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1. General Information.

All reactions involving the synthetic catalysts were carried out in anhydrous solvents under a
nitrogen atmosphere. All glassware was baked and dried, and Schlenk tube techniques were
employed. During the catalytic reactions, the feeding process was conducted under a nitrogen
atmosphere, followed by the replacement of hydrogen. Reactions were monitored using thin-layer
chromatography (TLC). Purification of the products was achieved by column chromatography
using 100-200 mesh silica gel. Nuclear magnetic resonance (NMR) data were collected at ('H:
400.0 or 600 MHz; 13C: 100 or 150 MHz). Chemical shifts were reported in parts per million (ppm)
relative to residual solvent peaks (CDCl;, 'H: 7.26 ppm, '*C: 77.16 ppm; CD;0D, 'H: 3.31 ppm,
13C: 49.00 ppm; and DMSO-ds, 'H: 2.50 ppm, '3C: 39.52 ppm). The 3C NMR spectra of
compounds 4a, 4b, Sa, 5b, 6a, 8aa-8ad, 8af-8ar, 8au-8ay, 8ba, 8bb, 10, and acetaminophen were
measured using an attached proton test experiment. The others were measured using a proton noise
decoupling experiment. Compounds 1a, 1b, 1¢, 1d, 1e, 7as, 7at, 7bb, and 7bc were synthesized
in the laboratory, while all other reagents and substrates were purchased from Titan Reagent
Platform. Solvents that did not require drying were purchased as technical grade. Dried solvents
were freshly collected from a solvent purification system under a dry nitrogen atmosphere before

use.

2. Experimental Procedure.

To obtain CICs 1a and 1b, we designed a synthesis route, as shown in Scheme 1.

(triisopropylsilyl)acetylene

Ni(cod),,PMePh, Si(iPr)s TBAF =
R~ =
Toluene, r.t. R THF, 0 °C R
3a: R = a-naphthyl 4a: R = a-naphthyl, 81% 5a: R = a-naphthyl, 93%
3b: R = B-naphthyl 4b: R = B-naphthyl, 89% 5b: R = B-naphthyl, 85%
n-BuLi, dry THF, N2, -78 °C =~ "R FeaCOk E ;
> P> —_—
1,4-Diiodobutane, -78 - 60 °C R =~ Toluene, 110 °C
Fe(CO
6a: R = a-naphthyl, 93% 1a: R = a-naphthyl, 22%
6b: R = B-naphthyl, 51% 1b: R = B-naphthyl, 20%

Scheme 1 Synthesis of CICs 1a and 1b.
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General procedure for the synthesis of compounds 4a and 4b

(triisopropylsilyl)acetylene

Ni(cod),,PMePh, _
R~ =
Toluene, r.t. R

3a: R = a-naphthyl 4a: R = a-naphthyl
3b: R = B-naphthyl 4b: R = B-naphthyl

Si(iPr);

To prepare a 0.1 mol/L toluene solution (1.8 mL) of Ni/PMePh,(= 1/2) catalyst, PMePh, (0.12
eq) was added to a solution of Ni(cod), (0.06 eq) in dry toluene at room temperature under
nitrogen, and stirred for 30 minutes. Then, it was added to a mixture of vinyl naphthalene (3a and
3b, 6.0 mmol, 1 eq) and triisopropylsilylacetylene (12.0 mmol, 1 eq) at room temperature, and the
mixture was stirred for 3 h. Then, triisopropylsilylacetylene (6.0 mmol, 0.5 eq) was added to this
solution again at room temperature. After stirring for 8 h, the reaction mixture was passed through
a short pad of silica gel (hexane) and then concentrated to give the crude product. It was purified
by silica column chromatography (only using hexane) to provide the hydroalkynylation products

4a and 4b in yields of 81% and 89%, respectively.

General procedure for the synthesis of compounds 5a and Sb

Si(iPr) TBAF _
% > %
& THF, 0°C R
4a: R = a-naphthyl 5a: R = a-naphthyl
4b: R = B-naphthyl 5b: R = B-naphthyl

Under nitrogen protection, compound 4 (5.35 mmol, 1 eq) was dissolved in dry THF (53.5
mL), and the solution was cooled to 0 °C and kept for 30 minutes. Then, a solution of
tetrabutylammonium fluoride (TBAF) in THF (0.1 mol/L, 5.67 mL, 1.06 eq) was slowly injected
into the solution using a syringe at 0 °C. After 6 h of reaction at the same temperature, the reaction
mixture was quenched with water (50 mL). The mixture was extracted with ethyl acetate (EA, 3 x
50 mL). The combined organic layer was washed with saturated brine (50 mL), dried over
anhydrous Na,SO,, filtered, and concentrated. The residue was purified by silica column
chromatography, yielding product 5. Compounds 5a and 5b were obtained in yields of 93% and
85%, respectively.

General procedure for the synthesis of CICs 6a and 6b
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% n-BuLi, dry THF, Ny, -78 °C = R

=

R 1,4-Diiodobutane, -78 - 60 °C R~~~
5a: R = a-naphthyl 6a: R = a-naphthyl
5b: R = B-naphthyl 6b: R = B-naphthyl

Under a nitrogen atmosphere, compound 5 (6 mmol, 4.0 eq) was dissolved in dry THF (20
mL), and the solution was cooled to —78 °C. Then, a commercial solution of n-butyllithium (1.6
M in hexane; 9.1 mL, 5.7 mmol, 3.8 eq) was added dropwise over 10 min. After 1 h, the solution
of 1,4-dibromoalkane (1.5 mmol, 1.0 eq) in dry THF (10 mL) was added at —78 °C under N,, and
the reaction mixture was slowly heated to 60 °C. After 18 h, the reaction mixture was quenched
with 20 mL of a saturated aqueous NH4Cl solution, and 20 mL of EA was added for separation.
The aqueous layer was extracted with EA (3 x 20 mL). The combined organic layer was dried over
anhydrous MgSQO,, filtered, and concentrated to give the crude product. The residue was purified
by silica column chromatography to yield 6. Compounds 6a and 6b were obtained in yields of

93% and 51%, respectively.

Procedure for the synthesis of 6¢

1) n-BulLi, T™S
\\\/\/\ 2) TMSCI N S -
S >
N THF, -78 °C to 0 °C s

6¢c

According to the reported method,!!! the solution of LIHMDS was prepared by dropwise
addition of n-BuLi (1.6 M in hexanes, 47.1 mL, 2 eq) to a stirred solution of hexamethyldisilazane
15.7 mL, 75.34 mmol, 2 eq) in dry THF (20 mL) at —78 °C. Then, the LiHMDS solution cooled to
—78 °C was transferred to a solution of 1, 7-octadiyne (5 mL, 37.67 mmol, 1 eq) in THF (54 mL)
at —78 °C under N,. After stirring for 0.5 h, chlorotrimethylsilane (TMSCI, 9.56 mL, 75.34 mmol,
2 eq) was added dropwise. The mixture was stirred for 10 min before it was allowed to reach
ambient temperature. After stirring for 2 h at room temperature, the reaction was quenched with
water (80 mL). The mixture was extracted with pentane (3 x 80 mL), and the combined extracts
were successively washed with HCI (1 M, 80 mL), water (80 mL), and brine (80 mL) before they
were dried over MgSQO, and concentrated. Distillation of the crude product (bp 75 —78.5 °C, 7

mbar) gave compound 6c¢ as a colourless oil in a yield of 50%.
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Procedure for the synthesis of 11

1) Brp, CH,Cly, -40°C

O 2) KOBu, THF, 0°C O/Br LDA O
THF, - 25 °C

10 11

Following the reported procedures,!?] cyclooctene was used as the starting material to prepare
cyclooctyne (11). Firstly, a solution of Br, (0.25 mol) in CH,Cl, (12 mL) was added dropwise to
a solution of cyclooctene (33.2 mL, 0.25 mol, 1 eq) in CH,Cl, (100 mL) at -40 °C for the
preparation of frans-1,2-dibromocyclootane. Secondly, a suspension of KOzBu (41.07 g, 370
mmol, 1.52 eq) in THF (40 mL) was added to a solution of trans-1,2-dibromocyclootane (65.78 g,
244 mmol, 1 eq) in THF (100 mL) at 0 °C to synthesise (£)-1-bromocyclooct-1-ene (10), with a
71% yield. Finally, cyclooctyne was obtained by adding (£)-1-bromocyclooct-1-ene to the lithium
diisopropylamide (LDA) solution cooled to -25 °C, affording a 66% yield.

Procedure for synthesis of 12

(0]
o KOH, EtOH, MS Q ' O
_
Refluxing, 2 h O O

12

A solution of KOH (1 mmol, 0.5 eq) in dry ethanol (100 mL) was added to a mixture of benzil
(2 mmol, 1 eq) and 1,3-diphenylacetone (2 mmol, 1 eq) in dry ethanol (4 mL), and then 400 mg
molecular sieve (4 A) was added. The resulting mixture was heated at reflux for 2 h. The mixture
was concentrated under reduced pressure and purified by silica column chromatography using

petroleum ether (PE)/EA as the eluent, yielding 12 in 61% yield.

General procedure for synthesis of CICs 1a-e
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g - —
R = %o
6a-c
Fe (CO)s Fe(co
‘ Fex(CO)q 1a: R = a-naphthyl 1c
1b: R = B-naphthyl
Toluene, 110 °C A-naphthy
1 = (>
o) = >—o0
-4 o 3
- FE(CO)3 Fe(CO)3
2 O - ’

12

Compounds 6a-c, 11 or 12 (3 mmol, 1 eq) and Fe;(CO)y (7.5 mmol, 2.5 eq) were dissolved
in dry toluene (21 mL), under argon, and heated to 110 °C overnight in a sealed Schlenk tube. The
reaction mixture was cooled down to room temperature and filtered through Celite, rinsing with
EA. After removing the solvent under reduced pressure, the residue was purified by flash column

chromatography to give the CICs 1a-e.
Procedures for the synthesis of acetaminophen

O

OH )J\NH

Ammonium acetate

220°C,15h

OH
OH
8aa Acetaminophen

To a mixture of 8aa (200 mg, 1.82 mmol, 1 eq) and acetic acid (0.57 mL) was added
ammonium acetate (1.4 g, 18.2 mmol, 10 eq) under N,. The reaction flask was sealed and heated
in an oil bath at 220 °C for 15 hours. After concentration, the residue was purified by column
chromatography using 1% MeOH in CH,Cl, as the eluent, yielding acetaminophen with a 97%
yield.

Procedures for the synthesis of CR-6
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MeO (o]
MeO . _COOH H, (30 bar), 10% Pd/C Meo:©ioj\
MSA, 70 °C .12h MO HpSO4, AcOH, 90°C o
8ap 9 CR-6

First, compound 8ap (200 mg, 1.428 mmol, 1 eq) and 3,3-dimethylacrylic acid (172 mg,
1.7136 mmol, 1.2 eq) were stirred in methanesulfonic acid (20 mL) for 12 h at 70 °C. Then, ice
water (400 mL) was added to the mixture when it had cooled to room temperature. The mixture
was extracted with EA (3 X 400 mL), and then the organic layer was washed with 1 M NaOH and
water, and dried (MgSO,4). After concentration, the residue was purified by silica gel
chromatography (CH,Cl,: MeOH: 99: 1) to give compound 9 in 84% yield. Secondly, compound
9 (100 mg, 0.44 mmol, 1 eq) and Pd/C (10%, 10 mg) were added to a solution of H,SO4 (1.19 pL,
0.0022 mmol, 0.004 eq.) in AcOH (1.6 mL), and the mixture was stirred at 80 °C for 12 h. The
mixture was cooled and filtered, then water (10 mL) was added. After extracting with EA (3 x 10
mL), the organic layer was washed with brine, dried (MgSQ,), and concentrated. The residue was

purified by silica gel chromatography (PE: EA = 5: 1) to give CR-6 in a yield of 60%.
Hydrogenation of quinones

H,(100 bar)

Q o Pre-cat. 1d (0.05 eq) oH OH
Me3NO (0.1 eq) =
Ry || or , o & R— || or XN OH
R P PX, 90 °C. 72 h X R P
(0] OH
7 8

Trimethylamine oxide (0.045 mmol, 0.1 eq) was added to the solution of CICs (0.0225 mmol,
0.05 eq) in PX (3 mL) at room temperature under Ar. After 20 min, quinones (0.45 mmol, 1 eq)
were added, and Ar was then exchanged for hydrogen three times. The reaction mixture was kept
at 90 °C under 100 bar of H, for 72 h. The mixture was filtered and washed with MeOH three
times. After concentrating, the residue was purified by column chromatography to provide the

target products.

3. Analytical Data for Products.

CIC 1a
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Purified by flash column chromatography on silica gel (PE: EA = 20: 1). Yield: 22%; light
yellow solid; M.p. = 87-88 °C; 'H NMR (400 MHz, CDCl;) & 8.12 (dd, J = 6.6, 3.3 Hz, 2H), 7.87
—7.84 (m, 2H), 7.78 — 7.75 (m, 4H), 7.49 — 7.47 (m, 6H), 4.83 (q, /= 7.2 Hz, 2H), 2.05 — 1.98 (m,
2H), 1.80 (d, J = 7.2 Hz, 6H), 1.40 — 1.33 (m, 4H), 1.26 — 1.20 (m, 2H); '3C NMR (100 MHz,
CDCls) 6 209.3,169.9,139.9, 133.8, 131.9, 128.9, 127.5, 126.4, 125.7, 125.5, 125.0, 123.7, 100.6,
90.4, 29.5, 27.0, 23.9, 22.1, 21.6; HRESIMS m/z 583.1568 [M+H]" (calculated for C;cH3,;04Fe™:
583.1566).

CIC1b

Purified by flash column chromatography on silica gel (PE: EA = 20: 1). Yield: 20%; light
yellow solid; M.p. = 96-98 °C; '"H NMR (400 MHz, CDCl;) 8 7.88 (s, 2H), 7.81 (d, J = 9.5 Hz,
8H), 7.44 (td, J=8.2, 7.2, 4.3 Hz, 4H), 3.93 (q, /= 7.4 Hz, 2H), 2.55 — 2.48 (m, 2H), 2.27 - 2.22
(m, 2H), 1.72 (d, J = 7.4 Hz, 6H), 1.68 — 1.65 (m, 2H), 1.61 — 1.59 (m, 2H); '3C NMR (100 MHz,
CDCl3) 6 209.0, 171.3, 142.5,133.4, 132.4,128.1, 128.1, 127.7,127.2, 126.1, 126.0, 125.6, 100.4,

88.3, 35.5, 22.0, 21.9, 21.1; HRESIMS m/z 583.1565 [M+H]* (calculated for CssHs O4Fe™:
583.1566).

CIC 1c

T™S

e
T™MS
Fe(CO)3

Purified by flash column chromatography on silica gel (PE: EA = 15: 1). Yield: 64%; light
yellow solid; M.p. = 135-136 °C; '"H NMR (400 MHz, CDCl;) 8 2.56 — 2.50 (m, 4H), 1.82 (br s,
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4H), 0.26 (s, 18H); *C NMR (100 MHz, CDCl;) 6 209.2, 181.4, 111.2, 71.9, 24.9, 22.6, — 0.1.
The NMR data agree with those reported in the literature.!!]

CIC1d

-

Fe(CO),

Purified by flash column chromatography on silica gel (PE: EA = 7: 3). Yield: 81%; light
yellow solid; M.p. = 155-156 °C; 'H NMR (400 MHz, CDCl3) 6 2.75 (d, /= 11.1 Hz, 2H), 2.59
(d, J=13.9 Hz, 2H), 2.44 (d, J = 13.1 Hz, 2H), 1.89 — 1.72 (m, 8H), 1.62 — 1.42 (m, 10H); 13C
NMR (100 MHz, CDCls) 6 209.4, 171.5, 102.5, 85.6, 31.4, 28.9, 26.3, 25.8, 23.8, 23.5. The NMR

data agree with those reported in the literature.[?!

CIC 1e

Purified by flash column chromatography on silica gel (PE: EA = 20: 1). Yield: 80%; light
yellow solid; M.p. = 173-174 °C; '"H NMR (400 MHz, CDCl;)  7.67 — 7.64 (m, 4H), 7.37 — 7.32
(m, 8H), 7.28 — 7.23 (m, 8H); 3C NMR (100 MHz, CDCl;) & 208.7, 169.9, 132.0, 131.0, 130.4,
130.0, 128.9, 128.2, 128.2, 128.0, 104.2, 82.7. The NMR data agree with those reported in the

literature.[?!

Triisopropyl(3-(naphthalen-1-yl)but-1-yn-1-yl)silane (4a)

4<SiJ\
=

Purified by flash column chromatography on silica gel (hexane). Yield: 81%; light yellow oil;
'H NMR (400 MHz, CDCls) 6 8.13 (dd, /= 8.6, 1.5 Hz, 1H), 7.92 — 7.85 (m, 2H), 7.78 (d, J=8.2
Hz, 1H), 7.56 — 7.48 (m, 3H), 4.61 (q, /= 7.1 Hz, 1H), 1.68 (d, /= 7.1 Hz, 3H), 1.13 (d, J=2.6
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Hz, 21H); 3C NMR (100 MHz, CDCls) 6 139.0, 134.0, 130.6, 129.1, 127.5, 126.0, 125.8, 125.6,
124.5, 123.3, 111.6, 82.8, 29.8, 24.1, 18.8, 11.5. The NMR data agree with those reported in the

literature.[*!

Triisopropyl(3-(naphthalen-2-yl)but-1-yn-1-yl)silane (4b)
<
I

Purified by flash column chromatography on silica gel (hexane). Yield: 89%; light yellow oil;
'"H NMR (400 MHz, CDCl5) 8 7.92 (d, J= 2.0 Hz, 1H), 7.84 — 7.80 (m, 3H), 7.54 (dd, /= 8.5, 1.9
Hz, 1H), 7.55 — 7.43 (m, 2H), 3.99 (q, /= 7.1 Hz, 1H), 1.60 (d, /= 7.1 Hz, 3H), 1.13 (d, J=2.6
Hz, 21H); 3C NMR (100 MHz, CDCls) 6 140.8, 133.6, 132.4, 128.2, 127.9, 127.7, 126.2, 125.8,
125.7, 125.4, 111.3, 82.8, 33.2, 25.1, 18.8, 11.4. The NMR data agree with those reported in the

literature.[]
1-(But-3-yn-2-yl)naphthalene (5a)

Z

Purified by flash column chromatography on silica gel (hexane). Yield: 93%; light yellow oil;
"H NMR (400 MHz, CDCl;) 6 8.12 (d, J= 8.4 Hz, 1H), 7.91 (dd, /= 7.9, 1.6 Hz, 1H), 7.80 (d, J
= 7.6 Hz, 2H), 7.59 — 7.49 (m, 3H), 4.57 (qd, J= 7.1, 2.5 Hz, 1H), 2.36 (d, /= 2.5 Hz, 1H), 1.70
(d,J=7.1Hz, 3H); 3C NMR (100 MHz, CDCl3) 6 138.3, 134.1, 130.5, 129.1, 127.7, 126.2, 125.8,
125.7, 124.2, 123.1, 87.4, 70.6, 28.3, 23.2. The NMR data agree with those reported in the

literature. 6]
2-(But-3-yn-2-yl)naphthalene (5b)
Il
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Purified by flash column chromatography on silica gel (hexane). Yield: 85%; light yellow oil;
"H NMR (400 MHz, CDCl3) 6 7.88 — 7.83 (m, 4H), 7.55 — 7.45 (m, 3H), 3.97 (qd, J=7.2, 2.5 Hz,
1H), 2.36 (m, 1H), 1.62 (dd, J = 7.2, 1.5 Hz, 3H); 3C NMR (100 MHz, CDCls) é 140.1, 133.6,
132.5,128.5,127.9, 127.7,126.3, 125.8, 125.5, 125.2, 87.2, 70.6, 31.9, 24.3. The NMR data agree

with those reported in the literature.[3]

1,1'-(Dodeca-3,9-diyne-2,11-diyl)dinaphthalene (6a)

Purified by flash column chromatography on silica gel (hexane). Yield: 93%; colorless oil;
'H NMR (400 MHz, CDCl;) 6 8.13 (d, J= 8.4 Hz, 2H), 7.87 (dd, J= 8.0, 1.6 Hz, 2H), 7.75 (dd, J
=17.7,6.1 Hz, 4H), 7.55 — 7.44 (m, 6H), 4.51 (qt,J= 7.1, 2.3 Hz, 2H), 2.31 — 2.28 (m, 4H), 1.70 —
1.67 (m, 4H), 1.62 (d, J= 7.1 Hz, 6H); 3C NMR (100 MHz, CDCls) 6 139.7, 134.0, 130.6, 129.0,
127.4, 126.0, 125.8, 125.5, 124.2, 123.4, 83.5, 82.3, 28.6, 28.3, 23.8, 18.6; HRESIMS (ESI):m/z
437.2232 [M+Na]* (calculated for C5,H3oNa*, 437.2240).

2,2'-(Dodeca-3,9-diyne-2,11-diyl)dinaphthalene (6b)

Purified by flash column chromatography on silica gel (hexane). Yield: 51%; colorless oil;
"H NMR (400 MHz, CDCl;) 6 7.84 — 7.73 (m, 8H), 7.52 (d, J = 8.5 Hz, 2H), 7.48 — 7.42 (m, 4H),
3.92 (q, J= 7.4 Hz, 2H), 2.33 (br s, 4H), 1.72 (br s, 4H), 1.55 (d, J = 7.1 Hz, 6H); 1*C NMR (100
MHz, CDCl;) 6 141.5, 133.6, 132.4, 128.2, 127.9, 127.7, 126.1, 125.8, 125.6, 125.1, 83.3, 82.4,
32.2, 28.3, 24.9, 18.6; HRESIMS (ESI):m/z 437.2246 [M+Na]" (calculated for C;,H;¢Na*,
437.2240).

1,8-Bis(trimethylsilyl)octa-1,7-diyne (6¢)
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T™MS

V4

X
™S

Purified by distillation. Yield: 50%; colorless oil; 'H NMR (400 MHz, CDCl;) 6 2.24 —2.20
(m, 4H), 1.61 — 1.57 (m, 4H), 0.12 (s, 18H); 3C NMR (100 MHz, CDCl3) & 107.1, 84.8, 27.8,
19.5, 0.3. The NMR data agree with those reported in the literature.!!]

Hydroquinone (8aa)

OH

OH

Purified by flash column chromatography on silica gel (CH,Cl,: MeOH = 99: 1). Yield: 99%;
white solid; M.p. = 172-173 °C; 'H NMR (400 MHz, CD;0D) 5 6.61 (s, 4H); 13C NMR (100 MHz,
CD;0D) & 151.3, 116.8. The NMR data agree with those reported in the literature.!”]

2-Methylbenzene-1,4-diol (8ab)

OH

&

OH

Purified by flash column chromatography on silica gel (CH,Cl,: MeOH =99: 1). Yield: 99%;
white solid; M.p. = 128-129 °C; 'H NMR (400 MHz, CD;0D) & 6.57 (d, J= 8.5 Hz, 1H), 6.53 (d,
J =29 Hz, 1H), 6.43 (dd, J = 8.6, 3.0 Hz, 1H), 2.12 (s, 3H); 13C NMR (100 MHz, CD;0D) &
151.0, 149.3, 126.5, 118.4, 116.3, 113.8, 16.4. The NMR data agree with those reported in the

literature.[”!

2,5-Dimethylbenzene-1,4-diol (8ac)

OH

@

OH
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Purified by flash column chromatography on silica gel (CH,Cl,: MeOH = 99: 1). Yield: 99%;
white solid; M.p. =212-214 °C; '"H NMR (400 MHz, CD;0D) 8 6.48 (s, 2H), 2.08 (s, 6H); 13C
NMR (100 MHz, CD;0D) 6 148.9, 123.3, 118.1, 15.9. The NMR data agree with those reported

in the literature.[”]
2,6-Dimethylbenzene-1,4-diol (8ad)

OH

&

OH

Purified by flash column chromatography on silica gel (CH,Cl,: MeOH =99: 1). Yield: 85%;
white solid; M.p. = 154-155 °C; '"H NMR (400 MHz, CD;0D) 6 6.38 (s, 2H), 2.14 (s, 6H); 13C
NMR (100 MHz, CD;0D) ¢ 151.1, 146.9, 127.3, 115.7, 16.8. The NMR data agree with those

reported in the literature.!”]
2,3-Dimethylbenzene-1,4-diol (8ae)

OH

1

OH

Purified by flash column chromatography on silica gel (CH,Cl,: MeOH =99: 1). Yield: 88%;
white solid; M.p. = 223-225 °C; '"H NMR (400 MHz, DMSO-dg) & 8.37 (s, 2H), 6.43 (d, J= 1.9
Hz, 2H), 2.00 (s, 6H); '*C NMR (100 MHz, DMSO-dq)  147.6, 123.2, 111.9, 12.1. The NMR data

agree with those reported in the literature. 3!
2,3,5-Trimethylbenzene-1,4-diol (8af)

OH

¥

OH

Purified by flash column chromatography on silica gel (CH,Cl,: MeOH = 99: 1). Yield: 90%.
white solid; M.p. = 169-171 °C; 'H NMR (400 MHz, CD;0D) & 6.41 (s, 1H), 2.13 (s, 6H), 2.08
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(s, 3H); BC NMR (100 MHz, CD;0D) 6 149.3, 146.6, 126.5, 124.1, 122.1, 115.2,16.7, 12.8, 12.2.
The NMR data agree with those reported in the literature.!”]

2-Isopropyl-5-methylbenzene-1,4-diol (8ag)

OH

\©\/Pr

OH

Purified by flash column chromatography on silica gel (CH,Cl,). Yield: 99%; white solid;
M.p. =148-149 °C; 'H NMR (400 MHz, CD;0D) 6 6.58 (s, 1H), 6.49 (s, 1H), 3.18 (m, 1H), 2.09
(s, 3H), 1.16 (d, J = 6.9 Hz, 6H); 13C NMR (100 MHz, CD;0D) & 149.1, 147.8, 134.2, 122.9,
118.4,113.5,27.6,23.2, 15.9. The NMR data agree with those reported in the literature.[”]

2-(tert-Butyl)-5-methylbenzene-1,4-diol (8ah)

OH

i “t-Bu

OH

Purified by flash column chromatography on silica gel (CH,Cl,: MeOH = 99: 1). Yield: 99%;
white solid; M.p. = 192.3 °C; 'H NMR (400 MHz, DMSO-d) 5 8.45 (s, 1H), 8.31 (br s, 1H), 6.58
(s, 1H), 6.44 (s, 1H), 1.98 (s, 3H), 1.28 (s, 9H). 13C NMR (100 MHz, DMSO-dy) 5 147.8, 147.2,
133.0,121.0, 118.2, 113.2, 33.9, 15.4. The NMR data agree with those reported in the literature.[*!

2-(tert-Butyl)benzene-1,4-diol (8ai)

t-Bu. i

OH

Purified by flash column chromatography on silica gel (CH,Cl,). Yield: 99%; white solid;
M.p. = 127-128 °C; "H NMR (400 MHz, CD;0D) § 6.70 (d, J = 3.0 Hz, 1H), 6.55 (d, J = 8.5 Hz,
1H), 6.45 (dd, J = 8.5, 2.9 Hz, 1H), 1.36 (s, 9H); 13C NMR (100 MHz, CD;0D) & 150.4, 150.2,
138.2,117.6,114.7, 113.5, 35.4,29.9. The NMR data agree with those reported in the literature.[’]
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2,6-Di-tert-butylbenzene-1,4-diol (8aj)

OH

t-Bu \©/ t-Bu

OH

Purified by flash column chromatography on silica gel (CH,Cl,). Yield: 90%; white solid;
M.p. = 101-102 °C; 'H NMR (400 MHz, CD;0D) 5 6.62 (d, J = 0.8 Hz, 2H), 1.39 (s, 18H); 13C
NMR (100 MHz, CD;0D) & 151.1, 148.1, 141.6, 112.3, 35.7, 30.9. The NMR data agree with
those reported in the literature.!”]

2,6-Diisopropylbenzene-1,4-diol (8ak)

OH

i-Pr i _I-Pr

OH

Purified by flash column chromatography on silica gel (CH,Cl,). Yield: 80%; pink solid; M.p.
=103-104 °C; '"H NMR (400 MHz, CD;0D) 6 6.48 (d, J= 1.4 Hz, 2H), 3.29 (m, 2H), 1.19 (d, J =
7.0 Hz, 12H); 3C NMR (100 MHz, CD;0D) & 152.1, 144.2, 139.1, 110.7, 28.0, 23.5. The NMR
data agree with those reported in the literature.!']

2,5-Di-tert-butylbenzene-1,4-diol (8al)

OH

t-Bu
t-Bu

OH

Purified by flash column chromatography on silica gel (CH,Cl,). Yield: 84%; white solid;
M.p. = 216-218 °C; 'H NMR (400 MHz, DMSO-ds) 6 8.37 (s, 2H), 6.58 (s, 2H), 1.28 (s, 18H);
BCNMR (100 MHz, DMSO-dg) 6 147.5,132.7, 114.5,33.7, 29.4. The NMR data agree with those

reported in the literature.!”]

[1,1':4',1"-Terphenyl]-2',5'-diol (8am)
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OH

Ph
Ph

OH

Purified by flash column chromatography on silica gel (CH,Cl,: MeOH =99: 1). Yield: 99%;
white solid; M.p. = 218-219 °C; '"H NMR (400 MHz, DMSO-dg) & 8.98 (s, 2H), 7.55 (d, J = 7.7
Hz, 4H), 7.40 (t, J = 7.5 Hz, 4H), 7.30 (d, J = 7.4 Hz, 2H), 6.85 (s, 2H); 3C NMR (100 MHz,
DMSO-d;) 6 147.0, 138.4, 128.9, 128.0, 127.4, 117.5. The NMR data agree with those reported in

the literature.l”!

2,5-Di-tert-pentylbenzene-1,4-diol (8an)

OH Et

Et OH

Purified by flash column chromatography on silica gel (PE: EA = 5:1). Yield: 46%; white
solid; M.p. = 179-181 °C; '"H NMR (400 MHz, CD;0D) 6 6.54 (s, 2H), 1.85 (q, J = 7.5 Hz, 4H),
1.29 (s, 12H), 0.64 (t, J= 7.5 Hz, 6H); 3C NMR (100 MHz, CD;0D) & 149.2, 133.1, 117.2, 38.6,
34.0, 28.2,9.9. The NMR data agree with those reported in the literature.[!!]

[1,1'-Biphenyl]-2,5-diol (8a0)
OH

9

OH
Purified by flash column chromatography on silica gel (CH,Cl,: MeOH =99: 1). Yield: 91%;
white solid; M.p. = 98-100 °C; '"H NMR (400 MHz, DMSO-dy) & 8.88 (brs, 2H), 7.50 (d, J=7.2
Hz, 2H), 7.37 (t, /= 7.6 Hz, 2H), 7.26 (t, J = 7.3 Hz, 1H), 6.76 (d, J = 8.6 Hz, 1H), 6.66 (d, J =
2.9 Hz, 1H), 6.58 (dd, /= 8.6, 2.9 Hz, 1H); 3C NMR (100 MHz, DMSO-d;) 6 150.1, 146.8, 138.9,
129.0, 128.1, 127.9, 126.5, 116.8, 116.5, 115.0. The NMR data agree with those reported in the

literature.[”]

2-Methoxybenzene-1,4-diol (8ap)
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OH

MGO\<>

OH

Purified by flash column chromatography on silica gel (CH,Cl,: MeOH =99: 1). Yield: 76%;
brown solid; M.p. = 88-91 °C; 'H NMR (400 MHz, CD;0D) 6 6.61 (d, J= 8.5 Hz, 1H), 6.42 (d, J
=2.7 Hz, 1H), 6.22 (dd, J=8.5, 2.7 Hz, 1H), 3.79 (s, 3H); 3C NMR (100 MHz, CD;0D) & 151.8,
149.5, 140.3, 116.4, 107.4, 101.2, 56.2. The NMR data agree with those reported in the

literature.[12]

2,3-Dimethoxy-5-methylbenzene-1,4-diol (8aq)
OH

MeO
MeO

OH

Purified by flash column chromatography on silica gel (CH,Cl;: MeOH = 99: 1). Yield: 95%;
red solid; M.p. = 74-75 °C; '"H NMR (400 MHz, CD;0D) 6 6.35 (d, /= 0.8 Hz, 1H), 3.82 (s, 3H),
3.80 (s, 3H), 2.09 (d, J= 0.9 Hz, 3H); *C NMR (100 MHz, CD;0D) & 143.6, 142.3, 142.1, 140.2,
121.1, 113.3,61.2, 61.1, 15.8. The NMR data agree with those reported in the literature.!”]

2-Chloro-5-methylbenzene-1,4-diol (8ar)

OH

o

OH

Purified by flash column chromatography on silica gel (CH,Cl,: MeOH =99: 1). Yield: 30%;
red solid; M.p. = 174-176 °C; '"H NMR (400 MHz, CD;0D) 5 6.68 (s, 1H), 6.65 (s, 1H), 2.10 (s,
3H); 3C NMR (100 MHz, CD;0D) & 149.8, 146.6, 125.7, 119.5, 118.2, 116.4, 15.9. The NMR

data agree with those reported in the literature.!3]

2-(Trifluoromethyl)benzene-1,4-diol (8as)
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OH

F3C. i

OH

Purified by flash column chromatography on silica gel (CH,Cl,: MeOH = 95: 5). Yield: 37%;
red solid; M.p. = 107-108 °C; '"H NMR (400 MHz, CD;0D) 4 6.90 (br s, 1H), 6.83 (dd, J = 8.8,
2.8 Hz, 1H), 6.77 (d, J = 8.8 Hz, 1H); 3C NMR (100 MHz, CD;0D) 6 150.8, 149.6 (d, J = 2.2
Hz), 125.2 (q,J=271.3 Hz), 121.0, 118.8 (d, /= 3.1 Hz), 118.2 (q,J=30.3 Hz), 113.7 (q,J=7.3
Hz); ”F NMR (376 MHz, CD;0D) 6 —63.75. The NMR data agree with those reported in the

literature.[14]

2-Fluorobenzene-1,4-diol (8at)

OH
F
OH
Purified by flash column chromatography on silica gel (CH,Cl,: PE = 10: 90). Yield: 40%;
red solid; M.p. = 121-123 °C; '"H NMR (400 MHz, CD;0D) 6 6.73 (dd, /= 10.0, 8.7 Hz, 1H), 6.50
(dd, J=12.6, 2.6 Hz, 1H), 6.42 (ddd, J = 8.7, 2.8, 1.4 Hz, 1H); *C NMR (100 MHz, CD;0D) §
152.9 (d, J=244.8 Hz), 151.8 (d,J=4.3 Hz), 138.5 (d, /=13.2 Hz), 119.0 (d, J=3.9 Hz), 111.7
(d, J=3.3 Hz), 104.5 (d, J=21.3 Hz); 1F NMR (376 MHz, CD;0D) & —137.44. The NMR data

agree with those reported in the literature.[!>]

2-Chlorobenzene-1,4-diol (8au)
OH

hs

OH

Purified by flash column chromatography on silica gel (CH,Cl,: MeOH =99: 1). Yield: 36%;
red solid; M.p. = 100-102 °C; '"H NMR (400 MHz, CD;0D) 6 6.74 (d, /= 8.6 Hz, 1H), 6.73 (d, J
=2.8 Hz, 1H), 6.56 (dd, J= 8.8, 2.9 Hz, 1H); 3C NMR (100 MHz, CD;0D) 6 151.7, 147.0, 121.6,
118.1, 117.3, 115.7. The NMR data agree with those reported in the literature.!6]
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2-Bromobenzene-1,4-diol (8av)
OH

R

OH

Purified by flash column chromatography on silica gel (CH,Cl,: MeOH =99: 1). Yield: 32%;
white solid; M.p. = 112-114 °C; 'H NMR (400 MHz, CD;0D) 6 6.90 (d, J= 2.8 Hz, 1H), 6.73 (d,
J =28.7 Hz, 1H), 6.61 (dd, J = 8.7, 2.8 Hz, 1H); 13C NMR (100 MHz, CD;0D) 3 152.0, 148.2,
120.2, 117.7, 116.4, 110.7. The NMR data agree with those reported in the literature.!']

2,5-Dibromobenzene-1,4-diol (8aw)

Br.
Br

OH

Purified by flash column chromatography on silica gel (CH,Cl,: MeOH =99: 1). Yield: 10%;
white solid; M.p. = 191-193 °C; 'H NMR (400 MHz, CD;0D) 8 7.01 (s, 2H); *C NMR (100 MHz,
CDs0D) & 148.9, 120.7, 109.8. The NMR data agree with those reported in the literature.[!8]

2,5-Dichlorobenzene-1,4-diol (8ax)

OH

ey

OH

Purified by flash column chromatography on silica gel (CH,Cl,: MeOH =99: 1). Yield: 51%;
red solid; M.p. = 168-169 °C; 'H NMR (400 MHz, DMSO-dy) & 9.78 (s, 2H), 6.91 (s, 2H); 13C
NMR (100 MHz, DMSO-d;) 6 146.0, 118.4, 117.1. The NMR data agree with those reported in

the literature.!’]

2,6-Dichlorobenzene-1,4-diol (8ay)
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OH

5

OH

Purified by flash column chromatography on silica gel (CH,Cl,: MeOH =99: 1). Yield: 51%;
white solid; M.p. =157-158 °C; '"H NMR (400 MHz, DMSO-ds) 6 9.62 (s, 1H), 9.27 (s, 1H), 6.75
(s, 2H); 3C NMR (100 MHz, DMSO-dq) 6 150.6, 141.6, 123.1, 115.3. The NMR data agree with

those reported in the literature.!”]

3,5-Di-tert-butylbenzene-1,2-diol (8ba)
OH

/@fm
t-Bu t-Bi

-Bu

Purified by flash column chromatography on silica gel (CH,Cl,: MeOH =99: 1). Yield: 15%;
white solid; M.p. = 95-96 °C; '"H NMR (400 MHz, CD;0D) 6 6.75 (d, J=2.3 Hz, 1H), 6.73 (d, J
= 2.3 Hz, 1H), 1.38 (s, 9H), 1.25 (s, 9H); 1*C NMR (100 MHz, CD;0D) 6 145.4, 142.8, 142.1,
136.1, 115.1, 111.0, 35.7, 35.1, 32.1, 30.1. The NMR data agree with those reported in the

literature.[”]

4-Methylbenzene-1,2-diol (8bb)

/©/OH
Me

Purified by flash column chromatography on silica gel (CH,Cl,). Yield: 18%; white solid;
M.p. = 65-66 °C; 'H NMR (400 MHz, CD;0D) & 6.63 (d, J = 8.0 Hz, 1H), 6.58 (br s, 1H), 6.46
(dd,J=8.1,2.1 Hz, 1H), 2.17 (s, 3H); 3*C NMR (100 MHz, CD;0D) 3 146.0, 143.9, 130.4, 121.1,
117.1,116.2, 20.8. The NMR data agree with those reported in the literature.[!°]

4-(tert-Butyl)benzene-1,2-diol (8bc)

OH

i _OH
t-Bu
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Purified by flash column chromatography on silica gel (CH,Cl,: PE = 10: 90). Yield: 18%;
white solid; M.p. = 56-57 °C; 'TH NMR (400 MHz, CDCl;) 6 6.93 (d, /= 2.6 Hz, 1H), 6.85 — 6.80
(m, 2H), 1.26 (s, 9H); 3C NMR (100 MHz, CDCl3) 8 145.1, 143.0, 140.9, 118.0, 115.2, 113.2,
34.3,31.6. The NMR data agree with those reported in the literature.[20]

6-Hydroxy-8-methoxy-2,2-dimethylchroman-4-one (9)

o}
HO

o}

Purified by flash column chromatography on silica gel (CH,Cl,: MeOH =99: 1). Yield: 84%;
white solid; M.p. = 136-138 °C; '"H NMR (600 MHz, CDCl;) § 7.34 (s, 1H), 6.39 (s, 1H), 3.91 (s,
3H), 2.65 (s, 2H), 1.44 (s, 6H); 3C NMR (150 MHz, CDCl;) 6 191.3, 155.7, 153.8, 140.3, 113.5,
110.1, 100.0, 79.6, 56.3, 48.7, 26.7. The NMR data agree with those reported in the literature.[>!]

(E)-1-Bromocyclooct-1-ene (10)

"
Purified by distillation. Yield: 71%; colorless oil; "TH NMR (400 MHz, CDCls) 6 6.02 (t, J =
8.5 Hz, 1H), 2.62 — 2.59 (m, 2H), 2.12 — 2.07 (m, 2H), 1.62 (td, J = 8.5, 7.2, 4.5 Hz, 2H), 1.56 —

1.49 (m, 6H); 3C NMR (100 MHz, CDCls) 6 131.8, 124.9, 35.2, 30.0, 28.7, 27.6, 26.5, 25.6. The
NMR data agree with those reported in the literature.*]

Cyclooctyne (11)

()

Purified by distillation. Yield: 66%; colorless oil; 'H NMR (400 MHz, CDCl3) 6 2.16 — 2.11
(m, 4H), 1.86 — 1.81 (m, 4H), 1.63 — 1.57 (m, 4H); 13C NMR (100 MHz, CDCl3) § 94.7, 34.8, 29.9,
21.1. The NMR data agree with those reported in the literature.”]

2,3,4,5-Tetraphenylcyclopenta-2,4-dien-1-one (12)
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040
O

Purified by flash column chromatography on silica gel (PE: EA = 30: 1). Yield: 61%; purple
solid; M.p. =217-218 °C; '"H NMR (400 MHz, DMSO-ds) 6 7.29 — 7.20 (m, 12H), 7.17 — 7.15 (m,
4H), 6.98 — 6.95 (m, 4H); 3C NMR (100 MHz, DMSO) 6 199.8, 154.8, 132.7, 130.5, 129.8, 128.9,
128.7,128.1, 128.1, 127.6, 124.8. The NMR data agree with those reported in the literature.[??]

Acetaminophen

o

HN)k

OH

Purified by flash column chromatography on silica gel (CH,Cl,: MeOH =99: 1). Yield: 97%;
white solid; M.p. = 168-170 °C; "H NMR (400 MHz, DMSO-dg) 6 9.65 (s, 1H), 9.15 (s, 1H), 7.33
(d, J = 8.9 Hz, 2H), 6.67 (d, J = 8.9 Hz, 1H), 1.97 (s, 3H); 13C NMR (100 MHz, DMSO-d)
167.6, 153.1, 131.1, 120.8, 115.0, 23.8. The NMR data agree with those reported in the

literature.[23]

8-Methoxy-2,2-dimethylchroman-6-ol (CR-6)

fj[of
HO

Purified by flash column chromatography on silica gel (PE: EA = 5: 1). Yield: 60%. M.p. =
115-116 °C; '"H NMR (600 MHz, CDCl;) 6 6.60 (s, 1H), 6.35 (s, 1H), 3.81 (s, 3H), 2.66 (t,J= 6.8
Hz, 2H), 1.76 (t,J= 6.8 Hz, 2H), 1.31 (s, 6H); 3C NMR (150 MHz, CDCls) & 147.1, 145.8, 139.0,
114.2, 112.6, 100.6, 74.0, 56.0, 33.1, 26.8, 22.1. The NMR data agree with those reported in the

literature.[21]

4. DFT calculation details.
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All data in this study were calculated with the Gaussian 16 software package and were
optimised at the B3LYP level of density functional theory (DFT).I?*l The basis set 6-31+G(d) was
selected for all non-metal atoms. Vibrational frequency analysis was computed to ensure that the
minimum points have no imaginary frequency and the saddle points have only one imaginary

frequency. All the energetic values reported in this work are Gibbs free energies at 298.15 K.

Fo-
Fe-C2: 2.12536(0) A

: : Fe-Cl: 2.13275(0) A

eC2 ;
e 033(0) A
Fed

Fe-H2: 172222000 A
C5-01: 131219(0) A
O1-H1: 1.40216(0) A
HI-H2: 0.95624(0) A

632(0) A
O1-H1: 0.98026(0) A
H1-02: 1.87690(0) A

act-1d TS1 I1 TS2 TS3

Figure S1. Optimised geometries of all species involved in the hydrogenation of quinone.

The Gibbs energy changes are given in parentheses (kcal/mol).

5. Cartesian coordinates of the optimised structures.

act-1d

C -1.21500 0.53700 -0.55300
C -0.84800 -0.39300 0.46600
C -0.06500 0.62400 -1.49800
O -0.04700 1.11400 -2.62700
C 1.09500 0.13700 -0.69700
C 0.56600 -0.65100 0.40400
C 1.30800 -1.67700 1.22700
C 1.53200 -3.01300 0.47700
C 2.10300 -2.89700 -0.94600
C 3.47700 -2.21800 -1.09700
C 3.58500 -0.71500 -0.74900
C 2.47100 0.17900 -1.32400
C -1.80800 -1.00700 1.44800
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-2.61900 -2.15200 0.76200
-4.11600 -1.86500 0.54200
-4.49200 -0.48400 -0.03600
-3.68800 0.03300 -1.25500
-2.57800 1.06900 -0.92500
2.33400 -0.05100 -2.39200
4.53700 -0.35500 -1.16100
3.67100 -0.56700 0.33300
1.37400 -2.38800 -1.59100
2.18900 -3.91500 -1.35100
4.22200 -2.76900 -0.50300
3.78100 -2.34000 -2.14600
2.19900 -3.63600 1.09100
0.57600 -3.55100 0.41800
0.75200 -1.88400 2.14900
-2.52900 -3.06800 1.36000
-1.26700 -1.39500 2.31600
-4.65000 -1.98300 1.49600
-2.49400 -0.24100 1.83100
-4.50700 -2.64900 -0.12100
-2.15100 -2.38200 -0.20300
-5.55500 -0.53700 -0.30600
-4.44100 0.27200 0.76100
-2.96300 1.73900 -0.14400
-4.38900 0.53500 -1.93300
-2.41400 1.69500 -1.81100
-3.26500 -0.80100 -1.83100
2.81700 1.22100 -1.31500
2.27100 -1.27900 1.55100

T T I T oD T @D T @D T @D ST @D TETTD T T ITETIT T T O00aaaO0n

Fe 0.27100 1.37100 0.74900
C 0.22800 3.03500 0.08300
C 1.71200 1.52200 1.78400
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O 0.25300
O 2.66400

TS1
1.14200
0.72600
-0.04900
-0.11800
-1.20000
-0.70500
-1.51800
-1.93500
-2.57000
-3.86100
-3.76600
-2.58500
1.66500
2.21000
3.70700
4.25000
3.44500
2.53100
-2.52300
-4.68800
-3.77300
-1.82600
-2.79900
-4.62600
-4.24600
-2.63100
-1.05100

T T L T &L & T - T OO0 0o00o0o0coa0o000o000a0o0n0n

4.08600
1.58900

-0.20800
0.31900
-0.36500
-1.07400
0.00000
0.45100
1.04600
2.51500
2.80300
2.03800
0.50600
0.02000
0.85100
2.24500
2.28600
1.16400
0.80800
-0.44200
0.64200
0.18500
-0.01500
2.63600
3.87700
2.25000
2.46700
2.81000
3.15900

-0.39000
2.43400

-0.86400
0.41800

-2.77600
-0.87000
0.41900
1.54000
1.28300
-0.08700
-0.43300
-0.62600
-1.48400
1.46600
1.02700
0.66500
-0.24400
-1.52000
-1.40000
-2.39100
-1.12800
0.33800
-0.87600
-0.12500
0.32900
-1.37000
2.08100
1.39300
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1
a

- =T O O O O

O O 0 O a0 0 O

-0.94400
2.03100
1.15300
4.30100
2.49700
3.90500
1.62400
5.26400
4.38600
3.06600
4.16300
2.39100
2.86200

-2.80400

-2.41200

-0.16000
1.11000
1.96100

-1.54900

-2.46300

-0.27500

-0.22200

1.21700
0.80100
0.05200
-0.03300
-1.09100
-0.60800
-1.41400

1.00200
2.97500
0.92700
2.27900
0.15400
3.25800
2.59700
1.46400
0.24700
-1.19500

0.59100
-0.88000

1.67100
-0.98600

0.44500
-1.58500
-2.48000
-3.03200
-2.25800
-2.67200
-2.76200
-2.17500

0.43200
-0.40600
0.63400
1.29000
0.02900
-0.65600
-1.55300

2.47200
1.82600
2.42900
1.59000
1.62000
0.19000
0.16900
-0.53800
0.34700
-0.80700
-2.32100
-2.39500
-1.87000
-1.86000
1.71900
0.09100
0.97300
1.52000
0.99200
1.55800
-1.16100
-1.91400

0.61500
-0.48200
1.42400
2.61200
0.83200
-0.35200
-1.26100
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-1.70600
-2.29900
-3.62800
-3.61400
-2.43800
1.74500
2.46000
3.96900
4.43600
3.65900
2.61100
-2.30200
-4.53900
-3.67100
-1.55200
-2.46000
-4.38600
-3.98100
-2.38900
-0.77600
-0.87600
2.32700
1.19600
4.51500
2.47900
4.29400
1.95700
5.48800
4.45000
3.00600
4.38800
2.54500

-2.95000
-2.96200
-2.21200
-0.67000
0.03700
-1.07000
-2.27900
-2.10100
-0.75800
-0.19400
0.90200
-0.40700
-0.29800
-0.35500
-2.57800
-4.01100
-2.61600
-2.45700
-3.47200
-3.53400
-1.68400
-3.17900
-1.40000
-2.24500
-0.34300
-2.91900
-2.49600
-0.89100
0.00900
1.51700
0.26800
1.58900
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7. NMR Spectra.
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Figure S2. 'H NMR spectrum of 1a in CDCl; (400 MHz).
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Figure S3. 13C NMR spectrum of 1a in CDCl; (100 MHz).
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Figure S4. 'H NMR spectrum of 1b in CDCl; (400 MHz).

S37



o
g | 5500
a
o “ nY Tt mna=gol h
o —~ NN~ O onl S “@ q M S A
(=) [ Tt nen AN (=] o] 0 | o — | —
N — — e e — [%e] y on| AN AN 5000
[ Ne=——" | e
- 4500
- 4000
- 3500
- 3000
- 2500
2000
1500
- 1000
. 500
L ‘l ” T " .l AJ " L . ! b )
LT =0———
T RS ]’ i i S L m b pmmstny LA
- —500
— T e e R o B e w — — — — T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 0 60 50 40 30 20 10 0 -10
1 (ppm)
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Figure S6. 'H NMR spectrum of 1¢ in CDCl; (400 MHz).
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Figure S44. "H NMR spectrum of 8aj in CD;0D (400 MHz).
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Figure S46. "H NMR spectrum of 8ak in CD;0D (400 MHz).
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Figure S54. "H NMR spectrum of 8ao in DMSO-dg (400 MHz).
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Figure S64. '°F NMR spectrum of 8as in CD;0D (376 MHz).
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S109



150.6

OH
Cl

OH
Bay

141.6

cl

123.1

1153

— 39.5 DMSO-d6

- 1400000
-_ 1300000
-_ 1200000
-_ 1100000
-_ 1000000
-_900000
-_800000
-_700000
-_600000
-_500000
-_400000
-_300000
-_200000

- 100000

-_71 00000
-_*200000
-_*300000
-_*400000
-_—500000
-_*600000

- —=700000

170

Figure S77. 3C NMR spectrum of 8ay in DMSO-ds (100 MHz).

130

12

110

T T
0 80
1 (ppm)

i

o

- —800000

S110



a
o
o
@)
Q
v <t en AN — o0
oSS n o q
O O © © o —
OH
OH
+Bu +-Bu
Bha
) \n N
- O [o) 3@
T T T T T T T T T T T T T T T T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 .5

f1 (ppm)

Figure S78. '"H NMR spectrum of 8ba in CD;0D (400 MHz).

8. 5x10"

L8.0x10

L7.5x10

L7.0x10°

L6.5x107

L6.0x10

L5.5x10

L5.0x10

L4.5x107

L4.0x 107

L3.5x10

L3.0x10

L2.5x10

L2.0x10°

L1.5x107

L1.0x10

Ls.ox10®

S111



OH
OH

t-Bu +Bu
8bha

1454
142.8
142.1

\

N 136.1

—115.1
—111.0

35.1

32.1

—49.0 CD30D
35.7

\30.1

- 1700000
-_ 1600000
-_ 1500000
-_ 1400000
-_ 1300000
-_ 1200000
-_ 1100000
-_ 1000000
-_900000
-_800000
-_700000
-_600000
-_500000
-_400000
-_300000
-_200000
-_ 100000

Q

T i ‘ll”

!

- —100000

I —200000

- —300000

- —400000

- —500000

- —600000

- —700000

- —800000

—900000

- —1000000

T T
110 100

1 (ppm)

Figure S79. 3C NMR spectrum of 8ba in CD;0D (100 MHz).

(o

S112



6.64
6.62
6.61
6.59
6.58
6.58
6.47
6.47
6.45
6.45

e e

OH

o
he

8bh

—3.31 CD30D
2.17

T r T r T r r r
4.0 3.5 3.0 2.5 2.0 1.5
£1 (ppm)

Figure S80. '"H NMR spectrum of 8bb in CD;0D (400 MHz).

L0Xx 107

L 5X 107

L0x 10

.5X 10

L0X 107

.5X 107

L0X 107

Lox10®

S113



- 600000

—49.0 CD30OD
20.8

_-146.0
~ 143.9
—130.4
N 116.2

12111
1171

- 500000

- 400000

- 300000

- 200000

- 100000

- —100000

- —200000

- —300000

- —400000

- —500000

-10

o

T T T T T T T T T T T T T T T T T T T T
21! 200 190 180 170 160 150 140 130 120 110 0 90 80 70 60 50 40 30 20 10

Figure S81. 3C NMR spectrum of 8bb in CD;0D (100 MHz).
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Figure S82. '"H NMR spectrum of 8b¢ in CD;0D (400 MHz).
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Figure S83. 3C NMR spectrum of 8be in CD;0D (100 MHz).
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Figure S85. 3C NMR spectrum of 9 in CDCl; (150 MHz).
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Figure S86. '"H NMR spectrum of 10 in CDCl; (400 MHz).
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Figure S87. 3C NMR spectrum of 10 in CDCl; (100 MHz).
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Figure S88. '"H NMR spectrum of 11 in CDCl; (400 MHz).
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Figure S89. 3C NMR spectrum of 11 in CDCl; (100 MHz).
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Figure S90. '"H NMR spectrum of 12 in DMSO-d; (400 MHz).
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Figure S91. 3C NMR spectrum of 12 in DMSO-ds (100 MHz).
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Figure S92. '"H NMR spectrum of acetaminophen in DMSO-d; (400 MHz).
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Figure S93. 3C NMR spectrum of acetaminophen in DMSO-ds (100 MHz).
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Figure S94. '"H NMR spectrum of CR-6 in CDCl; (600 MHz).
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Figure S95. 3C NMR spectrum of CR-6 in CDCl; (150 MHz).
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