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1. General information

Commercially available reagents and solvents were used without any purification. The purple LEDs
light source (Amax = 405 nm) was a commercial 1-meter LED strip. The progress of the reactions was
monitored by TLC, and the visualization was carried out under UV light (254 nm). Melting points were
determined using a Biichi B-540 capillary melting point apparatus. 'H NMR spectra were recorded using
a Bruker Avance III 400 MHz spectrometers. *C NMR spectra were recorded using a Bruker Advance
III 100 MHz spectrometers. '’F NMR spectra were recorded using a Bruker Advance III 376 MHz
spectrometers. Chemical shifts of '"H NMR were reported relative to the solvent signal (CDCls: & = 7.26
ppm). Chemical shifts of '*C NMR were reported relative to the solvent signal (CDCl;: § = 77.00 ppm).
High-resolution mass spectra (HRMS) were recorded on Waters SYNAPT G2-S spectrometer. UV/vis
studies were measured in a 1 cm quartz cuvette using a Shimadzu 2550 UV spectrophotometer. Column

chromatography was performed on silica gel (300-400 mesh).

2. Synthesis of substrates 1

The substrates (1a-1h, 1m, 1ae, 1af),[!! (1i-11, 1n-1t),1?! and (1u-1ad),”*! were prepared following the
literature procedure, and the NMR data of all these compounds were compared with the corresponding
reported data.

5,6-bis(4-methoxyphenyl)-1-methylpyrazin-2(1H)-one (1f)

o

Eluent in chromatography: petroleum ether/ethyl acetate 10:1 to 5:1, 1f was isolated as a yellow solid
(437 mg, 21%); M.p.: 159-160 °C; 'H NMR (400 MHz, Chloroform-d) & 8.28 (s, 1H), 7.14 — 7.09 (m,
2H), 7.09 — 7.03 (m, 2H), 6.94 — 6.88 (m, 2H), 6.72 — 6.66 (m, 2H), 3.83 (s, 3H), 3.74 (s, 3H), 3.32 (s,
3H). '3C NMR (100 MHz, Chloroform-d) § 160.3, 158.5, 156.2, 146.2, 137.8, 133.9, 131.3, 130.3, 130.1,
124.4, 114.6, 113.3, 55.3, 55.1, 33.7. HRMS (ESI) m/z: calcd for Ci9H9N,O3 [M+H] * 323.1390, found:

323.1396.
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5,6-bis(4-bromophenyl)-1-methylpyrazin-2(1H)-one (1g)

Br
SR
o'
Br

Eluent in chromatography: petroleum ether/ethyl acetate 8:1 to 3:1, 1g was isolated as a yellow solid
(882 mg, 36%); M.p.: 197-198 °C; 'H NMR (400 MHz, Chloroform-d) & 8.30 (s, 1H), 7.60 — 7.55 (m,
2H), 7.34 — 7.27 (m, 2H), 7.12 — 7.07 (m, 2H), 7.01 — 6.96 (m, 2H), 3.30 (s, 3H). 3C NMR (100 MHz,
Chloroform-d) § 155.8, 147.2,137.4, 136.1, 132.7,132.6, 131.4, 131.2, 130.7, 130.7, 124.5, 121.6, 33.8.
HRMS (ESI) m/z: caled for C17H13BraN,O [M+H] *418.9389, found: 418.9394.

5,6-bis(4-fluorophenyl)-1-methylpyrazin-2(1H)-one (1h)

F
o
N
»!
o
F

Eluent in chromatography: petroleum ether/ethyl acetate 20:1 to 10:1, 1h was isolated as a yellow solid
(1.125 g, 56%); M.p.: 143-144 °C; '"H NMR (400 MHz, Chloroform-d) & 8.28 (s, 1H), 7.23 — 7.16 (m,
3H), 7.15 - 7.03 (m, 6H), 6.89 — 6.80 (m, 3H), 3.31 (s, 3H). *C NMR (100 MHz, Chloroform-d) & 163.15
(d, J=250.3 Hz), 161.83 (d, J = 246.2 Hz), 155.9, 146.9, 137.4, 133.3 (d, /= 3.4 Hz), 133.1, 131.9 (d,
J=28.4Hz), 1309 (d, J = 8.2 Hz), 128.0 (d, /= 3.8 Hz), 116.6 (d, J = 22.0 Hz), 114.9 (d, J = 21.7 Hz),
33.7."F NMR (376 MHz, Chloroform-d) & -109.43, 114.37. HRMS (ESI) m/z: calcd for C;7H;3FaN>O
[M+H] *299.0990, found: 299.0997.

2,4-bis(naphthalen-2-ylmethyl)-1,2,4-triazine-3,5(2H,4H)-dione (1x)

Eluent in chromatography: petroleum ether/ethyl acetate 15:1 to 5:1, 1x was isolated as a yellow solid
(2.649 g, 34%); M.p.: 136-137 °C; '"H NMR (400 MHz, Chloroform-d) § 7.93 (s, 1H), 7.87 — 7.76 (m,
7H), 7.61 — 7.56 (m, 1H), 7.52 — 7.43 (m, 6H), 5.27 (s, 2H), 5.25 (s, 2H). *C NMR (100 MHz,
Chloroform-d) & 155.9, 148.7, 134.6, 133.2 (d, J = 3.5 Hz), 133.1, 133.0, 132.7, 128.6, 128.6, 128.3,
128.0 (d, J=1.5 Hz), 127.9, 127.7, 127.6, 126.9, 126.3 (d, /= 3.5 Hz), 126.2, 126.1, 55.6, 44.1. HRMS
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m/z: calcd tor CasH20N30O2 [M+ . , found: . .
(ESI) m/ led for CasHoN3O2 [M+H] ¥ 394.1550, found: 394.1551

2-benzyl-4-(4-(tert-butyl)phenyl)-1,2 ,4-triazine-3,5(2H,4H)-dione (1ac)

Eluent in chromatography: petroleum ether/ethyl acetate 20:1 to 10:1, 1ac was isolated as a colourless
oil (172 mg, 24%); 'H NMR (400 MHz, Chloroform-d) & 7.58 — 7.52 (m, 3H), 7.50 — 7.44 (m, 2H), 7.42
—7.37 (m, 2H), 7.36 — 7.28 (m, 3H), 5.16 (s, 2H), 1.34 (s, 9H). 1*C NMR (100 MHz, Chloroform-d) &
155.7,151.5, 148.3, 137.5,135.3, 134.9, 129.8, 128.6, 128.2, 126.4, 125.9, 124.6, 114.7,44.2,34.7, 31.2.

HRMS (ESI) m/z: caled for C20H2N30; [M+H] * 336.1707, found: 336.1713.

3. Preparation of the solution of [1.1.1]propellane in hexane

Br. Br
n-BuLi (2.5M)

n-Bu,0, -78 °C to 0 °C
Cl in hexane

Cl
A solution of n-BuLi (32 mL, 80 mmol, 2.0 equiv, 2.5M in hexane) was added dropwise to a suspension
of 1,1-dibromo-2,2-bis(chloromethyl)cyclopropane (40 mmol) in anhydrous dibutyl ether (40 mL) under
argon at —78 °C. After the addition was complete, the mixture was allowed to warm to 0 °C and stirred
for 2 h before distillation under vacuum. The concentration can be measured by 'H-NMR with 1,3,5-

trimethoxybenzene as an internal standard (typically concentrations are 0.4-0.7 M)

4. General method

R1\ )

NS DBU (3.0 eq) ST N
R II L +A + Rl DMSO/,0 = 10:1 M{_ \ R
TN Ar, 40 °C, 15 h N
R purple LEDs R2 O
1 2 3 4

An oven-dried 10 mL reaction tube equipped with a magnetic stir bar was charged with 1 (0.2 mmol,
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1.0 equiv.) and then evacuated and backfilled with Ar for three times. Afterwards, DMSO/H,O = 10:1
(0.55 mL), DBU (0.6 mmol, 3.0 equiv.), perfluoroalkyl iodide (0.4 mmol, 2.0 equiv.), and 2 (0.3 mmol,
1.5 equiv.) were added under Ar atmosphere. The purple LEDs were turned on and the mixture was
stirred under irradiation for 15 h at 40 °C. After the reaction was complete as monitored by TLC analysis,
it was quenched with H>O (3 mL) at room temperature, and then extracted with ethyl acetate (10 mL x
3). The organic layers were combined, washed with brine, dried over Na,SO; filtered, and then
concentrated in vacuum. The residue was purified by flash chromatography on silica gel with petroleum

ether/ethyl acetate to afford the desired product 4.

Figure 1 Reaction Set-Up

5. Gram-scale synthesis of compound 4u

An oven-dried 50 mL reaction tube equipped with a magnetic stir bar was charged with 1u (3.0 mmol,
880 mg) and then evacuated and backfilled with Ar for three times. Afterwards, DMSO/H,0O = 10:1 (7.5
mL), DBU (9.0 mmol, 1.370 g), perfluoroalkyl iodide (6.0 mmol, 2.075 g.) and 2 (4.5 mmol, 1.5 equiv.)
were added under Ar atmosphere. The purple LEDs were turned on and the mixture was stirred under
irradiation for 15 h at 40 °C. After the reaction was complete as monitored by TLC analysis, it was
quenched with H,O (20 mL) at room temperature, and then extracted with ethyl acetate (30 mL x 3).
The organic layers were combined, washed with brine, dried over Na;SO; filtered, and then concentrated
in vacuum. The residue was purified by flash chromatography on silica gel with petroleum ether/ethyl

acetate to afford the desired product 4u as a white solid (1.551 g, 89%).
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6. Mechanistic experiments

6.1 UV/vis absorption spectra

UV/vis absorption spectra were measured in a 1 cm quartz cuvette using a Shimadzu 2550 UV
spectrophotometer. Absorption spectra of individual reaction components and mixtures thereof were
recorded. A bathochromic shift was observed for a mixture of 3a (0.1 M, 1.0 equiv) and DBU (0.15 M,
1.5 equiv) in DMSO/H,0 = 10/1, which was a visibly intense yellow in color. This indicates the formation
of an electron donor-acceptor (EDA) complex (Figure 2).

2.0 ‘

3a
——DBU
3a+DBU

Absorbance(AU)
3
T

0.0

T T T T T T
250 300 350 400 450 500 550
Wavelength(nm)

Figure 2. UV/Vis absorption spectra of perfluorobutyl iodide 3a (0.1 M), and DBU (0.15 M) in
DMSO/H,0 = 10/1.

6.2 Job's analysis

The Job’s plot of the EDA complex between 3a and DBU was calculated by measuring the
absorption of DMSO solutions at 405 nm with different donor/acceptor ratios with constant concentration
(0.2 M) of the two components.*! The absorbance values were plotted against the molar fraction (%) of
DBU. The Job’s plot analysis of the EDA complex between 3a and DBU showed a maximal absorbance

at 50% molar fraction of DBU indicated the 1:1 stoichiometry of the EDA complex in solution.
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Figure 3. Job plot for a mixture of perfluoroalkyl iodide 3a and DBU in DMSO/H,0 = 10/1 (0.2 M).

6.3 Light dark experiment

Ph_Ng DBU (3.0 equiv) Ph .
I L . A+ CiFyl _DMSOM,0=10:1 Ph42/7 \ .-
Ph” N0 40°C, 15 h N
| purple LEDs /%
1a 2 3 4a

Six oven-dried 10 mL reaction tube equipped with a magnetic stir bar was charged with 1a (0.2 mmol,
1.0 equiv.) and then evacuated and backfilled with Ar for three times. Afterwards, DMSO/H,O = 10:1
(0.55 mL), DBU (0.6 mmol, 3.0 equiv.), perfluoroalkyl iodide (0.4 mmol, 2.0 equiv.), and 2 (0.3 mmol,
1.5 equiv.) were added under Ar atmosphere. The purple LEDs were turned on and the mixture was
stirred under irradiation at 40 °C. After 1 h, the purple LEDs were turned off, and one vial was removed
from the irradiation setup for analysis. The remaining five vials were stirred in the absence of light for
an additional 1 h. Then, one vial was removed for analysis, and the purple LEDs were turned back on to
irradiate the remaining four reaction mixtures. After an additional 1 h of irradiation, the purple LEDs
were turned off, and one vial was removed for analysis. The remaining three vials were stirred in the
absence of light for an additional 1 h. Then, one vial was removed for analysis, and the purple LEDs
were turned back on to irradiate the remaining two reaction mixtures. After 1 h, the purple LEDs were
turned off, and one vial was removed for analysis. The last vial was stirred in the absence of light for an
additional 1 h, and then it was analyzed. The yield was determined by 'H NMR analysis with

dibromomethane as the internal standard.
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Figure 4. The light/dark experiment was prepared according to substrate 1a, with dibromomethane as 'H

NMR internal standard.

6.4 TEMPO trapping experiment

Bn. .

1u

2

N Nl
02\51 o * A+ CaForl
Bn

3a

standard conditions

TEMPO

Bn\
N-N
o= C4Fo
N
Bi O

N*O%C‘fg
6

4u, Trace detected by HRMS

An oven-dried 10 mL reaction tube equipped with a magnetic stir bar was charged with 1u (0.2 mmol,

1.0 equiv.), TEMPO (0.4 mmol, 2.0 equiv) and then evacuated and backfilled with Ar for three times.

Afterwards, DMSO/H,O = 10:1 (0.55 mL), DBU (0.6 mmol, 3.0 equiv.), perfluoroalkyl iodide 3 (0.4

mmol, 2.0 equiv.) and 2 (0.3 mmol, 1.5 equiv.) were added under Ar atmosphere. The purple LEDs

were turned on and the mixture was stirred at 40 °C under irradiation for 15 h. Only trace amount of

product was formed and the corresponding adducts 6 was detected by the HRMS. HRMS (ESI) m/z:

calcd for CigH2sFoNO [M+H] * 442.1787, found: 442.1790.
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:
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[M+H]* Calc.442.1787
Found: 442.1790
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6.5 Quantum yield

The quantum yield of the reaction is defined as:

) mol of formed product
®(reaction at 405 nm) = (1)
mol of photon flux « t « £

where @ is the quantum yield of the reaction, t is the time of the reaction (s), and f is the incident light
absorbed by the EDA complex at 405 nm. The photon flux is calculated by standard ferrioxalate

actinometry®! (see Section C).

A. Incident light absorbed by the EDA complex

The fraction of light, f, absorbed was determined according to equation 2:

F=1-10% (2
Where A is the absorbance of the EDA complex in DMSO at 405 nm. The wavelength of 405 nm was
chosen based on the known absolute ®(Fe?") value. The absorbance of EDA complex was measured (0.1
M perfluorobutyl iodide 3a and 0.15 M DBU) in DMSO (3 mL) to a cuvette equipped with a Teflon-
coated magnetic stir bar and stirred for 30 seconds. The absorbance was recorded. The absorbance (A)
at 405 nm was determined to be 0.056, thus indicating the fraction of light absorbed is ~0.122 according

to equation 2.

B. Photoredox at 405 nm

Standard ferrioxalate actinometry was used to determine the photon flux of the spectrophotometer using
equations 3 and 4. For the ferrioxalate actinometer ,the production of iron(Il) ions proceeds by the

following reactions:[

[Fe(Co0,)n]®2"* light

> Fe?* + (n-1)(Co04)% + C,0,

[Fe(C20an=V" + €0, ———— Fe?" + (n)(C04% + 2CO,
The moles of Fe?* formed are determined spectrophotometrically by development with 1,10-
phenanthroline (phen) to form the red [Fe(phen)3] 2" moiety (A = 510 nm).[®! The photon flux is defined

as shown in equation 3:
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mol Fe**
Photon flux = 3)
O(Fe*t) ot f

where @ is the quantum yield for the ferrioxalate actinometer (1.188 at A =405 nm),l" t is the time (s), {

~1, and the mol of Fe?" are calculated according to equation 4.

2+): V'AA

mol (Fe
1-¢

4

where V is the total volume of the solution, AA is the difference in absorbance between irradiated and
nonirradiated solutions, 1 is the path length (1.0 cm), and ¢ is the molar absorptivity at 510 nm (11110 L

mol!' cm™).[¢]
C. Experiment

The following solutions were prepared in the dark (flasks were wrapped in aluminum foil) and stored in
the dark at room temperature:

— Ferrioxalate solution (0.15 M): Potassium ferrioxalate hydrate (2.211 g) was added to a flask wrapped
in aluminum foil containing H»SO4 (30 mL, 0.05 M). The flask was stirred for complete solvation of the
green solid in complete darkness. It is noteworthy that the solution should not be exposed to any incident
light.

— Developer solution: 1,10-Phenanthroline (50 mg) and NaOAc (11.25 g) was added to a flask containing
H,SO4 (50 mL, 0.5 M) and sonicated until completely solvated.

The absorbance of the non-irradiated sample. The buffered solution of phen (350 uL) was added to a

ferrioxalate solution (2.0 mL) in a vial that had been covered with aluminum foil and with the lights of
the laboratory switched off. The vial was capped and allowed to rest for 1 h and then transferred to a
cuvette. The absorbance of the non-irradiated solution was measured at 510 nm to be 0.55 (average of

two determinations).

The absorbance of the irradiated sample. In a cuvette equipped with a stir bar was added the ferrioxalate
solution (2.0 mL), and the stirred solution was irradiated for 90 s at A = 405 nm with an excitation slit
width = 10.0 nm. After irradiation, the buffered phen solution (350 uL) was added to the cuvette and
allowed to rest for 1 h in the dark to allow the ferrous ions to coordinate completely to phen. The

absorbance was measured at 510 nm to be 1.09 (average of two determinations).

510



—— Dark 1
Dark 2
—— Light 1
Light 2

Absorbance (AU)

T T T T T T
350 400 450 500 550 600 650
Wavelength (nm)

Figure 5. Absorption spectra for irradiated and non-irradiated samples of red [Fe(phen)3] 2

Photon flux sample calculation. Sample calculation:

2+)= V ‘AA (4)

mol (Fe
l-¢

ot 0.00235L . 0.54 7
mol (Fe=") = =1.10 x 107" mol
1.0cm -« 11100 L « mol'em™!

mol Fe*
Photon flux = —— 3)

O (Fe?™) ot f

1.10 x 1077 mol

Photon flux = =1.03 x 10 einstein s™!
1.188 90« 1
D. The photoredox reaction
Ph._Nq DBU (3.0 equiv) Ph .
:[ L . A v CFel _DMSOM0=10: Phj \ CiFs
Ph” N7 0 40°C, 15 h N
| purple LEDs / (6]
1a 2 3a 4a

The photoredox transformation was developed using the general procedure by purple LED (Amax = 405
nm) for 1 h (3600 s). The yield of product was determined by 'H NMR analysis using dibromomethane

as an internal standard. The yield of 4a was determined to be 22% (4.4x 10 mol). The reaction quantum
yield (@) was determined using equation 1 where the photon flux is 1.03 x 10~ einsteins s (see section
(), tis the reaction time (1800 s) and f'is the fraction of incident light absorbed by the EDA, determined

using equation 2 (see Section A).
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mol of formed product

(1)

®d(reaction at 405 nm) =
mol of photon flux « t - f

, 4.4 x 10 mol
®(reaction at 405 nm) = =97

1.03 x 10 einstein s! - 3600 - 0.122

The quantum yield studies indicate that this is a radical-chain process as evidenced by the ® value. In
other words, the quantum yield value indicated that 97 equivalents of product are formed for every photon

absorbed, which is a result that could only be consistent with a radical chain mechanism.

7. Characterization of products

1-methyl-3-(3-(4,4,4,4,4,4,4,4,4-nonafluoro-4 A 1>-buta-1,3-diyn-1-yl)bicyclo[1.1.1]pentan-1-yl)-5,6-

diphenylpyrazin-2(1H)-one (4a)

Eluent in chromatography: petroleum ether/ethyl acetate 30:1 to 20:1, 4a was isolated as a yellow solid
(76 mg, 71%, 4a:4a-S > 95:5); M.p.: 143-144 °C; '"H NMR (400 MHz, Chloroform-d) & 7.43 —7.36 (m,
3H), 7.22 - 7.17 (m, 2H), 7.13 (s, 5H), 3.30 (s, 3H), 2.55 (s, 6H). *C NMR (100 MHz, Chloroform-d) &
155.3, 151.5, 138.0, 137.5, 132.6, 132.4, 129.9, 129.6, 129.2, 129.1, 127.7, 127.0, 50.9 (t, J = 3.6 Hz),
41.8, 37.8 (t, J = 30.0 Hz), 33.6. 3C-NMR for CF>CF,CF,CF; could not be assigned. '°’F NMR (376
MHz, Chloroform-d) & -80.94 — -81.17 (m, 3F), -116.43 — -116.61 (m, 2F), -122.20 — -122.39 (m, 2F), -
125.95 —-126.11 (m, 2F). HRMS (ESI) m/z: caled for C26H20FoN,O [M+H] * 547.1426, found: 547.1431.
Characteristic data for staffane 4a-S: 'H NMR (400 MHz, Chloroform-d) & 2.17 (s, 6H), 1.95 (s, 6H).

1-ethyl-3-(3-(4,4,4,4,4,4,4,4,4-nonafluoro-4 A '>-buta-1,3-diyn-1-yl)bicyclo[1.1.1]pentan-1-yl)-5,6-

diphenylpyrazin-2(1H)-one (4b)

Eluent in chromatography: petroleum ether/ethyl acetate 30:1 to 25:1, 4b was isolated as a yellow solid
(59 mg, 53%); M.p.: 65-66 °C; '"H NMR (400 MHz, Chloroform-d) § 7.44 — 7.35 (m, 3H), 7.25 — 7.21

(m, 2H), 7.12 (s, 5H), 3.87 (q, J = 7.0 Hz, 2H), 2.56 (s, 6H), 1.17 (t, J = 7.0 Hz, 3H). >C NMR (100
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MHz, Chloroform-d) & 154.6, 152.0,137.8,137.7,132.8,132.2, 130.1, 129.5, 129.2, 128.8, 127.6, 127.0,
51.0 (t, J= 3.4 Hz), 41.8, 41.2, 37.8 (t, J = 30.2 Hz), 13.6. 3C-NMR for CF>CF.CF,CF; could not be
assigned. ’F NMR (376 MHz, Chloroform-d) & -81.07 (m, 3F), -116.56 (m, 2F), -122.32 (m, 2F), -126.03
(m, 2F). HRMS (ESI) m/z: caled for Ca7H22FoN,O [M+H] * 561.1583, found: 561.1588.

1-(4-methylbenzyl)-3-(3-(4,4,4,4,4,4,4,4,4-nonafluoro-4 A 2_puta-1,3-diyn-1-

yl)bicyclo[1.1.1]pentan-1-yl)-5,6-diphenylpyrazin-2(1H)-one (4¢)
Ph

Phj%cﬂzg

N

L °

Eluent in chromatography: petroleum ether/ethyl acetate 30:1 to 20:1, 4¢ was isolated as a yellow solid
(86 mg, 76%); M.p.: 116-117 °C; 'H NMR (400 MHz, Chloroform-d) & 7.39 —7.33 (m, 1H), 7.30 — 7.22
(m, 2H), 7.16 — 7.08 (m, 5H), 7.06 — 6.98 (m, 4H), 6.76 (d, J = 8.1 Hz, 2H), 5.08 (s, 2H), 2.58 (s, 6H),
2.30 (s, 3H). *C NMR (100 MHz, Chloroform-d) & 155.0, 152.4, 137.9, 137.6, 137.2, 133.0, 132.9, 132.0,
130.5, 129.5, 129.3, 129.1, 128.6, 127.6, 127.2, 127.0, 51.1 (t, J = 3.4 Hz), 48.5, 41.9, 37.9 (t, J = 30.0
Hz), 21.0. 3C-NMR for CF,CF,CF,CF; could not be assigned. '’F NMR (376 MHz, Chloroform-d) & -
80.94 —-81.16 (m, 3F), -116.46 —-116.61 (m, 2F), -122.21 —-122.42 (m, 2F), -125.92 —-126.13 (m, 2F).
HRMS (ESI) m/z: caled for Cs33Hz6FoN,O [M+H] * 637.1896, found: 637.1903.
3-(3-(4,4,4,4,4,4,4,4,4-nonafluoro-4 A 12_puta-1,3-diyn-1-yl)bicyclo[1.1.1]pentan-1-yl)-1,5,6-
triphenylpyrazin-2(1H)-one (4d)

Ph

Phj%cwg

N

@ o)

Eluent in chromatography: petroleum ether/ethyl acetate 30:1 to 25:1, 4d was isolated as a colourless oil
(34 mg, 28%, 4d:4d-S > 95:5); 'H NMR (400 MHz, Chloroform-d) & 7.47 — 7.40 (m, 4H), 7.33 — 7.16
(m, 11H), 2.61 (s, 6H). 3C NMR (100 MHz, Chloroform-d) & 155.8, 153.3, 147.5, 145.9, 139.5, 138.5,
137.7,129.8, 129.7, 129.4, 128.5, 128.2, 128.2, 128.0, 124.8, 121.0, 51.3 (t, J=2.9 Hz), 40.2, 38.1 (t, J
=30.3 Hz). 3C-NMR for CF,CF,CF,CF; could not be assigned. '’"F NMR (376 MHz, Chloroform-d) & -
80.93 —-81.14 (m, 3F), -116.36 —-116.64 (m, 2F), -122.10 —-122.42 (m, 2F), -125.92 — -126.14 (m, 2F).
HRMS (ESI) m/z: calcd for C31H2FoN2O [M+H] * 609.1583, found: 609.1591.

Characteristic data for staffane 4d-S: '"H NMR (400 MHz, Chloroform-d) § 2.22 (s, 6H), 1.96 (s, 6H).
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1-benzyl-3-(3-(4,4,4,4,4,4,4,4,4-nonafluoro-4A2-buta-1,3-diyn-1-yl)bicyclo[1.1.1]pentan-1-yl)-5-
phenylpyrazin-2(1H)-one (4¢)

Ph

N
2/7‘27%04%
N
PhJ

O

Eluent in chromatography: petroleum ether/ethyl acetate 30:1 to 20:1, 4e was isolated as a yellow oil (33
mg, 15%); 'H NMR (400 MHz, Chloroform-d) § 7.71 — 7.67 (m, 2H), 7.45 (s, 1H), 7.43 — 7.29 (m, 8H),
5.14 (s, 2H), 2.55 (s, 6H). *C NMR (100 MHz, Chloroform-d) & 154.6, 153.8, 135.6, 134.8, 132.7,129.2,
128.8, 128.7, 128.5, 128.0, 124.9, 123.6, 52.1, 51.1 (t, J = 3.3 Hz), 41.9, 37.9 (t, J = 30.0 Hz). *C-NMR
for CF,CF,CF,CF; could not be assigned. °F NMR (376 MHz, Chloroform-d) & -80.83 —-81.37 (m, 3F),
-116.23 —-116.73 (m, 2F), -122.17 —-122.43 (m, 2F), -125.76 —-126.14 (m, 2F). HRMS (ESI) m/z: calcd
for Ca6H20FoN,O [M+H] * 547.1426, found: 547.1426.
5,6-bis(4-methoxyphenyl)-1-methyl-3-(3-(4,4,4,4,4,4,4,4,4-nonafluoro-4).'>-buta-1,3-diyn-1-

yDhbicyclo[1.1.1]pentan-1-yl)pyrazin-2(1H)-one (4f)

MeO

N
MeO Q /N C4Fg
N
/

o)

Eluent in chromatography: petroleum ether/ethyl acetate 20:1 to 10:1, 4f was isolated as a yellow solid
(52 mg, 43%); M.p.: 158-160 °C; '"H NMR (400 MHz, Chloroform-d) & 7.13 — 7.04 (m, 4H), 6.95 — 6.88
(m, 2H), 6.72 — 6.65 (m, 2H), 3.83 (s, 3H), 3.74 (s, 3H), 3.29 (s, 3H), 2.54 (s, 6H). *C NMR (100 MHz,
Chloroform-d) 8 160.3, 158.5, 155.4, 151.1, 137.3, 132.7, 131.3, 130.4, 130.3, 124.8, 114.6, 113.2, 55.3,
55.1,51.0 (t, J = 3.5 Hz), 41.8, 37.9 (t, J = 30.1 Hz), 33.5. BC-NMR for CF>CF,CF,CF; could not be
assigned. 'F NMR (376 MHz, Chloroform-d) & -80.95 — -81.22 (m, 3F), -116.35 — -116.62 (m, 2F), -
122.11 — -122.47 (m, 2F), -125.85 — -126.13 (m, 2F). HRMS (ESI) m/z: calcd for C2sH24F9N>O3 [M+H]

“607.1638, found: 607.1638.
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5,6-bis(4-bromophenyl)-1-methyl-3-(3-(4,4,4,4,4,4,4,4,4-nonafluoro-41.'>-buta-1,3-diyn-1-yl)bicycl

o[1.1.1]pentan-1-yl)pyrazin-2(1H)-one (4g)

Br,

N
Br Q / \ C4F9
N
/

0]

Eluent in chromatography: petroleum ether/ethyl acetate 30:1 to 20:1, 4g was isolated as a yellow solid
(78 mg, 56%); M.p.: 173-174 °C; '"H NMR (400 MHz, Chloroform-d) § 7.57 (d, J = 8.0 Hz, 2H), 7.29 (d,
J = 8.0 Hz, 2H), 7.07 (d, J = 8.0 Hz, 2H), 6.98 (d, J = 8.0 Hz, 2H), 3.27 (s, 3H), 2.53 (s, 6H). *C NMR
(101 MHz, Chloroform-d) & 155.0, 152.3, 136.8, 136.2, 132.7, 131.5, 131.4, 131.1, 131.0, 130.8, 124.4,
121.6, 50.9 (t, J = 3.2 Hz), 41.7, 37.9 (t, J = 30.0 Hz), 33.6. 3C-NMR for CF,CF,CF,CF; could not be
assigned. '’F NMR (376 MHz, Chloroform-d) & -80.98 — -81.18 (m, 3F), -116.37 — -116.75 (m, 2F), -
122.14 —-122.42 (m, 2F), -125.90 — -126.12 (m, 2F). HRMS (ESI) m/z: calcd for C26HisBr2FoN,O [M+H]
©702.9637, found: 702.9644.

5,6-bis(4-fluorophenyl)-1-methyl-3-(3-(4,4,4,4,4,4,4,4,4-nonafluoro-41'>-buta-1,3-diyn-1-yl)bicyclo

[1.1.1]pentan-1-yl)pyrazin-2(1H)-one (4h)
F

N
N
/

o)

Eluent in chromatography: petroleum ether/ethyl acetate 20:1 to 15:1, 4h was isolated as a yellow solid
(74 mg, 65%); M.p.: 126-127 °C; '"H NMR (400 MHz, Chloroform-d) & 7.20 — 7.14 (m, 2H), 7.14 — 7.05
(m, 4H), 6.88 — 6.81 (m, 2H), 3.29 (s, 3H), 2.54 (s, 6H). *C NMR (100 MHz, Chloroform-d) & 163.2 (d,
J=251.7Hz), 161.9 (d, J=247.6 Hz), 155.2, 152.1, 136.8, 133.6 (d, /= 3.4 Hz), 132.0 (d, /= 8.2 Hz),
131.0 (d, J = 8.2 Hz), 128.4 (d, J = 3.4 Hz), 116.6 (d, J = 22.0 Hz), 114.8 (d, J = 22.0 Hz), 51.0 (t, J =
3.4 Hz), 41.7, 38.0 (t, J= 30.0 Hz), 33.6. *C-NMR for CF,CF,CF,CF; could not be assigned. °F NMR
(376 MHz, Chloroform-d) 6 -80.01 —-81.20 (m, 3F), -109.63 (s, 1F), -114.65 (s, 1F), -116.46 — -116.60
(m, 2F),-122.21 —-122.36 (m, 2F), -125.92 —-126.07 (m, 2F). HRMS (ESI) m/z: calcd for C2¢HisF11N2O

[M+H] * 583.1238, found: 583.1247.
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1-methyl-3-(3-(4,4,4,4,4,4,4,4,4-nonafluoro-41'2-buta-1,3-diyn-1-yl)bicyclo[1.1.1]pentan-1-yl)quin

N
%04':9
N
/

O

oxalin-2(1H)-one (4i)

Eluent in chromatography: petroleum ether/ethyl acetate 30:1 to 20:1, 4i was isolated as a yellow solid
(54 mg, 61%); M.p.: 77-78 °C; '"H NMR (400 MHz, Chloroform-d) & 7.85 (dd, J= 8.0, 1.5 Hz, 1H), 7.59
—7.52 (m, 1H), 7.38 — 7.27 (m, 2H), 3.67 (s, 3H), 2.55 (s, 6H). *C NMR (100 MHz, Chloroform-d) &
154.8, 154.5, 133.5, 132.8, 130.4, 130.2, 123.7, 113.6, 51.2 (t, J = 3.5 Hz), 42.1, 37.9 (t, J = 30.0 Hz),
28.6. 3C-NMR for CF,CF,CF,CF; could not be assigned. '°F NMR (376 MHz, Chloroform-d) & -80.98
—-81.20 (m, 3F), -116.45 — -116.71 (m, 2F), -122.15 — -122.43 (m, 2F), -125.90 — -126.09 (m, 2F).
HRMS (ESI) m/z: calcd for CisHi4FoN2O [M+H] * 445.0957, found: 445.0958.
1-(cyclopropylmethyl)-3-(3-(4,4,4,4,4,4,4,4,4-nonafluoro-41'2-buta-1,3-diyn-1-

yDbicyclo[1.1.1]pentan-1-yl)quinoxalin-2(1H)-one (4j)

Eluent in chromatography: petroleum ether/ethyl acetate 30:1 to 20:1, 4j was isolated as a brown solid
(55 mg, 57%); M.p.: 65-66 °C; '"H NMR (400 MHz, Chloroform-d) § 7.86 (dd, J= 8.0, 1.5 Hz, 1H), 7.58
—7.51 (m, 1H), 7.45 — 7.39 (m, 1H), 7.37 — 7.30 (m, 1H), 4.16 (d, J = 7.0 Hz, 2H), 2.55 (s, 6H), 1.34 —
1.20 (m, 1H), 0.61 — 0.51 (m, 4H). 3C NMR (100 MHz, Chloroform-d) & 155.0, 154.5, 133.0, 130.4,
130.3, 123.4, 113.9, 51.3 (t, J = 3.2 Hz), 45.8, 42.1, 37.9 (t, J = 30.2 Hz), 9.6, 4.2. 3C-NMR for
CF,CF,CF,CFj; could not be assigned. '’F NMR (376 MHz, Chloroform-d) § -81.05 — -81.17 (m, 3F), -
116.50 —-116.69 (m, 2F), -122.21 —-122.41 (m, 2F), -125.90 — -126.08 (m, 2F). HRMS (ESI) m/z: calcd
for C21HisFoN,O [M+H] * 485.1270, found: 485.1273.
1-allyl-3-(3-(4,4,4,4,4,4,4,4,4-nonafluoro-42'?-buta-1,3-diyn-1-yl)bicyclo[1.1.1]pentan-1-

yl)quinoxalin-2(1H)-one (4k)
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Eluent in chromatography: petroleum ether/ethyl acetate 30:1 to 20:1, 4k was isolated as a brown solid
(49 mg, 52%); M.p.: 54-55 °C; '"H NMR (400 MHz, Chloroform-d) & 7.86 (dd, J = 8.0, 1.6 Hz, 1H), 7.55
—7.48 (m, 1H), 7.37 — 7.24 (m, 2H), 5.98 — 5.87 (m, 1H), 5.31 — 5.24 (m, 1H), 5.22 - 5.14 (m, 1H), 4.90
—4.84 (m, 2H), 2.56 (s, 6H). '*C NMR (100 MHz, Chloroform-d) 8 154.9, 154.0, 132.9, 132.8, 130.5,
130.3, 130.3, 123.7, 118.3, 114.2, 51.3 (t, J = 3.4 Hz), 44.2, 42.0, 37.9 (t, J = 30.2 Hz). 3*C-NMR for
CF,CF>CF,CFj3 could not be assigned. °F NMR (376 MHz, Chloroform-d) & -80.98 — -81.25 (m, 3F), -
116.49 —-116.68 (m, 2F), -122.20 —-122.41 (m, 2F), -125.87 — -126.11 (m, 2F). HRMS (ESI) m/z: calcd
for Co0H16FoN,O [M+H] *471.1113, found: 471.1111.
1-benzyl-3-(3-(4,4,4,4,4,4,4,4,4-nonafluoro-41.>-buta-1,3-diyn-1-yl)bicyclo[1.1.1]pentan-1-

ylquinoxalin-2(1H)-one (41)

Eluent in chromatography: petroleum ether/ethyl acetate 30:1 to 20:1, 41 was isolated as a brown solid
(59 mg, 58%); M.p.: 98-99 °C; '"H NMR (400 MHz, Chloroform-d) & 7.90 (dd, J= 8.0, 1.5 Hz, 1H), 7.50
—7.43 (m, 1H), 7.40 — 7.24 (m, 7H), 5.50 (s, 2H), 2.64 (s, 6H). 3*C NMR (100 MHz, Chloroform-d) &
155.0, 154.5, 135.1, 133.0, 132.9, 130.4, 130.3, 129.0, 127.7, 126.9, 123.7, 114.4, 51.3 (t, J = 3.4 Hz),
45.6,42.1, 37.9 (t, J = 30.2 Hz). *C-NMR for CF,CF,CF,CF; could not be assigned. '’F NMR (376
MHz, Chloroform-d) & -80.97 — -81.19 (m, 3F), -116.46 — -116.62 (m, 2F), -122.19 — -122.36 (m, 2F), -
125.88 —-126.04 (m, 2F). HRMS (ESI) m/z: calcd for C24H1sFoN,O [M+H] * 521.1270, found: 521.1276.
1-(4-methoxyphenyl)-3-(3-(4,4,4,4,4,4,4,4,4-nonafluoro-4).>-buta-1,3-diyn-1-

yDbicyclo[1.1.1]pentan-1-yl)quinoxalin-2(1H)-one (4m)

Eluent in chromatography: petroleum ether/ethyl acetate 30:1 to 20:1, 4m was isolated as a brown solid
(61 mg, 57%); M.p.: 109-110 °C; 'H NMR (400 MHz, Chloroform-d) § 7.91 — 7.85 (m, 1H), 7.39 — 7.28
(m, 2H), 7.23 — 7.16 (m, 2H), 7.15 — 7.08 (m, 2H), 6.77 — 6.72 (m, 1H), 3.89 (s, 3H), 2.57 (s, 6H). 1°C
NMR (100 MHz, Chloroform-d) 8 160.2, 155.6, 154.5, 134.7, 132.7, 130.0, 129.8, 129.2, 127.8, 123.8,
115.6, 115.6, 55.6, 51.4 (t, J= 3.5 Hz), 42.0, 37.9 (t, J = 30.2 Hz). C-NMR for CF>CF>CF,CF; could
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not be assigned. '°F NMR (376 MHz, Chloroform-d) § -81.01 — -81.18 (m, 3F), -116.48 — -116.64 (m,
2F), -122.24 — -122.38 (m, 2F), -125.89 — -126.05 (m, 2F). HRMS (ESI) m/z: calcd for Ca4H;sFsN,0,
[M+H] * 537.1219, found: 537.1220.
6-(tert-butyl)-1-methyl-3-(3-(4,4,4,4,4,4,4,4,4-nonafluoro-41'2-buta-1,3-diyn-1-

yDbicyclo[1.1.1]pentan-1-yl)quinoxalin-2(1H)-one (4n)

N
\ C4Fo
N
/

0]

Eluent in chromatography: petroleum ether/ethyl acetate 30:1 to 20:1, 4n was isolated as a yellow solid
(51 mg, 52%); M.p.: 107-108 °C; '"H NMR (400 MHz, Chloroform-d) & 7.85 (d, J = 2.3 Hz, 1H), 7.61
(dd, J=8.8,2.3 Hz, 1H), 7.24 (d, J = 8.8 Hz, 1H), 3.66 (s, 3H), 2.56 (s, 6H), 1.39 (s, 9H). 3C NMR (100
MHz, Chloroform-d) § 154.7, 154.5, 147.2, 132.5, 131.2, 128.2, 126.6, 113.3, 51.2 (t, J=3.7 Hz), 42.1,
37.9 (t, J = 30.1 Hz), 34.5, 31.3, 28.6. 3C-NMR for CF,CF,CF,CF; could not be assigned. '°F NMR
(376 MHz, Chloroform-d) 6 -81.00 — -81.20 (m, 3F), -116.46 — -116.67 (m, 2F), -122.19 — -122.40 (m,
2F), -125.90 — -126.07 (m, 2F). HRMS (ESI) m/z: calcd for C2H2FoN>O [M+H] * 501.1583, found:
501.1593.
1-methyl-3-(3-(4,4,4,4,4,4,4,4,4-nonafluoro-41!>-buta-1,3-diyn-1-yl)bicyclo[1.1.1] pentan-1-yl)-7-

(trifluoromethyl)quinoxalin-2(1H)-one (40)

FsC N
%cwg

N
/o

Eluent in chromatography: petroleum ether/ethyl acetate 30:1 to 20:1, 40 was isolated as a pink solid (34
mg, 33%); M.p.: 94-95 °C; 'H NMR (400 MHz, Chloroform-d) & 7.96 (d, J = 8.3 Hz, 1H), 7.61 — 7.55
(m, 1H), 7.53 (s, 1H), 3.70 (s, 3H), 2.56 (s, 6H). 3C NMR (100 MHz, Chloroform-d) & 157.5, 154.1,
134.4,133.6, 132.0 (q, J=33.0 Hz), 131.0, 123.6 (q, J = 272.7 Hz), 120.2 (q, /= 3.6 Hz), 111.1 (q, J =
4.1 Hz), 51.2 (t,J = 3.3 Hz), 42.1, 38.0 (t, ] = 30.3 Hz), 28.8. 3*C-NMR for CF,CF,CF,CFj; could not be
assigned. '’F NMR (376 MHz, Chloroform-d) & -62.47 (s, 3F), -81.03 — -81.17 (m, 3F), -116.53 — -
116.75 (m, 2F), -122.15 — -122.39 (m, 2F), -125.89 — -126.12 (m, 2F). HRMS (ESI) m/z: calcd for

Ci9H13F12N20 [M+H] * 513.0831, found: 513.0829.
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1,6,7-trimethyl-3-(3-(4,4,4,4,4,4,4,4,4-nonafluoro-4.2-buta-1,3-diyn-1-yl)bicyclo[1.1.1]pentan-1-

yl)quinoxalin-2(1H)-one (4p)

Eluent in chromatography: petroleum ether/ethyl acetate 30:1 to 20:1, 4p was isolated as a yellow solid
(43 mg, 45%); M.p.: 109-110 °C; 'H NMR (400 MHz, Chloroform-d) & 7.61 (s, 1H), 7.05 (s, 1H), 3.64
(s, 3H), 2.54 (s, 6H), 2.41 (s, 3H), 2.34 (s, 3H). 3C NMR (100 MHz, Chloroform-d) § 154.6, 153.5,
140.4, 132.7,131.5, 131.2,130.3, 114.2, 51.2 (t, /= 3.6 Hz), 42.1, 37.8 (t, /= 30.0 Hz), 28.5, 20.5, 19.0.
BC-NMR for CF,CF,CF,CF; could not be assigned. °F NMR (376 MHz, Chloroform-d) & -80.88 — -
81.25 (m, 3F), -116.41 —-116.71 (m, 2F), -122.11 — -122.45 (m, 2F), -125.85 — -126.13 (m, 2F). HRMS
(ESI) m/z: calcd for CooHisFoN,O [M+H] * 473.1270, found: 473.1280.
6,7-difluoro-1-methyl-3-(3-(4,4,4,4,4,4,4,4,4-nonafluoro-41'2-buta-1,3-diyn-1-

yDbicyclo[1.1.1]pentan-1-yl)quinoxalin-2(1H)-one (4q)

Eluent in chromatography: petroleum ether/ethyl acetate 30:1 to 20:1, 4q was isolated as a white solid
(35 mg, 37%); M.p.: 112-113 °C; 'H NMR (400 MHz, Chloroform-d) 8 7.66 (dd, J = 12.0, 8.0 Hz, 1H),
7.09 (dd, J = 12.0, 8.0 Hz, 1H), 3.62 (s, 3H), 2.53 (s, 6H). *C NMR (100 MHz, Chloroform-d) § 155.4
(d, J=3.5 Hz), 154.0, 151.6 (dd, J=254.2, 14.4 Hz), 146.7 (dd, J = 247.4, 14.0 Hz), 130.8 (dd, /= 9.0,
1.8 Hz), 129.0 (dd, J=9.2, 3.0 Hz), 117.8 (dd, J=18.0, 2.2 Hz), 102.3 (d, J=23.2 Hz), 51.2 (t, J=3.4
Hz ), 41.9, 38.0 (t, J = 30.2 Hz), 29.1. 3C-NMR for CF,CF,CF,CF; could not be assigned. '’F NMR
(376 MHz, Chloroform-d) & -81.03 — -81.19 (m, 3F), -116.54 — -116.74 (m, 2F), -122.21 —-122.38 (m,
2F), -125.94 — -126.10 (m, 2F), -130.14 (d, J = 22.4 Hz), -141.87 (d, J = 22.4 Hz). HRMS (ESI) m/z:
caled for CigH2F11N20 [M+H] * 481.0768, found: 481.0770.

1-methyl-3-(3-(4,4,4,4,4,4,4,4,4-nonafluoro-41'2-buta-1,3-diyn-1-yl)bicyclo[1.1.1]pentan-1-yl)benz

o[g]quinoxalin-2(1H)-one (4r)



Eluent in chromatography: petroleum ether/ethyl acetate 30:1 to 20:1, 4r was isolated as a yellow solid
(43 mg, 43%, 4r:4r-S > 95:5); M.p.: 105-107 °C; 'H NMR (400 MHz, Chloroform-d) & 8.35 (s, 1H),
7.96 (d, J=8.2 Hz, 1H), 7.89 (d, J= 8.3 Hz, 1H), 7.61 — 7.53 (m, 2H), 7.51 — 7.45 (m, 1H), 3.71 (s, 3H),
2.60 (s, 6H). *C NMR (100 MHz, Chloroform-d) & 155.4, 154.3,133.8,132.0, 131.9, 129.8, 129.5, 128.5,
128.1, 127.2, 125.4, 110.0, 51.4 (t, J = 3.0 Hz), 42.2, 37.9 (t, J = 30.0 Hz), 28.6. *C-NMR for
CF,CF,CF,CFj3 could not be assigned. °F NMR (376 MHz, Chloroform-d) & -80.93 — -81.18 (m, 3F), -
116.47 —-116.75 (m, 2F), -122.14 — -122.41 (m, 2F), -125.86 — -126.14 (m, 2F). HRMS (ESI) m/z: calcd
for CoHi6FoN2O [M+H] * 495.1113, found: 495.1112.

Characteristic data for staffane 4r-S: "H NMR (400 MHz, Chloroform-d) & 2.21 (s, 6H), 1.97 (s, 6H).
3-methoxy-2-(3-(3-(3-(4,4,4,4,4,4,4,4,4-nonafluoro-4).'2-buta-1,3-diyn-1-yl)bicyclo[1.1.1]pentan-1-

yl)-2-oxoquinoxalin-1(2H)-yl)propoxy)benzaldehyde (4s)

N
) C4Fg
CHO N
/i
O
OMe
Eluent in chromatography: petroleum ether/ethyl acetate 30:1 to 25:1, 4s was isolated as a yellow oil (57
mg, 46%, 4s:4s-S > 85:15); 'H NMR (400 MHz, Chloroform-d) & 10.52 — 10.43 (m, 1H), 7.98 (d, J =
8.2 Hz, 1H), 7.86 — 7.77 (m, 1H), 7.68 — 7.49 (m, 2H), 7.47 — 7.39 (m, 1H), 7.19 — 7.09 (m, 2H), 4.84 —
4.71 (m, 2H), 4.44 — 4.31 (m, 2H), 3.84 (s, 3H), 2.54 (s, 6H), 2.44 — 2.35 (m, 2H). 1*C NMR (100 MHz,
Chloroform-d) 6 189.9, 156.3,152.9, 151.5, 145.1, 140.2, 138.5, 129.8, 129.7, 128.6, 126.8, 126.7, 124 .2,
119.4, 118.0, 71.6, 63.3, 55.9, 51.2 (t, J = 3.6 Hz), 41.1, 38.0 (t, J = 30.1 Hz), 29.7. *C-NMR for
CF,CF,CF,CFj3 could not be assigned. '°F NMR (376 MHz, Chloroform-d) & -80.74 — -81.31 (m, 3F), -
116.27 —-116.79 (m, 2F), -122.08 — -122.51 (m, 2F), -125.82 — -126.27 (m, 2F). HRMS (ESI) m/z: calcd
for CsH24FoN>04 [M+H] * 623.1587, found: 623.1589.
Characteristic data for staffane 4s-S: '"H NMR (400 MHz, Chloroform-d) § 2.15 (s, 6H), 1.95 (s, 6H).
2-(3-(3-(4,4,4,4,4,4,4,4,4-nonafluoro-4).'>-buta-1,3-diyn-1-yl)bicyclo[1.1.1] pentan-1-yl)-2-

oxoquinoxalin-1(2H)-yl)ethyl 2-(4-isobutylphenyl)propanoate (4t)



Eluent in chromatography: petroleum ether/ethyl acetate 30:1 to 20:1, 4t was isolated as a light brown
oil (66 mg, 45%); 'H NMR (400 MHz, Chloroform-d) & 7.85 (d, J= 7.9 Hz, 1H), 7.52 — 7.43 (m, 1H),
7.39 — 7.29 (m, 2H), 7.12 — 7.00 (m, 4H), 4.55 — 4.32 (m, 4H), 3.59 (q, J = 7.2 Hz, 1H), 2.54 (s, 6H),
2.43(d,J=7.1 Hz, 2H), 1.89 — 1.75 (m, 1H), 1.42 (d, J= 7.1 Hz, 3H), 0.89 (d, /= 6.6 Hz, 6H). 3*C NMR
(100 MHz, Chloroform-d) & 174.7, 154.6, 154.2, 140.7, 137.1, 132.9, 132.8, 130.5, 130.4, 129.4, 127.0,
123.8,113.8, 61.0, 51.2 (t, J= 3.5 Hz), 45.0 (d, J = 1.8 Hz), 41.9, 40.5, 37.8 (t, /= 30.2 Hz), 30.1, 22.4,
18.3. 3C-NMR for CF,CF,CF,CF; could not be assigned. '°F NMR (376 MHz, Chloroform-d) & -80.97
— -81.16 (m, 3F), -116.54 — -116.75 (m, 2F), -122.19 — -122.44 (m, 2F), -125.89 — -126.19 (m, 2F).
HRMS (ESI) m/z: caled for C32H3:FoN,O3 [M+H] * 663.2264, found: 663.2268.

2,4-dibenzyl-6-(3-(4,4,4,4,4,4,4,4,4-nonafluoro-41'2-buta-1,3-diyn-1-yl)bicyclo[1.1.1]pentan-1-yl)-

Bn\
N—N
o< C4Fo
N
Bn (e}

Eluent in chromatography: petroleum ether/ethyl acetate 30:1 to 25:1, 4u was isolated as a white solid

1,2,4-triazine-3,5(2H,4H)-dione (4u)

(97 mg, 83%); M.p.: 110-111 °C; '"H NMR (400 MHz, Chloroform-d) & 7.53 — 7.48 (m, 2H), 7.45 — 7.27
(m, 8H), 5.10 (s, 2H), 5.06 (s, 2H), 2.42 (s, 6H). '*C NMR (100 MHz, Chloroform-d) & 155.2, 149.0,
140.6, 135.5 (2C), 129.5, 128.8, 128.7, 128.6, 128.3, 128.1, 55.4, 51.0 (t, /= 3.3 Hz), 44.1, 38.8, 38.2 (t,
J=30.0 Hz). 3*C-NMR for CF,CF>CF,CFj; could not be assigned. "°F NMR (376 MHz, Chloroform-d) &
-81.00 — -81.18 (m, 3F), -116.52 — -116.79 (m, 2F), -122.18 — -122.44 (m, 2F), -125.93 — -126.16 (m,
2F). HRMS (ESI) m/z: calcd for Ca6H21FoN3O, [M+H] * 578.1485, found: 578.1506.

2,4-bis(4-methylbenzyl)-6-(3-(4,4,4,4,4,4,4,4,4-nonafluoro-42'>-buta-1,3-diyn-1-yl)bicyclo[1.1.1]pe

ntan-1-yl)-1,2,4-triazine-3,5(2H,4H)-dione (4v)

C N—N
O=< %QFQ
: N
O
Eluent in chromatography: petroleum ether/ethyl acetate 30:1, 4v was isolated as a yellow oil (110 mg,
91%, 4v:4v-S > 95:5); 'H NMR (400 MHz, Chloroform-d) & 7.42 (d, J = 8.0 Hz, 2H), 7.33 (d, J = 8.0
Hz, 2H), 7.19 (d, J= 8.0 Hz, 2H), 7.16 (d, J = 8.0 Hz, 2H), 5.07 (s, 2H), 5.03 (s, 2H), 2.43 (s, 6H), 2.37

(s, 3H), 2.35 (s, 3H). '°C NMR (100 MHz, Chloroform-d) & 155.3, 148.9, 140.5, 138.1, 137.9, 132.6,

132.5, 129.6, 129.4, 129.2, 128.8, 55.2, 51.0 (t, J = 3.4 Hz), 43.8, 38.8, 38.2 (t, J = 30.2 Hz), 21.1. 13C-
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NMR for CF,CF,CF,CF; could not be assigned. '°F NMR (376 MHz, Chloroform-d) & -80.93 —-81.23
(m, 3F), -116.44 —-116.72 (m, 2F), -122.15 — -122.42 (m, 2F), -125.90 —-126.10 (m, 2F). HRMS (ESI)
m/z: calcd for CasHasFoN3O, [M+H] * 606.1798, found: 606.1805.

Characteristic data for staffane 4v-S: 'H NMR (400 MHz, Chloroform-d) & 2.04 (s, 6H), 1.95 (s, 6H).
2,4-bis(4-chlorobenzyl)-6-(3-(4,4,4,4,4,4,4,4,4-nonafluoro-42'>-buta-1,3-diyn-1-yl)bicyclo[1.1.1]pe

ntan-1-yl)-1,2,4-triazine-3,5(2H,4H)-dione (4w)

Oy
o=(N:Nz7kc4F9
C|4©—/N )

Eluent in chromatography: petroleum ether/ethyl acetate 30:1 to 20:1, 4w was isolated as a yellow solid
(108 mg, 84%, 4w:4w-S > 96:4); M.p.: 99-100 °C; 'H NMR (400 MHz, Chloroform-d) § 7.44 —7.38 (m,
2H), 7.32 (s, 4H), 7.30 — 7.26 (m, 2H), 5.04 (s, 2H), 5.00 (s, 2H), 2.40 (s, 6H). *C NMR (100 MHz,
Chloroform-d) § 155.1, 148.8, 140.9, 134.5, 134.2, 133.8 (2C), 131.1, 130.2, 129.0, 128.8, 54.8, 51.1 (t,
J=23.5Hz),43.4,38.8, 382 (t, J= 30.4 Hz). *C-NMR for CF,CF,CF,CF; could not be assigned. '°F
NMR (376 MHz, Chloroform-d) & -80.93 —-81.23 (m, 3F), -116.54 —-116.69 (m, 2F), -122.19 —-122.38
(m, 2F), -125.93 — -126.10 (m, 2F). HRMS (ESI) m/z: calcd for C26H19Cl,FoN30, [M+H] * 646.0705,
found: 646.0686.

Characteristic data for staffane 4w-S: '"H NMR (400 MHz, Chloroform-d) & 2.00 (s, 6H), 1.92 (s, 6H).
2,4-bis(naphthalen-2-ylmethyl)-6-(3-(4,4,4,4,4,4,4,4,4-nonafluoro-41.'2-buta-1,3-diyn-1-yl)bicyclo

[1.1.1]pentan-1-yl)-1,2,4-triazine-3,5(2H,4H)-dione (4x)

O,
.O=<N‘207k04':9

Eluent in chromatography: petroleum ether/ethyl acetate 30:1 to 20:1, 4x was isolated as a yellow oil (82
mg, 62%, 4x:4x-S > 96:4); 'H NMR (400 MHz, Chloroform-d) § 7.97 (s, 1H), 7.90 — 7.79 (m, 7H), 7.66
— 7.60 (m, 1H), 7.56 — 7.45 (m, 5H), 5.28 (s, 2H), 5.24 (s, 2H), 2.44 (s, 6H). *C NMR (100 MHz,
Chloroform-d) 6 155.3,149.1, 140.7, 133.3,133.2,133.1, 133.0, 132.9, 132.8, 128.8, 128.6, 128.3, 128.0,
127.7, 127.6, 127.1, 126.4, 126.4, 126.2, 126.2, 55.6, 51.1 (t, J = 3.8 Hz), 44.3, 38.8, 38.2 (t, /= 30.4
Hz). BC-NMR for CF,CF,CF,CF; could not be assigned. '°’F NMR (376 MHz, Chloroform-d) & -80.96
—-81.16 (m, 3F),-116.46 —-116.63 (m, 2F), -122.15 — -122.35 (m, 2F), -125.88 —-126.06 (m, 2F). HRMS

S22



(ESI) m/z: calcd for C34HsFoN3O, [M+H] * 678.1798, found: 678.1806.
Characteristic data for staffane 4x-S: '"H NMR (400 MHz, Chloroform-d) & 2.05 (s, 6H), 1.94 (s, 6H).
2,4-diallyl-6-(3-(4,4,4,4,4,4,4,4,4-nonafluoro-4).'>-buta-1,3-diyn-1-yl)bicyclo[1.1.1]pentan-1-yl)-

1,2,4-triazine-3,5(2H,4H)-dione (4y)

X
N—N
o= %045
N
/,—/ o)

Eluent in chromatography: petroleum ether/ethyl acetate 30:1 to 20:1, 4y was isolated as a brown solid
(57 mg, 61%, 4y:4y-S > 95:5); M.p.: 54-56 °C; '"H NMR (400 MHz, Chloroform-d) & 6.00 — 5.77 (m,
2H), 5.37 - 5.18 (m, 4H), 4.57 — 4.47 (m, 4H), 2.40 (s, 6H). *C NMR (100 MHz, Chloroform-d) § 155.1,
148.5, 140.5, 131.2, 130.3, 119.5, 119.3, 54.2, 51.0, 42.8, 38.8, 38.2 (t, J = 30.4 Hz). 3C-NMR for
CF,CF,CF,CF; could not be assigned. '°F NMR (376 MHz, Chloroform-d) & -81.03 — -81.28 (m, 3F), -
116.52 —-116.83 (m, 2F), -122.24 — -122.48 (m, 2F), -125.96 — -126.17 (m, 2F). HRMS (ESI) m/z: calcd
for CigHi7FoN30, [M+H] * 478.1172, found: 478.1182.

Characteristic data for staffane 4y-S: '"H NMR (400 MHz, Chloroform-d) & 2.00 (s, 6H), 1.91 (s, 6H).

2,4-dimethyl-6-(3-(4,4,4,4,4,4,4,4,4-nonafluoro-4A'2-buta-1,3-diyn-1-yl)bicyclo[1.1.1]pentan-1-yl)-

Me\
N—N
o=< C4Fo
/N
Me O

Eluent in chromatography: petroleum ether/ethyl acetate 20:1 to 15:1, 4z was isolated as a white solid

1,2,4-triazine-3,5(2H,4H)-dione (4z)

(56 mg, 66%, 4z:4z-S > 95:5); M.p.: 96-98 °C; 'H NMR (400 MHz, Chloroform-d) & 3.62 (s, 3H), 3.32
(s, 3H), 2.39 (s, 6H). 3C NMR (100 MHz, Chloroform-d) § 155.8, 149.2, 139.9, 50.9 (t, J = 3.4 Hz),
39.6,38.8,38.2 (t,J=30.4 Hz), 26.9. 3*C-NMR for CF,CF,CF,CF; could not be assigned. '°F NMR (376
MHz, Chloroform-d) & -80.95 — -81.18 (m, 3F), -116.53 — -116.83 (m, 2F), -122.17 — -122.48 (m, 2F), -
125.94 — -126.21 (m, 2F). HRMS (ESI) m/z: calcd for C14Hi2FsN3NaO, [M+Na] * 448.0678, found:
448.0664.

Characteristic data for staffane 4z-S: '"H NMR (400 MHz, Chloroform-d) & 2.00 (s, 6H), 1.91 (s, 6H).
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4-ethyl-6-(3-(4,4,4,4,4,4,4,4,4-nonafluoro-41.'>-buta-1,3-diyn-1-yl)bicyclo[1.1.1]pentan-1-yl)-2-

propyl-1,2,4-triazine-3,5(2H,4H)-dione (4aa)

?

o=(N:Nz7kC4F9

/N o)
Eluent in chromatography: petroleum ether/ethyl acetate 30:1, 4aa was isolated as a white solid (72 mg,
77%, 4aa:4aa-S > 94:6); M.p.: 62-63 °C; 'H NMR (400 MHz, Chloroform-d) & 4.00 (q, J= 7.4 Hz, 2H),
3.85 (t,J = 7.8 Hz, 2H), 2.39 (s, 6H), 1.65 (q, J = 7.6 Hz, 2H), 1.31 (t, 3H), 0.94 (t, J = 8.2 Hz, 3H). 13C
NMR (100 MHz, Chloroform-d) § 155.5, 148.6, 140.1, 51.0 (t, /= 3.6 Hz), 47.0, 42.3, 38.9, 38.1 (t, J =
30.6 Hz), 20.6, 13.3, 11.3. 3C-NMR for CF,CF,CF,CF; could not be assigned. '’F NMR (376 MHz,
Chloroform-d) 6 -81.00 — -81.23 (m, 3F), -116.57 — -116.85 (m, 2F), -122.24 — -122.51 (m, 2F), -125.95
—-126.24 (m, 2F). HRMS (ESI) m/z: calcd for C17H9FsN30, [M+H] * 468.1328, found: 468.1328.
Characteristic data for staffane 4aa-S: '"H NMR (400 MHz, Chloroform-d) & 2.00 (s, 6H), 1.91 (s, 6H).
2-benzyl-6-(3-(4,4,4,4,4,4,4,4,4-nonafluoro-42'%-buta-1,3-diyn-1-yl)bicyclo[1.1.1]pentan-1-yl)-4-

propyl-1,2,4-triazine-3,5(2H,4H)-dione (4ab)
Bn\
N—N
o< CaFo

N

§ 0
Eluent in chromatography: petroleum ether/ethyl acetate 30:1 to 20:1, 4ab was isolated as a yellow oil
(100 mg, 78%, 4ab:4ab-S > 96:4); 'H NMR (400 MHz, Chloroform-d) § 7.52 — 7.46 (m, 2H), 7.36 —
7.28 (m, 3H), 5.07 (s, 2H), 3.96 — 3.85 (m, 2H), 2.40 (s, 6H), 1.81 — 1.70 (m, 2H), 0.95 (t, /= 7.4 Hz,
3H). *C NMR (100 MHz, Chloroform-d) & 155.3, 149.0, 140.2, 135.6, 129.6, 128.6, 128.1, 53.4, 51.0 (4,
J=3.6 Hz), 44.0, 38.8, 38.2 (t, J = 30.2 Hz), 21.50, 10.91. *C-NMR for CF,CF,CF,CF; could not be
assigned. '’F NMR (376 MHz, Chloroform-d) & -80.73 — -81.30 (m, 3F), -116.51 — -116.71 (m, 2F), -
122.20 —-122.42 (m, 2F), -125.93 — -126.11 (m, 2F). HRMS (ESI) m/z: calcd for C22H2iF9N30, [M+H]

©530.1485, found: 530.1495.

Characteristic data for staffane 4ab-S: "H NMR (400 MHz, Chloroform-d) & 2.00 (s, 6H), 1.92 (s, 6H).
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2-benzyl-4-(4-(tert-butyl)phenyl)-6-(3-(4,4,4,4,4,4,4,4,4-nonafluoro-4).'>-buta-1,3-diyn-1-

yDbicyclo[1.1.1]pentan-1-yl)-1,2,4-triazine-3,5(2H,4H)-dione (4ac)

Bn\
N—N
o< C4Fo
N
o)

Eluent in chromatography: petroleum ether/ethyl acetate 30:1 to 25:1, 4ac was isolated as a yellow solid
(52 mg, 42%, 4ac:4ac-S > 96:4); M.p.: 129-130 °C; '"H NMR (400 MHz, Chloroform-d) & 7.57 (d, J =
7.8 Hz, 2H), 7.48 (d, J = 7.6 Hz, 2H), 7.43 — 7.29 (m, 5H), 5.14 (s, 2H), 2.44 (s, 6H), 1.35 (s, 9H). 3C
NMR (100 MHz, Chloroform-d) & 155.1, 151.4, 148.6, 141.0, 137.6, 135.4, 130.0, 128.6, 128.3, 125.9,
124.6, 51.1 (t, J = 3.2 Hz), 44.3, 38.9, 38.2 (t, J = 30.2 Hz), 34.7, 31.3. BC-NMR for CF,CF,CF,CF;
could not be assigned. '°F NMR (376 MHz, Chloroform-d) & -80.95 —-81.17 (m, 3F), -116.51 —-116.82
(m, 2F),-122.20 — -122.45 (m, 2F), -125.96 — -126.14 (m, 2F). HRMS (ESI) m/z: calcd for C2oH27F9N30»
[M+H] * 620.1954, found: 620.1958.

Characteristic data for staffane 4ac-S: '"H NMR (400 MHz, Chloroform-d) 8 2.05 (s, 6H), 1.92 (s, 6H).
4-benzyl-6-(3-(4,4,4,4,4,4,4,4,4-nonafluoro-42'2-buta-1,3-diyn-1-yl)bicyclo[1.1.1]pentan-1-yl)-2-(3-

phenylpropyl)-1,2,4-triazine-3,5(2H,4H)-dione (4ad)

§

N—N

O=< %Cﬂ:g
N

B (6]

h

Eluent in chromatography: petroleum ether/ethyl acetate 30:1 to 20:1, 4ad was isolated as a colorless
liquid (92 mg, 76%); 'H NMR (400 MHz, Chloroform-d) § 7.43 — 7.31 (m, 5H), 7.27 — 7.20 (m, 2H),
7.20—7.13 (m, 3H), 5.06 (s, 2H), 4.00 — 3.91 (m, 2H), 2.69 (t, J = 7.8 Hz, 2H), 2.40 (s, 6H), 2.04 — 1.96
(m, 2H). 13C NMR (100 MHz, Chloroform-d) & 155.3, 148.8, 140.9, 140.3, 135.5, 128.8, 128.7, 128.4,
128.3,128.2, 126.0, 55.4, 51.0 (t, J = 3.6 Hz), 40.8, 38.8, 38.2 (t, J = 30.4 Hz), 33.2, 28.1. *C-NMR for
CF,CF,CF,CFj; could not be assigned. '°F NMR (376 MHz, Chloroform-d) § -81.00 — -81.17 (m, 3F), -
116.52 —-116.78 (m, 2F), -122.20 —-122.43 (m, 2F), -125.94 — -126.14 (m, 2F). HRMS (ESI) m/z: calcd

for C2sH5F9N30, [M+H] * 606.1798, found: 606.1805.
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(2R,3R,4R,5R)-2-(acetoxymethyl)-5-(4-methyl-6-(3-(4,4,4,4,4,4,4,4,4-nonafluoro-4.>-buta-1,3-
diyn-1-yl)bicyclo[1.1.1]pentan-1-yl)-3,5-dioxo-4,5-dihydro-1,2,4-triazin-2(3 H)-

yDtetrahydrofuran-3,4-diyl diacetate (4ae)

AcO OAc

Eluent in chromatography: petroleum ether/ethyl acetate 5:1 to 3:1, 4ae was isolated as a colourless
liquid (41 mg, 31%, 4ae:4ae-S > 95:5); 'H NMR (400 MHz, Chloroform-d) 8 6.33 — 6.25 (m, 1H), 5.63
—5.56 (m, 1H), 5.48 — 5.38 (m, 1H), 4.39 —4.27 (m, 2H), 4.20 — 4.10 (m, 1H), 3.30 (s, 3H), 2.43 (s, 6H),
2.11 (s, 3H), 2.09 (s, 3H), 2.06 (s, 3H). *C NMR (100 MHz, Chloroform-d) & 170.4, 169.6, 169.5, 154.9,
148.6, 141.7,89.3, 78.8,73.1,70.5, 63.5,51.0 (t, /= 3.6 Hz), 38.8, 38.3 (t,/=30.6 Hz), 27.0, 20.7, 20.5,
20.4. BC-NMR for CF,CF,CF,CF; could not be assigned. '°F NMR (376 MHz, Chloroform-d) § -80.80
—-81.30 (m, 3F), -116.48 —-116.89 (m, 2F), -122.06 —-122.46 (m, 2F), -125.91 —-126.25 (m, 2F). HRMS
(ESI) m/z: calcd for Co4HosFoN3O9 [M+H] * 670.1442, found: 670.1441.

Characteristic data for staffane 4ae-S: 'H NMR (400 MHz, Chloroform-d) & 2.03 (s, 6H), 1.91 (s, 6H).
(2R,3R.4R,5R)-2-((benzoyloxy)methyl)-5-(4-methyl-6-(3-(4,4,4,4,4,4,4,4,4-nonafluoro-41'2-buta-
1,3-diyn-1-yl)bicyclo[1.1.1]pentan-1-yl)-3,5-dioxo-4,5-dihydro-1,2,4-triazin-2(3 H)-

yDtetrahydrofuran-3,4-diyl dibenzoate (4af)

Ao,
)\ N
(@) N
BzO o
BzO OBz

Eluent in chromatography: petroleum ether/ethyl acetate 15:1 to 8:1, 4af was isolated as a colourless
viscous liquid (83 mg, 49%, 4af:4af-S > 95:5); '"H NMR (400 MHz, Chloroform-d) § 8.05 (d,J= 7.7 Hz,
2H), 8.00 — 7.92 (m, 4H), 7.61 — 7.50 (m, 3H), 7.44 — 7.32 (m, 6H), 6.61 — 6.54 (m, 1H), 6.10 — 6.02 (m,
1H), 5.98 — 5.89 (m, 1H), 4.83 — 4.68 (m, 2H), 4.64 — 4.54 (m, 1H), 3.32 (s, 3H), 2.37 (s, 6H). *C NMR
(100 MHz, Chloroform-d) 5 166.1, 165.2, 165.1, 154.9, 148.8, 141.8, 133.7, 133.6, 133.3, 129.8, 129.7,
129.7,129.4,128.7, 128.6, 128.5, 128.4 (2C), 89.4,79.4, 73.5, 71.4, 63.8, 50.9 (t, /= 3.6 Hz), 38.7, 38.2
(t, J=30.4 Hz), 27.0. '°F NMR (376 MHz, Chloroform-d) & -80.90 — -81.19 (m, 3F), -116.37 — -116.80

(m, 2F), -122.00 — -122.42 (m, 2F), -125.88 — -126.24 (m, 2F). HRMS (ESI) m/z: calcd for C3oHs FoN30o
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[M+H] * 856.1911, found: 856.1902.
Characteristic data for staffane 4af-S: 'H NMR (400 MHz, Chloroform-d) § 2.02 (s, 6H), 1.92 (s, 6H).

2,4-dibenzyl-6-(3-(trifluoromethyl)bicyclo[1.1.1]pentan-1-yl)-1,2,4-triazine-3,5(2H,4H)-dione (5a)

Bn,
N—N
o< CF4
N
Bi O
Eluent in chromatography: petroleum ether/ethyl acetate 30:1 to 25:1, 5a was isolated as a white solid
(48 mg, 55%); M.p.: 111-112 °C; '"H NMR (400 MHz, Chloroform-d) § 7.52 — 7.46 (m, 2H), 7.43 — 7.28
(m, 8H), 5.09 (s, 2H), 5.05 (s, 2H), 2.33 (s, 6H). *C NMR (100 MHz, Chloroform-d) & 155.3, 149.0,
140.8, 135.5, 135.5, 129.5, 128.8, 128.7, 128.6, 128.3, 128.1, 122.6 (q, J =274.0 Hz), 55.4, 50.3 (q, J =
2.0 Hz),44.1,38.2(q,J=38.8 Hz), 38.2 - 38.1 (m). ’F NMR (376 MHz, Chloroform-d) 5 -73.17. HRMS
(ESI) m/z: caled for Ca3Ha1F3N30, [M+H] * 428.1580, found: 428.1579.
1-methyl-5,6-diphenyl-3-(3-(trifluoromethyl)bicyclo[1.1.1]pentan-1-yl)pyrazin-2(1H)-one (5b)

Ph

N
Ph%c&
N
/

o}
Eluent in chromatography: petroleum ether/ethyl acetate 30:1 to 20:1, Sb was isolated as a yellow solid
(34 mg, 44%); M.p.: 160-162 °C; '"H NMR (400 MHz, Chloroform-d) & 7.43 —7.35 (m, 3H), 7.22 - 7.17
(m, 2H), 7.13 (s, 5H), 3.30 (s, 3H), 2.48 (s, 6H). 1*C NMR (100 MHz, Chloroform-d) & 155.3, 151.7,
137.9, 137.5, 132.7, 132.4, 129.9, 129.6, 129.3, 129.1, 127.7, 127.0, 123.0 (q, J = 274.0 Hz), 50.2 (q, J
=2.3 Hz), 41.0,37.8 (q, J = 38.2 Hz), 33.6. %F NMR (376 MHz, Chloroform-d) & -73.06. HRMS (ESI)
m/z: calcd for Cp3HaoF3N2O [M+H] * 397.1522, found: 397.1527.

1-methyl-3-(3-(trifluoromethyl)bicyclo[1.1.1]pentan-1-yl)quinoxalin-2(1H)-one (5c)

N
%ca
N
/0

Eluent in chromatography: petroleum ether/ethyl acetate 30:1 to 20:1, 5S¢ was isolated as a yellow solid
(35 mg, 39%); M.p.: 174-175 °C; 'H NMR (400 MHz, Chloroform-d) & 7.85 (dd, J = 8.0, 1.5 Hz, 1H),
7.58 —7.52 (m, 1H), 7.38 — 7.27 (m, 2H), 3.67 (s, 3H), 2.48 (s, 6H). *C NMR (100 MHz, Chloroform-
d) 6 155.0, 154.5,133.5, 132.8,130.4, 130.2, 123.7, 122.9 (q, J = 274.0 Hz), 113.6, 50.4 (q, /= 2.0 Hz),

41.3,37.9 (q, J = 38.3 Hz), 28.6. °F NMR (376 MHz, Chloroform-d) & -73.13. HRMS (ESI) m/z: calcd
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for CisH14F3N,O [M+H] * 295.1053, found: 295.1060.
2,4-dibenzyl-6-(3-(2,2,2-trifluoroethyl)bicyclo[1.1.1]pentan-1-yl)-1,2,4-triazine-3,5(2H,4H)-dione

(3d)

Bn,
O=<N:Nz7kCHZCF3

Bn’N o)
Eluent in chromatography: petroleum ether/ethyl acetate 30:1 to 25:1, 5d was isolated as a white solid
(23 mg, 26%); M.p.: 86-88 °C; 'H NMR (400 MHz, Chloroform-d) & 7.50 — 7.45 (m, 2H), 7.42 — 7.27
(m, 8H), 5.07 (s, 2H), 5.04 (s, 2H), 2.36 (q, J = 11.0 Hz, 2H), 2.18 (s, 6H). *C NMR (100 MHz,
Chloroform-d) & 155.4, 149.0, 141.7, 135.6, 135.6, 129.5, 128.8, 128.7, 128.5, 128.2, 128.0, 126.2 (q, J
=277.0 Hz), 55.3, 53.0, 43.9, 39.3 (d, J= 1.9 Hz), 35.7 (g, J = 28.3 Hz), 34.7 (q, J = 2.8 Hz). '°F NMR
(376 MHz, Chloroform-d) 8 -64.29. HRMS (ESI) m/z: calcd for C24H23F3N30, [M+H] *442.1737, found:
442.1740.
2,4-dibenzyl-6-(3-(perfluoropropan-2-yl)bicyclo[1.1.1]pentan-1-yl)-1,2,4-triazine-3,S(2H,4H)-

dione (Se)

Bn,
N—N /CFS
o= C—F
/N CF3
Bn o
Eluent in chromatography: petroleum ether/ethyl acetate 30:1 to 25:1, Se was isolated as a white solid
(43 mg, 41%, 5e:5e-S > 96:4); M.p.: 90-91 °C; 'H NMR (400 MHz, Chloroform-d) & 7.51 — 7.45 (m,
2H), 7.43 — 7.28 (m, 8H), 5.08 (s, 2H), 5.04 (s, 2H), 2.41 (s, 6H). 3*C NMR (100 MHz, Chloroform-d) &
155.3, 148.9, 140.5, 135.5, 135.4, 129.5, 128.8, 128.7, 128.6, 128.3, 128.1, 55.5, 52.0 (d, J = 4.0 Hz),
44.1, 38.7,36.8 (d, J = 25.6 Hz). *C-NMR for CFCF;CF; could not be assigned. '’F NMR (376 MHz,
Chloroform-d) & -74.66 (s, 3F), -74.69 (s, 3F), -183.16 — -183.32 (m, 1F). HRMS (ESI) m/z: calcd for
CasH F7N30, [M+H] * 528.1517, found: 528.1522.
Characteristic data for staffane 5e-S: 'H NMR (400 MHz, Chloroform-d) & 2.00 (s, 6H), 1.93 (s, 6H).
2,4-dibenzyl-6-(3-(6,6,6,6,6,6,6,6,6,6,6,6,6-tridecafluoro-61'%-hexa-1,3,5-triyn-1-yl)bicyclo[1.1.1] pe

ntan-1-yl)-1,2,4-triazine-3,5(2H,4H)-dione (5f)

Bn\
N-N
o=< CeF1s
N
Bi O

528



Eluent in chromatography: petroleum ether/ethyl acetate 30:1 to 25:1, 5f was isolated as a yellow solid
(112 mg, 82%); M.p.: 98-99 °C; 'H NMR (400 MHz, Chloroform-d) § 7.53 — 7.49 (m, 2H), 7.46 — 7.28
(m, 8H), 5.11 (s, 2H), 5.07 (s, 2H), 2.43 (s, 6H). *C NMR (100 MHz, Chloroform-d) & 155.3, 149.0,
140.6, 135.5, 135.5, 129.6, 128.8, 128.7, 128.6, 128.3, 128.1, 55.5, 51.1 (t, J = 3.6 Hz), 44.1, 38.8, 38.3
(t, J=30.4 Hz). 3C-NMR for C¢F; could not be assigned. °F NMR (376 MHz, Chloroform-d) & -80.75
—-81.13 (m, 3F), -116.32 — -116.51 (m, 2F), -121.19 — -121.40 (m, 2F), -121.73 — -122.05 (m, 2F), -
122.72 —-123.05 (m, 2F), -126.01 —-126.20 (m, 2F). HRMS (ESI) m/z: calcd for C23H»1F13N30, [M+H]
©678.1421, found: 678.1404.
2,4-dibenzyl-6-(3-(8,8,8,8,8,8,8.8,8,8,8.8,8,8,8.8,8-heptadecafluoro-81*"-octa-1,3,5,7-tetrayn-1-

yDbicyclo[1.1.1]pentan-1-yl)-1,2,4-triazine-3,5(2H,4 H)-dione (5g)

Bn,
N—-N
O=< ) CgF17
N
Bi ©
Eluent in chromatography: petroleum ether/ethyl acetate 30:1 to 25:1, 5g was isolated as a white solid
(53 mg, 34%); M.p.: 119-120 °C; 'H NMR (400 MHz, Chloroform-d) & 7.51 — 7.46 (m, 2H), 7.43 — 7.28
(m, 8H), 5.09 (s, 2H), 5.05 (s, 2H), 2.40 (s, 6H). *C NMR (100 MHz, Chloroform-d) & 155.3, 149.0,
140.7, 135.5, 135.5, 129.6, 128.8, 128.7, 128.6, 128.3, 128.1, 55.5, 51.1 (t, J= 3.2 Hz), 44.1, 38.8, 38.3
(t,J=30.4 Hz). 3C-NMR for CsF7 could not be assigned. '°F NMR (376 MHz, Chloroform-d) & -80.70
~ -80.90 (m, 3F), -116.30 — -116.51 (m, 2F), -121.13 — -121.37 (m, 2F), -121.56 — -122.04 (m, 6F), -
122.52 —-122.85 (m, 2F), -125.93 —-126.22 (m, 2F). HRMS (ESI) m/z: calcd for C3oH»F17N30, [M+H]
*778.1357, found: 778.1376.
2,4-dibenzyl-6-(3-(10,10,10,10,10,10,10,10,10,10,10,10,10,10,10,10,10,10,10,10,10-henicosafluoro-

1022%-deca-1,3,5,7,9-pentayn-1-yl)bicyclo[1.1.1]pentan-1-yl)-1,2,4-triazine-3,5(2 H,4H)-dione (5h)

Bn,
N—N
O=< %lezm
N
Bi ©
Eluent in chromatography: petroleum ether/ethyl acetate 30:1 to 25:1, Sh was isolated as a white solid
(26 mg, 15%); M.p.: 141-142 °C; '"H NMR (400 MHz, Chloroform-d) & 7.51 — 7.45 (m, 2H), 7.42 — 7.28

(m, 8H), 5.08 (s, 2H), 5.05 (s, 2H), 2.40 (s, 6H). 3C NMR (100 MHz, Chloroform-d) & 155.3, 149.0,

140.6, 135.5, 135.5, 129.6, 128.8, 128.7, 128.6, 128.3, 128.1, 55.5, 51.1 (t J=23.2 Hz), 44.1, 38.8, 38.3(t,

529



J=31.2 Hz). BC-NMR for CoF2; could not be assigned. °F NMR (376 MHz, Chloroform-d) § -80.76

(t,J=10.0 Hz, 3F), -116.25 — -116.53 (m, 2F), -121.09 — -121.37 (m, 2F), -121.53 — -121.97 (m, 10F), -

122.49 —-122.81 (m, 2F), -125.91 —-126.19 (m, 2F). HRMS (ESI) m/z: calcd for C3,H21F21 N30, [M+H]

*878.1293, found: 878.1301.
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9. Copies of 'H, *C NMR, and F NMR spectra of all compounds

5,6-bis(4-methoxyphenyl)-1-methylpyrazin-2(1H)-one (1f)
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5,6-bis(4-bromophenyl)-1-methylpyrazin-2(1H)-one (1g)
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5,6-bis(4-fluorophenyl)-1-methylpyrazin-2(1H)-one (1h)
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1-ethyl-3-(3-(4,4,4,4,4,4,4,4,4-nonafluoro-4\'>-buta-1,3-diyn-1-yl)bicyclo[1.1.1]pentan-1-yl)-5,6-di

phenylpyrazin-2(1H)-one (4b)
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12_huta-1,3-diyn-1-yl)bicyclo[1.1.1]pentan-1-yl)-1,5,6-
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triphenylpyrazin-2(1H)-one (4d)
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5,6-bis(4-methoxyphenyl)-1-methyl-3-(3-(4,4,4,4,4,4,4,4,4-nonafluoro-4).'>-buta-1,3-diyn-1-

yDbicyclo[1.1.1]pentan-1-yl)pyrazin-2(1H)-one (4f)
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1-(cyclopropylmethyl)-3-(3-(4,4,4,4,4,4,4,4,4-nonafluoro-41'2-buta-1,3-diyn-1-yl)bicyclo[1.1.1] pent
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1-benzyl-3-(3-(4,4,4,4,4,4,4,4,4-nonafluoro-412-buta-1,3-diyn-1-yl)bicyclo[1.1.1]pentan-1-yl)quino
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1,6,7-trimethyl-3-(3-(4,4,4,4,4,4,4,4,4-nonafluoro-4.2-buta-1,3-diyn-1-yl)bicyclo[1.1.1]pentan-1-

yl)quinoxalin-2(1H)-one (4p)

©

> NQ
~
N

\7.61
/7.05
_3.64

/
—4,

= CyFe
N
A

o]
4p
{"H NMR, 400 MHz, CDCl2}

g

Y d LD

@ o Qoo

o o © o

R‘AO 7“; 7‘0 6‘.5 6‘.0 ’3"3 5‘.0 1‘5 /l‘.O ‘A‘S 3‘.0 2‘3 2‘.0 I‘.B I‘AO 0‘.5 O‘AO
£1 (ppm)
N o ©ONOOW ~
© < ® o0 N - IR B cCONONNN O <
< o oa - <o < AN B N--Oov-ow 1 1o
0 O ITOOO® - NN © CcECNONN © OO
- - - e - ~N N LOLOLTOMO N N~
N [ | N R T N/
.\)_\
—)
— \%@Fu
N—4,
7%
4p
{"*C NMR. 100 MHz. CDCl)
I
]
l
MMW ‘
1‘80 I‘70 I‘60 1“50 1‘10 1‘30 1‘20 1‘10 I‘OO 50 8‘0 7‘0 éO 5‘0 ri‘O ?‘,O éO 1‘0 ‘O
£1 (ppm)

559



90921
€0°9Z1- |
209z
00921 |
66°GZL" ]
86'S5Z1- |
96'SZ1- |
TYCTARE
AN TARE
LezzL- |
0€e°ZZ1- 1
ezzzi-|
Lz°zeL
I ZARN
szzeL
szzel
09°9L4-
65°9kL-
95°9L}-
SS9LL-
vS9LL-
z5'9kL-
LS9LL-

L8
L8
60718~
8018~
L0718
9018~
G018

{"°F NMR, 376 MHz, CDCL,)

B
=G0'¢C

—— =512

Hoe

-145 -150 -155

-140

£1 (ppm)

6,7-difluoro-1-methyl-3-(3-(4,4,4,4,4,4,4,4,4-nonafluoro-412-buta-1,3-diyn-1-yl)bicyclo[1.1.1]pent

an-1-yl)quinoxalin-2(1H)-one (4q)

€9'¢—

c9'e—

-
N
N
; =%
4q
{'H NMR, 400 MHz, CDCL)

=

£66°S

F00'€

0L

¥6°0

£1 (ppm)

S60



06'LYL-
. veLpL-
= Z10eL-
LLogL-
s 6092L-
90'9Z1-
S0'9zL-
cL'e6c— L2 G0'9Z1-
g9'/€ 20'9z1L-
96'L€ ) — . 66'5ZL]
oz'se”, - MR TARE
€6'LY 16'SZL- ]
1Z'LG ls 66521
mm.rmw eezzi-
8C'LS . (AN AA RS —10'L
e zezel-]
Le'ZZh- |
e 0EZZl-]
) 622211
mw wm 82 zTl- | )«m”o
2611 2 szEzL-y 002
9z'zzl- 602
€120} = 9zzek
9e7z0L P2 69°9LL-A )
o::/ = o9l ke
€L/1L Ls 29°9LL-
88 /L1 - h 99°9L1-
L6 LLL 999111
96'821 o GooLl-
66°8Z1 9911~ 1
50621 R CEIT
80°6Z1 ™ eool-]
v2°0€l 29914~
9,°0€L s zooLl-]
€8°0€l S.Si
Sg0el . 099k
Syl X 659kl
85°GYl % o e vLoie- % - oS
082yl 7 ¢ 8 - B vl 18- & 8
v0'8¥L ¥ gLi8-] o
SZ'051 IEAPCHE zLLe- . £
0051 g1 o=s e bLoLe-] = g e
81251 \F/u vk oL18-1 \_J\Nx “
z6°251 o = - 60°18- % . z
Z0'vSL i g = 80°18- 1 W F i
1€°SS1 - 80'L8- w =
LSS |2

£1 (ppm)

S61




1-methyl-3-(3-(4,4,4,4,4,4,4,4,4-nonafluoro-41.2-buta-1,3-diyn-1-yl)bicyclo[1.1.1]pentan-1-yl)benz

o[g]quinoxalin-2(1H)-one (4r)

LN OVDOONLOWMNO© — o — N~
WRORVOHBYHT TN ~ © N o
ONNNNNNNNNNN ™ [ N o~
| e mem———— | P

4r
{"H NMR, 400 MHz, CDCl2}

81
Og
5ﬁ:
Oy
51

3.00=

5.801

0.31-

0.31-

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
£1 (ppm)
o O T ©O©OON®©®OO N~
< ® NOONDODWLWO - O N D ®© MONNC QN ©
0 < AN DODNLW B AN B TN NDO ©
[rog:) DOONANNNNN O NN © “c-caNONN ©
- - PRIRENIRM I RM R R ~N N LOLOLTOM®O N
N S | N T
AN
At
—N
N 4N
o
v
/ Po)
4r
{"*C NMR, 100 MHz, CDCI5)
[
1
I
(-
Lo
L g e . i Wiy . Ay S ket
1‘80 1‘70 1‘60 1‘50 1‘10 1‘30 1‘20 l‘IO 150 9‘0 8‘0 7‘0 Fl() %0 ’;0 i‘ZO éO 1‘0 ‘0 J]

£1 (ppm)

562



1
2 o
= 1
! =
=
g
9zL 2 £
oz B
10921~ m.
G0°9Z1- B ‘
<+ o
£0°9Z1- | L2 = .
‘9Z1- = S6°L
00'921-1 E m_.m/
piddl 2 [ €T - »6°0
podeidel B z 82 60
jesiden ) ore —=190Z
LE'ZZh- . = Nv.m\ o
om.NNL H = mv.m\
82'22Z1- - ere
82'22Z1-1 _ 00z |« &
12°2217 & .W
9zZ'Z2L- . _ .
mN.NNTNk el . v8'e— - Fgo'e
vz'zel- = - Geb
v9'9LL- s 5wy ~ tooz
€9°9LL- ——"€ke |, 2 o sev )
Z9°9LL- rr a $ 9y Feoe
L9'9LL- S R.v\
09°91L1- =z ¥ B eLv
65°9LL- FE: 4 >
: B = ey
85°9L1- = K )
‘9Ll =R -TR
15941 g = = )
95°9LL- & m 8 9Z'L 1
= = _.v.hg
- e 2B iy
B 1 = ereg
3 oz e £96°L
- 2 ezsif = .
< 9 1 4560
e - R\ =Te0z
T 5 91/ =100
T = Sk —Jro0'1
s <« 5 e /P60
r? 4 €9'2
<t 1 ] .
2 ) r
i B < m, §9°2] e -
g <3 . 3 Q8L g
e T 8 K o= 8L 8
£0°18- N S & e8] = 4\0 ¥
90'18- N, 2 ez |- o = 6L 1L 23
mo.rw =z 5@ L2 T 1 6621 f u\ 4 s
v0°L8- L= 2 oz 2N ¢
el O v £ L
‘18- u e ! = L _/ =T
Lot g \_\ r > = O 0=
~ - M =] 8Y' 0L ~\ g \;\ —— €60
= B oso” e
=] R 1
= S &
E A
1 —
) >

£1 (ppm)

S63




1962\ - -
99°/¢ [ L'ogi-
96°/E ] 80921
92°'8¢ 7 3 Le 09211
Nr.r.v\ 00921~
GL°LS — Le VAR TASE
m_‘._\mwv T ov.NN_‘.g
22 LS ] N JAKAASE
06'SS B geezzl-y
0e€9” om.mmr.; )
VI-AWAN B le  8zZCZl- - =00'C
89'9L\ szzzi-| =0
00°LL7 . eTeel-
zeLL r €L9LL- B ]
69°9LL- *o0c
te 99'9LL-
. TS9LL-
| & 6v9LL-
vo'gLL - S¥oLL-
€611 Le
Lzvel -
19°9ZL 1 -
€8°9ZL T =
65821 —
v, 621 A — ]
¥8'6ZL
6¥°8€1L \ — le 80°18-
gLovL - mo.rm.w €12
0L'SyL — 3 - 20°L8-
v LS\ ) ] = N
98'251 e — S =
. -— ]
92951~ a E L\mﬂ g
< W g i N\O 4 2
S F= gy 2
f . AR
= - I =
s 3 E 2 o a2f
= O w
58 5.1 3¢
v6'681 — - E ,,/\__\

(ppm)
S64

f1




2-(3-(3-(4,4,4,4,4,4,4,4,4-nonafluoro-4).>-buta-1,3-diyn-1-yl)bicyclo[1.1.1] pentan-1-yl)-2-

-isobutylphenyl)propanoate (4t)

lin-1(2H)-yl)ethyl 2-(4

oxoquinoxa

880~
0607
Lyl
S
8.1
081

€81
G8'L
181
mv.m*
vv'e
16° K

95°e
85°€
6sc’

9€'v
nm.#/
6EV ¢
444
1444

6v'v
oSV
4R 4

€0°L
S0°L
L0°L
60°L
9C'L
i)
€eLF
mw.h\
YASYA
oYL
05,
v8'L
G8'L

3
ot

R

<

("H NMR, 400 MHz, CDCl:)

Bz

Fgo'e

8oL

rl0'¢C

kgsg

=100'L

[zov

Teee

=570

660

¥16°0

£1 (ppm)

8L°€LL —
glect /
€0°L¢Cl \
9€'6C1 \
8¢€°0¢€L

9v'ocl
€8'¢cel
v6'cel
LL€L
cLovL

vevsL 7
LSVSL

99Vl —

CsFq

4t
(¢ NMR, 100 MHz, CDCl1)

f1 (ppm)

S65



O OOOML DM
8 ©QQANMMMNO QO
[SESRS] ©OoONNNNLWO©O©
oo N ANNNNNN
Q ®© D AN
~ - =
N
:‘ 3 C4Fe
N
o ,~ ©
— : %—o
t
("*F NMR. 376 MHz. CDCl,)
d b 4 &
© - © <
o o IS
*‘50 *‘55 J70 J75 *‘80 *‘85 *‘EIO *‘95 *1‘00 *1‘05 *1‘10 *1‘13 *1‘20 *1‘25 —130 *1‘35 *1‘/10 *1‘15 *1‘50 *1‘5?

£1 (ppm)

2,4-dibenzyl-6-(3-(4,4,4,4,4,4,4,4,4-nonafluoro-41'2-buta-1,3-diyn-1-yl)bicyclo[1.1.1]pentan-1-yl)-

1,2,4-triazine-3,5(2H,4H)-dione (4u)

T 000 MNMO - NUOTNOO© o © N
VOIIIINENNNN N DA =9 <
NNMNNMNMNMMNMMMMNMNMNNMNNMNDNS 0w N
e W ‘
Bn,
NN
o= CyFs
N
Bn (=]
4u
{'"H NMR, 400 MHz, CDCL)
I
1l
|
&' %
o< Qo
~ © N~
90 85 0 75 70 65 60 55 50 15 35 30

£1 (ppm)

S66



L8zl
Fm.wmr/
858z
L2821
6,821
mm.mmr\
8i'sel
19°0¥ L
96'8¥L —

v2'eSL —

CsFy

it

i

4u
{"“C NMR, 100 MHz, CDCl.}

(ppm)

f1

rANC-TARE
60°92Z1- |
80°9Z1- |
S0'9Z1- |
20'9z1-
00'9Z1- |
86'SZ1- 1
gezTl-|
vE'ZZL-1
zezel- ;
Le'2ZL-
am.mmr-w
12221~
19°9L1-
v9'9LL-
£9'9LL-
29'9LL-
09'9LL-
65'9LL-

Fs

("*F NMR, 376 MHz, CDCls)

=00°¢
=10¢C

-¢5s'¢c

—140

-110

-150  -155

—145

-120 -125 -130 -135

-115

-95 —-100  -105

-90

(ppm)

f1

S67



2,4-bis(4-methylbenzyl)-6-(3-(4,4,4,4,4,4,4,4,4-nonafluoro-42'2-buta-1,3-diyn-1-yl)bicyclo[1.1.1]pe
ntan-1-yl)-1,2,4-triazine-3,5(2H,4H)-dione (4v)

O = o~
NN A
NN N NN

7.32
7.26
7.20

§

7.15
,5.07
X5.03

7N
P
N—=""VW-n
o= Y CoFy
7 \\)_,, A
4v
("H NMR, 400 MHz, CDCls)

|
)
e N e k'R
@0 oo @ o N O oNN
~ v - N ~ N nuomNOO
R‘,O 7‘. 5 7‘,0 6‘. 5 G‘v 0 5‘, 5 5‘. 0 /1‘, 5 1‘. 0 3‘ 5 €‘ 0 Z‘ 5 ." 0 1‘ 5 l‘v 0 0‘ 5 0‘ 0
£1 (ppm)
© MO N v~ 0 W © O© N O
N OD+-OWWLOY®M®N®D N O ® NS 0O D00 ©
K BoOBNNNDD D DO Mo OO ON®Y O S
%) ST OOMONNNN N~ N~ © O~ OMmOWOWOWIMN -~
- rTTrTrrTrrTrrTTT e N~~~ LWLWOLOLITOOO® N
I | ==~ = ~J— — N = I
_¢ \\,_\
=/ Nen
o= ‘97,%045
N
TN
= dv
(*C NWIR, 100 MHz. CDCl)
I
I
’ ‘ ' |
At I} "
1‘70 1‘60 1‘50 1‘/10 l‘.il) 1‘20 1‘1(1 1‘00 S‘m 5‘40 7‘0 lluO 7;0 40 30 20 10 0

£1 (ppm)

S68



80921
S0'9z1L- |
v0°9Z1- |
10°9Z1-1
86'GZL-
96'6Z1- ]
IR TARE
AR AARE
L2211
62221 ]
822211
1272211
9z'zZ1L-
vzzz-
czzzl-’
zZ99LL-
L99LL-
09°9LL-
65°9LL-
8G9LL-
1S9LL-
GG oLL-
vS9LL-

C.Fy

4v
("F NMR, 376 MHz. CDCl:}

N

N

&

=00°¢
=0l'¢

“6l¢C

=19'¢C

-110 -115 -120 -125 -130 -135

£1 (ppm)

(4w)

ione

-3,5QH,AH)-di

1azine

2,4-bis(4-chlorobenzyl)-6-(3-(4,4,4,4,4,4,4,4,4-nonafluoro-42'-buta-1,3-diyn-1-yl)bicyclo[1.1.1]pe

ntan-1-yl)-1,2,4-tr

c6'L ~
00z

ov'e—

00'S~\
0’5

9¢'L
L2 L
yAAVA
62,

0g’L
ce L
ov'L
(3402
3402
vl
€V'.L
€V'L

("H NMR, 400 MHz, CDCl,)

-2’0
~Neo

F68°S

L0072
Moz

(x4
6'¢C
10'C

£1 (ppm)

S69

8.0




8.8zl

om.wﬁ/
€2°0EL
90°LEL 7
9segl
zZzvel
LY vEL

68.0¥1
€887l —

80°GSL —

{1*C NMR. 100 MHz, CDCl5)

160

170

(ppm)

f1

80°921-
90'9Z1- 1
S0°9Z1-
20'9Z1- 1
66'SZ}- 1
16'SZ1-1]
S6'SZ1-
zezel- |
0£'zZL-q

622l
8c'gcl-
Leeel-
geeel-
L9°9LL-
99911~
G9'9LL-
¥9'9LL-
€9°9LL-
29911~
L99LL-
09'9LL-
65°9LL-
8G°9LL-

cL'18-
L8
oL'18-
60°18-
80°18-
9018~
G0'L8-

Cl —\J/—§

{19F NMIR, 376 MHz, CDCI)

=00'¢

=60'¢C

=iec

¥9'¢C

(ppm)

f1

S70



ione (4x)

-3,5(2H,4H)-d

1azine

.

2,4-bis(naphthalen-2-ylmethyl)-6-(3-(4,4,4,4,4,4,4,4,4-nonafluoro-41.2-buta-1,3-diyn-1-yl)bicyclo

[1.1.1]pentan-1-yl)-1,2,4-tr

v6'L ~ ~€2¢’0

vv'e— Fgg'g

v2'S
82°G
9C'L

'L

YA A

8Y'L

6¥°L

052 ) 6L
052 0'C
162

2S L
A WA
GG/
GG/
GG/
19721
29/
[AWA
€9°24 .
9L I

9L g
082\ \W_E
t4:

@

N
N
ax
("H NMR, 400 MHz, CDCl,}

;

—==— 92'G
= %90'L
=== Tec.,
- 00'1L

o~

€8°L

SN

98'L
88°L
1671

T
40

£1 (ppm)
£1 (ppm)

S71

hondlh

“C NMR, 100 MHz, CDCl;}




v0'9ZL-
L0'9ZL-1
009211
86'GZ1- ]
16'SZ1- ]
96'GZ1- ]
v6'521- ]
£6'5Z1- ]
06°'GZ -
8zzzl- |
1z°zT)L-
9z'zZl-
CTAAARE
sTZTh- Y

€22l
Lgeel-

0z'zzl-
09'9bL-1
65°9LL-
85°9LL-
1S°9LL-

95°91L1L-]
G59LL-]
vSoLL-

—

ZS9LL-
A TARE
LGoLL-"

80°18-
80°18-
9018~
G0'L8-
0°18-
c0'L8-
c0'L8-

{"*F NMR, 376 MHz, CDCl)

=00'¢

=G0'¢

=80°¢

f1 (ppm)

2,4-diallyl-6-(3-(4,4,4,4,4,4,4,4,4-nonafluoro-4112-buta-1,3-diyn-1-yl)bicyclo[1.1.1]pentan-1-yl)-

ione (4y)

-3,5QH,AH)-d

iazine

1,2,4-tr

-
0
<

——

°

N
?7&‘345-
s
o
£ 2y
('"H NMR, 400 MHz, CDCls)

~1€0
~e0

[zes

Fov

[est

£1 (ppm)

S72



3 Lo
E
] 2 elozie
68'Le 3 0L9zZ1-1
61°8€ — . 60911
6v'8¢ 3 T 209211
08'8€ 90°9Z}-
8Ley s S0'9zZL-1
e0’Ls — —3 £0°921-
levs ARTARE
: L2 66'GZL-Y
ovzeL-
; N 6e'2ZL- )ooum
. ] = lezzl- 80z
69'9L 3 ve'zzl- N
00°LL7F 5 . e
ceLL ] e
699l
3 ls B.ori
" 999LL-
_ G9°9LL-1
e €99l
Nm.m:@
j 3 . Z9oLL-
““ = 61°18-
. 8118
9T'6LL - 3 = olie .
6v'6LL 7 h GLLg- s
, vLLg-
9Z'0EL U I cLLg-
6L LeL”
05°0%L — e 3 — B 5 o
3 8 o
Srevl — i o5 L2 N“W Ho Fe
60°G5L — i -3 I 1l ¢
- & o Jﬁ W
Jﬁ 4 = = Vs (o] S
4 ° =3 =

T T
-100 -105 -110 -115 -120 -125 -130 -135 -140 -145 -150 -155 -160 -165 -170
£1 (ppm)

-95




2,4-dimethyl-6-(3-(4,4,4,4,4,4,4,4,4-nonafluoro-41.>-buta-1,3-diyn-1-yl)bicyclo[1.1.1]pentan-1-yl)-

1,2,4-triazine-3,5(2H,4H)-dione (4z)

© NN o o
N © ® o oo
N o o a e
| | | | N/
Me,
NN
o= %CLFQ
M34%
4z

("H NMR, 400 MHz. CDCl,)

|
3 & & &
S & N oo
™ N o} o o
75 70 65 60 55 50 s 10 e 30 25 2o 15 o 05 oo
£1 (ppm)
© [s¢ ©
N~ N © N O © NSO NOWWLOO®
T} o ”nee QD BN QO
0 < 2] NN~ © OO O OO NO©
- - - N~~~ LOLWL OOMH®OON
I | ~— — Nle——
Me

\

N=N
O—J\N{%C.ﬁ@
Mg O

4z
("*C NMR, 100 MHz, CDCl3)

£1 (ppm)

S74



43 T4%
80'9¢L-
S0'9¢lL-
8¢€'ccl-
geeel-
€eecelh-
ogegel-
L29LL-
L9911~ W
€9°9LL-

cL'1e-
o_‘._‘w.v
10718~

£1 (ppm)

(4aa)

ione

-3,5QH,4H)-d

1azine

o
{'F NMR, 376 MHz, CDCl)

4-ethyl-6-(3-(4,4,4,4,4,4,4,4,4-nonafluoro-41.'>-buta-1,3-diyn-1-yl)bicyclo[1.1.1]pentan-1-yl)-2-

propyl-1,2,4-tr

¢6°0
¥6°0
96°0

621
Le'L
eeL
z9'L
vm.;
9917
89'L
16'L f
002
6ez—

€8'¢
G8'e
18'¢

16'€~

66'¢€
L0V

404

9¢'L—

4aa
{"H NMR, 400 MHz, CDCl.)

N,

) CF:
W

8]

N

N

—

O

Eeo'e
Egl'e
2T 4
PE0
€0

Fess

T66°L
ooz

£1 (ppm)

S75




621
6ccl
65°0C ~

cLovL —

€9'8¥1 —

25’951 —

CyFs

N
{
N-N
o=
.'N
—

b
o]
4aa
{“C NMR, 100 MHz, CDCl,)

~10

150

(ppm)

f1

€L'ocl-
60'9C1L-
G0'9¢lL-
Lv'ecl-
8€'¢cl- -

9g'ecl-

€eecl-
cL9LL- ~
89°9LL- W

y9'9LL-

18-
N_‘._\w.v
60°18-

CaFe

o]

W

)
$
MN—N
h~

o=
,J

4aa
{"“F NMR, 376 MHz, CDCl;)

=00°¢
=90°¢

=9l'¢

=9G6¢

(ppm)

f1

S76



2-benzyl-6-(3-(4,4,4,4,4,4,4,4,4-nonafluoro-41'?-buta-1,3-diyn-1-yl)bicyclo[1.1.1]pentan-1-yl)-4-

(4ab)

ione

-3,5Q2H,AH)-di

iazine

.

propyl-1,2,4-tr

€6°0
mm.oW
1670

VL
mh._‘/
Sl >
LL7L
8.1
08’L

c6'L
oo.N\
ov'e

68°€
06'¢
06'¢
16°¢
c6'e

L0°G—

9¢'L

geL

0s°2

'%Ch
N,
w]
/ 4ab
"HNMR, 400 MHz, CDCl5)

F60'€

WLz
420
RZA)

Fee's

koz

Foo'C

Hoe
F66'L

£1 (ppm)

1601 —

0S'tlec —

18°1€

t.wm/
84'8€ +
verge
66y

00°'Ls
€0’ me
L0’ rm\

cr'es

89'9/
00°2L W
ceLL

60821~
wm.wmrw
95621

65°GEL
61L°0¥L "

86'8¥1 —

€€°6S1 —

4ab
('“C NMR, 100 MHz, CDCl,)

£1 (ppm)

S77



(]
™
N
3]
-

'
_

=i

4ab
{'*F NMR, 376 MHz, CDCl,)

=00'¢
=<lc

=0¢¢

*LL.C

f1 (ppm)

2-benzyl-4-(4-(tert-butyl)phenyl)-6-(3-(4,4,4,4,4,4,4,4,4-nonafluoro-4).'>-buta-1,3-diyn-1-

(4ac)

ione

-3,5Q2H,AH)-di

iazine

yDbicyclo[1.1.1]pentan-1-yl)-1,2,4-tr

Ge'L —

c6'L ~
s0'c—

vv'e—

v'g—

9z'L
eeL
ve'L
9g°L
6E° L~
VL
1YL

99,
8G°L

dac

7\

('H NMR, 400 MHz, GDCl,)

v'6
-<¥€C0
m7eco

hos

—— o0z

7.5

8.0

£1 (ppm)

S78



65°vZl

ww.mﬁ/
CIA TR
09821
z00e1 7
R.mmvw
S5'2€L
Yo' Lyl

85'8YL ~
ov'LGL —
80°'GGL —

dac
C NMR, 100 MHz, CDCls)

{

T
160

T
170

(ppm)

f1

80°9¢L-
v0'9ClL-
00'9¢l-
JARAA S
geeelh-
[Ax44%
ogeel-
69911~
G9'9LL- W
19°9LL-

60°18-
oo.rw-v

v0°18-

- =
w o
o 5
N
Iz
o =
o S w

-+
Tl 0
e ['4

= 3

a W_\ @ ) W
e W

~ =

L =G0'¢C

=00°¢

——— a2

—— 0.2

—60

(ppm)

f1

S79



4-benzyl-6-(3-(4,4,4,4,4,4,4,4,4-nonafluoro-41'?-buta-1,3-diyn-1-yl)bicyclo[1.1.1]pentan-1-yl)-2-(3-

(4ad)

ione

3,52H,4H)-di

iazine-

.

phenylpropyl)-1,2,4-tr

96°L
161

002
102
20T
z0'C
€02
vz
19T
69'C
vez/

€6'¢
v6°€
G6'€
96°¢
16'¢
86°¢€

90'G —

I4AWA
91/
81/
22 LA
e LA
921
€€ L
GE /LA
SE /LA
1€ L]
6€°L

6€°L

L2

vL

\7%05

h
-N
Y
/
AR

/

G ..—ﬂ

Bri

]
o}
dad
{"H NMR, 400 MHz, CDCl,)

F66°L

F00'C

6N ©

£1 (ppm)

(114
ocee
mw.hm/
m_..wm%
6¥'8¢€ >
6.°'8¢€
Nw.ov\
96°09
mm.omW
€0'LS
8€'GS /

899/
00°2L W
ceLL

L0'9ct
S1'8¢cl /
Leset W

ge'8clh
L2'8¢lL \

dad
(%€ NMR, 100 MHz, CDCl,)

Menhatbee

£1 (ppm)

580



bL9ZLe
60921~ |
£0°9Z1- |
S0°9Z1-1
v0'9Z1-
€0°92Z1- |
10°9Z1-
00'9Z1-
86°GZ1- |
veZZL-
€e'ZZ1- |
zeTTL-
12211
rezzi-|
62°2Z1-1
FETAAARE
12'22L-
9z'zzl-
29911y
%.o:-\ﬁ
59°9LL-
v9'9LL-
£9°911-]

L1718
0L'18-
80°18-
L0718~
90°18-
G0'L8-
0°18-

-2(3H)-

1azin

f1 (ppm)

e}
4ad
{'*F NMR, 376 MHz, CDCl)

N,
%Q Fa
FARAS

Ph
N
N

Bri

o=

(2R,3R,4R,5R)-2-(acetoxymethyl)-5-(4-methyl-6-(3-(4,4,4,4,4,4,4,4,4-nonafluoro-4.>-buta-1,3-

diyn-1-yl)bicyclo[1.1.1]pentan-1-yl)-3,5-dioxo0-4,5-dihydro-1,2,4-tr

yDtetrahydrofuran-3,4-diyl diacetate (4ae)

0g'€—

gLy
vLp
oLy
1L
RN
ey f

Gev
PASN4
44
mv.m/
Sv'g—=
6S'G F
ow.m\
19

829\
19’

9¢'L—

4
%_..m
219

b

CaFy

AcO
{'HNMR, 400 MHz, CDCl»)

€0
€0

Fsoe

Iso'L
60z

t66°0
Fzo'L

F00'L

£1 (ppm)

581




6502
sv0z
990z’
202z —
z0'se
Nm.wm/
£o'se
81'8¢
16°0S
mm.omw
86'05
vs'e9
0502
:.ﬁ/
89'9/
0022,
ze'1L
18'8L /
LE'68 —

€Lyl
65°8YL —~
88751 \

16691
9G'691
8€°0LL /

60

T
70

(ppm)

f1

("G NMR, 100 MHz, CDCIz}
T
180

190

v1'9¢l-
oL'9clL-
L0'9¢l-
6c'ccl- -
Leeel-
veect-
eeech-
v.L9LL-
L29LL-
L9°9LL-

Yooz
“zoz
sz

cL’18-
mo._\w.v
90°18-

o
J

OAc

AcO
4ae
("“F NMR, 376 MHz, CDCl»)

AcO

— =1.c

(ppm)
582

f1

-80




(2R,3R,4R,5R)-2-((benzoyloxy)methyl)-5-(4-methyl-6-(3-(4,4,4,4,4,4,4,4,4-nonafluoro-4).>-buta-

-2(3H)-

iazin

1,3-diyn-1-yl)bicyclo[1.1.1]pentan-1-yl)-3,5-dioxo0-4,5-dihydro-1,2,4-tr

yDtetrahydrofuran-3,4-diyl dibenzoate (4af)

z6'L 7
[4ox4
182~

[4 5%
VARa
wm..j/
09t
19'% 7§
2L
€LY
9LV
1LY
6L ¥
26°G)
€6°G 1
G6'G 1
90°9
90'9 1
20°9
wo.w%

1S9
1G99
9¢'L

pASA
6e°L
L.

€9°L
mm.m/
9G° L\

8527
G6'LN
96°L
162
86°L

Go0'8

wvwwm.o
z0
Tw.m

——— oo'e

1860
(&)
Q
N .
= pe= to0'9
a0 8 kgoe
=z o .
/e o = 6'¢
& = 202
(=} —
&

£1 (ppm)

N

Bz

OBz
. daf
("*C NMR, 100 MHz. CDCl:)

Bz

bl

£1 (ppm)

583



L1'9glL-
0L'9cl-
10921~
v0'9Cl-
€0°'9¢1-
Lgeel-
6lL¢ccl-
9L'eelh-
vieel-
8G°9LL-
GG9LL-

LGOLL-

OBz
4af

O =

BzO
{"¥F NMR, 376 MHz, CDCl.)

Mooz
eo0z
sz

-160

£1 (ppm)

(52)

one

3,5(2H,4H)-di

iazine-

2,4-dibenzyl-6-(3-(trifluoromethyl)bicyclo[1.1.1]pentan-1-yl)-1,2,4-tr

€€ —

S0'S~\
6057

9Z'/ 1
621
e L
€€ L
ve L
9¢€" L
6€°L N\
6L
L2
LWL
12
8L
6L
052

e}
Sa
("H NMR, 400 MHz, CDCls)

/'S

6°1

'R
Q
o

Isce
*z0C

£1 (ppm)

584



L2'8¢lL
8.'8¢l
Lg'6cl
A 1%
6¥'GEl

G.0vlL
168yl —

05'8LL
veiel
L6°€Cl
L29ct
L'8ch
Legel
8G°8¢CL

G2'9SL —

{"*C NMR, 100 MHz, CDClz)

(ppm)

f1

LV€L-—

Sa
{("°F NMR, 376 MHz, CDCl,)

(ppm)

f1

S85



1-methyl-5,6-diphenyl-3-(3-(trifluoromethyl)bicyclo[1.1.1]pentan-1-yl)pyrazin-2(1H)-one (5b)

8v'c

og'e

€L
8L,
6L°L
0c'.
0c’L
9¢'L
8¢€"L
8€'L
6€°.
ov'.
L.
v L
vL

N
N
-,
N

70

("HNMR, 400 MHz, CDCl.}

Feo9

F0o0'¢

£1 (ppm)

€9'ee
NN.Nm/
mw.#m%
mo.wm\
Lv'8€
oo.:u\
€1°0S
GL0S
L1°0S
0c'0S

89'9/

00°2L
Nm.hh\

18'8LL
L9'Lcl
gevel
10°L¢cL
60°Lcl
69'L¢clL
oL'ecl
ge'ech
ss'6ct 7
06'6¢l \
Ly'zel
gocel
1 WAY
16°L€1
99'LGL —
12°9S1 —

Ph

CF;

N
7

Ph

/
%

N

/

5b
(!*C NMR, 100 MHz, CDCl,)

¥

T
30

£1 (ppm)

586



Ph

SN
Ph— ‘)7&0{,
N

—4,
A
5b

(1F NMR, 376 MHz, CDCl.)

—-73.06

T
-100

f1 (ppm)

1-methyl-3-(3-(trifluoromethyl)bicyclo[1.1.1]pentan-1-yl)quinoxalin-2(1H)-one (5c¢)

7.26

Sc
("HNMR, 400 MHz, CDCl,)

—3.67

—2.48

0.97"
1.0%g be

w| 2.07
A

T
4.0
£1 (ppm)

S87



65°€LL
18'8LL /
gg'lch
ww.mmv/
6cvel

€0°Lcl

0z'0gt
7

LvoglL
@n.Nm_‘\
8y'ect

0S+S)
16517

)

—|
N

N
"}%CF
&
ke)
Sc
{1*C NMR, 100 MHz, CDCl,}

—

{
N\
/

(ppm)

f1

eLelL—

-CF,

N
N

Y
A
s

R
/
o
Sc
("F NMR, 376 MHz, CDCl;)

—60

(ppm)

f1

588



one

3,5(2H,4H)-di

iazine-

2,4-dibenzyl-6-(3-(2,2,2-trifluoroethyl)bicyclo[1.1.1]pentan-1-yl)-1,2,4-tr!

(3d)

8¢
_‘m.N%
vm.NV
pAR4
ov.N\

Bn

N-N
b CH,CF,
—4
©
5d
{'"H NMR, 400 MHz, CDCl5)
I

o=
B’

N

k626
Hoe

1671
(x4

Tezs
296°L

£1 (ppm)

€L,

Leet
8'vel
9/¢clL
0’8zl
[°14"
g8zl
1'8¢lL
8'8¢lL
g'6cl
v'oct
9'Gel
9'GEL
Lyl
[ONG14%
'qGL

e

5d
{"C NMR, 100 MHz, CDCl,)

——

£1 (ppm)

589



—-64.29

Bn,
/ _N\
o=( \/%CHqCF;
i
i O

5d
{'“F NMR, 376 MHz, CDCl,)

N
65

T T T T T T T T
-100 -105 -110 -115 -120 -125 -130 -135

f1 (ppm)

o
o

2,4-dibenzyl-6-(3-(perfluoropropan-2-yl)bicyclo[1.1.1]pentan-1-yl)-1,2,4-triazine-3,5(2 H,4 H)-

dione (Se)

ON—TO O AN~ O © ® < - o M
TEITOQOOOM0N Qo N S
MNNMNNMNMNMNNMNMNNMNNMNDN 0 v N N —
Te——— N I N
Bn,
N—N, CF3
R —|
o= C-F
= CF3
Bri
e
("HNMR, 400 MHz. CDClz)
I
1
mr
Il
M Il
=) &S g 2N
S0 oo N oo
N~ AN N [Te] o o
8‘,0 7‘5 7‘.0 6.5 6.0 5.5 3‘0 /1‘,3 /1‘,0 3.5 3.0 2.5 2.0 1‘5 1‘,0 0‘,5 0.0
£1 (ppm)

590



£9°98
€6°9€

Lres )
80 vy 7
Lozs

G0'ZS >
1557

899/
00°2L W
ceLL

vS'6cl
vy'GelL
Sy'sel

0g.0vlL
v6'8vl —

€lL'8cl
€€'8¢l
65°8¢CL
€.'8¢l
8.°8¢L

9¢'GSL —

I

Se
("G NMR, 100 MHz, CDCl2)

(ppm)

f1

0e'e8l-
8C'€8L-
9c'e8l-
veesl- -
ceesl-
61°€81L-
21°€81-

69'v.-
9Q9'v.L-

CF3
y
\
CF3

c—F

N

N
N

"
;
N

-N n
)
o}
. 58
{'“F NMR, 376 MHz, CDCls)

Bn
o
Bn

=00°L

c'€
ce

—200

—170

-140

-110

-210

-190

—180

—160

—150

—130

(ppm)

—120

-60 -70 -80 -90 ~100

=50

f1

591



2,4-dibenzyl-6-(3-(6,6,6,6,6,6,6,6,6,6,6,6,6-tridecafluoro-61.'%-hexa-1,3,5-triyn-1-yl)bicyclo[1.1.1] pe

ntan-1-yl)-1,2,4-triazine-3,5(2H,4H)-dione (5f)

NNOOYTTNNOD®©OWOOWTANNO®© -~ ©
RERRERAARARRRA AN = Q N
NNNNNNNNNNNNNNNNNNN [lolTe) o
PN O |
Bn,
N-N
o= \%Qﬂs
N
Bri o]
5f
{"H NMR, 400 MHz, CDCl)
I
M “
|
I
! J L
Q< Qo «Q
N © - ©
(J‘ 0 X‘ 5 &‘ 0 7‘ 5 7‘ 0 6‘ 5 G‘v 0 5‘ 5 5‘ 0 ’1‘v 5 1‘ 0 3‘ 5 3‘ 0 2‘, 5 ." 0 1‘ 5 1‘,0 0‘ 5 0‘ 0
f1 (ppm)
O ON DD~ N «—
N OO TWOND®M— N O ® WOW—©O©NN= —
K 00 W B WO 0 WO O D nee T OQoQ0Qo®X®OmQo
W ITOONNNNNAN NN~ © W~~~ <00 w0
- e T T ~N~ N VLOLOLOITOOO®
L e Y e ~— — N
Bn_
N-N,_
o=( \%Cnp.j
N
B O

5f
("“C NMR, 100 MHz, CDCls}

T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0
£1 (ppm)

592



GlL'ocl-
€1'9¢l-
L1'9ClL-
mo.wm_‘.g

En,

M=

o=

aFaa

A

N

o

/

Bri

5f
("YF NMR, 376 MHz, CDCl)

00
012
“90z

-60'¢C

=8v'c

f1 (ppm)

2,4-dibenzyl-6-(3-(8,8,8,8,8,8,8.8,8,8,8.8,8.8,8.8,8-heptadecafluoro-81*"-octa-1,3,5,7-tetrayn-1-

(32)

ione

-3,5Q2H,AH)-di

iazine

yDbicyclo[1.1.1]pentan-1-yl)-1,2,4-tr

ov'e—

G0'S

N

)

B
/
=

N—=N
N

%C?Fﬁ
)
59

("H NMR, 400 MHz, CDCls)

’

=
\
.

B

He'S

6l
0'¢

tees
*66°L

f1 (ppm)

593



I TRTARE
80°9Z1- |
o 909zl
T v0'9zZi-|
122211
E le 992zl
. AN AARE
] A ANARE
wm.wm == le 68121
za'ge _ 18°121-
60 vi zL FNT;
s — o oo
- = .
soss] e | o
L¥'GS E3 @N;NTM = A
FARAS
3 v'oLL-
= evoll- E— R A4
89'9L o' 9LL-
00227 .. lgou-
zeLl P E geoLl-
; =
€18zl R
ve'sel
09'8Z1
£1°8Z1 ——— &
188zt R = 3 N
gs'6zh w 2 - - = )
8¥'Gel 9 < ] = 28°08- 5 g
mv.mmr\ JN o= mbow-w £ =8v'C
- w oo - -
8- 777 2 g 9408 Ao Fe
VAT &1 & 2 Eoz_ &
Q eC - o /ﬁ_u_\ o W

—120 -125 -130

-115

-110
(ppm)
594

f1

—105

~100




2,4-dibenzyl-6-(3-(10,10,10,10,10,10,10,10,10,10,10,10,10,10,10,10,10,10,10,10,10-henicosafluoro-

1022%-deca-1,3,5,7,9-pentayn-1-yl)bicyclo[1.1.1]pentan-1-yl)-1,2,4-triazine-3,5(2H,4 H)-dione (5h)

DDONNTONDOOVLITLTNONNTOODWO©® W o
SISO O0000NMN00NNQQ N
NNNNNNNNNNNNNNNNNNNNNOO [N
Sy I R s |
Bn,
N-N
0—4\%\7&. CioFay
N
Bi O
5h
("HNMR, 400 MHz, CDClz )
i
‘\
0 ,“
3¢ "% oy
o @ Qo @
~ © o~ [15)
8.0 7‘, 5 7.0 ﬁ‘, 5 G‘. 0 Ex‘ 5 5‘. 0 1‘v 5 4{ 0 Zi‘v 5 3‘,0 2‘, 5 2‘. 0 1‘. 5 1‘. 0 0‘. 5 O‘v 0
f1 (ppm)
N O NYNOO-SOYT
N OO THONOM~ N g © NO©OM®O=ON—
N WO WL D W WD O 0 “ G © tTO 000 ®WMO©MmO
W ITOOANNNNNN ~N© O v« v« < 000 W0
e - ~N N~ VOLWLOLITONOD
I | = = N
Bn
N-N,
O=< ‘)7%@3&
N~
Bn Q
5h
(G NMR, 100 MHz, CDCl.)
|
|
180 170 160 1‘30 1‘10 1‘30 1‘20 1‘10 1‘00 (‘10 ?LL) 7‘0 (%0 5‘0 1‘0 1%(1 4‘0

f1 (ppm)

S95



-150

-145

0L'9ZL-q
80°9Z1- 1
90°9Z1- |
¥0'9Z1- | L
20'9Z1- Y
00921}y
v9'2zi- |
€8’ &T;
99'1Z1-1
FETARARE\
vz LzL- - =
0z’ 121"

ZroLL-

ov@:-w T T oke

LE€°9LL-

—-135 —140

-130

=002

SL'z
= #6501
Rk

—125

T
-95 —100 —105 —110 —115 —120

—90

-85

6.°08-
oh.ow.v = ls¢ |
.08

CioFa

5h
(19F NMIR, 376 MHz, CDCly)

=70

—65

—60

(ppm)

f1

596



	Table of Contents
	1. General information
	2. Synthesis of substrates 1
	3. Preparation of the solution of [1.1.1]propellane in hexane
	4. General method
	5. Gram-scale synthesis of compound 4u

	6. Mechanistic experiments
	6.1 UV/vis absorption spectra
	6.2 Job’s analysis
	6.3 Light dark experiment
	6.4 TEMPO trapping experiment
	6.5 Quantum yield
	A. Incident light absorbed by the EDA complex
	B. Photoredox at 405 nm
	C. Experiment
	D. The photoredox reaction


	7. Characterization of products
	8. References
	9. Copies of 1H, 13C NMR, and 19F NMR spectra of all compounds

