 35.9, 30.7, 27.8, 23.0, 19.2 ppm; IR (ATR) 2973, 2918, 1688, 1423, 1357,
1309, 1256 cm™; GC/MS (EI, 70 eV) m/z (%)166 (M*, found), 151 (14), 123 (67), 43 (100); HRMS
(EI) calc. for [C1oH140,]: 166.0994, found: 166.0991.

(2-Methyl-3-vinylcyclopropane-1,1-diyl)bis(phenylmethanone) (23):!!

The title compound was synthesized according to literature™ and was purified via column
chromatography on silica gel eluting with PE/EA 40:1 (v/v) to afford 23 as a white solid.

R¢ = 0.34 (PE/EA 40:1 (v/v)); mp 108-111°C; "H-NMR (300 MHz, CDCls) & 7.73-7.66 (m, 1H), 7.66-
7.59 (m, 1H), 7.42-7.30 (m, 2H), 7.30-7.18 (m, 4H) 5.42-5.32 (m, 2H), 5.06-4.98 (m, 1H) 3.12-3.03
(m, 1H) 2.84-2.73 (m, 1H), 1.12 (d, J = 6.4 Hz, 3H) ppm; “*C-NMR (75 MHz, CDCls) & 196.5, 196.1,

S16



138.6, 138.5, 133.3, 132.9, 132.8, 128.55, 128.53, 128.49, 128.42, 118.1, 53.6, 37.4, 27.3, 11.9 ppm;
IR (ATR) 3062, 3027, 1720, 1656, 1490, 1346, 1310, 1125, 848, 761 cm™.

General Procedure I: Preparation of Olefin-Substituted VCPs!!!

The appropriate vinylcyclopropane (1 equiv.) and 2™ generation Grubbs catalyst (0.015 equiv.) was
weighed into a dried Schlenk tube under an atmosphere of dry nitrogen. CH,Cl, (0.6 M) was added
followed by the appropriate alkene (10 equiv.). The Schlenk tube was sealed under an atmosphere of
dry nitrogen and the mixture stirred at 45 °C for 16 h. The solvent was removed under reduced
pressure and the residue subjected to column chromatography on silica gel.

O O

H;C CH;

1

(E)-1,1'-(2-(Hex-1-en-1-yl)cyclopropane-1,1-diyl)diethanone (11):

The reaction was carried out on a 5 mmol scale based on vinylcyclopropane 1. The title compound was
purified via column chromatography on silica gel eluting with n-pentane/Et,O 4:1 (v/v) to afford 511
mg (49%) of 11 as a tan oil.

Rs = 0.39 (n-pentane/Et,0, 4:1 (v/v)); *H NMR (300 MHz, CDCls) & 5.80 — 5.66 (m, 1H), 4.93 (dd, J
= 15.3, 8.5 Hz, 1H), 2.57 (g, J = 8.3 Hz, 1H), 2.26 (s, 3H), 2.15 (s, 3H), 1.98 (m, 2H), 1.80 (dd, J =
7.4,5.1 Hz, 1H), 1.47 (dd, J = 8.8, 5.1 Hz, 1H), 1.34 — 1.25 (m, 4H), 0.88 (m, 3H) ppm; *C NMR (75
MHz, CDCl3) 8 203.1, 136.0, 124.1, 51.2, 32.3, 32.1, 31.3, 30.9, 26.8, 22.1, 20.4, 13.8 ppm; IR (ATR)
2958, 2928, 2873, 2855, 1681, 1422, 1357, 1310, 1250, 1163, 1100, 968, 936 cm™; GC/MS (ESI) m/z
(%) = 209.15 (M + H*, 28), 191 (15), 167 (16), 149 (20), 135 (13), 123 (23), 113 (100); HRMS (ESI)
calc. for [C1,H,00, + Na']: 231.1356, found: 231.1346.

COzMe
13

Methyl (E)-3-(2,2-diacetylcyclopropyl)acrylate (13):

The reaction was carried out on a 5 mmol scale based on vinylcyclopropane 1. The title compound was
purified via column chromatography on silica gel eluting with n-pentane/Et,O 2:1 (v/v) to afford 450
mg (43%) of 13 as a tan oil.
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Rf = 0.19 (n-pentane/Et,0, 2:1 (v/v)); *H NMR (300 MHz, CDCl;) & 6.34 (dd, J = 15.5, 9.9 Hz, 1H),
6.05 (d, J = 15.5 Hz, 1H), 3.72 (s, 3H), 2.77 — 2.64 (m, 1H), 2.29 (s, 3H), 2.22 (s, 3H), 1.91 (dd, J =
7.0, 5.1 Hz, 1H), 1.59 (dd, J = 8.6, 5.1 Hz, 1H) ppm; *C NMR (75 MHz, CDCl;) & 201.6, 201.4,
165.9, 143.2, 124.0, 51.7, 51.7, 30.7, 30.5, 27.5, 21.4 ppm; IR (ATR) 2954, 2919, 2849, 1722, 1686,
1651, 1435, 1358, 1308, 1273, 1252,1204, 1148 cm™; GC/MS (ESI) m/z (%) = 211 (M + H*, 6), 137
(100), 119 (18), 111 (45); HRMS (ESI) calc. for [C1;H140, + Na*]: 233.0784, found: 233.0786.

o o
HsC CHs
|
HaC™ “CHg
15

1,1'-(2-(2-Methylprop-1-en-1-yl)cyclopropane-1,1-diyl)diethanone (15):

The reaction was carried out on 6 mmol scale based on vinylcyclopropane 1. The title compound was
purified via column chromatography on aluminium oxide (neutral) eluting with n-pentane/Et,O 4:1
(v/v) to afford 854 mg (79%) of 15 as a pale yellow oil.

R = 0.34 (n-pentane/Et,0, 4:1 (v/v)); *H-NMR (300 MHz, CDCls) & 4.66-4.59 (m, 1H), 2.67 (dd, J =
8.6, 16.4 Hz, 1H), 2.22 (s, 3H), 2.18 (s, 3H), 1.78-1.72 (m, 4H), 1.69 (s, 3H), 1.52 (dd, J = 4.8, 8.9 Hz,
1H) ppm; ®*C-NMR (75 MHz, CDCl3) § 203.3, 203.2, 138.5, 119.2, 51.0, 30.5, 29.2, 27.2, 25.6, 21.7,
18.4 ppm; IR (ATR) 2916, 1681, 1620, 1451, 1357, 1303, 1252, 1171, 1103, 933, 855, 823 cm™;
GC/MS (ESI) m/z (%) = 181 (M + H", 15), 163 (18), 145 (35), 121 (100), 113 (17), 105 (23); HRMS
(ESI) calc. for [C1;H160, + Na']: 203.1043, found: 203.1046.

Ph
21

1,1'-(2-Styrylcyclopropane-1,1-diyl)bis(ethan-1-one) (21)

The reaction was carried out on a 7 mmol scale based on vinylcyclopropane 1. Styrene (210 mmol, 24
mL, 30 equiv.) was used as the source of alkene. The title compound was purified via column
chromatography on silica gel eluting with petrol ether/EtOAc 5:1 (v/v) followed by semi-prep. HPLC
eluting with petrol ether/EtOAc 5:1 (v/v) to afford 340 mg (21%) of 21 as a tan oil.

R = 0.25 (petrol ether/EtOAc, 5:1 (v/v)); *H NMR (300 MHz, CDCl5) & 7.31 — 7.19 (m, 5H), 6.65 (d,
J =15.8 Hz, 1H), 5.66 (dd, J = 15.8, 9.0 Hz, 1H), 2.78 (dd, J = 16.3, 8.7 Hz, 1H), 2.28 (s, 3H), 2.21 (s,
3H), 1.96 (dd, J = 7.3, 5.1 Hz, 1H), 1.59 (dd, J = 8.7, 5.1 Hz, 1H) ppm; *C NMR (75 MHz, CDCl;) &
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202.68, 202.65, 136.38, 134.06, 128.64, 127.80, 126.14, 124.30, 51.62, 32.72, 30.98, 27.12, 21.07
ppm; IR (ATR) 3026, 1682, 1598, 1492, 1448, 1358 cm''; GC/MS (ESI) m/z (%) = 251 (100) [M* +
Na]; HRMS (ESI) calc. for [CisH150, + Na']: 251.1043, found: 251.1030.

7. Preparation of Arylcyclopropanes

General Procedure I1: Preparation of Arylcyclopropanes

(0] 0]
0] 0]
@ o
Br
YT S(CHg)p Bry SMezB R2JK)LR3 R? R®
R CH4CN X " K,COs DCM:H,0, X
R'l_' . R1_'
= rt, over night I~ R? R3=Me, Ph, OMe

The procedure was modified from the literature.! A solution of bromine (1.02 mL, 20 mmol) in
CH,CI, (5 mL) was added in a solution of dimethyl sulfide (7.34 mL, 100 mmol) in CH;CN (20 mL)
at 0 °C to give a yellow precipitate. The corresponding styrene derivative (20 mmol) was then added at
the same temperature. The reaction mixture was allowed to warm to room temperature and stirred for
2 hours. Diethyl ether (30 mL) was added to give a precipitate, which was then filtered and washed
with diethyl ether to give the corresponding bromosulfonium bromide without further purification.

The bromosulfonium bromide (10 mmol) and potassium carbonate (4.15 g, 30 mmol) were dissolved
in CH,Cl»:H,O (1:1) mixture (200 mL). Pentane-2,4-dione (2.05 mL, 20 mmol), 1,3-diphenyl-1,3-
propanedione (4.49 g, 20 mmol) or methyl acetoacetate (2.15 mL, 20 mmol) was added and stirred at
room temperature overnight. The CH,Cl, layer was separated and the aqueous layer was extracted
with 3 portions of CH,CI,. The combined organic layers were dried over MgSQ,, filtered and then
concentrated under reduced pressure. The residue was purified by column chromatography on silica
gel eluting with n-pentane/Et,O (5:1 to 2:1) to give the desired arylcyclopropane.

25
1,1'-(2-Phenylcyclopropane-1,1-diyl)bis(ethan-1-one) (25):

The title compound was purified via column chromatography on silica gel eluting with n-pentane/Et,O
5:1 (v/v) to afford 656 mg (22% two steps overall yield) of 25 as a colorless solid.

R;= 0.23 (n-pentane/Et,0, 5:1 (v/v)); mp 61-62 °C [lit. 58 °C]; ‘H-NMR (300 MHz, CDCl5) § 7.31-
7.21 (m, 3H), 7.15-7.12 (m, 2H), 3.29 (bt, J = 8.5 Hz, 1H), 2.28 (s, 3H), 2.26 (dd, J = 5.3, 7.9 Hz, 1H),
1.81 (s, 3H), 1.65 (dd, J = 5.3, 9.0 Hz, 1H) ppm; *C-NMR (75 MHz, CDCl5) § 202.7, 202.2, 134.1,
128.5,128.4 , 127.5, 52.7, 33.6, 30.4, 27.7, 19.1 ppm; IR (ATR) 3098, 3065, 3020, 1702, 1681, 1453
cmt; HRMS (ESI): calc. for [C13H140, + Na']: 225.0886, found: 225.0871.
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27
1,1'-(2-(p-Tolyl)cyclopropane-1,1-diyl)bis(ethan-1-one)) (27):

The title compound was purified via column chromatography on silica gel eluting with n-pentane/Et,O
3:1 (v/v) to afford 1000 mg (23% two steps overall yield) of 27 as a yellow solid.

Rs = 0.38 (n-pentane /Et,0, 3:1 (v/v)); mp 52-54 °C [lit.57.6-59 °C]; 'H NMR (300 MHz, CDCl;) &
7.10 (m, 2H), 7.06 — 7.01 (m, 2H), 3.27 (t, J = 8.5 Hz, 1H), 2.32 (s, 3H), 2.30 — 2.23 (m, 4H), 1.84 (s,
3H), 1.67 (dd, J = 8.0, 4.3 Hz, 1H) ppm; *C NMR (75 MHz, CDCls) & (ppm) 202.9, 202.4, 137.3,
130.9, 129.2, 128.3, 52.7, 33.6, 30.5, 27.6, 21.1, 19.1 ppm; IR (ATR) 3013, 2923, 1681, 1517, 1425,
1356 cm™; HRMS (ESI): calc. for [C1sH160, + Na*]: 239.1043, found: 239.1033.

29

1,1'-(2-(4-(tert-Butyl)phenyl)cyclopropane-1,1-diyl)bis(ethan-1-one) (29):*!

The title compound was purified via column chromatography on silica gel eluting with n-pentane/Et,O
3:1 (v/v) to afford 504 mg (8% two steps overall yield) of 29 as a colorless solid.

Rr = 0.35 (n-pentane /Et,0, 3:1 (v/v)); mp 51-53 °C; 'H NMR (300 MHz, CDCls) & 7.31 — 7.27 (m,
2H), 7.08 — 7.03 (m, 2H), 3.25 (t, J = 8.5 Hz, 1H), 2.27 (s, 3H), 2.24 (dd, J = 8.0, 5.3 Hz, 1H), 1.82 (s,
3H), 1.65 (dd, J = 9.1, 5.3 Hz, 1H), 1.28 (s, 9H) ppm; *C NMR (75 MHz, CDCls) & 202.9, 202.6,
150.6, 130.9, 128.0, 125.5, 52.7, 34.4, 33.5, 31.3, 30.5, 27.7, 19.2 ppm; IR (ATR) 2962, 2869, 1684,
1518, 1425, 1359 cm™; HRMS (ESI): calc. for [C17H,,0 + Na']: 281.1512, found: 281.1494.

31
1,1'-(2-(4-Fluorophenyl)cyclopropane-1,1-diyl)bis(ethan-1-one) (31):

The title compound was purified via column chromatography on silica gel eluting with n-pentane/Et,O
3:1 (v/v) to afford 815 mg (37% two steps overall yield) of 31 as a colorless oil.
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Rf = 0.17 (n-pentane/Et,0, 3:1 (v/v));*H-NMR (300 MHz, CDCl3) & 7.15-7.07 (m, 2H), 7.02-6.93 (m,
2H), 3.27 (t, J = 8.5 Hz, 1H), 2.28 (s, 3H), 2.22 (dd, J = 5.4, 7.9 Hz, 1H), 1.84 (s, 3H), 1.64 (dd, J =
5.4, 9.1 Hz, 1H) ppm; *C-NMR (75 MHz, CDCl3) & 202.6, 201.9, 162.1 (d, J = 245.2 Hz), 130.0 (d, J
= 8.1 Hz), 129.9 (d, J = 3.24 Hz), 115.5 (d, J = 21.5 Hz), 52.6, 32.8, 30.5, 27.8, 19.3 ppm; IR (ATR)
3010, 1684, 1605, 1512, 1430, 1359, 1224, 842 cm™; HRMS (ESI) calc. for [CisH1sFO, + Na'l:
243.0792, found: 243.0802.

33 Cl

1,1'-(2-(4-Chlorophenyl)cyclopropane-1,1-diyl)bis(ethan-1-one) (33):!®

The title compound was purified via column chromatography on silica gel eluting with n-pentane/Et,O
2:1 (v/v) to afford 899 mg (38% two steps overall yield) of 33 as a colorless solid.

R = 0.28 (n-pentane/Et,0, 2:1 (v/v)); mp 77-78 °C [lit. 76.6-77.5 °C]; *H-NMR (300 MHz, CDCl;) &
7.29-7.22 (m, 2H), 7.10-7.04 (m, 2H), 3.26 (t, J = 8.5 Hz, 1H), 2.28 (s, 3H), 2.22 (dd, J = 5.3, 7.8 Hz,
1H), 1.86 (s, 3H), 1.64 (dd, J = 5.4, 9.1 Hz, 1H) ppm; **C-NMR (75 MHz, CDCl;) & 202.4, 201.7,
133.4, 132.7, 129.7, 128.7, 52.7, 32.8, 30.5, 27.8, 19.1 ppm; IR (ATR) 3087, 3053, 1705, 1670, 1593,
1494, 1404, 1373, 1104, 851, 592, 560 cm™; HRMS (ESI) calc. for [C13H13CIO, + Na*]: 259.0496,
found: 259.0485.

35 Br

1,1'-(2-(4-Bromophenyl)cyclopropane-1,1-diyl)bis(ethan-1-one) (35):[!

The title compound was purified via column chromatography on silica gel eluting with n-pentane/Et,O
3:1 (v/v) to afford 534 mg (19% two steps overall yield) of 35 as a colorless solid.

Rs = 0.3 (n-pentane/Et,0, 3:1 (v/v)); mp 75-76 °C [lit. 72.2-73.2 °C]; *H-NMR (300 MHz, CDCl;) &
7.45-7.37 (m, 2H), 7.06-6.97 (m, 2H), 3.24 (t, J = 8.5, 1H), 2,28 (s, 3H), 2,22 (dd, J = 5.4, 7.8 Hz,
1H), 1.86 (s, 3H), 1.63 (dd, J = 5.4, 9.0 Hz, 1H) ppm; *C-NMR (75 MHz, CDCl;) & 202.4, 201.7,
133.3, 131.7, 130.1, 121.6, 52.7, 32.8, 30.5, 27.8, 19.1 ppm; IR (ATR) 3008, 1681, 1491, 1357, 1027,
822 cm™; HRMS (ESI) calc. for [C13H13BrO, + Na*]: 280.0099, found: 280.0103.
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37
1,1'-(2-(3-Methoxyphenyl)cyclopropane-1,1-diyl)bis(ethan-1-one) (37):

The title compound was purified via column chromatography on silica gel eluting with n-pentane/Et,O
2:1 (v/v) to afford 813 mg (35% two steps overall yield) of 37 as a colorless oil.

R¢ = 0.21 (n-pentane/Et,0, 2:1 (v/v)); *H-NMR (300 MHz, CDCls) § 7.19 (t, J = 7.92 Hz, 1H), 6.81-
6.75 (M, 1H), 6.74-6.65 (m, 2H), 3.78 (s, 3H) 3.26 (t, J = 8.5 Hz, 1H), 2.28 (s, 3H), 2.22 (dd, J = 5.3,
7.9 Hz, 1H), 1.84 (s, 3H), 1.64 (dd, J = 5.3, 9.0 Hz, 1H) ppm; *C-NMR (75 MHz, CDCl5) & 202.7,
202.3, 159.6, 135.8, 129.5, 120.6, 114.1, 113.0, 55.2, 52.6, 33.5, 30.4, 27.7, 19.3 ppm; IR (ATR)
3006, 2926, 2838, 1683, 1601, 1584, 1492, 1358, 1256, 783, 721 cm™; HRMS (ESI) calc. for
[C1aH160; + Na']: 255.0992, found: 255.0981.

Cl

39
1,1'-(2-(3-Chlorophenyl)cyclopropane-1,1-diyl)bis(ethan-1-one) (39):

The title compound was purified via column chromatography on silica gel eluting with n-pentane/Et,O
3:1 (v/v) to afford 402 mg (17% two steps overall yield) of 39 as a colorless oil.

Rs = 0.24 (n-pentane/Et,0, 3:1 (v/v)); *H-NMR (300 MHz, CDCly) § 7.24-7.19 (m, 2H), 7.18-7.14 (m,
1H), 7.04-6.96 (m, 1H), 3.26 (t, J = 8.5 Hz, 1H), 2.29 (s, 3H), 2.22 (dd, J = 5.3, 7.9 Hz, 1H), 1.88 (s,
3H), 1.64 (dd, J = 5.4, 9.1 Hz, 1H) ppm; *C-NMR (75 MHz, CDCl;) & 202.3, 201.6, 136.4, 134.4,
129.7,128.7, 127.8, 126.5, 52.6, 32.7, 30.5, 27.8, 19.1 ppm; IR (ATR) 3009, 2927, 1687, 1598, 1421,
1309, 781, 699 cm™*; HRMS (ESI) calc. for [C13H13CIO, + Na']: 259.0496, found: 259.0483.

Br

41

1,1'-(2-(3-Bromophenyl)cyclopropane-1,1-diyl)bis(ethan-1-one) (41):
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The title compound was purified via column chromatography on silica gel eluting with n-pentane/Et,O
3:1 (v/v) to afford 712 mg (13% two steps overall yield) of 41 as a colorless oil.

R = 0.33 (n-pentane /Et,0, 3:1 (v/v)); *"H NMR (300 MHz, CDCl3) & 7.40 — 7.35 (m, 1H), 7.32 (t, J =
1.8 Hz, 1H), 7.15 (t, J = 7.8 Hz, 1H), 7.04 (d, J = 7.8 Hz, 1H), 3.25 (t, J = 8.4 Hz, 1H), 2.29 (s, 3H),
2.22 (dd, J = 7.9, 5.4 Hz, 1H), 1.88 (s, 3H), 1.63 (dd, J = 9.0, 5.4 Hz, 1H) ppm; *C NMR (75 MHz,
CDCl3) 6 202.3, 201.6, 136.7, 131.7, 130.7, 130.0, 126.9, 122.6, 52.6, 32.7, 30.5, 27.9, 19.1 ppm; IR
(ATR) 3059, 3010, 2923, 1683, 1594, 1564, 1478, 1421, 1357 cm™; HRMS (ESI): calc. for
[C15H13BrO, + Na']: 304.9972, found: 304.9974.

MeO
43

1,1'-(2-(2-Methoxyphenyl)cyclopropane-1,1-diyl)bis(ethan-1-one) (43):

The title compound was purified via column chromatography on silica gel eluting with n-pentane/Et,O
3:1 (v/v) to afford 760 mg (43% two steps overall yield) of 43 as a colorless solid.

Rr = 0.24 (n-pentane /Et,0, 3:1 (v/v)); mp 60-63 °C; ‘H NMR (300 MHz, CDCl3) & 7.22 (m, 1H),
6.98 (m, 1H), 6.87 (m, 2H), 3.84 (s, 3H), 3.24 (t, J = 8.7 Hz, 1H), 2.30 — 2.25 (m, 4H), 1.82 (s, 3H),
1.69 (dd, J = 9.0, 5.3 Hz, 1H) ppm; *C NMR (75 MHz, CDCl;) § 203.9, 202.2, 158.6, 128.9, 128.6,
122.6, 120.4, 109.8, 55.3, 51.6, 30.2, 29.4, 27.1, 17.5 ppm; IR (ATR) 3006, 2939, 2838, 1682, 1601,
1495 cm™; HRMS (ESI): calc. for [C1sH1605 + Na']: 255.0992, found: 255.0982.

MeO

45
Methyl 1-acetyl-2-phenylcyclopropane-1-carboxylate (45)

The title compound was purified via column chromatography on silica gel eluting with n-pentane/Et,O
5:1 (v/v) to afford 806 mg (24% two steps overall yield) of 45 as a colorless oil as a 3:1 mixture of cis-
and trans-isomers.

R¢= 0.45 (n-pentane/Et,0, 5:1 (v/v)); *H-NMR (300 MHz, CDCl,) & 7.30-7.11 (m, 5H cis, 5H trans),
3.81 (s, 3H trans); 3.35 (s, 3H cis), 3.28 (bt, J = 8.7 Hz, 1H cis), 3.27 (bt, J = 8.7 Hz, 1H trans), 2.45
(s, 3H cis), 2.31 (dd, J = 5.0, 8.1 Hz, 1H trans), 2.24 (dd, J = 4.6, 8.1 Hz, 1H cis), 1.93 (s, 3H trans),
1.74 (dd, J = 4.7, 9.2 Hz, 1H cis), 1.71 (dd, J = 5.1 9.1 Hz, 1H trans) ppm; “*C-NMR (75 MHz,
CDCl3) 6 202.2 (cis), 199.9 (trans), 171.0 (trans), 168.7 (cis), 134.8 (cis), 133.7 (trans), 128.7 (cis),
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128.4 (trans), 128.3 (trans), 128.1 (cis), 127.5 (trans), 127.4 (cis), 52.6 (trans), 51.9 (cis), 44.6 (cis),
44.2 (trans), 35.5 (cis), 34.5 (trans), 30.2 (trans), 29.6 (cis), 21.6 (cis), 17.8 (trans) ppm; IR (ATR)
3031, 3005, 2952, 1733, 1690, 1604, 1499, 1454, 1435 cm™; HRMS (EI): calc. for [Ci3H1Os]:
218.0943, found: 218.0947.

Ph Ph

47
(2-Phenylcyclopropane-1,1-diyl)bis(phenylmethanone) (47)

The title compound was purified via column chromatography on silica gel eluting with n-pentane/Et,O
10:1 (v/v) to afford 1.16 g (23% two steps overall yield) of 47 as a colorless solid.

R = 0.37 (n-pentane/Et,0, 10:1 (v/v)); mp 130-131 °C; *H-NMR (300 MHz, CDCls) § 7.78-7.73 (m,
2H), 7.59-7.56 (m, 2H); 7.39-7.34 (m, 1H), 7.28-7.22 (m, 5H), 7.18- 7.05 (m, 5H), 3.99 (bt, J = 8.5
Hz, 1H), 2.84 (dd, J = 4.8, 8.2 Hz, 1H), 1.73 (dd, J = 5.0, 9.1 Hz, 1H) ppm; **C-NMR (75 MHz,
CDCl3) 6 197.0, 194.4, 137.8, 137.7, 134.1, 132.9, 132.7, 128.6, 128.5, 128.4, 128.2, 128.1, 127.1,
49.8, 32.4, 19.7; IR (ATR) 3085, 3064, 3004, 1656, 1595, 1576, 1499, 1447 cm™; HRMS (ESI): calc.
for [(C3H150, + Na']: 349.1199, found: 349.1195.

8. NBu,Fe(CO);(NO)] (TBAFe)-catalyzed Cloke-Wilson Rearrangement of
Vinylcyclopropanes

General procedure I11: Thermal conditions for the CWR of VCPs

TBAFe (10.3 mg, 0.025 mmol) was weighed into a dried Schlenk tube. Anhydrous CH,Cl, (5 mL)
was added and the mixture stirred until homogenous. 1 mL (0.005 mmol TBAFe) of this solution was
transferred to a separate dried Schlenk tube which was subsequently charged with the appropriate
vinylcyclopropane (0.5 mmol). The Schlenk tube was sealed under an atmosphere of dry nitrogen and
heated to 45 °C for 14 h. The solvent was removed under reduced pressure and the residue subjected
to column chromatography on silica gel.

General procedure 1V: UV-Light conditions for the CWR of VCPs

A 10-mL Schlenk tube was charged with vinylcyclopropane (0.40 mmol, 1 equiv.), TBAFe (0.001
mmol, 0.025 equiv.), and CH;CN (1 mL) under N,. The reactions were carried out at room
temperature under irradiation of UV light (180 W, Hg lamp or 75 W, Xenon lamp at distance of 15
cm) or Visible light (23 W, Compact Fluorescent Lamp at distance of 15 cm) for 3 h. The reaction was
quenched with diethyl ether and concentrated in vacuo. Purification by silica column chromatography
afforded the desired dihydrofuran product.
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\
N o~ “CHj
2

1-(2-Methyl-5-vinyl-4,5-dihydrofuran-3-yl)ethanone (2):™

Thermal condition:
The title compound was purified via column chromatography on silica gel eluting with n-pentane/Et,0

2:1 (v/v) to afford 71.3 mg (94%) of 2 as a colorless oil.

UV-Light (180 W, Hg Lamp) condition:
The title compound was purified via column chromatography on silica gel eluting with n-pentane/Et,O
2:1 (v/v) to afford 58.4 mg (96%) of 2 as a colorless oil.

UV-Light (75 W, Xenon Lamp) condition:
The title compound was purified via column chromatography on silica gel eluting with n-pentane/Et,O

2:1 (v/v) to afford 56.6 mg (93%) of 2 as a colorless oil.

Visible-Light (23 W, Compact Fluorescent Lamp) condition:
The title compound was purified via column chromatography on silica gel eluting with n-pentane/Et,O

2:1 (v/v) to afford 56.0 mg (92%) of 2 as a colorless oil.

R = 0.16 (n-pentane/Et,0, 2:1 (v/v)); "H-NMR (250 MHz, CDCls;) § 5.93 (ddd, J = 17.0, 10.3, 6.6 Hz,
1H), 5.31 (dt, J = 17.1, 1.1 Hz, 1H), 5.22 (dt, J = 10.4, 1.1 Hz, 1H), 5.09-4.99 (m, 1H), 3.18-3.08 (m,
1H), 2.78-2.69 (m, 1H), 2.24 (t, J = 1.4 Hz, 3H), 2.20 (s, 3H) ppm; *C-NMR (63 MHz, CDCl;) &
194.4,167.3, 136.7, 116.9, 111.9, 82.6, 36.3, 29.4, 15.0 ppm; IR (ATR, neat) 3409, 3086, 2989, 2923,
2864, 1670, 1593 cm™; GC/MS (EI, 70 eV) m/z (%) 152 (M*, 100), 137 (36), 109 (72), 95 (26), 91

(40), 67 (45).
o
A Ph

O
4

Phenyl(2-phenyl-5-vinyl-4,5-dihydrofuran-3-yl)methanone (4):™

Thermal condition:
The title compound was purified via column chromatography on silica gel eluting with n-pentane/Et,O

10:1 (v/v) to afford 126.5 mg (92%) of 4 as a colorless solid.
UV-Light (180 W, Hg Lamp) condition:

The title compound was purified via column chromatography on silica gel eluting with n-pentane/Et,O
10:1 (v/v) to afford 102.8 mg (93%) of 4 as a colorless solid.
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Rs = 0.13 (n-pentane/Et,0, 10:1 (v/v)); *H-NMR (300 MHz, CDCls) & 7.45-7.43 (m, 2H), 7.24-7.15
(m, 4H), 7.10-7.03 (m, 4H), 6.10 (ddd, J = 6.5, 10.2, 17.0 Hz, 1H), 5.46 (td, J = 1.1 Hz, 17.1 Hz, 1H),
5.23-5.33 (m, 2H), 3.45 (dd, J = 9.9, 14.7 Hz, 1H), 3.14 (dd, J = 8.3, 14.9 Hz, 1H) ppm; *C-NMR (63
MHz, CDCl3) 8 193.4, 165.5, 139.0, 136.6, 131.1, 130.0, 129.9, 129.4, 128.9, 127.6, 127.58, 117.2,
111.7, 82.5, 38.7 ppm; IR (ATR, neat) 3081, 3027, 2985, 2848, 1615, 1600, 1587, 1565, 1487 cm™;
HRMS (ESI) calc. for [C1gH150,+Na’]: 299.1043, found 299.1054.

(R)-4: [a]p®: -22.5 (¢ = 5.33, CHCI,); (S)-4: [a]p®: +22.5 (¢ = 5.33, CHClI,).
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Data File C:\HPCHEM\1\DATA\DP\DP26A000.D Sample Name: DP26A

Chiralcel OD-H; Heptan/Isopropancl 95:5, 0.5 mL/min; 3p

1
0]

et i T Ph
Injection Date : 26.05.15 15:59:57
Sample Name : DP26A vial :J2 \
Acqg. Operator : Dominik o Ph

Inj Volume : 3 nl

Method : C:\HPCHEM\1\METHODS\BPODY_1.M (R)-4
Last changed : 22.05.15 15:55:29 Dby Dominik Product of thermal condition

DADT A, Sig=235,4 Ref=550,100 (DP\DP26A000.D)
mAU

0 %
e — T — T . : .
25 S 75 10 125 15 175 20 min
DAD1 B, Sig=240,4 Ref=550,100 (DP\DP26A000.D)

mAUj
0 _ .

R T T U T T T T ! T T
25 5 75 10 125 15 175 20 _min
DAD1 C, Sig=220,4 Ref=550,100 (DP\DP26A000.D)

mAU
&

0 — - T
T v T T T T T T T T T T T T T T T T T T T T T T T T
2. 5 75 10 125 15 17.5 20 min
DAD1 D, Sig=212,4 Ref=550,100 (DP\DP26A000.D)

mAU
~
0= , e = ! i

T H N A S A A T T T U T T
25 5 75 10 12.5 15 17.5 20 min
DAD1 E, Sig=210,20 Ref=550,100 (DP\DP26A000.D)

16.121
?ﬂ

o E
T
16.109
o

l

T T T T L T T T T T T T T T - T T T T T T
25 5 75 10 125 15 175 20 min

Area Percent Report

Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000

Signal 1: DAD1 A, Sig=235,4 Ref=550,100
Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s] [mAU] %
T TTTaes 5 olsate 248533092 62,9495 1000000
Totals : 2485.33032 62.94952

Results obtained with enhanced integrator!

Instrument 1 15.06.15 10:09:49 Dominik Page 1 of 2
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Jata File C:\HPCHEM\1\DATA\DP\DP26B000.D

Sample Name: DP26B

Chiralcel OD-H; Heptan/Isopropanol 95:5, 0.5 mL/min; 3p
1

O
Tnjecti == Ph
Injection Date : 26.05.15 16:25:38
Sample Name : DP26B vial : 12 N \
Acq. Operator : Dominik W o Ph

Inj Volume : 3 pnl

Method : C:\HPCHEM\1\METHODS\BPOD9 1.M (S)-4
Last changed 22.05.15 15:55:29 by Dominik Product of thermal condition

DAD1 A, Sig=2354 Ref“550 100 (DP\DP26B000.D)

mAU w»
b 3
100 o é" &
0 T ; T 5 T S
5 10 15 25 30 min
DAD1 B, Sig=240,4 Ref=550,100 (DP\DP26B000.D)
mAU 2 3
0 e = ; e
- 5 10 15 25 30 min
DAD1 €, Sig=220,4 Ref=550,100 (DP\DP26B000.D)
mAU Q
100 \\S
0 T — 1 T T T
5 10 15 25 30 min
DAD1 D, Sig=212,4 Ref=550,100 (DP\DP26B000.D)
mAU ™
n
1m% E\ N
0 Ay T I T I
5 10 15 25 30 min
DAD1 E, Sig=210,20 Ref=550,100 (DP\DP26B000.D)
mAU &
100- B\, ~
e V) -
0 T T T T T T T
| 5 10 15 25 30 min

Area Percent Report

Sorted By
Multiplier
Dilution

Signal 1: DADl1 A, Sig=235,4 Ref=550,100

Peak RetTime Type Width
# [min] [min]

Signal
1.0000
1.0000

Area

[mAU*s]

Height

e R | === = | =mmmmmm s | -==—mm == |-=mmmmmn

1 16.149 MM 0.5504 6810.40723
159.69370

2 17.656 MM 0.4684

Totals :

Results obtained with enhanced integrator!

Instrument 1 15.06.15 09:26:53

6970.10092

Dominik

206.22845
5.68170

211.91015

97.7089
2.2911

Page 1 of 2
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[]
Data File C:\HPCHEM\1\DATA\DP\CL-24A00.D Sample Name: CL-24A

Chiralcel OD-H; Heptan/Isopropanol 95:5, 0.5 mL/min; 3p
1

Injection Date : 22.05.15 14:34:47

Sample Name : CL-24A vial : 11 0
Acqg. Operator : Dominik Ph
Inj Volume : 3 ul
Acg. Method . C:\HPCHEM\1\METHODS\BPODY 1.M \\ \
Last changed . 22.05.15 14:33:48 by Dominik 0O Ph
(modified after loading)
Analysis Method : C:\HPCHEM\1\METHODS\BPOD9 1.M (R)-4 .
Last changed . 22.05.15 15:55:29 by Dominik Product of photochemical condition
I DAD1 A, Sig=235,4 Ref=550,100 (DP\CL-24A00.D)
mAU J
(]
10317 gii\\
Y = = T T T o 14"——’—‘"“' T T T r " T T T T
] 5 10 15 20 min
DAD1 B, Sig=240,4 Ref=550,100 (DP\CL-24A00.D)
mAU X
10 o e f@;,_ﬁ ]
0 i ' e T T i T i v T T T ]
5 10 15 20 min
DAD1 C, Sig=220,4 Ref=550,100 (DP\CL-24A00.D)
mAU
10 \/t
0 — e e :
L ] 5 10 15 20 _min
DAD1 D, Sig=212,4 Ref=550,100 (DP\CL-24A00.D)
mAU
10% ’ éé\\ .
0 A v T T T T T e T T T T T T T
5 10 15 20 min
DAD1 E, Sig=210,20 Ref=550,100 (DP\CL-24A00.0)
mAU
©
10 3 ,,,,,,, =
0 e e e : :
5 10 15 20 _min
Area Percent Report
Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000
Signal 1: DAD1 A, Sig=235,4 Ref=550,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
| j=—m= |- |- fmmmm—— |===m=== |
1 17.821 BB 0.5863 908.40143 21.97522 100.0000
Totals : 908.40143 21.97522
Results obtained with enhanced integrator!
Instrument 1 26.05.15 10:55:58 Dominik Page 1 of 2
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vata File €+ \HPCHEM\ 1\DATA\DP\CL~24B00.D

Sample Name:

/é;iralcel OD-H; Heptan/Tsopropanol 95:5, 0.5 mL/min; 3p

Injectlon Date
Sample Name
Acg. Operator

Acg. Method

22.05.15 14 59:51
CL-24B
Dominik

C:\HPCHEM\ 1\METHODS\BPODS_1.M

Last changed 22.05.15 14:33:48 Dby Dominik
(modified after loading)
Analysis Method : C: . \HPCHEM\ 1\METHODS\BPODS_1.M
Last changed 22.05.15 15:55:29 by Dominik
T DAD1 A, Sig=235,4 4 Ref=550,100 (DP\CL-24B00.D)

i mAU 4

i

504

Vial 10
Inj Volume 3 ul
\\W

25 5 75
DAD1 B, Sig=240,4 Ref=550, ef=550,100 (DP\CL- \CL-24B00.D)

mAU
SD
T T — T T } T ’vgr—v—‘f“r_ﬁn

25 75 10
T ~ " DAD1 C, Sig=220,4 Ref=550, 100 (DP\CL-24B00. L-24B00.D)
mAU 3

10

T

%—Tz—;—j’:;—gw S S
’ﬁAm D, Sig=212,4 Ref=550,100 (DP\CL-24B00.D)

()~H

T

S i B B e B S B

5 75
DAD1E, Slg"210 210,20 Ref=550,100 (DP\CL-24B00. Dy

CL-24B
0
Ph
\
o  ~Ph
(S)-4

Sorted By Signal
Multiplier 1.0000
pilution 1.0000

Signal 1: DADLl A, Sig=235,4 Ref=550,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
———— | | === |====—= |——m——m |——=m— | ===

1 16.267 BB 0.5276 4053.75537 113.80764. 97.383
2 17.777 BB 0.4835 108.92802 2.71816 2.616
Totals 4162.68339 116.52580

Results obtained with enhanced integrator!

Instrument 1 26.05.15 10:58:12 Dominik

2
8

Page 1

of 2
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Ethyl 2-methyl-5-vinyl-4,5-dihydrofuran-3-carboxylate (6):!!

IIEt
0_20 o
H\‘\\\:ﬁl,, /H TBAFe _ Et \O \
H/ \= o AN
o HsC
5a 6

Thermal condition:
Starting from diastereoisomer 5a: The title compound was purified via column chromatography on

silica gel eluting with n-pentane/Et,O 15:1 (v/v) to afford 84.6 mg (93%) of 6 as a colorless oil.

UV-Light (180 W, Hg Lamp) condition:
Starting from diastereoisomer 5a: The title compound was purified via column chromatography on
silica gel eluting with n-pentane/Et,O 15:1 (v/v) to afford 68.5 mg (94%) of 6 as a colorless oil.

Visible-Light (23 W, Compact Fluorescent Lamp) condition:
Starting from diastereoisomer 5a: The title compound was purified via column chromatography on

silica gel eluting with n-pentane/Et,O 15:1 (v/v) to afford 67.8 mg (93%) of 6 as a colorless oil.

© o)
H}.\‘:f”"./H TBAFe Et\o%’\
H X\: Ran\

o
Et

o] H3C

5b

Thermal condition:
Starting from diastereoisomer 5b: The title compound was purified via column chromatography on
silica gel eluting with n-pentane/Et,O 15:1 (v/v) to afford 83.9 mg (92%) of 6 as a colorless oil.

UV-Light (180 W, Hg Lamp) condition:
Starting from diastereoisomer 5b: The title compound was purified via column chromatography on
silica gel eluting with n-pentane/Et,O 15:1 (v/v) to afford 67.1 mg (92%) of 6 as a colorless oil.

Visible-Light (23 W, Compact Fluorescent Lamp) condition:
Starting from diastereoisomer 5b: The title compound was purified via column chromatography on

silica gel eluting with n-pentane/Et,O 15:1 (v/v) to afford 67.1 mg (92%) of 6 as a colorless oil.
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Rs = 0.26 (n-pentane/Et,0, 15:1 (v/v)); *H-NMR (250 MHz, CDCl5) & 5.93 (ddd, J = 17.1, 10.3, 6.6
Hz, 1H), 5.29 (dt, J = 17.1, 1.2 Hz, 1H), 5.20 (dt, J = 10.3, 1.1 Hz, 1H), 5.08-4.98 (m, 1H), 4.17 (q, J
=7 Hz, 2H), 3.12-3.01 (m, 1H), 2.72-2.62 (m, 1H), 2.21 (t, J = 1.5 Hz, 3H), 1.28 (t, J = 7.1 Hz, 3H)
ppm; C-NMR (63 MHz, CDCl;) § 167.5, 166.1, 136.9, 116.6, 101.7, 82.5, 59.5, 35.6, 14.4, 14.1
ppm; IR (ATR, neat) 2981, 2928, 2870, 1695, 1642 cm™; GC/MS (EI, 70 eV) m/z (%) 182 (M*, 54),
139 (53), 137 (55), 135 (46), 121 (100), 94 (64), 93 (54), 67 (50), 66 (83), 65 (30), 55 (25).

tert-Butyl 2-methyl-5-vinyl-4,5-dihydrofuran-3-carboxylate (8):™

zl‘-Bu
o__0O o)

H .\\\\‘ﬁ//, H TBAFe t-BU\O)‘I»’\
{ )N — g N
(0] H5;C

8
7a

Thermal condition:
Starting from diastereoisomer 7a: The title compound was purified via column chromatography on

silica gel eluting with n-pentane/Et,O 15:1 (v/v) to afford 98.7 mg (94%) of 8 as a colorless oil.

UV-Light (180 W, Hg Lamp) condition:
Starting from diastereoisomer 7a: The title compound was purified via column chromatography on
silica gel eluting with n-pentane/Et,O 15:1 (v/v) to afford 71.5 mg (85%) of 8 as a colorless oil.

(0] O
H \:’i/,, H TBAFe FBU\O%’\
Fa - N\

o (0] H5C
t-Bu

7b

Thermal condition:
Starting from diastereoisomer 7b: The title compound was purified via column chromatography on

silica gel eluting with n-pentane/Et,O 15:1 (v/v) to afford 62.9 mg (60%) of 8 as a colorless oil.

UV-Light (180 W, Hg Lamp) condition:
Starting from diastereoisomer 7b: The title compound was purified via column chromatography on
silica gel eluting with n-pentane/Et,O 15:1 (v/v) to afford 76.5 mg (91%) of 8 as a colorless oil.

Rs = 0.37 (n-pentane/Et,0, 15:1 (v/v)); *H-NMR (250 MHz, CDCl5) & 5.93 (ddd, J = 17.0, 10.3, 6.7
Hz 1H), 5.29 (dt, J = 17.2, 1.2 Hz, 1H), 5.19 (dt, J = 10.4, 1.1 Hz, 1H), 5.04-4.94 (m, 1H), 3.07-2.97
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(m, 1H), 2.68-2.58 (m, 1H), 2.17 (t, J = 1.6 Hz, 3H), 1.48 (s, 9H) ppm; *C-NMR (63 MHz, CDCl,) &
166.2, 165.6, 137.1, 116.5, 103.1, 82.2, 79.5, 35.9, 28.4, 14.1 ppm; IR (ATR, neat) 2975, 2928, 2869,
1687, 1645 cm™; GC/MS (EI, 70 eV) m/z (%) 210 (M*, 32), 154 (63), 137 (63), 135 (55), 121 (91),
111 (88), 94 (100), 93 (47), 66 (56), 57 (46).

N \ Ph

@)
10

Ethyl 2-phenyl-5-vinyl-4,5-dihydrofuran-3-carboxylate (10):%!

Et
o_0O e)
H\‘\“\\\E,,,,,H TBAFe  _ FElyg \
H/ x \: (0] \
PH 0 Ph
9a 10

Thermal condition:
Starting from diastereoisomer 9a: 5 mol% TBAFe were used The title compound was purified via

column chromatography on silica gel eluting with n-pentane/Et,O 10:1 (v/v) to afford 106.4 (87%) of
10 as a colorless oil.

UV-Light (180 W, Hg Lamp) condition:
Starting from diastereoisomer 9a: The title compound was purified via column chromatography on
silica gel eluting with n-pentane/Et,O 10:1 (v/v) to afford 88.9 (91%) of 10 as a colorless oil.

Ph O 0]
H>“\\\\\ﬁ/h /H TBAFe > Et \O \
H Xo‘ pr” © A
o
E 10

9b

Thermal condition:
Starting from diastereoisomer 9b: The title compound was purified via column chromatography on

silica gel eluting with n-pentane/Et,O 10:1 (v/v) to afford 104.9 mg (86%) of 10 as a colorless oil.

UV-Light (180 W, Hg Lamp) condition:
Starting from diastereoisomer 9b: The title compound was purified via column chromatography on
silica gel eluting with n-pentane/Et,O 10:1 (v/v) to afford 89.9 mg (92%) of 10 as a colorless oil.

R¢ = 0.27 (n-pentane/Et,0, 10:1 (v/v)); '"H-NMR (250 MHz, CDCl3) & 7.81-7.77 (m, 2H), 7.42-7.33
(m, 3H), 6.03 (ddd, J = 6.5, 10.3, 17.1 Hz, 1H), 5.41-5.12 (m, 3H), 4.13 (g, J = 7.2 Hz, 2H), 3.30 (dd,
J=10.6, 15.1 Hz, 1H), 2.92 (dd, J = 8.3, 15.1 Hz, 1H), 1.20 (t, J = 7.2, 3H) ppm; **C NMR (63 MHz,
CDCly) § 165.2, 164.6, 136.8, 130.3, 129.9, 129.3, 127.6, 116.8, 102.1, 82.0, 59.7, 37.3, 14.2 ppm; IR
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(ATR) 2980, 2867, 1703, 1680, 1623, 1597, 1574, 1493, 1446 cm™; HRMS (ESI) calc. for
[C1sH1605+Na'] 267.0992, found 267.0994.

0]

CHs
C4H \
419" N CHs

O
12

(E)-1-(5-(hex-1-en-1-yl)-2-methyl-4,5-dihydrofuran-3-yl)ethan-1-one (12):

Thermal condition:
This reaction was performed using 5 mol-% TBAFe. The title compound was purified via column

chromatography on silica gel eluting with n-pentane/Et,O 4:1 (v/v) to afford 90 mg (87%) of 12 as a
brown oil.

UV-Light (180 W, Hg Lamp) condition:

This reaction was performed by using 5 mol-% TBAFe for 6 hours. The title compound was purified
via column chromatography on silica gel eluting with n-pentane/Et,O 4:1 (v/v) to afford 72.5 mg
(87%) of 12 as a yellow oil.

Rs = 0.22 (n-pentane/Et,0, 4:1 (v/v)); *H NMR (300 MHz, CDCls) § 5.76 (m, 1H), 5.61 — 5.51 (m,
1H), 5.00 (dd, J = 18.0, 8.0 Hz, 1H), 3.09 (m, 1H), 2.71 (m, 1H), 2.22 (t, J = 1.3 Hz, 3H), 2.19 (s, 3H),
2.07 (dd, J = 13.6, 6.8 Hz, 2H), 1.44 — 1.27 (m, 4H), 0.90 (t, J = 7.1 Hz, 3H) ppm; *C NMR (75
MHz, CDCl;) & 194.6, 167.4, 135.1, 128.5, 112.1, 83.2, 36.7, 31.8, 30.9, 29.4, 22.2, 15.0, 13.9 ppm;
IR (ATR) 2957, 2927, 2857, 1671, 1591, 1381, 1216, 1132, 1061, 967, 926, 625 cm™; GC/MS (ESI)
m/z (%)209 (M + H*, 25), 167 (16), 149 (18), 123 (25), 113 (100); HRMS (ESI) calc. for [C13H50; +
Na'] 231.1356, found: 231.1358.

@)

CHs
MeO,C \
€257 N CHs

O
14

Methyl (E)-3-(4-acetyl-5-methyl-2,3-dihydrofuran-2-yl)acrylate (14):

Thermal condition:
This reaction was performed using 5 mol-% TBAFe. The title compound was purified via column

chromatography on silica gel eluting with n-pentane/Et,O 4:1 (v/v) to afford 101 mg (96%) of 14 as a
red oil.

UV-Light (180 W, Hg Lamp) condition:
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This reaction was performed by using 5 mol-% TBAFe for 6 hours. The title compound was purified
via column chromatography on silica gel eluting with n-pentane/Et,O 4:1 (v/v) to afford 74.8 mg
(89%) of 14 as a yellow oil.

R: = 0.19 (n-pentane /Et,0, 2:1 (v/v)); *H NMR (300 MHz, CDCl3) § 6.93 (dd, J = 15.6, 4.8 Hz, 1H),
6.02 (d, J = 15.6 Hz, 1H), 5.28 — 5.16 (m, 1H), 3.76 (s, 3H), 3.30 — 3.15 (m, 1H), 2.77 (dd, J = 14.0,
7.1 Hz, 1H), 2.26 (s, 3H), 2.21 (s, 3H) ppm; *C NMR (75 MHz, CDCl;) & 194.0, 166.8, 166.2, 145.2,
120.8, 111.6, 79.5, 51.7, 36.0, 29.4, 14.7 ppm; IR (ATR) 2953, 2923, 1722, 1673, 1597,1435, 1389,
1362, 1305, 1272, 1219, 1172, 987, 928, 732, 625 cm™; GC/MS (ESI) m/z (%) 211 (M + H*, 17), 137
(100), 119 (12); HRMS (ESI) calc. for [C1;H1404 + H']: 211.0965, found: 211.0961.

H,C N\ \
0
16

1-(2-Methyl-5-(2-methylprop-1-en-1-yl)-4,5-dihydrofuran-3-yl)ethan-1-one (16):

Thermal condition:

The reaction was performed on a 0.275 mmol scale using 5 mol-% TBAFe. The title compound was
purified via column chromatography on silica gel eluting with n-pentane/Et,O 4:1 (v/v) to afford 27
mg (54%) of 16 as a purple oil.

UV-Light (180 W, Hg Lamp) condition:

This reaction was performed by using 5 mol-% TBAFe for 6 hours. The title compound was purified
via column chromatography on silica gel eluting with n-pentane/Et,O 4:1 (v/v) to afford 54.1 mg
(75%) of 16 as a colorless oil.

Visible-Light (23 W, Compact Fluorescent Lamp) condition:
This reaction was performed by using 5 mol-% TBAFe for 6 hours. The title compound was purified

via column chromatography on silica gel eluting with n-pentane/Et,O 4:1 (v/v) to afford 54.8 mg
(76%) of 16 as a colorless oil.

R¢ = 0.25 (n-pentane/Et,0, 4:1(v/v)); *H NMR (300 MHz, CDCl) § 5.39 — 5.23 (m, 2H), 3.17 — 3.02
(m, 1H), 2.73 — 2.58 (m, 1H), 2.21 (t, J = 1.4 Hz, 3H), 2.19 (s, 3H), 1.78 (s, 3H), 1.74 (s, 3H) ppm; *C
NMR (75 MHz, CDCl3) § 194.7, 167.9, 138.5, 124.2, 112.1, 79.3, 37.1, 29.4, 25.8, 18.3, 15.2 ppm; IR
(ATR) v 2972, 2916, 2859, 1714, 1669, 1589, 1451, 1380, 1216, 1132, 928, 865, 625 cm™; GC/MS
(ESI) m/iz (%) 181 (M, 21), 163 (18), 145 (25),123 (100), 113 (24),105 (25); HRMS (ESI) calc. for
[C11H160, + Na']: 203.1043, found: 203.1039.
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Ethyl 2,4,4-trimethyl-5-(2-methylprop-1-en-1-yl)-4,5-dihydrofuran-3-carboxylate (18):

UV-Light (180 W, Hg Lamp) condition:

This reaction was performed by using 10 mol-% TBAFe in THF (1 ml) for 24 hours. The title
compound was purified via column chromatography on silica gel eluting with PE/EA 20:1 (v/v) to
afford 93.3 mg (98%) of 18 as a colorless oil.

UV-Light (75 W, Xenon Lamp) condition:
This reaction was performed by using 10 mol-% TBAFe in THF (1 ml) for 24 hours. The title

compound was purified via column chromatography on silica gel eluting with PE/EA 20:1 (v/v) to
afford 91.5 mg (96%) of 18 as a colorless oil.

Visible-Light (23 W, Compact Fluorescent Lamp) condition:
This reaction was performed by using 10 mol-% TBAFe in THF (1 ml) for 24 hours. The title

compound was purified via column chromatography on silica gel eluting with PE/EA 20:1 (v/v) to
afford 18.1 mg (19%) of 18 as a colorless oil.

R = 0.35 (PE/EA 20:1(v/V)); *H-NMR (300 MHz, CDCls) § 5.32 (qd, J = 1.3, 9.8 Hz, 1H), 4.78 (d, J
=9.8 Hz, 1H), 4.18 (dg, J=1.7, 7.1 Hz, 2H), 2.17 (s, 3H), 1.82 (d, J=1.2 Hz, 3H), 1.74 (d, J=1.3
Hz, 3H), 1.30 (t, J = 7.2 Hz, 3H), 1.23 (s, 3H), 1.05 (s, 3H) ppm; *C-NMR (75 MHz, CDCl;) & 167.7,
166.1, 139.7, 119.2, 119.9, 88.5, 59.0, 46.2, 26.2, 25.6, 21.8, 18.4, 14.9, 14.3 ppm; IR (ATR) 1693,
1628, 1334, 1308, 1253, 1078, 1061, 976, 951, 776 cm™; HRMS (ESI) calc. for [C1sH»0;3 + Na']:
261.1461, found: 261.1460.

20

1-(2-Methyl-5-(prop-1-en-2-yl)-4,5-dihydrofuran-3-yl)ethan-1-one (20)
Thermal condition:

This reaction was performed using 5 mol-% TBAFe. The title compound was purified via column
chromatography on silica gel eluting with n-pentane/Et,O 2:1 (v/v) to afford 80 mg (96%) of 20 as a
yellow oil.

UV-Light (180 W, Hg Lamp) condition:
The title compound was purified via column chromatography on silica gel eluting with n-pentane/Et,O
2:1 (v/v) to afford 64.5 mg (97%) of 20 as a yellow oil.
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R = 0.46 (n-pentane/Et,0 2:1 (v/v)); *H NMR (300 MHz, CDCls) & 5.05 — 4.97 (m, 2H), 4.91 — 4.88
(m, 1H), 3.09 (ddq, J = 13.5, 10.6, 1.4 Hz, 1H), 2.76 (ddq, J = 14.1, 8.4, 1.5 Hz, 1H), 2.25 (t, J= 1.5
Hz, 3H), 2.21 (s, 3H), 1.74 (s, 3H) ppm; *C NMR (75 MHz, CDCl;) 5 194.4, 167.6, 143.3, 112.1,
112.0, 84.8, 35.3, 29.4, 17.0, 14.9 ppm; IR (Film) 2918, 2865, 1672, 1598, 1389, 1219 cm™; GC/MS
(El, 70 eV) m/z (%) = 166 (30) [M], 123 (37), 43 (100) HRMS (EI) calc. for [C1oH140,]: 166.0994,
found: 166.0995.

)

Ph«\/&

O
22

(E)-1-(2-Methyl-5-styryl-4,5-dihydrofuran-3-yl)ethan-1-one (22)

Thermal condition:
This reaction was performed on a 0.25 mmol scale using 5 mol-% TBAFe. The title compound was

purified via column chromatography on silica gel eluting with n-pentane/Et,O 2:1 (v/v) to afford 56
mg (98%) of 22 as a brown oil.

UV-Light (180 W, Hg Lamp) condition:

This reaction was performed by using 5 mol-% TBAFe for 6 hours. The title compound was purified
via column chromatography on silica gel eluting with n-pentane/Et,O 2:1 (v/v) to afford 89.5 mg
(98%) of 22 as a brown oil.

Rs = 0.25 (n-pentane/Et,0, 4:1(v/v)); *H NMR (300 MHz, CDCly) & 7.43 — 7.23 (m, 5H), 6.62 (d, J =
15.8 Hz, 1H), 6.26 (dd, J = 15.8, 7.3 Hz, 1H), 5.26 — 5.15 (m, 1H), 3.19 (m, 1H), 2.83 (m, 1H), 2.26 (t,
J = 1.4 Hz, 3H), 2.21 (s, 3H) ppm; *C NMR (75 MHz, CDCl;) § 194.46, 167.39, 135.97, 132.57,
128.66, 128.22, 127.63, 126.71, 112.09, 82.74, 36.76, 29.48, 15.08 ppm; IR (Film) 2922, 2863, 1669,
1592, 1494, 1449, 1423, 1219 cm™; HRMS (ESI) calc. for [CisHi60, + Na'] 251.1043, found:
251.1040.

Ph

(4-Methyl-2-phenyl-5-vinyl-4,5-dihydrofuran-3-yl)(phenyl)methanone (24):™

Thermal condition:
The title compound was purified via column chromatography on silica gel eluting with PE/EA 20:1

(v/v) to afford 52 mg (72%) of 24 as a colorless oil.

UV-Light (180 W, Hg Lamp) condition:
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The title compound was purified via column chromatography on silica gel eluting with PE/EA 20:1
(v/v) to afford 106.7 mg (92%) of 24 as a colorless oil.

Rs = 0.33 (PE/EA, 20:1 (v/v)); 'H-NMR (300 MHz, CDCls) & 7.56-7.47 (m, 2H), 7.27-7.19 (m, 3H),
7.19-7.12 (m, 1H), 7.12-7.00 (m, 4H), 6.07 (ddd, J = 6.8, 10.4, 17.1 Hz, 1H), 5.44 (td, J = 1.2, 17.2
Hz, 1H), 5.30 (td, J = 1.0, 10.4 Hz, 1H), 4.77- 4.69 (m, 1H), 3.58-3.46 (m, 1H), 1.36 (d, J = 6.6 Hz,
3H) ppm; ®C-NMR (75 MHz, CDCl;) & 193.8, 164.3, 139.2, 135.9, 131.4, 130.03, 129.97, 129.4,
129.0, 127.7, 127.6, 117.5, 116.8, 90.2, 46.5, 17.9 ppm; IR (ATR) 3061, 2958, 1721, 1613, 1593,
1572, 1490, 1447, 1158, 889, 729, 692 cm™; HRMS (ESI) calc. for [CxH:1s0, + Na‘]: 313.1199,
found: 313.1193.

9. NBu,Fe(CO);(NO)] (TBAFe)-catalyzed Cloke-Wilson Rearrangement of
Arylcyclopropanes

Table 1. Optimization of Cloke-Wilson Rearrangement of Arylcyclopropanes under
Thermal/Microwave Condition.

0] O 0O
5 mol% Bu,N[Fe(CO)5(NO)]
Solvent, Temp., Time /
@)
25 26
Entry™ Solvent Temp./heating method Time  Conversion™
1 CH,Cl, 45 °C (il bath) 14h <5%
2 THF 120 °C (oil bath) 145h < 5%
3 THF 120 °C (MW) 1h <5%
4 PhMe 120 °C (MW) 1h < 5%
5 CH;CN 120 °C (MW) 1lh 8%
6 n-Pentane 120 °C (MW) 1h 11%
7 DMF 120 °C (MW) 1lh 66%
8 DMF 120 °C (MW) 1h < 5%
10 DMF 120 °C (oil bath) 1h 16%
11 DMF 120 °C (MW) 2h 79%

[a] Reaction were performed on a 0.25 mmol scale in absolute solvents. [b]
Determined via GC-intergration.
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Table 2. Optimization of Cloke-Wilson Rearrangement of Arylcyclopropanes under UV-Light
Condition.

10 mol% BuyN[Fe(CO)3(NO)]
Solvent, RT, UV-light, 24 h

O
25 26
Entry™ Solvent Yield™
1 DMF 82
2 MeOH -
3 CH5CN -
4 CH,Cl, -
5 THF -
6 n-Pentane -

[a] 0.4 mmol substrate, 10 mol% TBA[Fe], 1 mL solvent, 180 W Hg-lamp, 20
°C, 24 h. [b] Isolated yield.

General procedure V: Microwave conditions for the CWR of ACPs

TBAFe (5.2 mg, 0.0125 mmol, 0.05 equiv.) and the corresponding ACP (0.25 mmol, 1 equiv.) were
weighed into a dried 10 mL microwave tube. Anhydrous DMF (1 mL) was added and the tube was
sealed under an atmosphere of dry nitrogen. The reaction mixture was stirred for 2 h at 120 °C under
microwave conditions. The product was obtained via chromatography on silica gel.

General procedure VI: UV-Light conditions for the CWR of ACPs

A 10-mL Schlenk tube was charged with Arylcyclopropane (0.40 mmol, 1 equiv.), TBAFe (0.04
mmol, 0.1 equiv.), and DMF (1 mL) under N,. The reactions were carried out at room temperature
under irradiation of UV light (180 W, Hg lamp or 75 W, Xe lamp at distance of 15 cm) or Visible light
(23 W, Compact Fluorescent Lamp at distance of 15 cm) for 24 h. The reaction was quenched with
diethyl ether and concentrated in vacuo. Purification by silica column chromatography afforded the
desired dihydrofuran product.

)

|
26
1-(2-Methyl-5-phenyl-4,5-dihydrofuran-3-yl)ethan-1-one (26)!

Thermal condition:
The title compound was purified by column chromatography on silica gel eluting with n-pentane/Et,O

2:1 (v/v) to afford 50 mg (99%) of 26 as a colorless oil.

UV-Light (180 W, Hg Lamp) condition:
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The title compound was purified by column chromatography on silica gel eluting with n-pentane/Et,O
2:1 (v/v) to afford 66.3 mg (82%) of 26 as a colorless oil.

UV-Light (75 W, Xenon Lamp) condition:
The title compound was purified by column chromatography on silica gel eluting with n-pentane/Et,O

2:1 (v/v) to afford 46.1 mg (57%) of 26 as a colorless oil.

Visible-Light (23 W, Compact Fluorescent Lamp) condition:
The title compound was purified by column chromatography on silica gel eluting with n-pentane/Et,O

2:1 (v/v) to afford 4.0 mg (5%) of 26 as a colorless oil.

R¢ = 0.46 (n-Pentane/Et,0, 2:1 (v/v)); *H NMR (300 MHz, CDCI3) & 7.41-7.29 (m, 5H), 5.60 (dd, J =
8.4, 10.6 Hz, 1H), 3.40 (qdd, J = 1.5, 10.7, 14.3 Hz, 1H), 2.97 (qdd, J = 1.5, 8.4, 14.2 Hz, 1H), 2.31 (t,
J = 1.5 Hz, 3H), 2.22 (s, 3H) ppm; *C NMR (75 MHz, CDCI3) & 194.4, 167.4, 141.2, 128.7, 128.2,
125.6, 111.8, 83.1, 38.7, 29.4, 15.0 ppm; IR (ATR) 3063, 3032, 3002, 2954, 2919, 2865, 1670, 1595,
1495, 1452, 1423 cm™; HRMS (ESI): calc. for [C15H1,0, + Na']: 225.0886, found: 225.0892.

28
1-(2-Methyl-5-(p-tolyl)-4,5-dihydrofuran-3-yl)ethan-1-one (28)!

Thermal condition:
The title compound was purified by column chromatography on silica gel eluting with n-pentane/Et,O

3:1 (v/v) to afford 54 mg (99%) of 28 as a yellow oil.

UV-Light (180 W, Hg Lamp) condition:
The title compound was purified by column chromatography on silica gel eluting with n-pentane/Et,O
3:1 (v/v) to afford 73.5 mg (85%) of 28 as a colorless oil.

Ri= 0.21 (n-pentane/Et,0, 3:1 (v/v)); *H NMR (300 MHz, CDCl3) & 7.25 — 7.15 (m, 4H), 5.56 (dd, J =
10.6, 8.4 Hz, 1H), 3.36 (m, 1H), 2.96 (m, 1H), 2.35 (s, 3H), 2.30 (t, J = 1.5 Hz, 3H), 2.21 (s, 3H) ppm;
BC NMR (75 MHz, CDCl3) 6 194.5, 167.5, 138.3, 138.1, 129.4, 125.7, 111.9, 83.3, 38.7, 29.5, 21.2,
15.0 ppm; IR (Film) 2921 (w), 2864 (w), 1670 (m), 1592 (s), 1516 (m), 1423 (m), 1381 (m),1359
(m) cm™; GC/MS (ESI) m/z (%) = 239 (100) [M* + Na]; HRMS (ESI) calc. for [C1sH150, + Na']:
239.1043, found: 239.1033.

30
1-(5-(4-(tert-Butyl)phenyl)-2-methyl-4,5-dihydrofuran-3-yl)ethan-1-one (30)®

Thermal condition:
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The title compound was purified by column chromatography on silica gel eluting with n-pentane/Et,O
3:1 (v/v) to afford 48 mg (75%) of 30 as a yellow oil.

UV-Light (180 W, Hg Lamp) condition:
The title compound was purified by column chromatography on silica gel eluting with n-pentane/Et,O
3:1 (v/v) to afford 79.6 mg (77%) of 30 as a yellow oil.

Ri= 0.31 (n-pentane/Et,0, 3:1 (v/v)); 'H NMR (300 MHz, CDCl5) § 7.43 — 7.38 (m, 2H), 7.27 (dt, J =
2.0, 1.2 Hz, 2H), 5.57 (dd, J = 10.6, 8.4 Hz, 1H), 3.37 (m, 1H), 3.00 (m, 1H), 2.30 (t, J = 1.5 Hz, 3H),
2.21 (s, 3H), 1.32 (s, 9H) ppm; *C NMR (75 MHz, CDCls) § 194.5, 167.5, 151.4, 138.2, 125.7, 125.6,
111.9, 83.2, 38.5, 34.6, 31.3, 29.5, 15.0 ppm; IR (Film) 2959 (m), 2867 (w), 1671 (m), 1595 (s), 1512
(w), 1382 (m) cm™; GC/MS (EI, 70 eV) m/z (%) = 258 (100) [M*], 243 (69), 169 (25), 57 (25), 43
(57); HRMS (EI) calc. for [C17H2,0,]: 258.1620, found: 258.1622.

32

1-(5-(4-Fluorophenyl)-2-methyl-4,5-dihydrofuran-3-yl)ethan-1-one (32)*"!

Thermal condition:
The title compound was purified by column chromatography on silica gel eluting with n-pentane/Et,O

3:1 (v/v) to afford 42 mg (76%) of 32 as a yellow oil.

UV-Light (180 W, Hg Lamp) condition:
The title compound was purified by column chromatography on silica gel eluting with n-pentane/Et,O
3:1 (v/v) to afford 54.6 mg (62%) of 32 as a yellow oil.

R¢= 0.21 (n-pentane/Et,0, 3:1 (v/v)); *H-NMR (300 MHz, CDCls) § 7.36-7.26 (m, 2H), 7.12-7.01 (m,
2H), 5.57 (dd, J = 8.4, 10.4 Hz, 1H), 3.46-3.32 (m, 1H), 3.00-2.88 (m, 1H), 2.30 (t, J = 1.4 Hz, 3H),
2.22 (s, 3H) ppm; *C-NMR (75 MHz, CDCl3) § 194.3, 167.2, 162.5 (d, J = 245.5 Hz), 137.1 (d, J =
3.2 Hz), 1275 (d, J = 8.2 Hz), 115.6 (d, J = 21.2 Hz), 111.9, 82.5, 38.8, 29.5, 15.0 ppm; IR (ATR)
2924, 1671, 1593, 1510, 1424, 1216, 929, 833, 624. 611 cm™; HRMS (ESI) calc. for [Ci3HyFO, +
Na']: 243.0792, found: 243.0785.

34
1-(5-(4-Chlorophenyl)-2-methyl-4,5-dihydrofuran-3-yl)ethan-1-one (34))

Thermal condition:
The title compound was purified by column chromatography on silica gel eluting with n-pentane/Et,O

3:1 (v/v) to afford 54 mg (92%) of 34 as a yellow oil.

UV-Light (180 W, Hg Lamp) condition:
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The title compound was purified by column chromatography on silica gel eluting with n-pentane/Et,O
3:1 (v/v) to afford 71.3 mg (75%) of 34 as a yellow oil.

Ri= 0.18 (n-pentane/Et,0, 3:1 (v/v)); 'H-NMR (300 MHz, CDCI3) & 7.39-7.32 (m, 2H), 7.30-7.22 (m,
2H), 5.56 (dd, J = 8.3, 10.7 Hz, 1H), 3.48-3.33 (m, 1H), 2.97-2.86 (m, 1H), 2.30 (t, J = 1.5 Hz, 3H),
2.21 (s, 3H) ppm; *C-NMR (75 MHz, CDCl;) § 194.3, 167.2, 139.8, 134.0, 128.9, 127.0, 111.9, 82.3,
38.8, 29.5, 15.0 ppm; IR (ATR) 2921, 1672, 1592, 1492, 1381, 1215, 1134, 930, 624 cm™; HRMS
(ESI) calc. for [C13H15ClO, + Na']: 259.0496, found: 259.0484.

36
1-(5-(4-Bromophenyl)-2-methyl-4,5-dihydrofuran-3-yl)ethan-1-one (36)™"

Thermal condition:
The title compound was purified by column chromatography on silica gel eluting with n-pentane/Et,O

3:1 (v/v) to afford 68 mg (97%) of 36 as a yellow oil.

R¢= 0.22 (n-pentane/Et,0, 3:1 (v/v)); "H NMR (300 MHz, CDCly) & 7.54 — 7.48 (m, 2H), 7.24 — 7.17
(m, 2H), 5.55 (dd, J = 10.7, 8.3 Hz, 1H), 3.39 (m, 1H), 2.91 (m, 1H), 2.31 (t, J = 1.5 Hz, 3H), 2.22 (s,
3H) ppm; ®*C NMR (75 MHz, CDCly) & 194.3, 167.2, 140.4, 131.9, 127.3, 122.1, 111.9, 82.4, 38.7,
29.5, 15.0 ppm; IR (Film) 2922 (w), 2866 (W), 1671 (m), 1601 (s), 1488 (m), 1382 (m) cm™; GC/MS
(EI, 70 eV) m/z (%) = 280 (63) [M'], 186 (28), 115 (23), 14,5 (100); HRMS (EI) calc. for
[C15H13BrO,]: 280.0099, found: 280.0097.

OMe

38
1-(5-(3-Methoxyphenyl)-2-methyl-4,5-dihydrofuran-3-yl)ethan-1-one (38)

Thermal condition:
The title compound was purified by column chromatography on silica gel eluting with n-pentane/Et,O

2:1 (v/v) to afford 49 mg (85%) of 38 as a yellow oil.

UV-Light (180 W, Hg Lamp) condition:
The title compound was purified by column chromatography on silica gel eluting with n-pentane/Et,O
2:1 (v/v) to afford 86.4 mg (93%) of 38 as a yellow oil.

R¢= 0.27 (n-pentane/Et,0, 2:1 (v/v)); ‘H-NMR (300 MHz, CDCls) § 7.34-7.26 (m, 3H), 6.94-6.82 (m,
1H), 5.56 (dd, J = 8.4, 10.7 Hz, 1H), 3.82 (s, 3H), 3.45-3.32 (m, 1H), 3.03-2.90 (m, 1H), 2.31 (t, J =
1.5 Hz, 3H), 2.21 (s, 3H) ppm; *C-NMR (75 MHz, CDCls) § 194.4, 167.4, 159.9, 142.9, 129.9, 117.8,
113.4, 111.9, 111.3, 83.0, 55.3, 38.8, 29.5, 15.0 ppm; IR (ATR) 2938, 2837, 1670, 1586, 1489, 1383,
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1259, 1216, 926, 782, 697, 625 cm™; HRMS (ESI) calc. for [CiH1605 + Na']: 255.0992, found:
255.0974.

Cl

40
1-(5-(3-Chlorophenyl)-2-methyl-4,5-dihydrofuran-3-yl)ethan-1-one (40)™!

Thermal condition:
The title compound was purified by column chromatography on silica gel eluting with n-pentane/Et,O

2:1 (v/v) to afford 53 mg (90%) of 40 as a yellow oil.

UV-Light (180 W, Hg Lamp) condition:
The title compound was purified by column chromatography on silica gel eluting with n-pentane/Et,O
2:1 (v/v) to afford 68.1 mg (72%) of 40 as a yellow oil.

R¢= 0.32 (n-pentane/Et,0, 2:1 (v/v)); *H-NMR (300 MHz, CDCls) § 7.35-7.27 (m, 3H), 7.24-7.15 (m,
1H), 5.56 (dd, J = 8.3, 10.7 Hz, 1H), 3.47-3.35 (m, 1H), 2.99-2.87 (m, 1H), 2.32 (t, J = 1.5 Hz, 3H),
2.22 (s, 3H) ppm; ®*C-NMR (75 MHz, CDCly) & 194.3, 167.2, 143.4, 134.7, 130.1, 128.3, 125.7,
123.7, 111.9, 82.2, 38.8, 29.5, 15.0 ppm; IR (ATR) 2998, 2922, 1672, 1593, 1383, 1360, 1215, 923,
785, 693, 624 cm™'; HRMS (ESI) calc. for [C15H15ClO, + Na']: 259.0496, found: 259.0492.

Br

42

1-(5-(3-Bromophenyl)-2-methyl-4,5-dihydrofuran-3-yl)ethan-1-one (42)

Thermal condition:
The title compound was purified by column chromatography on silica gel eluting with n-pentane/Et,O

2:1 (v/v) to afford 59 mg (84%) of 42 as a yellow oil.

Ri= 0.29 (n-pentane/Et,0, 2:1 (v/v)); 'H NMR (300 MHz, CDCls) & 7.48 — 7.43 (m, 2H), 7.26 — 7.23
(m, 2H), 5.55 (dd, J = 10.7, 8.3 Hz, 1H), 3.40 (m, 1H), 2.93 (m, 1H), 2.32 (t, J = 1.5 Hz, 3H), 2.22 (s,
3H) ppm; *C NMR (75 MHz, CDCl5) § 194.3, 167.2, 143.7, 131.3, 130.4, 128.6, 124.2, 122.8, 111.9,
82.1, 38.8, 29.5, 14.9 ppm; IR (Film) 2922 (w), 2865 (w),1672 (m), 1595 (s), 1475 (w), 1424 (m),
1385 (m) cm™; GC/MS (ESI) m/z (%) = 303 (100) [M* + Na]; HRMS (ESI) calc. for [C13H13BrO, +
Na']: 302.9991, found: 302.9969.
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MeO

44

1-(5-(2-Methoxyphenyl)-2-methyl-4,5-dihydrofuran-3-yl)ethan-1-one (44)

Thermal condition:
The title compound was purified by column chromatography on silica gel eluting with n-pentane/Et,O

2:1 (v/v) to afford 48 mg (83%) of 44 as a yellow oil.

UV-Light (180 W, Hg Lamp) condition:
The title compound was purified by column chromatography on silica gel eluting with n-pentane/Et,O
2:1 (v/v) to afford 38.1 mg (41%) of 44 as a yellow oil.

Ri= 0.44 (n-pentane/Et,0, 2:1 (v/iv)): "H NMR (300 MHz, CDCl) & 7.32 — 7.25 (m, 2H), 6.97 (m,
1H), 6.90 (m, 1H), 5.87 (dd, J = 10.7, 8.0 Hz, 1H), 3.84 (s, 3H), 3.42 (M, 1H), 2.79 (m, 1H), 2.34 (t, J
= 1.5 Hz, 3H), 2.18 (s, 3H) ppm; *C NMR (75 MHz, CDCl,) & 194.8, 167.5, 155.9, 129.9, 128.9,
125.3, 120.6, 111.9, 110.4, 78.8, 55.4, 38.2, 29.5, 15.0 ppm; IR (Film) 2938 (w), 2838 (w), 1670 (m),
1588 (s), 1492 (m), 1462 (m), 1437 (m) cm™; GC/MS (ESI) m/z (%) = 255 (100) [M* + Na]; HRMS
(ESI) calc. for [C1aH1605 + Na']: 255.0992, found: 255.0978.

OMe 46

Methyl 2-methyl-5-phenyl-4,5-dihydrofuran-3-carboxylate (46)!

Thermal condition:
The title compound was purified by column chromatography on silica gel eluting with n-pentane/Et,O

2:1 (v/v) to afford 40 mg (74%) of 46 as a colorless oil.

UV-Light (180 W, Hg Lamp) condition:
The title compound was purified by column chromatography on silica gel eluting with n-pentane/Et,O
2:1 (v/v) to afford 70.7 mg (81%) of 46 as a colorless oil.

R; = 0.27 (n-pentane/Et,0, 10:1 (v/v)); *H-NMR (300 MHz, CDCls) & 7.41-7.27 (m, 5H), 5.59 (dd, J =
8.3, 10.7 Hz, 1H), 3.71 (s, 3H), 3.33 (qdd, J = 1.6, 10.8, 14.5 Hz, 1H), 2.91 (qdd, J = 1.6, 8.3, 14.5 Hz,
1H), 2.29 (t, J = 1.6 Hz, 3H) ppm; *C-NMR (75 MHz, CDCls) & 168.0, 166.4, 141.5, 128.7, 128.2,
125.7,101.4, 83.2, 50.9, 37.9, 14.1 ppm; IR (ATR) 3032, 2949, 1690, 1647, 1495, 1435 cm™; HRMS
(ESI): calc. for [C13H1,0; + Na']: 241.0835, found: 241.0832.
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Ph
48

(2,5-Diphenyl-4,5-dihydrofuran-3-yl)(phenyl)methanone (48)"*"

Thermal condition:
The title compound was purified by column chromatography on silica gel eluting with n-pentane/Et,O
5:1 (v/v) to afford 76 mg (93%) of 48 as a colorless solid.

UV-Light (180 W, Hg Lamp) condition:
The title compound was purified by column chromatography on silica gel eluting with n-pentane/Et,O
5:1 (v/v) to afford 52.2 mg (40%) of 48 as a colorless solid.

R; = 0.33 (n-pentane/Et,0, 5:1 (V/v)); Mp. 111-112 °C; *H-NMR (250 MHz, CDCls) & 7.51-7.05 (m,
15H), 5.85 (bt, J = 9.5 Hz, 1H), 3.71 (dd, J = 10.3, 15.1 Hz, 1H), 3.39 (dd, J = 9.0, 15.1 Hz, 1H) ppm;
BC-NMR (63 MHz, CDCl;) 193.4, 165.5, 141.1, 139.0, 131.2 , 130.1, 129.9, 129.5, 128.9, 128.8,
128.3, 127.7, 127.6, 125.9, 111.8, 83.2, 41.1 ppm; IR (ATR) 3061, 3030, 1611, 1592, 1573, 1492,
1446 cm™; HRMS (ESI): calc. for [C,3H150, + Na*]: 349.1199, found: 349.1215.
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10. *H and *C-NMR Spectra
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11. Additional information for Crystals

Figure S14: X-ray structure of compound (R)-3

Table 3. Crystal data and structure refinement for compound (R)-3.

Identification code s2179Ic
Empirical formula C19 H16 02
Formula weight 276.32
Temperature 100(2) K
Wavelength 1.54178 A

Crystal system, space group ~ Monoclinic, C 2

Unit cell dimensions a=14.3210(8) A alpha =90 deg.
b= 8.9769(5) A beta = 91.660(2)
€ =11.7100(7) A gamma = 90 deg.
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Volume 1504.78(15) A3

Z, Calculated density 4, 1.220 Mg/m"3
Absorption coefficient 0.618 mm~-1
F(000) 584

Crystal size 0.59 x 0.40 x 0.23 mm

Theta range for data collection 3.78 to 65.82 deg.

Limiting indices -16<=h<=16, -9<=k<=10, -13<=I<=13

Reflections collected / unique 8918 / 2432 [R(int) = 0.0386]

Completeness to theta = 65.82  98.3 %

Absorption correction Semi-empirical from equivalents

Max. and min. transmission 0.7528 and 0.6481

Refinement method Full-matrix least-squares on F"2

Data / restraints / parameters 2432/1/191

Goodness-of-fit on FA2 1.032
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Final R indices [I>2sigma(l)]

R indices (all data)

Absolute structure parameter

Extinction coefficient

Largest diff. peak and hole

R1=10.0232, wR2 = 0.0611

R1=0.0232, wR2 = 0.0612

0.04(16)

0.0046(3)

0.152 and -0.117 e.A"-3

Table 4. Atomic coordinates ( x 10°4) and equivalent isotropic displacement parameters (A2 X

1073) for s2179lc. U(eq) is defined as one third of the trace of the orthogonalized Uij tensor.

X z U(eq)
O(1)  8220(1) 9840(1)  1002(1)  24(1)
C(1)  6872(1) 11133(1) 1633(1)  20(1)
O(2)  5476(1) 11548(1)  2652(1)  30(1)
C(2)  7035(1) 12823(1) 1512(1)  22(1)
C(3)  6736(1) 11912(2)  491(1)  25(1)
C(4)  7733(1) 10182(1)  1798(1)  19(1)
C(5)  7995(1) 9741(1)  2991(1)  19(1)
C(6)  8571(1) 8501(1) 3169(1)  22(1)
C(7)  8859(1) 8112(2)  4265(1)  26(1)
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C(8)

C(9)

C(10)
c(11)
C(12)
C(13)
C(14)
C(15)
C(16)
c(17)
C(18)

C(19)

8596(1)
8031(1)
7723(1)
6006(1)
5796(1)
6034(1)
5790(1)
5331(1)
5107(1)
5330(1)
7985(1)

8159(1)

8970(2)
10208(2)
10585(1)
10654(1)
9026(1)
8118(1)
6619(1)
6018(2)
6911(2)
8410(2)
13444(1)

14773(2)

5191(1)
5016(1)
3923(1)
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