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1. General Information and Materials

General information: *H NMR, °F NMR, and $3C NMR spectra were recorded on the Agilent MR
400, Bruker MR 500, and Bruker MR 600 spectrometers, and are calibrated using residual
undeuterated solvent (CHCls at 7.26 ppm *H NMR; 77.0 ppm *C NMR; CFClsz as an external standard
and low field is positive). Chemical shifts (8) are reported in ppm, and coupling constants (J) are in
Hertz (Hz). The following abbreviations explain the multiplicities: s = singlet, d = doublet, t = triplet,
g = quartet, m = multiplet, and br = broad. NMR yield was determined by °F NMR using
fluorobenzene as an internal standard before working up the reaction. High-Resolution Mass spectral
data were recorded on an Agilent Technologies 6224 TOF LC-MS spectrometer in ESI mode, a

Thermo Fisher LTQ-FT-Ultra spectrometer in DART mode, or a JEOL AccuTOF 4G GCV in Fl mode.

Materials: All reagents were used as received from commercial sources without further purification
unless specified otherwise or prepared as described in the literature. Super dry solvents were purchased
from Energy Chemical. CuBr (99.0%) was purchased from Macklin. ZnCl; solution (1.0 M in THF)
was purchased from Adamas. nBuLi (2.5 M in hexane) and PhLi (1.9 M in dibutyl ether) solutions
were purchased from Energy Chemical. All aryl magnesium bromides in EtoO were purchased from

Energy Chemical. CB-DFASs were prepared according to the literature.!
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2. Preparation of the Starting Materials

2.1 Preparation of the solution of [1.1.1]propellane (TCP) in diethyl ether?

Br. Br

PhLi (2.0 equiv, 1.9 M in dibuyl ether) A
Cl Et,0, -40 to 0°C

cl TCP

In a dry three-necked flask, 1,1-dibromo-2,2-bis(chloromethyl)cyclopropane (29.37 g, 95 mmol,1.0
equiv) was dissolved in Et.O (40.0 mL). The resulting solution was cooled to -40 <C. Phenyllithium
(1.90 M in dibutyl ether, 100 mL, 190 mmol, 2.0 equiv) was added dropwise over 15 min using a
syringe pump. The resulting mixture was stirred for 20 min at -40 <CT and 2 hat 0 <C. Then the reaction
flask was fitted with a distillation tube and a distillation head connected to a receiving flask immersed
in an acetone/dry ice bath (-78 <C), and the distillation was started at 200 mbar. The reaction flask was
removed from the ice bath, and the pressure was gradually lowered to 45 mbar. After approximately
30 min of the distillation, the system was filled with argon. An aliquot (0.1 mL) of the solution was
analyzed by NMR spectroscopy with CH2Br> as a standard to determine the concentration. The average

concentration of the TCP solution was 0.6-1.2 M. The solution was stored at -40 <C under argon.

2.2 Preparation of Grignard reagents and Organozinc reagents 1 and 1’

tBu@MgBr MeO@MgBr E}Mgsr QMgBr A~ ZnBr-LiCl @—ZnBr-LiCI H
ZnBr-LiCl

1a 1b 1c 1d 1e 1f 19

MeQ NC

Ph@ZnCI-LiCI MeO@ZnCI-LiCI
ZnCI-Licl ZnCI-LiCl NC._~_ ZnBrLicl EtO,C._~_ ZnBrLiCl

1h 1i 1j 1k 11 1m

EtOZC@ZnCI—LiCI NC@ZnCI—LiCI

1'a 1'b

Structures of Grignard Reagents and Organozinc Reagents 1 and 1’

Note: Grignard reagents 1a-1d in Et2O were purchased from Energy Chemical.
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2.2.1 Preparation of allylzinc reagents le-1g3

Rj/\/Br Zn(2.0 equiv), LiCl (1.2 equiv) Rj/\/anr-LiCI

R THF, 0 °C R

To a Schlenk flask were added zinc dust (2.0 equiv) and lithium chloride (1.2 equiv). The flask was
then flame-dried under vacuum with a heat gun at 450 °C. Once the flask was cooled down, it was
filled with argon and THF (1 mL/mmol allyl halide). The zinc was activated by adding a drop of 1,2-
dibromoethane and heating until a slight gas evolution started. Then, the reaction mixture was cooled
to 0 °C, and the allyl bromide (1.0 equiv) was added dropwise. The reaction mixture was stirred
overnight while slowly warming to room temperature. The remaining zinc dust was removed using a

syringe filter, and the concentration of the allylzinc reagent was determined via titration against iodine.

2.2.2 Preparation of Organozinc reagents 1

Method A*
1) LiCI, Mg, THF .
Br .
i 0°C-rt, 3-5 h B i
Ry P ’ R
2) ZnCl, =

To adry 100 mL Schlenk flask were added magnesium turnings (3 g, 125 mmol, 2.5 equiv) and LiCl
(2.7 g, 62.5 mmol, 1.25 equiv). The flask was evacuated and heated with a heating gun. The flask was
evacuated again and backfilled with argon for 3 times. Anhydrous THF (50 mL) was added, and the
mixture was stirred vigorously for 5 min at room temperature. DIBAL-H (1.0 M in hexane, 0.5 mL,
0.01 equiv) was added via a syringe, and the mixture was stirred vigorously for 5 min at room
temperature. The flask was then cooled to 0 °C with an ice/water bath, and aryl bromide (50 mmol, 1.0
equiv) was added via a syringe. After the reaction was stirred for 10 min, the ice/water bath was
removed. The reaction mixture was stirred at room temperature for 3-5 h until the aryl bromide was
consumed, as monitored by GC-MS. The resulting solution of Grignard reagent ArMgBreLiCl was
titrated with I, according to Knochel’s method®. Typically, the concentration of the Grignard reagents
ranges from 0.3 to 0.5 M in THF. To a separate 100 mL Schlenk tube was added a solution of ZnCl>
(2.0 equiv, 1.0 M in THF) (Note: the loading amount of ZnCl. depends on the amount of the Grignard

reagents used for the reaction). Then, the prepared solution of ArMgBreLiCl was transferred into the
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tube via a syringe with stirring. After stirring for at least 10 min, the solution of ArZnClLiCl was
titrated with I, according to Knochel’s method®. The Schlenk tube was sealed with a Teflon cap, and
the resulting aryl zinc reagents can be stored under argon at room temperature for several weeks.

Note: Organozinc reagents 1h, 1i, and 1j were prepared according to Method A.

Method B®

1) ‘PrMgClI-LiClI
I/Br ) g

N THF, -15 ~-10 °C, 30 min X ZnClIsLiCl
R > RL
= [
2) ZnCl, =

To a 50 mL Schlenk flask was added a solution of PrMgC1-LiCl (1.05 equiv, 1.5 M in THF) under Ar.

The flask was cooled to -15 °C, and a solution of aryl iodide (1.0 equiv, 1.0 M in THF) was added
dropwise. After addition, the reaction temperature was warmed to -10 °C, and the reaction mixture was
stirred for 30 min at the same temperature. Then, the resulting Grignard reagent ArMgCl<LiCl was
titrated with I, according to Knochel’s method®. To a separate 100 mL Schlenk tube was added ZnCl,
(1.0 equiv, 1.0 M in THF) (Note: the loading amount of ZnCl, depends on the amount of Grignard
reagents used for the reaction). The prepared ArMgBreLiCl was transferred to the tube via a syringe
with stirring. After stirring for at least 10 min, the solution of ArZnClLiCl was titrated with I»
according to Knochel’s method. The Schlenk tube was sealed with a Teflon cap, and the resulting aryl
zinc reagents can be stored under argon at room temperature for several weeks.

Note: Organozinc reagents 1k, 1’a, and 1°b were prepared according to Method B.

Method C°®
R, Zn, LiCl R,
/I\ TMSCI (1 mol%) )\
R{” “Br - > Ry znBr-Licl

To a dry 100 mL Schlenk flask were added Zinc dust (1.96 g, 30 mmol, 2.0 equiv) and LiCl (1.27 g,
30 mmol, 2.0 equiv). The flask was evacuated and heated with a heating gun. The flask was evacuated
again and backfilled with argon for 3 times. Anhydrous THF (30 mL) was added, and the mixture was
stirred vigorously for 5 min at room temperature. 1,2-Dibromoethane (65 pL, 0.75 mmol, 5 mol%)

was added via a syringe, and the reaction mixture was heated at 60 <C until bubbling occurred. After
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the mixture was cooled to room temperature, trimethylsilyl chloride (19 pL, 0.15 mmol, 1 mol%) and
iodine (19 mg, 0.075 mmol, 0.25 mol%) were added. The reaction mixture was heated at 60 <C for 20
min and then cooled to room temperature. Alkyl halide (15.0 mmol) was added, and the reaction was
stirred at 50 <C for 18 h. The reaction mixture was allowed to stand at room temperature for 1 h, and
the supernatant solution was carefully transferred to a dry vessel via cannula. The concentration of the
organozinc solution was determined by iodometric titration using Knochel’s procedure®.

Note: Organozinc reagents 1l, Imwere prepared according to Method C.

2.3 Preparation of CB-DFASs 3

Fo _F Fo _F
/ e © S
S OTf S OTf
@ \ AY
Ph Ph
OBn
CB-DFAS 3a CB-DFAS 3b

Structures of CB-DFASs

2.3.1 Preparation of compound s-1

0 TMSCI (1.2 equiv) OTMS
TEA (1.4 equiv), Nal (1.2 equiv)
MeCN, rt, overnight

General Procedure: To a solution of Nal (1.2 equiv, 1.0 M in MeCN) was successively added

s-1a

triethylamine (TEA, 1.4 equiv), cyclobutanone (200 mmol, 1.0 equiv), and trimethylchlorosilane
(TMSCI, 1.2 equiv) at room temperature. The mixture was stirred overnight and monitored by *H
NMR. Then, the reaction mixture was filtered. The filtrate was extracted with pentane three times. The
combined pentane layers were concentrated at room temperature at 200-300 mbar pressure. The
resulting solution of s-1a (yield ranging from 75% to 79%, concentration 3.6-5.0 M using CH2Br> as
an internal standard determined by *H NMR) was used without further purification. Compound s-1a is
known.”*H NMR (400 MHz, Chloroform-d) & 4.58 (s, 1H), 2.66 — 2.54 (m, 2H), 2.06 — 1.88 (m, 2H),

0.22 (s, 9H). 3C NMR (126 MHz, Chloroform-d) 148.1, 102.3, 34.0, 19.6, -0.2.
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OTMS
LDA (1.1 equiv)

TMSCI (3.0 equiv)

THF, -78t0 0°C,2h
OBn OBn

s-1b
General procedure: To a 500 mL three-necked bottle equipped with a magnetic stir bar, LDA (132
mmol, 1.1 equiv, 1.0 M in THF) was added under Ar. Then, 3-((benzyloxy)methyl)cyclobutan-1-one
(20.8 g, in 60 mL THF) was added dropwise at -78 °C. The reaction mixture was stirred at 78 °C for 1
h. Then the mixed solution of TMSCI (45.6 mL, 3.0 equiv), EtsN (5.82 mL, 0.7 equiv), and 50 mL
THF was added dropwise at 0 °C and stirred for 30 min. The mixture was stirred for another 10 min at
room temperature. Then, the mixture was concentrated directly, and n-pentane was added to precipitate
the solid, filtered, and the filtrate was concentrated to give product s-1b (35 mL, yield 93%, using
CH2Br; as an internal standard determined by *H NMR). Compound s-1b is known.® *H NMR (400
MHz, Chloroform-d) & 7.32 — 7.21 (m, 5H), 4.63 (d, J = 0.8 Hz, 1H), 4.49 (s, 2H), 3.49 — 3.34 (m, 2H),
2.71 (dd, J = 12.8, 4.0 Hz, 1H), 2.66 — 2.57 (m, 1H), 2.17 (dd, J = 13.2, 1.6 Hz, 1H), 0.19 (s, 9H).

2.3.2 Preparation of s-2

/@ S0,Cl, (1.0 equiv), py s-1 (2.0 equiv) %}S
R
s-2

S.
©/ S DCM, 0 °C, 1h 0°C, 2h

General procedure: To a 1000 mL three-necked bottle with a magnetic stir bar, 1,2-diphenyldisulfane
(100 mmol, 1.0 equiv) and anhydrous DCM (500 mL) were added under Ar. Pyridine (2.0 mL) was
added, followed by SO2Cl dropwise at 0 °C. The reaction mixture was stirred at 0 °C for 2 h. Then s-
1 (2.0 equiv) was added slowly. After stirring at the same temperature for 2 h, the reaction mixture
was quenched with saturated aqueous NH4CI solution. The organic layer was separated. The aqueous
layer was extracted with DCM twice. The combined organic layers were washed with brine, dried over
anhydrous sodium sulfate, filtered, and concentrated. The residual oil was purified by reduced-pressure

distillation or flash column chromatography.
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The reaction was conducted on a 150 mmol scale. Compound s-2a was purified by reduced pressure
distillation (~5 mbar, 140~145 °C) as a light-yellow oil (26.7 g, yield 99%). Compound s-2a is known.®
IH NMR (400 MHz, Chloroform-d) § 7.49 — 7.43 (m, 2H), 7.35 — 7.23 (m, 3H), 4.52 — 4.45 (m, 1H),

3.15 — 2.93 (m, 2H), 2.58 — 2.45 (m, 1H), 2.03 — 1.89 (m, 1H). 3C NMR (126 MHz, Chloroform-d)
205.2, 133.2, 131.6, 128.8, 127.3, 59.2, 44.8, 18.5.

e
#S
OBn
The reaction was conducted on a 73 mmol scale. Compound s-2b was purified by flash column
chromatography (petroleum ether : ethyl acetate = 20:1) as a light-yellow oil (21 g, 96% vyield).
Compound s-2b is known.® *H NMR (400 MHz, Chloroform-d) § 7.50 — 7.45 (m, 2H), 7.38 — 7.28 (m,
5H), 7.32 — 7.25 (m, 3H), 4.57 (s, 2H), 4.41 (dt, J = 6.8, 2.4 Hz, 1H), 3.74 — 3.63 (m, 2H), 3.08 — 2.90

(m, 2H), 2.61 — 2.50 (m, 1H). 1*C NMR (126 MHz, Chloroform-d) § 203.8, 137.8, 133.2, 132.3, 129.0,
128.5,127.8, 127.6, 73.2, 69.9, 60.9, 46.8, 32.8.

2.3.3 Preparation of s-3
e, @S
%}S CF,Br; (2.0 equiv), HMPT (4.0 equiv) R s
R THF, -78t0 0°C, 2 h R
s-2 s-3

Procedure: To a 250 mL three-necked flask equipped with a magnetic stir bar and a dropping funnel,

anhydrous THF (200 mL) was added under Ar. Then the reaction flask was placed in a dry-ice/ethanol
bath. After cooling, CBr2F2 (2.0 equiv) was added with a syringe, and HMPT (4.0 equiv) was added
dropwise. The resulting mixture was stirred at the same reaction temperature for 1 h. Then, the
resulting reaction mixture was warmed to room temperature, and s-2 (1.0 equiv) was added dropwise.

The resulting mixture was stirred at room temperature for 2 h. The reaction was quenched by H-O.
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The organic layer was separated. The aqueous layer was extracted with pentane twice. The combined
organic layers were washed with brine, dried over anhydrous sodium sulfate, filtered, and concentrated.

The residual was purified by flash column chromatography to provide s-3.

F_F
LB
S

The reaction was conducted on a 155 mmol scale. s-3a was purified with silica gel chromatography
(100% petroleum ether) as a colorless oil (6.5 g, 20% yield). Compound s-3a is known.® *H NMR (400
MHz, Chloroform-d) & 7.40 — 7.34 (m, 2H), 7.33 — 7.28 (m, 2H), 7.27 — 7.24 (m, 1H), 4.48 — 4.38 (m,
1H), 2.76 — 2.61 (m, 1H), 2.63 — 2.54 (m, 2H), 2.17 — 1.96 (m, 1H). °F NMR (376 MHz, Chloroform-
d) & -90.85 (dg, J = 58.8, 3.4 Hz, 1F), -93.59 (dg, J = 58.8, 3.4 Hz, 1F). 3C NMR (126 MHz,
Chloroform-d) 151.5 (dd, J = 290.0, 287.6 Hz), 134.5, 131.1, 128.8, 126.9, 89.5 (dd, J = 26.6, 21.4
Hz), 42.1 (d, J = 6.4 Hz), 27.4, 20.9 (d, J = 4.0 Hz).

F. F
s
S
OBn

The reaction was conducted on an 80 mmol scale. s-3b was purified with silica gel chromatography
(petroleum ether : ethyl acetate = 10:1) as a colorless oil (5.2 g, 20% yield, dr = 4:1). Compound s-3b
is known.® 'H NMR (400 MHz, Chloroform-d) (diastereoisomer mixtures) & 7.45 — 7.14 (m, 10H),
4.69 — 4.59 (m, 0.8H), 4.52 — 4.39 (M, 2H), 4.26 — 4.19 (m, 0.2H), 3.83 — 3.58 (M, 1.6H), 3.49 (d, J =
5.3 Hz, 0.4H), 3.11 (m, 3H). **F NMR (376 MHz, Chloroform-d) (diastereoisomer mixtures) & -89.44
(dg, J = 57.3, 3.8 Hz, 0.8F), -90.16 (dq, J = 58.3, 3.5 Hz, 0.8F), -92.18 (dq, J = 57.3, 3.9 Hz, 0.2F), -
92.57 (dg, J = 58.1, 3.4 Hz, 0.2F). 13C NMR (126 MHz, Chloroform-d) 152.1 (dd, J = 290.4, 287.1
Hz), 138.1, 136.5, 132.0, 129.4, 128.8, 128.3, 127.8, 127.6, 126.2, 87.8 (dd, J = 27.4, 20.4 Hz), 73.3,
70.7,45.8 (d, J = 6.2 Hz), 37.0, 25.7 (d, J = 3.6 Hz).
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2.3.4 Preparation of CB-DFASs

F. F F. F
| Q MeOTf (1.0 equiv) | Q

S DCM, 0 °C to rt A\ ot ®

s-3 CB-DFASs
To a 50 mL round-bottom flask equipped with a magnetic stir bar, s-3 (1.0 equiv) and DCM (10 mL,
0.5 M) were added. MeOTT (1.0 equiv) was added dropwise at 0 °C. The reaction mixture was stirred
at room temperature overnight. The solvent was removed. Ethyl ether (10 mL) was added and stirred
intensely. After standing, the mixture was layered, and the upper solution was aspirated out with a
syringe. Repeating the above steps twice, the residual solvent was removed to afford the desired

product.

F.F
S
O\ orr®

The reaction was conducted on a 30 mmol scale. CB-DFAS 3a (8.4 g, yield 75%, purity 97% wi/w, dr
= 1.27:1) was obtained as a brown viscous liquid. For convenience, CB-DFAS 3a was prepared as a
solution of DCM (concentration 1.85 M determined by *°F NMR using PhF as an internal standard).
Compound 3a is known.® *H NMR (400 MHz, Chloroform-d) (diastereoisomer mixtures) & 7.97 (d, J
=7.6Hz, 2 H),7.77-7.70 (m, 1 H), 7.67 — 7.59 (m, 2 H), 5.54 — 5.22 (m, 1 H), 3.32 (s, 1.67 H), 3.29
(s, 1.33 H), 2.94 -2.70 (m, 1 H), 2.70 — 2.51 (m, 2 H), 2.49 — 2.37 (M, 0.5 H), 2.22 — 2.08 (m, 0.5 H).
F NMR (376 MHz, Chloroform-d) (diastereoisomer mixtures) & -78.58 (s, 3F), -82.74 (d, J = 42.4
Hz, 0.56 F), -83.23 — -83.83 (m, 0.44 F), 85.66 (d, J = 39.1 Hz, 0.44 F), -85.95 — -86.45 (m, 0.56 F).
13C NMR (126 MHz, Chloroform-d) (note: the number in the parenthesis is the other diastereoisomer)
5 152.9 (t, J = 293.6 Hz) (153.2, J = 294.3 Hz), 135.0 (135.1), 131.2 (131.04), 130.9 (130.97), 120.8
(122.0), 120.4 (g, J = 320.0 Hz), 83.6 (dd, J = 33.5, 21.6 Hz) (83.2, J = 34.1 Hz, 20.9 Hz), 53.8 (d, J
=8.0 Hz) (55.1, J = 8.5 Hz), 24.3 (d, J = 3.2 Hz) (24.1), 22.0 (22.8), 21.2 (d, J = 2.9 Hz) (21.6, J = 2.7
Hz).
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O
&\ or®
OBn

The reaction was conducted on a 15 mmol scale. CB-DFAS 3b (6.2 g, yield 83%, purity 98% w/w, dr
=1:1:2.21:2.93) as a brown viscous liquid. For convenience, CB-DFAS 3b was prepared as a solution
of DCM (concentration 1.3 M determined by °F NMR using PhF as an internal standard). Compound
3b is known.? 'H NMR (400 MHz, Chloroform-d) (diastereoisomer mixtures) & 8.03 — 7.97 (m, 1H),
7.94-7.87 (m, 1H), 7.75—7.54 (m, 3H), 7.40 — 7.22 (m, 5H), 5.77 — 5.71 (m, 0.14H), 5.68 — 5.63 (m,
0.14H), 5.28 —5.22 (m, 0.41H), 5.19 — 5.13 (m, 0.31H), 4.68 — 4.20 (m, 2H), 3.89 — 3.61 (m, 1H), 3.42
—3.35 (m, 1H), 3.34 (s, 1H), 3.29 (s, 1H), 3.27 (s, 1H), 3.21 — 2.36 (m, 3H). 9F NMR (376 MHz,
Chloroform-d) (diastereoisomer mixtures) 6 -78.39 (s, 3F), -81.03 —-81.21 (m, 0.14F), -81.71 (dq, J =
43.3,3.9 Hz, 0.41F), -82.03 (dg, J = 38.4, 4.4, 4.0 Hz, 0.31F), 83.03 (ddt, J = 37.1, 5.3, 2.6 Hz, 0.14F),
-84.62 (dq, J = 38.6, 3.8 Hz, 0.31F), -84.80 — -85.06 (m, 0.28F), -85.58 (dq, J = 42.7, 3.6 Hz, 0.41F).
13C NMR (126 MHz, Chloroform-d) (diastereoisomer mixtures) 8 major: 153.0 (t, J = 293.2 Hz), 137.1,
134.8,130.8, 128.4, 128.1, 127.8, 127.5, 120.4 (q, J = 320.2 Hz), 120.2, 81.6 (dd, J = 33.8, 21.6 Hz),
72.9,69.1,55.3 (d, J = 7.4 Hz), 35.9, 24.1 (d, J = 3.4 Hz), 23.3 (d, J = 2.8 Hz).

3. Optimizations of the Selective Synthesis of CyBu 5a from TCP

General Procedure: To a 25 mL Schlenk tube, copper catalyst was added in the air. The tube was
evacuated and backfilled with Ar (3 times). Subsequently, 1.0 mL THF was added to the tube. Then,
organic zinc reagent 1 was added in one portion, followed by the addition of a solution of TCP in
diethyl ether (0.6-1.2 M) at 25°C under Ar. The tube was screw-capped, and the reaction mixture was
stirred for 10 min at room temperature. A solution of CB-DFAS 3a in THF (1.5 mL) was added
dropwise for two minutes. The tube was screw-capped, and the reaction mixture was stirred for 3 h at
room temperature. The resulting mixture was quenched with saturated aqueous NH4Cl and diluted
with EtOAc. Then, the reaction yield was determined by °F-NMR using fluorobenzene as an internal

standard.

s12



Table 1. Screening of the Copper Catalysts for the Synthesis of 5a®

F
F
Ph /
\©\ + + ®/© [Cu] (5 mol%)
ZnCl-LiCl s
o
TfO
1h TCP

THF, rt, 3 h
CB-DFAS 3a
Yield [%]°
Entry [Cu]
5a
1 CuBr 99
2 Cul 58
3 CuCl 52
4 CuCN 54
5 none 10

aReaction conditions (unless otherwise specified): 1h (0.24 mmol, 1.2 equiv), TCP (0.3 mmol, 1.5 equiv), 3a (0.2 mmol,
1.0 equiv), [Cu] (5 mol%), THF (2.5 mL). "Determined by °F-NMR using fluorobenzene as an internal standard.

Table 2. Screening of the Solvents for the Synthesis of 5a?

‘ solvent, rt, 3 h

F
F
Ph /
\©\ + + @/© CuBr (5 mol%)
ZnCI-LiCl o S
TfO
1h TCP

CB-DFAS 3a
Yield [%]°
Entry Solvent

5a
1 THF 99
2 1,4-Dioxane 93
3 DCM 98
4 MeCN 94
5 DMA 96
6 DMF 99

@Reaction conditions (unless otherwise specified): 1h (0.24 mmol, 1.2 equiv), TCP (0.3 mmol, 1.5 equiv), 3a (0.2 mmol,

1.0 equiv), CuBr (5 mol%), solvent (2.5 mL). ®Determined by *F-NMR using fluorobenzene as an internal standard.
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4. General Procedure for the Synthesis of 4 via Copper Catalysis

Procedure I: General procedure for the synthesis of 4 using Grignard reagents.

Me OTf
1) B0, 100°°C CuBr (2.5 mo%)
=MgBr + [ZnX]
2) ZnCl, CB-DFAS 3 (1.0 equiv)
1 TCP 2 THF, 1t, 3 h
CB-DFAS 3
=H, CH,0Bn

To a 25 mL sealed tube, aryl magnesium bromide (1.0-2.25 M in Et,O/THF, 0.60 mmol, 1.5 equiv)
and TCP (1.2 mmol, 3.0 equiv, 0.6-1.2 M in Et,O) were added at room temperature under Ar. The tube
was sealed, and the resulting solution was heated to 100 °C and stirred for 2 h. The reaction was then
cooled to room temperature, and the solvent was removed under vacuum until the reaction mixture
become viscous liquid. A solution of ZnCl> (0.8 mmol, 2.0 equiv, 1.0 M in THF) was added to generate
BCP-zinc reagent 2, which was used directly for the next step. To another 25 mL Schlenk tube, CuBr
(2.5 mol%) was added in the air. The tube was evacuated and backfilled with Ar (3 times).
Subsequently, CB-DFAS 3 (0.4 mmol, 1.0 equiv) and anhydrous THF (1.5 mL) were added to the tube.
Then, BCP-zinc reagent 2 was added dropwise to the reaction mixture at room temperature. The tube
was screw-capped, and the reaction mixture was stirred for 3 h at room temperature. The resulting
mixture was quenched with saturated NH4Cl and diluted with ethyl acetate. The aqueous phase was
extracted with ethyl acetate (3><L0 mL). The combined organic layers were dried over Na>SOyg, filtered,

and concentrated. The residue was purified with flash chromatography to afford product 4.

Procedure Il: General procedure for the synthesis of 4 using allylzinc reagents.

R ZnBrLiCl R Me OTf
D . THF R! Zx] CuBr (2.5 mo%)
1 —— n
R = CB-DFAS 3 (1.0 equiv)

1 TCP 2 THF, rt, 3 h

CB-DFAS 3

= H, CH,0Bn

To a 25 mL Schlenk tube was added a solution of allylzinc reagent in THF (0.75 mmol, 1.5 equiv),
followed by TCP (0.75 mmol, 1.5 equiv, in Et20). The tube was screw-capped and stirred at (25 <C or
50 <C). (Note: for the stirring time, see the details in Section 5). Following this, the reaction mixture

was cooled to room temperature, and excessive TCP was removed under vacuum to afford a solution
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of BCP-zinc reagent 2 in THF, which was used directly for the next step. To another 25 mL Schlenk
tube, CuBr (2.5 mol%) was added in the air. The tube was evacuated and backfilled with Ar (3 times).
Subsequently, CB-DFAS 3 (0.5 mmol, 1.0 equiv) and anhydrous THF (1.5 mL) were added to the tube.
Then, the solution of BCP-zinc reagent 2 was diluted with THF (1 mL) and added dropwise to the
reaction mixture at room temperature. The tube was screw-capped, and the reaction was stirred for 3
h at room temperature. The resulting mixture was quenched with saturated NH4Cl and diluted with
ethyl acetate. The aqueous phase was extracted with ethyl acetate (3%<L0 mL). The combined organic
layers were dried over Na,SOg, filtered, and concentrated. The residue was purified with flash

chromatography to afford product 4.

5. Characterization Data for Compounds 4

1-(4-(tert-Butyl)phenyl)-3-(cyclobut-1-en-1-yldifluoromethyl)bicyclo[1.1.1]pentane (4a)
Compound 4a was prepared according to Procedure I. The reaction was conducted on a 0.4 mmol
scale. The product (91 mg, 75% yield) was purified with silica gel chromatography (petroleum ether)
as a yellow liquid. *H NMR (400 MHz, Chloroform-d) & 7.40 (d, J = 8.0 Hz, 2H), 7.22 (d, J = 8.0 Hz,
2H), 6.27-6.25 (m, 1H), 2.75 — 2.68 (m, 2H), 2.56 — 2.46 (m, 2H), 2.19 (s, 6H), 1.36 (s, 9H).°F NMR
(376 MHz, Chloroform-d) 5 -104.89 -104.91(d, J = 1.5 Hz, 2F). *C NMR (126 MHz, Chloroform-d)
6 150.0, 141.8 (t, J = 31.8 Hz), 137.0, 135.1 (t, J = 9.0 Hz), 125.9, 125.3, 115.0 (t, J = 235.5 Hz), 50.7
(t, J = 2.6 Hz), 41.6, 39.2 (t, J = 34.9 Hz), 34.6, 31.5, 29.3 (t, J = 3.4 Hz), 27.4. MS (F1): m/z (%) 302
(IMT"). HRMS (FI) m/z: ([M]*) Calculated for C2oH24F2: 302.1841; Found: 302.1846.

A |

o~ A=
1-(Cyclobut-1-en-1-yldifluoromethyl)-3-(4-methoxyphenyl)bicyclo[1.1.1]pentane (4b)
Compound 4b was prepared according to Procedure I. The reaction was conducted on a 0.4 mmol

scale. The product (82 mg, 74% yield) was purified with silica gel chromatography (petroleum ether)
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as a yellow liquid.*H NMR (400 MHz, Chloroform-d) § 7.16 (d, J = 8.8 Hz, 2H), 6.88 (d, J = 8.8 Hz,
2H), 6.30-6.17 (m, 1H), 3.81 (s, 3H), 2.72 — 2.67 (m, 2H), 2.54 — 2.46 (m, 2H), 2.15 (s, 6H).°F NMR
(376 MHz, Chloroform-d) & -104.91 (s, 2F). *C NMR (126 MHz, Chloroform-d) & 158.7, 141.8 (t, J
=31.8 Hz), 135.0 (t, J = 9.0 Hz), 132.3, 127.3, 115.9 (t, J = 235.5 Hz), 113.8, 55.4, 50.7, 41.4, 39.0 (,
J=34.9Hz),29.3 (t, J = 3.4 Hz), 27.4 (t, J = 2.3 Hz). MS (FI): m/z (%) 276 ([M]*). HRMS (FI) m/z:
([M]*) Calculated for C17H18F20: 276.1320; Found: 276.1322.

IE
F

1-(Cyclobut-1-en-1-yldifluoromethyl)-3-cyclopentylbicyclo[1.1.1]pentane (4c)

Compound 4c was prepared according to Procedure I. The reaction was conducted on a 0.4 mmol
scale. The product (41 mg, 43% vyield) was purified with silica gel chromatography (petroleum ether)
as a yellow liquid. *H NMR (400 MHz, Chloroform-d) § 6.18-6.13 (m, 1H), 2.65 — 2.60 (m, 2H), 2.50
—2.41 (m, 2H), 2.02 — 1.90 (m, 1H), 1.68 (s, 6H), 1.64 — 1.48 (m, 6H), 1.30 — 1.20 (m, 2H).2°F NMR
(376 MHz, Chloroform-d) § -105.2 (d, J = 1.9 Hz, 2F). *3C NMR (126 MHz, Chloroform-d) & 142.0
(t, J=31.9 Hz), 134.7 (t, J = 9.0 Hz), 115.1 (t, J = 235.5 Hz), 47.2 (t, J = 3.0 Hz), 42.8 (t, J = 1.6 Hz),
40.2,39.6 (t, J = 34.5 Hz), 29.3 (t, J = 3.7 Hz), 29.1, 27.3 (t, J = 2.0 Hz), 25.8. MS (FI): m/z (%) 238
(IM]%). HRMS (FI) m/z: ([M]") Calculated for C15H20F2: 238.1528; Found: 238.1526.

.,,F
F

1-(Cyclobut-1-en-1-yldifluoromethyl)-3-cyclohexylbicyclo[1.1.1]pentane (4d)

Compound 4d was prepared according to Procedure 1. The reaction was conducted on a 0.4 mmol
scale. The product (46 mg, 45% yield) was purified with silica gel chromatography (petroleum ether)
as a yellow liquid.*H NMR (400 MHz, Chloroform-d) & 6.17-6.13 (m, 1H), 2.69 — 2.56 (m, 2H), 2.52
—2.39 (m, 2H), 1.77 — 0.76 (m, 17H).2°F NMR (376 MHz, Chloroform-d) 5 -105.1 (d, J =1.9 Hz, 2F).
13C NMR (126 MHz, Chloroform-d) 5 142.04 (t, = 32 Hz), 134.66 (t, J = 9.1 Hz), 115.13 (t, J = 235.5
Hz), 46.53 (t, J = 3.0 Hz), 43.85 (t, J = 1.5 Hz), 38.98 (t, J = 34.4 Hz), 37.95, 29.30 (t, J = 3.5 Hz),
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29.27, 27.31 (t, J = 1.8 Hz), 26.34, 26.12. MS (FI): m/z (%) 252 ([M]*). HRMS (FI) m/z: ([M]%)
Calculated for C1gH22F2: 252.168; Found: 252.1678.

I
F

1-(Cyclobut-1-en-1-yldifluoromethyl)-3-(cyclohex-2-en-1-yl)bicyclo[1.1.1]pentane (4e)
Compound 4e was prepared according to Procedure 11 on a 0.5 mmol scale. The corresponding BCP-
zinc reagent 2f was obtained after the reaction mixture was stirred at 50 °C for 5 h. The product (120
mg, 96% yield) was purified with silica gel chromatography (petroleum ether) as a colourless liquid.tH
NMR (400 MHz, Chloroform-d) & 6.17-6.14 (m, 1H), 5.77 — 5.71 (m, 1H), 5.56 — 5.48 (m, 1H), 2.65
— 2.60 (m, 1H), 2.48 — 2.41 (m, 1H), 2.20 (m, 1H), 1.99 — 1.20 (m, 12H). °F NMR (376 MHz,
Chloroform-d) & -105.2(s, 2F). **C NMR (126 MHz, Chloroform-d) § 142.0 (t, J = 32 Hz), 134.7 (t, J
= 9.1 Hz), 128.3, 127.6, 115.0 (t, J = 235.6 Hz), 46.9 (t, J = 3.0 Hz), 42.8, 39.7 (t, J = 34.6 Hz), 36.1,
29.3 (t, J = 3.5 Hz), 27.3 (t, J = 2.0 Hz), 25.6, 25.1, 21.3. MS (FI): m/z (%) 250 ([M]*). HRMS (FI)
m/z: ([M]") Calculated for C1sHz20F2: 250.1528; Found: 250.1531.

.,IF
F

1-Allyl-3-(cyclobut-1-en-1-yldifluoromethyl)bicyclo[1.1.1]pentane (4f)

Compound 4f was prepared according to Procedure I1. 1.5 equiv of 1e (0.75 mmol) and 1.5 equiv of
TCP (0.75 mmol, in Et,0) were used. The corresponding BCP-zinc reagent 2e was obtained after the
reaction mixture was stirred for 2 h at rt. Then, CB-DFAS 3a (0.5 mmol, 1.0 equiv) was used. The
product (100 mg, 95% vyield) was purified with silica gel chromatography (petroleum ether) as a
colourless liquid.*H NMR (400 MHz, Chloroform-d) § 6.17-6.14 (m, 1H), 5.78 — 5.61 (m, 1H), 5.05
—5.02 (m, 1H), 5.02 — 4.98 (m, 1H), 2.66 — 2.59 (M, 2H), 2.50 — 2.43 (m, 2H), 2.26 (d, J = 7.2 Hz,
2H), 1.74 (s, 6H).°F NMR (376 MHz, Chloroform-d) & -105.1 (d, J = 1.5 Hz, 2F).13C NMR (126 MHz,
Chloroform-d) § 141.9 (t, J = 31.9 Hz), 134.9, 134.8 (t, J = 9.1 Hz), 116.5, 114.8 (t, J = 235.5 Hz),
48.6 (t,J = 3.2 Hz), 40.4 (t, J = 34.5 Hz), 39.0 (t, J = 1.9 Hz), 36.6, 29.3 (t, J = 3.5 Hz), 27.3 (t, J = 1.9
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Hz). MS (FI): m/z (%) 210 ([M]"). HRMS (FI) m/z: ([M]") Calculated for C13H16F2: 210.1215; Found:
210.12009.

2-mmol-Scale Synthesis of Compound 4f.

To a 50 mL Schlenk tube was added a solution of allylzinc reagent in THF (3.0 mmol, 1.5 equiv),
followed by TCP (3 mmol, 1.5 equiv, in Et20). The tube was screw-capped and stirred for 2 h at room
temperature. Then, excessive TCP was removed under vacuum to afford a solution of BCP-zinc
reagent 2e in THF, which was used directly for the next step. To another 50 mL Schlenk tube, CuBr
(2.5 mol%) was added in Ar. The tube was evacuated and backfilled with Ar (3 times). Subsequently,
CB-DFAS 3 (2.0 mmol, 1.0 equiv) and anhydrous THF (8.0 mL) were added to the tube. Then, the
solution of BCP-zinc reagent 2e was diluted with THF (4 mL) and added dropwise to the reaction
mixture at room temperature. The tube was screw-capped, and the reaction was stirred for 3 h at room
temperature. The resulting mixture was quenched with saturated NH4Cl and diluted with ethyl acetate.
The aqueous phase was extracted with ethyl acetate (3>30 mL). The combined organic layers were
dried over Na>SOyg, filtered, and concentrated. The residue was purified with silica gel chromatography

(petroleum ether) as a colourless liquid (312 mg, 74% isolated yield).

CH,OBn

1-((3-((Benzyloxy)methyl)cyclobut-1-en-1-yl)difluoromethyl)-3-(2-methylbut-3-en-2-yl)bicyclo-
[1.1.1]pentane (49)

Compound 4g was prepared according to Procedure Il on a 0.5 mmol scale. The corresponding BCP-
zinc reagent 2e was obtained after the reaction mixture was stirred for 2 h at rt. The product (136 mg,
82% vyield) was purified with silica gel chromatography (petroleum ether) as a colourless liquid. *H
NMR (400 MHz, Chloroform-d) & 7.40 — 7.27 (m, 5H), 6.33-6.14 (m, 1H), 5.77 — 5.62 (m, 1H), 5.09
—4.97 (m, 2H), 4.53 (s, 2H), 3.52 (d, J = 6.8 Hz, 2H), 3.01 (d, J = 7.6 Hz, 1H), 2.78 — 2.66 (m, 1H),
2.25 (dd, J = 1.6, 10 Hz, 3H), 1.72 (s, 6H).°F NMR (376 MHz, Chloroform-d) & -105.72 (d, J = 12.0
Hz, 2F).13C NMR (126 MHz, Chloroform-d) & 142.10 (t, J = 32.3 Hz), 138.48, 136.16 (t, J = 8.6 Hz),
134.84, 128.55, 127.81, 127.79, 116.54, 114.93 (t, J = 236 Hz), 73.34, 73.16, 48.62 (t, J = 3.0 Hz),
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40.34 (t, J = 34.5 Hz), 39.76, 39.07, 36.55, 32.81. MS (DART ): m/z (%) 348.2 ([M+NHa]"). HRMS
(DART) m/z: ([M+NH.]") Calculated for C21H24F>0: 348.2133; Found: 348.2133.

I
F

1-(Cyclobut-1-en-1-yldifluoromethyl)-3-(2-methylbut-3-en-2-yl)bicyclo[1.1.1]pentane (4h)
Compound 4h was prepared according to Procedure 11 on a 0.5 mmol scale. The corresponding BCP-
zinc reagent 2g was obtained after the reaction mixture was stirred at 50 °C for 10 h. The product (109
mg, 91% yield) was purified with silica gel chromatography (petroleum ether) as a colourless liquid.tH
NMR (400 MHz, Chloroform-d) & 6.28-6.07 (m, 1H), 5.76 (dd, J = 17.2, 10.8 Hz, 1H), 5.02 — 4.88 (m,
2H), 2.66 — 2.60 (m, 2H), 2.48 — 2.41 (m, 2H), 1.67 (s, 6H), 0.96 (s, 6H). °F NMR (376 MHz,
Chloroform-d) & -105.3 (s, 2F).2*C NMR (126 MHz, Chloroform-d) § 144.7, 142.0 (t, J = 32 Hz),
134.7 (t, J = 9.0 Hz), 115.2 (t, J = 235.7 Hz), 111.6, , 46.7, 45.4 (t, J = 3.0 Hz), 38.4 (t, J = 34.7 Hz),
36.0, 29.3 (t, J = 3.7 Hz), 27.3 (t, J = 1.8 Hz), 22.9. MS (FI): m/z (%) 238 ([M]*). HRMS (FI) m/z:
([M]*) Calculated for C1sH20F2: 238.1528; Found: 238.1529.

CH,OBn

1-Allyl-3-((3-((benzyloxy)methyl)cyclobut-1-en-1-yl)difluoromethyl)bicyclo[1.1.1]pentane (4i)

Compound 4i was prepared according to Procedure 11 on a 0.5 mmol scale. The corresponding BCP-
zinc reagent 2g was obtained after the reaction mixture was stirred at 50 °C for 10 h. The product (146
mg, 81% yield) was purified with silica gel chromatography (petroleum ether) as a colourless liquid.
IH NMR (400 MHz, Chloroform-d) & 7.45 — 7.28 (m, 5H), 6.25-6.21 (m, 1H), 5.75 (dd, J = 17.6, 11.2
Hz, 1H), 4.97 (d, J = 2.8 Hz, 1H), 4.94 (d, J = 9.6 Hz, 1H), 4.53 (s, 2H), 3.52 (d, J = 6.4 Hz, 2H), 3.10
—2.95 (m, 1H), 2.79 — 2.70 (m, 1H), 2.32 — 2.19 (m, 1H), 1.65 (s, 6H), 0.95 (s, 6H).1°F NMR (376
MHz, Chloroform-d) § -105.8 (d, J = 19.2 Hz, 2F).13C NMR (126 MHz, Chloroform-d) & 144.69,
142.12 (t,J=32.3 Hz), 138.48, 136.17 (t, J = 8.7 Hz), 128.55, 127.80, 115.29 (t, J = 236.4 Hz), 111.62,
73.33, 73.16, 46.71, 45.42 (t, J = 2.8 Hz), 39.75, 38.34 (t, J = 34.7 Hz), 35.99, 32.79 (t, J = 3.3 Hz),
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22.96. MS (DART): m/z (%) 376.2 ([M+NHa4]"). HRMS (DART) m/z: ([M+NH4]") Calculated for
Ca3H2gF20: 376.2446; Found: 376.2446.

6. General Procedure for the Synthesis of 5 from TCP via Copper Catalysis

F M o
F € OoTf
I . N\ § CuBr (10 mo%) :
n + @ ",
THF, 1t, 3 h F
TCP

1 F
5
O =H, CH,0Bn

CB-DFAS 3
To a 25 mL Schlenk tube, CuBr (10 mol %) was added in the air. The tube was evacuated and
backfilled with Ar (3 times). THF (1.0 mL) was added. Then, organic zinc reagent 1 (1.2 equiv) was
added in one portion, followed by the addition of a solution of TCP (1.5 equiv) in diethyl ether (0.6-
1.2 M) at 25 °C under Ar. The tube was screw-capped, and the reaction mixture was stirred for 10 min
at room temperature. Subsequently, a solution of CB-DFAS 3 (1.0 equiv) in THF (1.5 mL) was added
dropwise for two minutes. The tube was screw-capped, and the reaction mixture was stirred for 3 h at
room temperature. The resulting mixture was quenched with saturated aqueous NH4Cl and diluted
with EtOAc. The aqueous phase was extracted with ethyl acetate (310 mL). The combined organic

layers were dried over NaxSOg, filtered, and concentrated. The residue was purified with flash

chromatography to afford the product.

7. Characterization Data for Compounds 5

4-(1-(Cyclobut-1-en-1-yldifluoromethyl)-3-methylenecyclobutyl)-1,1'-biphenyl (5a)

The reaction was conducted on a 0.5 mmol scale. Compound 5a (152 mg, 94% vyield) was purified
with silica gel chromatography (petroleum ether) as a yellow liquid. *H NMR (400 MHz, Chloroform-
d) 8 7.61 (d, J = 7.9 Hz, 2H), 7.57 (d, J = 8.3 Hz, 2H), 7.45 (t, J = 7.6 Hz, 2H), 7.36 (d, J = 8.4 Hz,
3H), 6.09-6.04 (m, 1H), 4.86 (t, 2H), 3.50 — 3.42 (M, 2H), 3.19 — 3.11 (m, 2H), 2.40 — 2.37 (M, 2H),
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2.37 — 2.31 (m, 2H).®F NMR (376 MHz, Chloroform-d) & -108.0(s, 2F).2*C NMR (126 MHz,
Chloroform-d) & 142.5, 141.6 (t, J = 32.1 Hz), 140.8, 140.6 (t, J = 2.5 Hz), 139.9, 136.0 (t, J = 9.1 Hz),
129.0, 128.9, 127.5, 127.2, 126.6, 119.6 (t, J = 244.2 Hz), 107.2, 47.6 (t, J =26 Hz), 39.5 (t, J=4.4
Hz), 30.7 (t, J = 4.0 Hz), 27.1 (t, J = 1.9 Hz). MS (FI): m/z (%) 322 ([M]*). HRMS (FI) m/z: ([M]*)
Calculated for C22H20F2: 322.1528; Found: 322.1533.

Using 3.0 equiv of TCP to react with arylzinc 1h and 3.

To a 25 mL Schlenk tube, CuBr (10 mol %) was added in the air. The tube was evacuated and
backfilled with Ar (3 times). THF (1.0 mL) was added. Then, organic zinc reagent 1h (1.2 equiv, 0.28
M in THF) was added in one portion, followed by the addition of a solution of TCP (3.0 equiv, 0.98
M in diethyl ether) at 25°C under Ar. The tube was screw-capped, and the reaction mixture was stirred
for 10 min at room temperature. Subsequently, a solution of CB-DFAS 3 (0.3 mmol, 1.0 equiv, 1.44
M in DCM) in THF (1.5 mL) was added dropwise for two minutes. The tube was screw-capped, and
the reaction mixture was stirred for 3 h at room temperature. The yield (79%) was determined by '°F

NMR using 4-fluorotoluene as the internal standard.

1-(1-(Cyclobut-1-en-1-yldifluoromethyl)-3-methylenecyclobutyl)-4-methoxybenzene (5b)

The reaction was conducted on a 0.5 mmol scale. Compound 5b (107 mg, 77% yield) was purified
with silica gel chromatography (petroleum ether) as a light-yellow liquid. *H NMR (400 MHz,
Chloroform-d) 6 7.20 (d, J = 8.6 Hz, 2H), 6.86 (d, J = 8.6 Hz, 2H), 5.99-5.95 m, 1H), 4.83 (p, J = 1.6
Hz, 2H), 3.81 (s, 3H), 3.45 — 3.34 (m, 2H), 3.09 — 3.00 (M, 2H), 2.36 — 2.29 (m, 4H).1F NMR (376
MHz, Chloroform-d) & -108.3(s, 2F).13C NMR (126 MHz, Chloroform-d) & 158.6, 142.7, 141.8 (t, J =
32.1 Hz), 135.7 (t, = 9.1 Hz), 133.5, 129.68, 119.7 (t, J = 243.9 Hz), 113.2, 107.1, 55.4, 47.2 (t, J =
25.8 Hz), 39.4 (t, J = 4.5 Hz), 30.5 (t, J = 4.2 Hz), 27.1 (t, J = 1.8 Hz). MS (FI): m/z (%) 276 ([M]*).

HRMS (FI) m/z: ([M]") Calculated for C17H1sF20: 276.1320; Found: 276.1322.
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2-mmol-Scale Synthesis of Compound 5b.

To a 50 mL Schlenk tube, CuBr (20 mol %) was added in the air. The tube was evacuated and
backfilled with Ar (3 times). THF (10 mL) was added. Then, organic zinc reagent 1i (1.2 equiv) was
added in one portion, followed by the addition of a solution of TCP (1.5 equiv) in diethyl ether (1.1
M) at 0 °C under Ar. The reaction mixture was stirred for 10 min at 0 °C. A solution of allyl sulfonium
salt 3a (2 mmol, 1.0 equiv) in THF (15 mL) was added dropwise for 30 minutes via a syringe pump.
The resulting reaction mixture was stirred for 3 h at 0 °C. The resulting mixture was quenched with
saturated aqueous NH4Cl and diluted with ethyl acetate. The aqueous phase was extracted with ethyl
acetate (3>30 mL). The organic layers were dried over Na>SOys, filtered, and concentrated. The residue
was purified with silica gel chromatography (petroleum ether) as a light-yellow liquid (375 mg, 68%

isolated yield).

MeO

1-(1-(Cyclobut-1-en-1-yldifluoromethyl)-3-methylenecyclobutyl)-3-methoxybenzene (5c)

The reaction was conducted on a 0.3 mmol scale. Compound 5c¢ (73 mg, 88% yield) was purified with
silica gel chromatography (petroleum ether) as a yellow liquid. *H NMR (500 MHz, Chloroform-d) §
7.29-7.22 (m, 1H), 6.89 (d, J = 7.5 Hz, 1H), 6.85 (s, 1H), 6.82 (d, J = 8.5 Hz, 1H), 6.05-6.01 (m, 1H),
4.91 — 4.75 (m, 2H), 3.81 (s, 3H), 3.46 — 3.36 (M, 2H), 3.11 (M, 2H), 2.39 — 2.25 (M, 4H).°F NMR
(376 MHz, Chloroform-d) & -108.2 (s, 2F).2*C NMR (126 MHz, Chloroform-d) § 159.2, 143.2, 142.5,
141.6 (t,J =32.1 Hz), 135.8 (t, J = 8.9 Hz), 128.7, 121.0, 119.5 (t, J = 244.2 Hz), 114.9, 112.1, 107.0,
55.3,47.9 (t, J = 25.8 Hz), 39.4 (t, J = 4.5 Hz), 30.6 (t, J = 4.0 Hz), 27.1. MS (DART): m/z (%) 294.2
([IM+NH4]"). HRMS (DART) m/z: ([M+NH4]") Calculated for Ci7HigF20: 294.1664; Found:
294.1664.
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MeO

1-(1-((3-((Benzyloxy)methyl)cyclobut-1-en-1-yl)difluoromethyl)-3-methylenecyclobutyl)-3-
methoxybenzene (5d)

The reaction was conducted on a 0.3 mmol scale. Compound 5d (110 mg, 92% yield) was purified
with silica gel chromatography (petroleum ether) as a yellow liquid. *H NMR (400 MHz, Chloroform-
d) 5 7.40 — 7.28 (m, 5H), 7.18 (t, J = 8 Hz, 1H), 6.87 — 6.72 (m, 3H), 6.08-6.05 (m, 1H), 4.82 (s, 2H),
4.49 (s, 2H), 3.79 (s, 3H), 3.46 — 3.34 (m, 4H), 3.08 (d, J = 16.0 Hz, 2H), 2.88 (d, J = 6.4 Hz, 1H),
2.49 — 2.43 (m, 1H), 1.96 (d, J = 13.2 Hz, 1H).2°F NMR (376 MHz, Chloroform-d) & -108.7 (d, J =
15.4 Hz, 2F).13C NMR (126 MHz, Chloroform-d) & 159.2, 143.0 (t, J = 2.3 Hz), 142.4, 142.0 (t, J =
32.3Hz), 138.5,137.1 (t, J=8.4 Hz), 128.8, 128.5, 127.8, 121.1, 119.6 (t, J = 244.7 Hz), 115.0, 112.1,
107.2,73.3,72.8,58.6, 55.3, 47.8 (t, J = 25.7 Hz), 39.6, 39.4 (9, J = 4.3 Hz), 34.1 (t, J = 3.7 Hz), 18.6.
MS (ESI Positive lon Mode): m/z (%) 414.2 ([M+NH4]"). HRMS (ESI Positive lon Mode) m/z:
([M+NHa4]") Calculated for CasH2eF202: 414.2239; Found: 414.2236.

1-(1-(Cyclobut-1-en-1-yldifluoromethyl)-3-methylenecyclobutyl)benzonitrile (5¢)

The reaction was conducted on a 0.3 mmol scale. Compound 5e (34 mg, 42% yield) was purified with
silica gel chromatography (petroleum ether) as a yellow liquid. *H NMR (500 MHz, Chloroform-d) &
7.59 — 7.55 (m, 2H), 7.53 (d, J = 8.0 Hz, 1H), 7.44 (t, J = 8.0 Hz, 1H), 6.02-5.99 (m, 1H), 4.87 (t, J =
7.5 Hz, 2H), 3.47 — 3.40 (m, 2H), 3.06 (d, J = 16.5 Hz, 2H), 2.43 — 2.30 (m, 4H). °F NMR (376 MHz,
Chloroform-d) § -108.1(s, 2F).23C NMR (126 MHz, Chloroform-d) § 143.2 (t, J = 2.5 Hz), 141.1,
140.8 (t, J =31.8 Hz), 136.9 (t, J = 9.1 Hz), 133.1, 132.3, 130.8, 128.8, 119.9 (t, J = 245.7 Hz), 112.2,
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107.9, 47.8 (t, J = 26.3 Hz), 39.4 (t, J = 4.3 Hz), 30.6 (t, J = 4.0 Hz), 27.2(t, J = 1.8 Hz). MS (DART):
m/z (%) 289.2 ([M+NH4]"). HRMS (DART) m/z: ([M+NH4]") Calculated for C17H1sF2N: 289.1511;
Found: 289.1511.

4-(1-(Cyclobut-1-en-1-yldifluoromethyl)-3-methylenecyclobutyl)butanenitrile (5f)

The reaction was conducted on a 0.3 mmol scale. Compound 5f (38 mg, 53% yield) was purified with
silica gel chromatography (petroleum ether) as a yellow liquid. *H NMR (500 MHz, Chloroform-d) &
6.23-6.19 (m, 1H), 4.86 (t, J = 2.5 Hz, 2H), 3.08 — 2.99 (m, 2H), 2.63 (s, 2H), 2.52 — 2.45 (m, 2H),
2.40 (d, J = 16.5 Hz, 2H), 2.35 (t, J = 6.0 Hz, 2H), 1.78 (s, 4H). 1°F NMR (376 MHz, Chloroform-d)
§ -106.7(s, 2F). 3C NMR (126 MHz, Chloroform-d) & 142.2, 141.2 (t, J = 31.5 Hz), 135.9 (t, J = 9.1
Hz), 120.2 (t, J = 240.7 Hz), 119.5, 108.67, 42.0 (t, J = 25.5 Hz), 36.7 (t, J = 4.5 Hz), 34.6 (t, J = 2.4
Hz), 29.9 (t, J = 4.0 Hz), 27.4 (t, J = 1.9 Hz), 21.0 (t, J = 2.0 Hz), 18.0. MS (DART): m/z (%) 255.2
([IM+NH4]"). HRMS (DART) m/z: ([M+NH4]") Calculated for CisHi7F2N: 255.1667; Found:
255.1667.

CO,Et
Ethyl 4-(1-(cyclobut-1-en-1-yldifluoromethyl)-3-methylenecyclobutyl)butanoate (5g)

The reaction was conducted on a 0.3 mmol scale. Compound 5g (50 mg, 58% yield) was purified with
silica gel chromatography (petroleum ether) as a yellow liquid. *H NMR (500 MHz, Chloroform-d) &
6.19-6.16 (M, 1H), 4.83 (s, 2H), 4.12 (g, J = 7.0 Hz, 2H), 2.98 (d, J = 16.5 Hz, 2H), 2.61 (s, 2H), 2.50
—2.38(m, 4H), 2.29 (t, J = 6.5 Hz, 2H), 1.77 — 1.67 (m, 2H), 1.67 — 1.58 (m, 2H), 1.25 (t, J = 7.0 Hz,
3H).2F NMR (376 MHz, Chloroform-d) & -111.0(s, 2F).X*C NMR (126 MHz, Chloroform-d) § 173.5,
143.0, 141.6 (t, J = 31.6 Hz), 135.4 (t, J = 9.1 Hz), 120.5 (t, J = 240.5 Hz), 108.1, 60.4, 42.2 (t, J =
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25.1 Hz), 36.4 (t, J = 4.8 Hz), 35.0, 34.7 ((t, J = 2.4 Hz), 30.0 (t, J = 4.0 Hz), 27.4 (t, J = 1.9 Hz), 20.2,
14.4. MS (DART): m/z (%) 302.2 ([M+NHJ]*). HRMS (DART) m/z: ([M+NHa]*) Calculated for
Ci6H22F202: 302.1926: Found: 302.1926.

8. General Procedure for the Synthesis of Compounds 6

F " o
F € OoTf
\ ¢ CuBr (10 mo%)
-ZnX  + + ) / F
THF, 1, 3 h =
TCP

1

CB-DFAS 3 6 @ =H, GH,0Bn
To a 25 mL Schlenk tube, CuBr (10 mol %) was added in the air. The tube was evacuated and
backfilled with Ar (3 times). THF (1.0 mL) was added to the tube, followed by the organic zinc reagent
1’ (1.2 equiv). Then, a solution of TCP (3.0 equiv) in diethyl ether (0.6-1.2 M) was added at 25 °C
under Ar. The tube was screw-capped, and the reaction mixture was stirred for 10 min at room
temperature. A solution of CB-DFAS 3 (1.0 equiv) in THF (1.5 mL) was added dropwise for two
minutes. The tube was screw-capped, and the reaction mixture was stirred for 3 h at room temperature.
The yield was determined by F NMR using fluorobenzene as an internal standard. The resulting
mixture was quenched with saturated aqueous NH4Cl and diluted with EtOAc. The aqueous phase was
extracted with ethyl acetate (3><10 mL). The organic layers were dried over Na>SOg, filtered, and

concentrated. The residue was purified with flash chromatography to afford the product.

9. Characterization Data for Compounds 6

EtO,C
Ethyl4-(1-(3-(cyclobut-1-en-1-yldifluoromethyl)bicyclo[1.1.1]pentan-1-yl)-3-methylenecyclo-
butyl)benzoate (6a)

The reaction was conducted on a 0.3 mmol scale, and 3.0 equiv of TCP was used. Compound 6a (99

mg, 86% yield) was purified with FP ECOFLEX C18 (20 g) (MeCN: H,0 = 7:3) as a yellow oil.*H
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NMR (500 MHz, Chloroform-d) & 7.99 (d, J = 8.5 Hz, 2H), 7.08 (d, J = 8.5 Hz, 2H), 6.11-6.08 (m,
1H), 4.84 (t, J = 2 Hz, 2H), 4.37 (g, J =7.0 Hz, 2H), 2.99 (s, 4H), 2.61 — 2.53 (m, 2H), 2.44 — 2.34 (m,
2H), 1.63 (s, 6H), 1.39 (t, J = 7.0 Hz, 3H).19F NMR (376 MHz, Chloroform-d) & -105.4 (d, J =2.0 Hz,
2F).13C NMR (126 MHz, Chloroform-d) & 166.6, 151.0, 143.1, 141.6 (t, J = 31.8 Hz), 134.8 (t, J=9.1
Hz), 129.4, 128.3, 126.3, 115.0 (t, J = 236.0 Hz), 107.2, 61.0, 46.0, 45.5 (t, J = 2.8 Hz), 42.2, 39.8,
39.1 (t, J = 35.0 Hz), 29.2 (t, J = 3.4 Hz), 27.2, 14.5. MS (DART): m/z (%) 385.2 ([M+H]*). HRMS
(DART) m/z: ([M+H]") Calculated for C2sH26F202: 385.1974; Found: 385.1972 .

Using 1.5 equiv of TCP to react with 1’a and 3

To a 25 mL Schlenk tube, CuBr (10 mol %) was added in the air. The tube was evacuated and
backfilled with Ar (3 times). THF (1.0 mL) was added to the tube, followed by the organic zinc reagent
1’a (1.2 equiv, 0.22 M in THF). Then, a solution of TCP (1.5 equiv, 0.98 M in diethyl ether) was added
at 25°C under Ar. The tube was screw-capped, and the reaction mixture was stirred for 10 min at room
temperature. A solution of CB-DFAS 3 (0.3 mmol, 1.0 equiv, 1.44 M in DCM) in THF (1.5 mL) was
added dropwise for two minutes. The tube was screw-capped, and the reaction mixture was stirred for
3 h at room temperature. The yield (37%) was determined by °F NMR using 4-fluorotoluene as the

internal standard.

3-(1-(3-(Cyclobut-1-en-1-yldifluoromethyl)bicyclo[1.1.1]pentan-1-yl)-3-methylenecyclo-
butyl)benzonitrile (6b)

The reaction was conducted on a 0.3 mmol scale, and 3.0 equiv of TCP was used. Compound 6b (93
mg, 91% vyield) was purified with FP ECOFLEX C18 (20 g) (MeCN: H.0 = 7:3) as a yellow oil.*H
NMR (400 MHz, Chloroform-d) & 7.60 (d, J = 8.4 Hz, 2H), 7.12 (d, J = 8.4 Hz, 2H), 6.12-6.08 (m,
1H), 4.85 (t, J = 2.0 Hz, 2H), 2.97 (s, 4H), 2.61 — 2.53 (m, 2H), 2.46 — 2.36 (M, 2H), 1.63 (s, 6H). *°F
NMR (376 MHz, Chloroform-d) & -105.3 (s, 2F). **C NMR (126 MHz, Chloroform-d) § 151.3, 142.4,
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141.4 (t, J = 31.9 Hz), 135.0 (t, J = 8.9 Hz), 132.0, 127.1, 119.0, 114.8 (t, J = 236.0 Hz), 109.9, 107.6,
45.8,45.4 (t, J = 2.9 Hz), 42.4,39.8, 39.2 (t, J = 35.2 Hz), 29.2 (t, J = 3.5 Hz), 27.3 (t, J = 2.3 Hz). MS
(DART POSITIVE): m/z (%) 338.2 ((M+H]*). HRMS (DART POSITIVE) m/z: ([M+H]*) Calculated
for C22H21F2N: 338.1715; Found: 338.1715.

Using 1.5 equiv of TCP to react with 1°’b and 3

To a 25 mL Schlenk tube, CuBr (10 mol %) was added in the air. The tube was evacuated and
backfilled with Ar (3 times). THF (1.0 mL) was added to the tube, followed by the organic zinc reagent
1’b (1.2 equiv, 0.31 M in THF). Then, a solution of TCP (1.5 equiv, 0.98 M in diethyl ether) was added
at 25°C under Ar. The tube was screw-capped, and the reaction mixture was stirred for 10 min at room
temperature. A solution of CB-DFAS 3 (0.3 mmol, 1.0 equiv, 1.44 M in DCM) in THF (1.5 mL) was
added dropwise for two minutes. The tube was screw-capped, and the reaction mixture was stirred for
3 h at room temperature. The yield (65%) was determined by °F NMR using 4-fluorotoluene as the

internal standard.

EtO,C
Ethyl4-(1-(3-((3-((benzyloxy)methyl)cyclobut-1-en-1-yl)difluoromethyl)bicyclo[1.1.1]pentan-1-
yl)-3-methylenecyclobutyl)benzoate (6¢)

The reaction was conducted on a 0.3 mmol scale, and 3.0 equiv of TCP was used. Compound 6c¢
(133mg, 88% vyield) was purified with FP ECOFLEX C18 (20 g) (MeCN: H20 = 7:3) as a yellow oil.
IH NMR (400 MHz, Chloroform-d) § 7.99 (d, J = 8.4 Hz, 2H), 7.37 — 7.28 (m, 4H), 7.08 (d, J = 8.4
Hz, 2H), 6.20 — 6.15 (m, 1H), 4.84 (s, 2H), 4.51 (s, 2H), 4.38 (q, J = 7.2 Hz, 2H), 3.49 (d, J = 7.0 Hz,
2H), 2.98 (s, 4H), 2.73 — 2.62 (m, 1H), 2.25 — 2.16 (m, 1H), 1.62 (s, 6H), 1.39 (t, J = 7.2 Hz, 3H). °F
NMR (376 MHz, Chloroform-d) § -105.82 (s, 2F). $3C NMR (101 MHz, Chloroform-d) § 166.7, 151.0,
143.2, 141.8 (t, = 32.2 Hz), 138.5, 136.3 (t, J = 8.6 Hz), 129.5, 128.5, 128.3, 127.8, 126.3, 115.1 (t,
J=237.0 Hz), 107.3, 73.3, 73.0, 61.0, 46.0, 45.5 (t, J = 2.6 Hz), 42.3, 39.9, 39.7, 39.1 (t, J = 35.0 Hz),
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32.7 (t, J = 3.2 Hz), 14.5. MS (ESI): m/z (%) 505.3 ([M+H]"). HRMS (ESI) m/z: ([M+H]") Calculated
for Cs2H34F203: 505.2549; Found: 505.2546.

CHzan

4-(1-(3-((3-((Benzyloxy)methyl)cyclobut-1-en-1-yl)difluoromethyl)bicyclo[1.1.1]pentan-1-yl)-3-
methylenecyclobutyl)benzonitrile (6d)

The reaction was conducted on a 0.3 mmol scale, and 3.0 equiv of TCP was used. Compound 6d (110
mg, 80% yield) was purified with FP ECOFLEX C18 (20 g) (MeCN: H.0 = 7:3) as a yellow oil.1H
NMR (500 MHz, Chloroform-d) § 7.60 (d, J = 8.4 Hz, 2H), 7.39 — 7.28 (m, 5H), 7.12 (d, J = 8.4 Hz,
2H), 6.21-6.18 (m, 1H), 4.86 (t, J = 2.5 Hz, 2H), 4.51 (s, 2H), 3.50 (d, J = 7.0 Hz, 2H), 2.97 (t, J= 2.0
Hz, 5H), 2.72 — 2.62 (m, 1H), 2.27 — 2.19 (m, 1H), 1.62 (s, 6H).2°F NMR (376 MHz, Chloroform-d) &
-105.8 (d, J = 15.0 Hz, 2F).23C NMR (126 MHz, Chloroform-d) & 151.3, 142.4, 141.7 (t, J = 32.1 Hz),
138.4, 136.5 (t, J = 8.7 Hz), 132.1, 128.5, 127.8, 127.7, 127.1, 119.1, 114.9 (t, J = 236.4 Hz), 110.0,
107.7, 73.3, 73.0, 45.9, 455, 42.4, 39.8, 39.7, 39.2 (t, J = 35.0 Hz), 32.6 (t, J = 2.9 Hz). MS (ESI
Positive lon Mode): m/z (%) 458.2 ([M+H]"). HRMS (ESI Positive lon Mode) m/z: ([M+H]")
Calculated for CsoH29F2NO: 458.2290; Found: 458.2287 .

10. Transformations of Compound 4f

Synthesis of compound 7

m-CPBA i

F DCM, rt, 12 h o

4f 7,72%

To a 25 mL Schlenk tube, 4e (93.6 mg, 0.3 mmol, 1.0 equiv) and DCM (2.0 mL) were added. The
solution was stirred at 0 °C. Then, m-CPBA (104 mg, 0.6 mmol, 2.0 equiv) was added to the solution.
After stirring for 24 h at room temperature, the reaction mixture was concentrated, and the residue was

purified with silica gel column chromatography (petroleum ether : ethyl acetate = 15:1) to afford 7 (49
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mg, 72% yield) as a white solid. *H NMR (400 MHz, Chloroform-d) § 6.19-6.15 (m, 1H), 2.95 — 2.88
(m, 1H), 2.76 (t, J = 4.8 Hz, 1H), 2.65 — 2.60 (m, 2H), 2.48 — 2.40 (m, 3H), 1.86 (s, 6H), 1.72 (s, 1H),
1.71 (d, J = 2.0 Hz, 1H). °F NMR (376 MHz, Chloroform-d) & -105.11 (s, 2F). 3C NMR (101 MHz,
Chloroform-d) & 141.73 (t, J = 31.9 Hz), 134.96 (t, J = 9.0 Hz), 114.59 (t, J = 236.0 Hz), 50.25, 49.42
(t, J = 3.1 Hz), 46.53, 40.66 (t, J = 34.8 Hz), 37.66 (t, J = 1.9 Hz), 34.86, 29.28 (t, J = 3.6 Hz), 27.36
(t, J = 2.0 Hz). MS (FI): m/z (%) 226 ([M]*). HRMS (FI) m/z: ([M]") Calculated for C13H1sF20:
226.1164; Found: 226.1166.

Synthesis of compound 8

BI’2

_ CCl,, 0°C, 2 h

4f 8, 70%

To a 25 mL Schlenk tube, 4e (63 mg, 0.3 mmol, 1.0 equiv) and CCls (1.0 mL) were added at 0 °C with
stirring. Then, Brz (71 mg, 0.45 mmol, 1.5 equiv) was added. After stirring for 2 h at 0 °C, the reaction
mixture was concentrated, and the residue was purified with silica gel column chromatography
(petroleum ether : ethyl acetate = 50:1) to afford 8 (77 mg, 70% vyield) as a yellow oil. *H NMR (400
MHz, Chloroform-d) 6 6.19-6.16 (m, 1H), 4.07 (tdd, J = 9.6, 4.4, 2.8 Hz, 1H), 3.83 (dd, J = 10.0, 4.0
Hz, 1H), 3.61 (t, J = 10.0 Hz, 1H), 2.67 — 2.60 (m, 2H), 2.54 — 2.43 (m, 3H), 2.06 (dd, J = 15.6, 9.6
Hz, 1H), 1.91 (d, J = 2.0 Hz, 6H).9F NMR (376 MHz, Chloroform-d) & -105.06 (s, 2F).13C NMR (101
MHz, Chloroform-d) § 141.34 (t, J = 31.8 Hz), 134.71 (t, J = 9.0 Hz), 114.20 (t, J = 236.0 Hz), 49.44
(t, J = 3.1 Hz), 49.00, 40.17 (t, J = 34.8 Hz), 37.94 (t, J = 1.9 Hz), 37.52, 36.26, 28.96 (t, J = 3.6 Hz),
27.05 (t, J=2.0 Hz). MS (FI): m/z (%) 368 ([M]*). HRMS (FI) m/z: ([M]") Calculated for C13H16Br2Fo:
367.9581; Found: 367.9583.
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12. Copies of 'H NMR, **F NMR and *C NMR Spectra

1-(4-(tert-Butyl)phenyl)-3-(cyclobut-1-en-1-yldifluoromethyl)bicyclo[1.1.1]pentane (4a)
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1-(Cyclobut-1-en-1-yldifluoromethyl)-3-(4-methoxyphenyl)bicyclo[1.1.1]pentane (4b)
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1-(Cyclobut-1-en-1-yldifluoromethyl)-3-cyclopentylbicyclo[1.1.1]pentane (4c)
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1-(Cyclobut-1-en-1-yldifluoromethyl)-3-cyclohexylbicyclo[1.1.1]pentane(4d)
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CieHaof2
Exact Mass: 252.1690
'H NMR (400 MHz, CDCly)
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1-(Cyclobut-1-en-1-yldifluoromethyl)-3-(cyclohex-2-en-1-yl)bicyclo[1.1.1]pentane (4e)
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C\UHTJF.‘
Exact Mass: 250 1533
13C NMR (101 MHz, CDCl,)
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1-Allyl-3-(cyclobut-1-en-1-yldifluoromethyl)bicyclo[1.1.1]pentane (4f)

oovL't
BPHE'Z
08922
08Pz
LSEVT
somr e
Serb zd
58py'z
Lor'z
98097
9219z
98197
51297
89297
L7E9'T
65661
99861
9/20'5
£020'S
SPE0's
9/0'G
0859'5
EB_J

191957
5¥89'5
Z689'G

0569'S _.
020L'S
890L'G
BPlL'S
WEL'S
LECL'S
68EL'G
B95L'S
L5pL'9
BZ5L'9
66519

G568 ¥
9866 7
92205
€0E0'§
GPE0G
9Le0'S
0259
01495
L9496
CEB9 §
0563
020L'G
arlls
LLal's
LEELS
68EL S
695.'G
LSPL9
8Z5L9
6651 9

e o e

Chemical Formula

szchFz
Exact Mass: 2101220
'H NMR (400 MHz, CDCly)
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1-((3-((Benzyloxy)methyl)cyclobut-1-en-1-yl)difluoromethyl)-3-(2-methylbut-3-en-2-

yl)bicyclo[1.1.1]pentane (4Q)
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Exact Mass: 3301795
13C NMR (126 MHz, CDCly)
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1-(Cyclobut-1-en-1-yldifluoromethyl)-3-(2-methylbut-3-en-2-yl)bicyclo[1.1.1]pentane (4h)
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CsHaof2
Exact Mass: 238 1533
'H NMR (400 MHz, CDCly)
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1-((3-((Benzyloxy)methyl)cyclobut-1-en-1-yl)difluoromethyl)-3-(2-methylbut-3-en-2-

yl)bicyclo[1.1.1]pentane (4i)
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Exact Mass: 358 2108
13C NMR (126 MHz, CDCly)
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4-(1-(Cyclobut-1-en-1-yldifluoromethyl)-3-methylenecyclobutyl)-1,1'-biphenyl (5a)
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CazHzoF 2
Exact Mass: 322 1533
"H NMR (400 MHz, CDCl5)
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CazHzoF 2
Exact Mass: 322.1533
3G NMR (101 MHz, CDCly)
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1-(1-(Cyclobut-1-en-1-yldifluoromethyl)-3-methylenecyclobutyl)-4-methoxybenzene (5b)
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Ci7H15F20
Exact Mass: 276.1326
'3C NMR (126 MHz, CDCI5)
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1-(1-(Cyclobut-1-en-1-yldifluoromethyl)-3-methylenecyclobutyl)-3-methoxybenzene (5c)
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1-(1-((3-((Benzyloxy)methyl)cyclobut-1-en-1-yl)difluoromethyl)-3-methylenecyclobutyl)-3-

methoxybenzene (5d)

ODMNWOOE—O0ONOODT —OD— O D DO —ONOT TN —— OO~ — O
FODOO—00RNOROO— —M~M©o T WOWNT— O~ ©OOOR 0 S0
MO MMAONN - 000~ -00 OI-ITTTOAA— OO0 LT DD
PP PP ==~ [~ [~~~ - O 0 000000 TTOOOOOOOOONNNCNNN— —
e N NS S Y S
Chemical Formula
CasHzeF 20
Exact Mass: 396 1901
'H NMR(400MHz, CDCly)
Ty T T 7 s = e T T
oW @ o)) [= T} o oNNT D [=] [T
©ao @ «© 2 @ - Q= o = @
R | o o — ) T oNO — =]
T T T T T T T T T T T T T T T T T T T T T T N T T T T T T T T T T 1
95 4.0 8.5 8.0 7.5 7.0 A5 A0 55 5.0 4.5 4.0 35 30 25 20 5 1.0 0.5 0.0 -0
fl (ppm)
=T 0
oD
L
0 o
[=X=]
-
VT
N
=~ W
o ©
Ll
0 0o
a o
- =
]
I
=
MeO
Chemical Formula
o
CagHzeF 202 <
Exact Mass: 396.1901 I"b’ I'Ib \"b’N I'rbb \'Ibq 1090
-1og -1 08,4 ik -108.8 -108 -10s0
"9F NMR (376 MHz, CDCly) e et pa - ; -
1 {ppm)
!
o
o
(3]
T T T T T T T T T T T T T T T T T T T T
] -10 =20 =30 -40 =50 -l =70 B0 =40 -1 o0 =110 -120 -130 -140 -150 -l A0 =170 -180 -1490 =201
L (ppm)

S49



98581
Nmo_wm/
CLhpe
Zhl e
gleee
6PCBE
SLEBE
L0PEE
9.5'6¢
6Z9LY
Nmm#w
980'8F
o
vzo'es”

06LT4~
zez'el”

E50°LELN
Nm_‘.hmﬁ.w
681°LEL

IBFBEL—

wmw.ﬁi‘/
mwm.ﬁi/
Loz 2Ly
LLP T~
ZLoerl
ceoerl
050°erl

{1 (ppm)

9517401
veLehl
mmm,w:/
Nmm,h:‘/
th,m_‘_‘/
050 _‘N_‘W
PLSLEL~
mmh.nm_‘/
me.mN_.V
pLLEEL
£50LC1
ZZl el
681LiCL
Lerecl
B8Y'L¥L
SPELYl
Loz'zrl
Liperl
ZLoerl
Zeoerl
050erl
BLZ'EG1

CH,0Bn

Chemical Formula
CzsHzaF 202
Exacl Mass: 3961901
3¢ NMR (126 MHz, CDCly)

20

40

S0

[&i8]

i
70

170 l&at 150 140 130 120 Lo Loo a0
I (ppm)

180

190

2-(1-(Cyclobut-1-en-1-yldifluoromethyl)-3-methylenecyclobutyl)benzonitrile (5¢)
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Ethyl 4-(1-(cyclobut-1-en-1-yldifluoromethyl)-3-methylenecyclobutyl)butanoate (5f)
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4-(1-(Cyclobut-1-en-1-yldifluoromethyl)-3-methylenecyclobutyl)butanenitrile (5g)
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Ethyl4-(1-(3-(cyclobut-1-en-1-yldifluoromethyl)bicyclo[1.1.1]pentan-1-yl)-3-

methylenecyclobutyl)benzoate (6a)
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3-(1-(3-(Cyclobut-1-en-1-yldifluoromethyl)bicyclo[1.1.1]pentan-1-yl)-3-

methylenecyclobutyl)benzonitrile (6b)
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Ethyl4-(1-(3-((3-((benzyloxy)methyl)cyclobut-1-en-1-yl)difluoromethyl)bicyclo[1.1.1]pentan-1-

yl)-3-methylenecyclobutyl)benzoate (6¢)
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4-(1-(3-((3-((Benzyloxy)methyl)cyclobut-1-en-1-yl)difluoromethyl)bicyclo[1.1.1]pentan-1-yl)-3-

methylenecyclobutyl)benzonitrile (6d)
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Exact Mass: 4572217
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Exact Mass: 457.2217
'%F NMR (376 MHz, CDCl)

-105.751
-105.791

_<

—-105.751
—-105.791

=

2.00—-

142.356
141.920
141.665
14141
—138.423

%

119.068
116,793
—~114.917
113,042

S

e

132084 -
‘ \

T
-80 -90

109.963
107 .662

73264
72834

[FARFE]
127141

128515
2
—45.856

—45.476

o
c
T T e
-lo56  -105.7 1058 -105.9
fl {ppm)
T T T T
Sl40 o150 -le0 170

Exact Mass: 457.2217
3¢ NMR (126 MHz, CDCly)

|

=

T T
e 134 132

1l (ppm)

(N

T T
45 4 43 42 4l

T

11 (ppm)

T T
120 110



2-((3-(Cyclobut-1-en-1-yldifluoromethyl)bicyclo[1.1.1]pentan-1-yl)methyl)oxirane (7)
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Chemical Formula

C13H16FZO

Exact Mass: 226 1169
3C NMR (101 MHz, CDCl5)
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1-(Cyclobut-1-en-1-yldifluoromethyl)-3-(2,3-dibromopropyl)bicyclo[1.1.1]pentane (8)
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Br

Br

Chemical Formula

C3H14BrzF>

Exact Mass: 367.9587
'H NMR (400 MHz, CDCl3)
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Chemical Formula
CisHyeBraF2
Exact Mass: 367 9587 ' - |
'SF NMR (376 MHz, CDCl;) =]
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Br Br
Chemical Formula
Cy3HygBraF2

Exact Mass: 3679587
'3C NMR (101 MHz, CDCly) Wm | J h h
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