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1. General Consideration

All chemicals and solvents were used without further purifications. 'H, 13C spectra were recorded on a Bruker
Avance I11-400 spectrometer. The chemical shifts reported in ppm relative to residual solvent CDCI;, CD;CN,
CD;0D, or added TMS as an internal reference. Splitting patterns are designated as follows: br; broad, s; singlet,
d; doublet, t; triplet, q; quartet, m; multiplet, dt; double of triplet, td; triple of doublet, dd; double of doublet. Flash
chromatography was carried out on Merck silica 60 (230-400 mesh ASTM). Analytical thin-layer chromatography
(TLC) was performed on E. Merck precoated silica gel 60 F,s4 plates. Mass spectral data were obtained from the
Korea Basic Science Institute (Daegu). IR spectra were recorded by SHIMADZU IR Affiinity-1S. Blue light LEDs
were purchased from Kessil (A160WE, PR 160 440 nm, and PR 160 390 nm).
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2. Experimental Section

2-1. Preparation of Substrate

methyl 4-(4-bromobutoxy)benzoate (1c)

O\/\/\Br In a 50 mL RBF, 1,4-dibromobutane (6.48 g, 3.58 mL, 30 mmol, 3.0
MeO equiv.) was added in a mixture of methyl 4-hydroxybenzoate (1.52 g, 10
5 mmol, 1.0 equiv.) and potassium carbonate (1.93 g, 14 mmol, 1.4 equiv.)
in acetone (18.0 mL). The reaction mixture was refluxed for 18 hours.
Solid was filtered, and solvent was evaporated under reduced pressure. The crude product was purified by silica
gel column chromatography (Hx/EtOAc = 3/1 ~ 2/1) to afford 1¢ (1.0 g, 35%) as a white solid. "H NMR (400
MHz, CDCl;) & 8.04 — 7.89 (m, 2H), 6.95 — 6.74 (m, 2H), 4.05 (t, J = 6.0 Hz, 2H), 3.88 (s, 3H), 3.49 (t, /= 6.5
Hz, 2H), 2.15 - 2.02 (m, 2H), 2.02 — 1.87 (m, 2H). 13C NMR (101 MHz, CDCl;)  166.8, 162.6, 131.6, 122.6,

114.0, 67.0, 51.5, 33.2, 29.3, 27.7. IR: 2951, 1722, 1508, 1280, 1253, 1170, 1043, 848 cm'. HRMS (EI)
m/z:[M]": calcd. for. C;,H;5BrO5 286.0205; Found 286.0202.

1-(4-(4-bromobutoxy)phenyl)ethenone (1d)

O\/\/\Br In a 20 mL vial, 1,4-dibromobutane (2.16 g, 1.20 ml, 10 mmol, 2.0 equiv.)

was added in a mixture of methyl 4'-hydroxyacetophenone (681 mg, 5 mmol,

o 1.0 equiv.) and potassium carbonate (1.04 g, 7.5 mmol, 1.5 equiv.) in acetone

(15.0 mL). The reaction mixture was stirred for 18 hours at room temperature.

Solid was filtered, and solvent was evaporated under reduced pressure. The crude product was purified by silica
gel column chromatography (Hx/EtOAc = 2/1) to afford 1d as a white solid (680 mg, 50%). 'TH NMR (400 MHz,

CDCl;) 6 7.98 — 7.87 (m, 2H), 7.02 — 6.85 (m, 2H), 4.07 (t, /= 6.0 Hz, 2H), 3.49 (t, /= 6.5 Hz, 2H), 2.56 (s, 3H),

2.08 (m, 2H), 2.04 — 1.91 (m, 2H). 3C NMR (101 MHz, CDCl;) § 196.7, 162.7, 130.6, 130.4, 114.1, 67.1, 33.2,

29.3,27.7, 26.3. IR: 2951, 2870, 1741, 1672, 1598, 12553, 1020, 815 cm’!. HRMS (EI) m/z:[M]*: calcd. for.

C,H;5BrO, 270.0255; Found 270.0253.

4-(4-bromobutoxy)-1,1'-biphenyl (1e)

O\/\/\Br In a 20 mL vial, 1,4-dibromobutane (1.30 g, 720 uL, 6 mmol, 1.2 equiv.) was

/©/ added in a mixture of 4-phenylphenol (851 mg, 5 mmol, 1.0 equiv.), potassium
Ph iodide (41.5 mg, 0.25 mmol, 5 mol %) and potassium carbonate (1.04 g, 7.5
mmol, 1.5 equiv.) in acetone (15.0 mL). The reaction mixture was refluxed for 12 hours. Solid was filtered, and
solvent was evaporated under reduced pressure. The crude product was purified by silica gel column

chromatography (Hx/ EtOAc = 20/1~5/1) to afford 1e as a white solid (560 mg, 37%). "TH NMR (400 MHz,
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CDCl;) 8 7.58 — 7.49 (m, 4H), 7.41 (m, 2H), 7.33 — 7.28 (m, 1H), 7.01 — 6.92 (m, 2H), 4.05 (t, J = 6.0 Hz, 2H),
3.51 (t,J= 6.6 Hz, 2H), 2.10 (m, 2H), 2.02 — 1.90 (m, 2H). 3C NMR (101 MHz, CDCl;) 8 158.4, 140.8, 133.8,
128.7, 128.1, 126.7, 126.6, 114.7, 66.9, 33.4, 29.5, 27.9. IR: 2943, 2873, 2362, 1523, 1487, 1253, 1180, 1043,
896 cml. HRMS (EI) m/z:[M]": calcd. for. C,¢H;7BrO 304.0463; Found 304.0461.

6-bromo-1-morpholinohexan-1-one (1f)

(0] 1f was synthesized according to known literature procedures.! In a dried 50 mL
K\N)K/\/\/Br RBF, morpholine (784 mg, 787 uL, 9.0 mmol, 1.8 equiv.) and triethyl amine
(0] (1.01 g, 1.39 mL, 10.0mmol, 2.0 equiv.) was added in a solution of 6-

bormohexanoyl chloride (1.07g, 765 uL, 5.0 mmol, 1.0 equiv.) in CH,Cl, (20.0 mL). Solution was stirred for 12
hours at room temperature. Crude mixture was washed with 3 M HCl solution. Aqueous layer was removed and
NaHCO; (aq) was added in organic layer. Organic layer was extracted with CH,Cl, and dried over MgSOj,.
Solvent was evaporated under reduced pressure. The crude product was purified by silica gel column
chromatography (Hx/EtOAc =1/2) to afford 1f as a colorless oil (130 mg, 9.8%). 'H NMR (400 MHz, CDCI;)
3.73 - 3.58 (m, 6H), 3.49 — 3.44 (m, 2H), 3.42 (t, /= 6.7 Hz, 2H), 2.33 (m, 2H), 1.89 (m, 2H), 1.67 (m, 2H), 1.54
— 1.41 (m, 2H). 3C NMR (101 MHz, CDCl;) § 171.4, 66.9, 66.7, 46.0, 42.0, 33.6, 32.8, 32.6, 28.0, 24.2. IR:
2972, 284, 1597, 1433, 1228, 1114, 1029, 846 cm™'. HRMS (EI) m/z:[M]": calcd. for. C;,H;sBrNO, 263.0521;
Found 263.0522.

4-(4-bromobutoxy)benzaldehyde (1h)

O\/\/\Br In a 50 mL RBF, 1,4-dibromobutane (4.32 g, 20.0 mmol, 2.0 equiv.) was

H added in a mixture of 4-hydroxybenzaldehyde (1.22 g, 10.0 mmol, 1.0
o equiv.) and potassium carbonate (1.38 g, 10.0 mmol, 1.0 equiv.) in acetone
(30.0 mL). The reaction mixture was refluxed for 24 hours. Solid was

filtered, and solvent was evaporated under reduced pressure. The crude product was purified by silica gel column
chromatography (Hx/EtOAc = 5/1) to afford 1h as a colorless oil (1.87 g, 73%). 'TH NMR (400 MHz, CDCl;)
9.88 (s, 1H), 7.93 — 7.72 (m, 2H), 7.06 — 6.76 (m, 2H), 4.09 (t, J = 5.9 Hz, 2H), 3.50 (t, J = 6.4 Hz, 2H), 2.16 —
2.04 (m, 2H), 2.04 — 1.94 (m, 2H). '3C NMR (101 MHz, CDCl3)  190.8, 163.9, 132.0, 130.0, 114.7, 67.3, 33.2,
29.3, 27.7. IR: 2954, 2740, 2569, 2104, 1691, 1598, 1251, 1157, 831 cm’l. HRMS (EI) m/z:[M]": calcd. for.

C11H,3BrO, 256.0099; Found 256.0097.
5-bromopentyl 4-chlorobenzoate (1i)

(0] In a 50 mL RBF, cesium carbonate (4.89 g, 15.0 mmol, 1.5 equiv.) and

0~ "> ">p, 4-chlorobenzoic acid (1.57 g, 10.0 mmol, 1.0 equiv.) was added in a

cl solution of 1,5-dibromopentane (4.60 g, 20.0 mmol, 2.0 equiv.) in DMF
(25.0 mL). The reaction mixture was stirred for 12 hours at room

temperature. The reaction mixture was filtered, and the filtrate was concentrated under the reduced pressure. The
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crude product was purified by silica gel column chromatography (Hx/EtOAc = 20/1) to afford 1i as a colorless oil
(3.06 g, 34%). '"H NMR (400 MHz, CDCl;) & 8.00 — 7.94 (m, 2H), 7.45 — 7.36 (m, 2H), 4.33 (t, J= 6.5 Hz, 2H),
3.44 (t, J = 6.7 Hz, 2H), 2.00 — 1.90 (m, 2H), 1.85 — 1.76 (m, 2H), 1.66 — 1.57 (m, 2H). 3C NMR (101 MHz,
CDCl;) 6 165.7, 139.3, 130.9, 128.8, 128.7, 64.8, 33.4, 32.2, 27.8, 24.7. IR: 2951, 2939, 1720, 1271, 1091, 904
cml. HRMS (EI) m/z:[M]": calcd. for. C,,H;4BrClO, 305.9844; Found 305.9840.

4-bromobutyl cinnamate (1j)

(0] In a 50 mL RBF, trans-cinnamic acid (1.46 g, 10 mmol, 1.0 equiv.) and

X O/\/\/Br cesium carbonate (2.28 g, 7.0 mmol, 0.7 equiv.) was added in a solution

of 1.4-dibromobutane (6.48 g, 30.0 mmol, 3.0 equiv.) in DMF (25.0 mL).

Reaction mixture was stirred for 12 hours at room temperature. Reaction mixture was filtered and concentrated

under reduced pressure. The crude mixture was purified by silica gel column chromatography (Hx/EtOAc = 20/1

~ 10/1) to afford 1j as a colorless oil (2.83 g, 56%). '"H NMR (400 MHz, CDCl;) 8 7.69 (d, J=16.0 Hz, 1H), 7.58

—7.49 (m, 2H), 7.43 — 7.33 (m, 3H), 6.44 (m, 1H), 4.25 (t, /= 6.3 Hz, 2H), 3.47 (t, J= 6.5 Hz, 2H), 2.08 — 1.95

(m, 2H), 1.94 — 1.83 (m, 2H). 3C NMR (101 MHz, CDCl;) $ 167.0, 145.0, 134.4, 130.4, 129.0, 128.1, 118.0,

63.5, 33.1, 29.4, 27.4. IR: 2966, 2899, 1710, 1637, 1251, 1165, 979 cm'. HRMS (EI) m/z:[M]*: caled. for.
Cy5H;5sBrO, 282.0255; Found 282.0254.

3-bromobutyl 4-methoxybenzoate (1k)

(0] Br Ina25 mL RBF, 1,3-dibromobutane (2.16 g, 1.20 mL, 10.0 mmol, 2.0 equiv.)

O/\)\ was added in a solution of p-anisic acid (761 mg, 5.0 mmol, 1.0 equiv.) and

MeG cesium carbonate (2.44 g, 7.5 mmol, 1.5 equiv.) in DMF (12.5 mL) solution.

Reaction mixture was stirred for 12 hours at room temperature. Filtrate was

collected and solvent was evaporated under reduced pressure. The crude mixture was purified by silica gel column

chromatography (Hx/EtOAc = 10/1) to afford 1k as a colorless oil (750 mg, 52%). 'TH NMR (400 MHz, CDCl5)

5 8.04 —7.92 (m, 2H), 6.95 — 6.90 (m, 2H), 4.55 — 4.47 (m, 1H), 4.45 — 4.36 (m, 1H), 4.35 —4.25 (m, 1H), 3.86
(s, 3H), 2.32 — 2.09 (m, 2H), 1.79 (d, J = 6.7 Hz, 3H). 13C NMR (101 MHz, CDCl;) 3 166.1, 163.5, 131.6, 122.5,

113.7,62.7,55.5,47.0,39.9,26.6. IR: 2958, 2839, 1604, 1510, 1274, 1253, 110, 950 cm™'. HRMS (EI) m/z:[M]":

calcd. for. C,H;5sBrO; 286.0205; Found 286.0206.
4-bromo-1-tosylpiperidine (11)?

Ts—NC>*Br In a 50 mL RBF, triphenylphosphine (2.26 g, 8.6 mmol, 1.1 equiv.) and carbon tetrabromide

(2.60 g, 8.2 mmol, 1.0 equiv.) was added in a solution of 1-tosylpiperidin-4-ol (2.0 g, 7.8
mmol, 1.0 equiv.) in CH,Cl, (15.0 mL). Reaction mixture was stirred for 16 hours at room temperature. Na,COs3
(aq) was added in a reaction mixture, and crude mixture was extracted with Et,O and dried over MgSO,. Solvent

was evaporated under reduced pressure and the crude mixture was purified by silica gel column chromatography

(Hx/EtOAc = 10/1) to afford 11 as a white solid (1.64 g, 66%). "H NMR (400 MHz, CDCl;) § 7.69 — 7.61 (m,
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2H), 7.39 — 7.30 (m, 2H), 4.31 — 4.19 (m, 1H), 3.25 — 3.14 (m, 2H), 3.14 — 3.04 (m, 2H), 2.45 (s, 3H), 2.25 — 2.13
(m, 2H), 2.11 — 1.98 (m, 2H). 3C NMR (101 MHz, CDCl;) 5 143.7, 133.4, 129.8, 127.6, 47.8, 43.8, 34.7, 21.6.
IR: 2926, 2860, 1340, 1157, 1008, 927, 858 cm™. HRMS (EI) m/z:[M]": calcd. for. C;,H;sBINO,S 319.0065;
Found 319.0047.

4-(3-bromo-3-methylbutoxy)-1,1'-biphenyl (1m)34

O In a 25 mL RBF, 4-phenylphenol (749 mg, 4.4 mmol, 1.1 equiv.), and K,COj3
/©/ \/\’(Br (663 mg, 4.8 mmol, 1.2 equiv.) was added in a solution of 3-hydroxy-3-
Ph methylbutyl 4-methylbenzenesulfonate (1.03 g, 4.0 mmol, 1.0 equiv.) in DMF
(10.0 mL). The reaction mixture was stirred for 12 hours at 80 °C, then quenched with H,O (15.0 mL) and
extracted with CH,Cl, and dried over MgSQ,. Solvent was evaporated under reduced pressure. The crude product
was used for next step without purification. In a dried Schlenk flask, the crude alcohol (in a minimal amount of
CH,Cl,) was added in a solution of LiBr (695 mg, 8.0 mmol), and 48 wt% Hydrobromic acid (900 pL, 8.0 mmol)
under argon atmosphere at 0°C. The reaction mixture was allowed to warm to room temperature and stirred for
12 hours. The reaction mixture was diluted with ethyl acetate, and quenched with H,O, and NaHCO; (aq). The
crude mixture was extracted with ethyl acetate and dried over MgSQO,. Solvent was evaporated under reduced
pressure and the crude mixture was purified by silica gel column chromatography (Hx/EtOAC = 10/1) to afford
1m as a white solid (687 mg, 55% overall two steps). 'TH NMR (400 MHz, CDCls) & 7.58 — 7.49 (m, 4H), 7.45 —
7.39 (m, 2H), 7.34 — 7.28 (m, 1H), 7.03 — 6.94 (m, 2H), 4.29 (t, J= 6.6 Hz, 2H), 2.34 (t, J = 6.6 Hz, 2H), 1.88 (s,
6H). BC NMR (101 MHz, CDCl;) 8 158.2, 140.8, 134.0, 128.7, 128.2, 126.8, 126.7, 114.8, 66.2, 65.3, 45.9, 34.9.
IR: 2937, 1606, 1485, 1247, 1122, 1031, 833 cm™!. HRMS (EI) m/z:[M]*: caled. for. C;7H;oBrO 318.0619; Found
318.0621.

5-bromopentyl 2-(4-isobutylphenyl)propanoate (1n)

10 In a dried 25 mL RBF, 1,5-dibromopentane (2.23 g, 1.32 mL,
B "0 9.7 mmol, 2.0 equiv.) was added in a solution of ibuprofen (1.00
g, 4.85 mmol, 1.0 equiv.) and potassium carbonate (2.01 g, 14.5
mmol, 3 equiv.) in DMF (9.70 mL). Reaction mixture was stirred for 24 hours at room temperature. Filtrate was
collected and solvent was evaporated under reduced pressure. The crude mixture was purified by silica gel column
chromatography. (Hx/EtOAc = 20/1~ 10/1) to afford 1n as a colorless oil (720 mg, 42%). 'TH NMR (400 MHz,
CDCl3) 6 7.24 —7.17 (m, 2H), 7.13 — 7.07 (m, 2H), 4.14 — 4.00 (m, 2H), 3.68 (q, /= 7.2 Hz, 1H), 3.33 (t, /= 6.8
Hz, 2H), 2.45 (d, J=7.2 Hz, 2H), 1.93 — 1.72 (m, 3H), 1.68 — 1.54 (m, 2H), 1.49 (d, /= 7.1 Hz, 3H), 1.45-1.33
(m, 2H), 0.90 (d, J= 6.6 Hz, 6H). 3C NMR (101 MHz, CDCl3) 3 174.7, 140.5, 137.8, 129.3, 127.2, 64.2, 45.2,
45.0,33.4,32.2,30.2,27.7,24.5,22.4, 18.4. IR: 2954, 2872, 1732, 1163, 945 cm’!. HRMS (EI) m/z:[M]": calcd.
for. C13H,7BrO, 354.1194; Found 354.1197.

3-(3-chloropropyl)-5,5-diphenylimidazolidine-2,4-dione

S6



(0] In a 20 mL vial, NaH 60% in mineral oil (200 mg, 5.0 mmol, 1.0 equiv.) was added

clI” "N Ph in a solution of 5,5-diphenyl hydantoin (1.26 g, 5.0 mmol, 5.0 mmol, 1.0 equiv.) in

NH Ph DMF (15.0 mL) and stirred for 30 minutes at 50 °C. Then, 1,3-chloropropane (1.97

g, 1.2 mL, 15.0 mnol, 2.5 equiv.) was added and stirred at 50 °C. After 18 hours,

solution was quenched by 1 N HCI (20.0 mL) and extracted with EtOAc. Solvent was evaporated under reduced

pressure. Crude mixture was added to a solution of lithium chloride (636 mg, 15.0 mmol, 3.0 equiv.) in DMF

(15.0 mL) and stirred at 90 °C. After 12 hours, the reaction mixture was extracted with Et,0. The combined

organic layers were dried over anhydrous MgSO, and concentrated under reduced pressure. White solid was

obtained (1.13 g, 69%). 'TH NMR (400 MHz, CDCl;) § 7.32 — 7.25 (m, 10H), 3.65 (t,J = 6.9 Hz, 2H), 3.42 (t, J

=6.5Hz, 2H),2.11 - 1.99 (m, 2H). 3C NMR (101 MHz, CDCl3) § 173.3, 156.8, 139.1, 128.9, 128.6, 126.8, 70.1,

41.8,36.7, 31.0. IR: 2956, 1703, 1448, 1417 cm!. HRMS (EI) m/z:[M]*: calcd. for. C,sH;7CIN,0O, 328.0979;
Found 328.0979.

1-(4-bromobutyl)-3-(3-chloropropyl)-5,5-diphenylimidazolidine-2,4-dione (10)

(0] In a 20 mL vial, 1,4-dibromobutane (1.1 g, 0.6 mL, 5.0 mmol, 5.0 equiv.) was added

cl AN N Jg< Ph inasolution of 3-(3-chloropropyl)-5,5-diphenylimidazolidine-2,4-dione (329 mg, 1.0
N Ph  mmol, 1.0 equiv.) and potassium carbonate (207 mg, 1.5 equiv.) and potassium iodide

© (9 mg, 5 mol%) in acetone (5.0 mL) solution. Reaction mixture was stirred for 4 hours

at room temperature. Solvent was evaporated under reduced pressure. The crude

mixture was purified by silica gel column chromatography (Hx/EtOAC = 5/1) to

Br afford 1o as a white solid (204 mg, 44%).'H NMR (400 MHz, CDCl;) 6 7.44 —7.38

(m, 6H), 7.29 — 7.22 (m, 4H), 3.76 (t, /= 6.9 Hz, 2H), 3.51 (t,J = 6.5 Hz, 2H), 3.43 — 3.35 (m, 2H), 3.13 (t, /=
6.7 Hz, 2H), 2.20 — 2.10 (m, 2H), 1.59 — 1.50 (m, 2H), 1.10 — 0.99 (m, 2H). 3C NMR (101 MHz, CDCl;) 6 173.6,
155.7,137.0, 129.1, 129.0, 128.2, 74.9,41.8, 41.2, 37.0, 32.6, 31.0, 29.9, 26.8. IR: 2954, 1710, 1450, 1242, 1045

cml. HRMS (EI) m/z:[M]": calcd. for. C»,H,4BrCIN,O, 464.0689; Found 464.0687.

2-(4-bromobutoxy)-4-chloro-1-(2,4-dichlorophenoxy)benzene (1p)

Br\/\/\o In a 50 mL RBF, 1,4-dibromobutane (1.62 g, 0.91 mL,7.5 mmol, 1.5 equiv.) was

o added in a solution of 5-chloro-2-(2,4-dichlorophenoxy)phenol (1.45 mg, 5.0

/@ \©\ mmol, 1.0 equiv.) and potassium carbonate (691 mg, 5.0mmol, 1.0 equiv.) in
Cl Cl Cl  acetone (20.0 mL) solution. Reaction mixture was stirred for 12 hours at room
temperature. Filtrate was collected and solvent was evaporated under reduced pressure. The crude mixture was
purified by silica gel column chromatography (Hx/EtOAc = 20/1 ~ 10/1) to afford 1p as a colorless oil (1.71 g,
81%).'H NMR (400 MHz, CDCl;) 8 7.47 — 7.37 (m, 1H), 7.14 — 7.05 (m, 1H), 7.02 — 6.91 (m, 3H), 6.68 — 6.49
(m, 1H), 3.95 (t, J= 5.4 Hz, 2H), 3.32 (t, J= 6.1 Hz, 2H), 1.89 — 1.63 (m, 4H). 3C NMR (101 MHz, CDCl;) §

152.6,150.8, 142.9, 130.7, 130.2, 127.8, 127.6, 124.3, 122.4,121.2,117.6, 114.8, 68.0, 33.1, 29.0, 27.5. IR: 2941,
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2841, 1598, 1471, 1230, 904 cm™. HRMS (EI) m/z:[M]": calcd. for. C;sH4BrCl;0, 423.9219; Found 423.9214.

(8R,9S,13S,14S)-3-(4-bromobutoxy)-13-methyl-7,8,9,11,12,13,15,16-octahydro-6H-
cyclopenta[a]phenanthren-17(14H)-one (1q)

In a 20 ml vial, 1,4-dibromobutane (432.0 mg, 239 pL, 2.00 mmol,
2.0 equiv.) was added in a mixture of estrone (270.0 mg, 1.00 mmol,
1.0 equiv.), potassium iodide (8.3 mg, 0.05 mmol, 5 mol%), and

potassium carbonate (207 mg, 1.50 mmol, 1.5 equiv.) in acetone (3.0

Br\/\/\o

mL). The reaction mixture was refluxed for 12 hours. Solid was
filtered, and solvent was evaporated under reduced pressure. The crude product was purified by column
chromatography (Hx/EtOAc = 10/1~3/1) to afford 1q as a white solid (210mg, 52%). "H NMR (400 MHz, CDCl5)
87.19 (d, J=8.6 Hz, 1H), 6.70 (dd, J, = 8.6, J, = 2.8 Hz, 1H), 6.67 — 6.60 (m, 1H), 3.97 (t, /= 6.0 Hz, 2H), 3.48
(t,J=6.6 Hz,2H), 2.93 — 2.86 (m, 2H), 2.50 (dd, /= 18.8, 8.6 Hz, 1H), 2.45 — 2.34 (m, 1H), 2.31 — 2.21 (m, 1H),
2.21-2.11 (m, 1H), 2.10 — 1.86 (m, 7H), 1.71 — 1.37 (m, 6H), 0.91 (s, 3H). 3C NMR (101 MHz, CDCl3) § 220.9,
156.9,137.8,132.2,126.4,114.6, 112.1, 66.8, 50.4, 48.0, 44.0, 38.4, 35.9, 33.5, 31.6, 29.7, 29.5, 28.0, 26.6, 25.9,
21.6,13.9.1R: 3736,2962, 2873, 1732, 1253, 1004 cm™!. HRMS (EI) m/z:[M]": caled. for. Cy,H,9BrO, 406.1333;
Found 406.1340.

1-((8S,9S,10R,13S,148S,17S)-3-bromo-10,13-dimethyl-2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-
1H-cyclopenta[a]phenanthren-17-yl)ethenone (1r)

In a dried 50 mL RBF, carbon tetrabromide (1.99 g, 6.0 mmol, 1.2 equiv.) was
added in a solution of 5-Pregnen-3f-o0l-20-one (1.57 g, 5.0 mmol, 1.0 equiv.)
and triphenylphosphine (1.44 g, 5.5 mmol, 1.1 equiv.) in dichloromethane (20.0

mL). Reaction mixture was stirred for 12 hours at room temperature. Reaction

mixture was filtered and concentrated under reduced pressure. The crude

mixture was purified by silica gel column chromatography (Hx/EtOAc = 10/1) to afford 1r as a white solid (140

mg, 7.4%). '"H NMR (400 MHz, CDCl;) § 5.43 — 5.29 (m, 1H), 3.98 — 3.84 (m, 1H), 2.79 — 2.68 (m, 1H), 2.62 —
2.56 (m, 1H), 2.56 — 2.49 (m, 1H), 2.22 — 2.16 (m, 2H), 2.12 (s, 3H), 2.10 — 1.93 (m, 3H), 1.93 — 1.82 (m, 1H),

1.74 — 1.38 (m, 7H), 1.29 — 1.11 (m, 3H), 1.04 (s, 3H), 1.00 — 0.94 (m, 1H), 0.63 (s, 3H). 13C NMR (101 MHz,

CDCl3) 6 209.5,141.6, 122.0, 63.7, 56.8, 52.3, 50.1,44.2,44.0,40.2, 38.8,36.4,34.3,31.7,31.7,31.5,24.5,22.9,

20.9,19.3, 13.2. IR: 2933, 2850, 1701, 1359, 1105 cm™'. HRMS (EI) m/z:[M]": calcd. for. C,;H;;BrO 380.1540;
Found 380.1539.

5-bromopentyl 4-bromobenzoate (1s)
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O In a 20 mL vial, cesium carbonate (2.44 g, 7.5 mmol, 1.5 equiv.) and 4-
0~ "> ""p, bromobenzoic acid (1.01 g, 5.0 mmol, 1.0 equiv.) was added in a
Br solution of 1,5-dibromopentane (2.30 g, 10.0 mmol, 2.0 equiv.) in DMF
(12.5 mL). The reaction mixture was stirred for 12 hours at room
temperature. The reaction mixture was filtered, and the filtrate was concentrated under the reduced pressure. The
crude product was purified by silica gel column chromatography (Hx/EtOAc = 10/1) to afford 1s as a colorless
oil (1.75 g, 48%). '"H NMR (400 MHz, CDCl;) & 7.96 — 7.82 (m, 2H), 7.64 — 7.54 (m, 2H), 4.33 (t, /= 6.5 Hz,
2H), 3.44 (t,J= 6.7 Hz, 2H), 1.99 — 1.87 (m, 2H), 1.86 — 1.74 (m, 2H), 1.69 — 1.57 (m, 2H). 3C NMR (101 MHz,
CDCl3) 8 165.9, 131.7, 131.1, 129.3, 128.0, 64.9, 33.4, 32.3, 27.9, 24.7. IR: 2958, 2866, 1720, 1589, 1269, 1012,

846 cm!. HRMS (EI) m/z:[M]*: caled. for. C,H4Br,0, 349.9341; Found 349.9328.

benzyl 4,4-dibromopiperidine-1-carboxylate (1t)

Br. Br In a 50 mL RBF, molecular sieves 3A (1 g), methanol (5.0 mL) and hydrazine hydrate (0.97 ml,
fﬁ 20.0 mmol, 20.0 equiv.) were added successively with stirring. After 20 min, a methanol (5.0 mL)
N solution of benzyl 4-Oxo-1-piperidinecarboxylate (233 mg, 1.0 mmol, 1.0 equiv.) was added to

)\ Bn the reaction mixture and the mixture was stirred for 2 hours. Molecular sieves were filtered off

and washed with diethyl ether. The filtrate was concentrated under reduced pressure and the
excess hydrazine was further removed from the residue under high vacuum. The crude mixture of hydrazone was
used in next step without any further purification.

To a THF solution of #-butanol (222 mg, 287 pL, 3 mmol, 3.0 equiv.) was added a hexane solution of 1.8 M n-
butyllithium (1.67 mL, 3.0 mmol, 3.0 equiv.) at 0 "C and the reaction mixture was stirred for 5 min. Copper(Il)

bromide (1.34 g, 6.0 mmol, 6.0 equiv.) was added to the mixture. The ice bath was removed and stirred for 20
min. Crude hydrazone in THF (3.0 mL) was added dropwise to the reaction mixture. After 1 hour, the reaction
was quenched by addition of 25% NH; aqueous solution. The organic layer was extracted with CH,Cl, and dried
over Na,SO,4. Solvent was concentrated under reduced pressure. The residue was purified by silica gel
chromatography (Hx/EtOAc = 5/1) to give 1t (182 mg, 48%). '"H NMR (400 MHz, CDCl;) 4 7.42 — 7.28 (m, 5H),
5.13 (s, 2H), 3.70 — 3.55 (m, 4H), 2.63 — 2.43 (m, 4H). 3C NMR (101 MHz, CDCl;) 6 155.0, 136.4, 128.6, 128.2,
128.0, 67.5, 65.9, 47.9, 42.6. IR: 2920, 1697, 1427, 1276, 1002 cm’!. HRMS (EI) m/z:[M]*: calcd. for.
Ci3H5Br,NO, 376.9750; Found 376.9456.

2-(3-(4-bromophenoxy)propyl)isoindoline-1,3-dione (3d)

0] In a 20 mL vial, n-(3-bromopropyl)phthalimide (295 mg, 1.1 mmol), 4-

bromophenol (173 mg, 1.0 mmol), and potassium carbonate (138 mg,

O N
/©/ ~TN 1.0 mmol) was added then 5.0 mL of DMF was added. Reaction mixture
0]
Br

was stirred for 12 hours at 60°C. Reaction mixture was concentrated

under reduced pressure. The crude mixture was purified by silica gel column chromatography (Hx/EtOAc = 5/1)
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to afford 3d as a white solid (288 mg, 80%). 'H NMR (400 MHz, CDCls) 6 7.88 — 7.79 (m, 2H), 7.76 — 7.68 (m,
2H), 7.35 - 7.27 (m, 2H), 6.71 — 6.64 (m, 2H), 3.99 (t, J = 6.0 Hz, 2H), 3.90 (t, J = 6.8 Hz, 2H), 2.23 — 2.12 (m,
2H). BC NMR (101 MHz, CDCl;) & 168.4, 157.8, 134.0, 132.2, 132.2, 123.3, 116.3, 113.0, 66.0, 35.4, 28.2. IR:

3064, 2943, 1699, 1377, 1236, 1029 cm™!. HRMS (EI) m/z:[M]": caled. for. C;H;4BrNO; 359.0157; Found
359.0155.
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2-1. Reaction Optimization

Table S1. Diphenyl disulfide equivalent screening?*

(PhS),
TMS,SiH (1.2 eq)
O\/\/\ Br D2O (40 eQ) - O\/\/\D
MeCN_dj (0.2 M)
rt, 12 h
1a 440 nm 2a
entry equivalent ((PhS),) yield ® (%) D-inc® (%)
1 0 n.d.d 0
2 0.1 98 98
3 0.2 99 98
4 0.5 65 93
5 1.0 22 92

aReaction conditions (0.1 mmol scale): 4-phenoxybutylbromide 1a 0.1 mmol, diphenyl disulfide, (TMS);SiH (1.2
eq) and D,0 (40 eq) in MeCN_d; (0.2 M), 440 nm blue LED irradiation for 12 h under Ar. ® ¢yields and D-inc
were measured by 'H NMR spectroscopy using CH,Br; as an internal standard. {Not detected.

Table S2. TTMSS equivalent screening?*

(PhS), (20 mol%)

(TMS),;SiH
©/O\/\/\ Br D,0 (20 eq) ©/O\/\/\ D
MeCN_d3 (0.2 M)
" i .
entry equivalent (TTMSS) yield ® (%) D-inc¢ (%)
1 0 n.dd 0
2 0.5 30 90
3 1.0 83 92
4 1.2 93 87
5 1.5 100 88
6 2.0 100 87

aReaction conditions (0.1 mmol scale): 4-phenoxybutylbromide 1a 0.1 mmol, 20 mol% of diphenyl disulfide,
(TMS);SiH and D,0 (20 eq) in MeCN_d; (0.2 M), 440 nm blue LED irradiation for 12 h under Ar. % ¢yields and
D-inc were measured by 'H NMR spectroscopy using CH,Br; as an internal standard. Not detected.
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Table S3. D,O screening?

(PhS), (20 mol%)
(TMS);SiH (1.2 eq)

O\/\/\ Br D20 > O\/\/\D
MeCN_d3 (0.2 M)
rt, 12 h

1a 440 nm 2a
entry equivalent (D,0) yield ® (%) D-inc® (%)
1 0 86 0
2 10 100 81
3 20 100 88
4 30 100 89
5 40 100 98
6 50 100 88

aReaction conditions (0.1 mmol scale): 4-phenoxybutylbromide 1a 0.1 mmol, 20 mol% of diphenyl disulfide,
(TMS);SiH (1.2 eq) and D,O in MeCN_d; (0.2 M), 440 nm blue LED irradiation for 12 h under Ar. ®°yields and
D-inc were measured by '"H NMR spectroscopy using CH,Br; as an internal standard.
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Table S4. Catalyst screening®

(ArS), S1~S8 (20 mol%)
(TMS)3SiH (1.2 eq)

D,0 (40 eq) o
O\/\/\Br ‘ ~ "p
MeCN_d; (0.2 M)
1a rt, 3 h, 440 nm 2a

Doy Doy ey

S1
99%, 98% D 90%, 99% 96%, 8%

ey Mg P

93%, 6% 5%, 41% 5%, 3%
= | iPr iPr Pr
e N e
P
7 T ipr iPr
S7
53%, 79% D 55%, 75% D

aReaction conditions (0.1 mmol scale): 4-phenoxybutylbromide 1a 0.1 mmol, 20 mol% of (ArS),, (TMS);SiH
(1.2 eq) and D,0 in MeCN d; (0.2 M), 440 nm blue LED irradiation for 3 h under Ar. Yields and D-inc were
measured by '"H NMR spectroscopy using CH,Br; as an internal standard.
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2-3. Deuteration of Alkyl Bromides

Deuteration of alkyl or alkyl bromides:

All experiments were performed in frame-dried glassware using argon as protective gas. Solvents were transferred
by using syringe and were introduced into the vial through a rubber septum. All reactions were monitored by thin-
layer chromatography (TLC). NMR yield was measured with dibromomethane as an internal standard and isolated
yield was obtained by flash chromatography using silica gel. D-incorporation was determined by NMR or GC-

MS using crude mixtures or isolated compounds.

General Procedure for deuteration of alkyl bromides (General Procedure A). In an oven-dried 4 ml vial,
tris(trimethylsilyl)silane (1.2 equiv.) was added in a solution of diphenyl disulfide (20 mol%), alkyl bromide (0.1
mmol-0.6 mmol, 1.0 equiv.) and D,0 (40.0 equiv.) in MeCN (0.2 M) under argon atmosphere. The vial was sealed
with electric tape and stirred for 3-72 hours at room temperature (~30 °C under irradiation) under 440 nm
irradiation (440 nm, Kessil LEDs lamp). After the reaction was completed, the solvent was evaporated under

reduced pressure. Deuterated product was isolated by column chromatography on silica gel (hexane/ethyl acetate).

Reaction setup for General Procedure A & B with Kessil lamp (160WE, PR 160 440 nm, and PR 160 390 nm).
(4-d-butoxy)benzene (2a)°

O\/\/\D Compound was synthesized from (4-bromobutoxy)benzene according to General
Procedure A on a 0.2 mmol scale. NMR yield and Deuterium incorporation was

observed via 'H NMR. Spectrum in accordance with literature: Nat. Commun. 2022,

13, 3774.
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Methyl 4-(butoxy-4-d)benzoate (2¢)

O\/\/\D Following General Procedure A, diphenyl disulfide (4.4 mg, 0.02 mmol,

MeO 20 mol%), tris(trimethylsilyl)silane (37.0 puL, 0.12 mmol, 1.2 equiv.), 1¢
(28.7 mg, 0.10 mmol, 1.0 equiv.), D,O (80.0 uL, 4.00 mmol, 40.0 equiv.),

and MeCN (0.5 mL) were reacted for 3 hours. Then, TBAF (1.0 mL, 1.0

@)

M solution in THF) was added in the reaction mixture and stirred for 10 minutes. Solvent was evaporated under
the reduced pressure. The crude mixture was purified by silica gel column chromatography (Hx/EtOAc = 50/1)
to 2¢ (18.1 mg, 87%, 94 % D) as a colorless oil. 'TH NMR (400 MHz, CDCl;) 6 8.01 — 7.94 (m, 2H), 6.93 — 6.85
(m, 2H), 4.01 (t, J= 6.5 Hz, 2H), 3.88 (s, 3H), 1.87 — 1.72 (m, 2H), 1.55 — 1.44 (m, 2H), 1.02 — 0.92 (m, 2H). 13C
NMR (101 MHz, CDCl;) $ 167.0, 163.0, 131.6, 122.3, 114.1, 67.9, 51.8, 31.1, 19.1, 13.5 (t, /= 19.2 Hz). IR:
2951, 2872, 1716, 1435, 1251, 1103, 1010 cm!. HRMS (EI) m/z:[M]*: calcd. for. C;,H;sDO; 209.1162; Found
209.1160.

1-(4-butoxyphenyl-4-d)ethenone (2d)

O\/\/\D Following General Procedure A, diphenyl disulfide (8.7 mg, 0.04 mmol, 20
mol%), tris(trimethylsilyl)silane (74.0 pL, 0.24 mmol, 1.2 equiv.), 1d (54.2
mg, 0.20 mmol, 1.0 equiv.), D,O (160.0 puL, 8.00 mmol, 40.0 equiv.), and
MeCN (1.0 mL) were reacted for 3 hours. Then, TBAF (1.0 mL, 1.0 M

0]

solution in THF) was added in the reaction mixture and stirred for 10 minutes. Solvent was evaporated under the
reduced pressure. The crude mixture was purified by silica gel column chromatography (Hx/EtOAc =20/1~10/1)
to afford 2d (21.7 mg, 56%, 94 % D) as a colorless oil. 'H NMR (400 MHz, CDCl3) 6 7.97 — 7.87 (m, 2H), 6.98

—6.87 (m, 2H), 4.03 (t, /= 6.5 Hz, 2H), 2.55 (s, 3H), 1.87 — 1.72 (m, 2H), 1.53 — 1.43 (m, 2H), 1.03 — 0.92 (m,

2H). 3C NMR (101 MHz, CDCl;) 8 196.8, 163.2, 130.6, 130.2, 114.2, 68.0, 31.1, 26.3, 19.1, 13.5 (t, J = 19.2

Hz). IR: 2949, 2889, 1666, 1600, 1244, 999 cm'. HRMS (EI) m/z:[M]": calcd. for. C;;H;sDO, 193.1213; Found

193.1214.

4-(butoxy-4-d)-1,1'-biphenyl (2¢)

O\/\/\D Following General Procedure A, diphenyl disulfide (4.4 mg, 0.02 mmol, 20
mol%), tris(trimethylsilyl)silane (37.0 pL, 0.12 mmol, 1.2 equiv.), 1e (30.5 mg,
Ph
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0.10 mmol, 1.0 equiv.), D,O (80.0 puL, 4.00 mmol, 40.0 equiv.), and MeCN (0.5 mL) were reacted for 3 hours.

The crude mixture was purified by silica gel column chromatography (Hx/EtOAc = 10/1) to afford 2e (22.7 mg,

70%, 95% D) as a white solid. 'H NMR (400 MHz, CDCl;) § 7.50 — 7.40 (m, 4H), 7.37 — 7.30 (m, 2H), 7.27 —

7.20 (m, 1H), 6.94 — 6.86 (m, 2H), 3.94 (t, /= 6.5 Hz, 2H), 1.77 — 1.66 (m, 2H), 1.49 — 1.39 (m, 3H), 0.95 — 0.87

(m, 2H).13C NMR (101 MHz, CDCl;) § 158.8, 140.9, 133.6, 128.7, 128.1, 126.7, 126.6, 114.8, 67.8, 31.4, 19.2,

13.6 (t,J=19.2 Hz). IR: 2951, 2926, 2858, 1606, 1271, 1251, 1068, 839 cm!. HRMS (EI) m/z:[M]*: calcd. for.
C6H;7DO 227.1420; Found 227.1418.

1-morpholinohexan-1-one-6-d (2f)

0 Following General Procedure A, diphenyl disulfide (8.7 mg, 0.04 mmol, 20

b WN \) mol%), tris(trimethylsilyl)silane (74.0 uL, 0.24 mmol, 1.2 equiv.), 1f (52.8 mg,

o 0.20 mmol, 1.0 equiv.), D,O (160.0 puL, 8.00 mmol, 40.0 equiv.), and MeCN (1.0

mL) were reacted for 3 hours. The crude mixture was purified by silica gel column chromatography (Hx/EtOAc

= 10/1) to afford 2f (37.3 mg, 67%, 97 % D) as a colorless oil. 'H NMR (400 MHz, CDCl;) 8 3.69 — 3.63 (m,

4H), 3.63 — 3.57 (m, 2H), 3.49 — 3.40 (m, 2H), 2.34 — 2.23 (m, 2H), 1.69 — 1.55 (m, 2H), 1.38 — 1.25 (m, 4H),

0.92 - 0.81 (m, 2H). 3C NMR (101 MHz, CDCl;) 8 171.9, 67.0, 66.7, 46.1, 41.9, 33.1, 31.6, 25.0, 22.4, 13.7 (t,

J=19.1 Hz). IR: 2954, 2926, 2850, 1643, 1271, 1114, 850 cm'!. HRMS (EI) m/z:[M]": calcd. for. C;;H;sDNO,
186.1479; Found 186.1478.

2-(propy-3-d)lisoindoline-1,3-dione (2g)

D Following General Procedure A, diphenyl disulfide (8.7 mg, 0.04 mmol, 20 mol%),

N J_/ tris(trimethylsilyl)silane (74.0 pL, 0.24 mmol, 1.2 equiv.), 1g (53.6 mg, 0.20 mmol, 1.0

equiv.), D,O (160.0 pL, 8.00 mmol, 40.0 equiv.), and MeCN (1.0 mL) were reacted for

© 3 hours. The crude mixture was purified by silica gel column chromatography

(Hx/EtOAc = 5/1) to afford 2g (23.0 mg, 60%, 92 % D) as a white solid. 'H NMR (400 MHz, CDCl;) 6 7.88 —

7.80 (m, 2H), 7.73 — 7.67 (m, 2H), 3.71 — 3.58 (m, 2H), 1.76 — 1.65 (m, 2H), 0.99 — 0.90 (m, 2H). 3C NMR (101

MHz, CDCl;) 6 168.5, 133.8, 132.2, 123.2, 39.6, 21.8, 11.0 (t, J = 19.3 Hz). IR: 2949, 2924, 2852, 1697, 1396,
1041, 885 cm!. HRMS (EI) m/z:[M]": caled. for. C;;H;;DNO, 190.0853; Found 190.0851.

4-(4-d-butoxy)benzaldehyde (2h)

O\/\/\D Following General Procedure A, diphenyl disulfide (8.7 mg, 0.04 mmol, 20
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mol%), tris(trimethylsilyl)silane (74.0 puL, 0.24 mmol, 1.2 equiv.), 1h (61.1 mg, 0.20 mmol, 1.0 equiv.), D,O
(160.0 uL, 8.00 mmol, 40.0 equiv.), and MeCN (1.0 mL) were reacted for 3 hours. Then, TBAF (1.0 mL, 1.0 M
solution in THF) was added in the reaction mixture and stirred for 10 minutes. Solvent was evaporated under
reduced pressure. The crude mixture was purified by silica gel column chromatography (Hx/EtOAc = 20/1) to
afford 2h (67%-NMR yield, 97% D) as a colorless oil. 'H NMR (400 MHz, CDCl;) 6 9.88 (s, 1H), 7.88 — 7.76
(m, 2H), 7.02 — 6.88 (m, 2H), 4.05 (t, J = 6.5 Hz, 2H), 1.86 — 1.74 (m, 2H), 1.54 — 1.45 (m, 2H), 1.02 — 0.94 (m,
2H). 3C NMR (101 MHz, CDCl3) 6 190.8, 164.3, 132.0, 129.8, 114.8, 68.1, 31.1, 19.1, 13.5 (t, /= 19.3 Hz). IR:
2872, 2825, 1693, 1600, 1255, 1215, 1026 cm'l. HRMS (EI) m/z:[M]*: caled. for. C;1H3DO, 179.1057; Found
179.1053.

Pentyl-5-d 4-chlorobenzoate (2i)

O Following General Procedure A, diphenyl disulfide (8.7 mg, 0.04 mmol,
O/\/\/\D 20 mol%), tris(trimethylsilyl)silane (74.0 uL, 0.24 mmol, 1.2 equiv.), 1i
(61.1 mg, 0.20 mmol, 1.0 equiv.), D,O (160.0 pL, 8.00 mmol, 40.0

equiv.), and MeCN (1.0 mL) were reacted for 3 hours. Then, TBAF (1.0

Cl

mL, 1.0 M solution in THF) was added in the reaction mixture and stirred for 10 minutes. Solvent was evaporated
under the reduced pressure. The crude mixture was purified by silica gel column chromatography (Hx/EtOAc =
30/1) to afford 2i (38.9 mg, 85%, 92% D) as a colorless oil. 'H NMR (400 MHz, CDCl;) & 8.01 — 7.94 (m, 2H),
7.43 —7.38 (m, 2H), 4.31 (t, J= 6.7 Hz, 2H), 1.82 — 1.71 (m, 2H), 1.47 — 1.32 (m, 4H), 0.95 — 0.87 (m, 2H).13C
NMR (101 MHz, CDCl;) & 165.8, 139.2, 130.9, 129.0, 128.7, 65.4, 28.4, 28.2, 22.3, 13.7, (t, J = 19.1 Hz). IR:
2951, 2933, 1720, 1595, 1269, 1091, 1014, 958 cm™'. HRMS (EI) m/z:[M]": calcd. for. C,,H4DClO, 227.0823;
Found 227.0820.

1398, 1112, 1012, 846 cm™'. HRMS (EI) m/z:[M]": calcd. for. C,H;sDBrO, 271.0318; Found 271.0315.

Butyl-4-d cinnamate (2j)

O Following General Procedure A, diphenyl disulfide (26.2 mg, 0.12 mmol,

XX O/\/\/D 20 mol%), tris(trimethylsilyl)silane (222.0 pL, 0.72 mmol, 1.2 equiv.), 1j

(170.0 mg, 0.60 mmol, 1.0 equiv.), D,O (480.0 uL, 24.00 mmol, 40.0

equiv.), and MeCN (3.0 mL) were reacted for 72 hours. The crude mixture was purified by silica gel column

chromatography (Hx/EtOAc = 100/1~30/1) to afford 2j (65.8 mg, 53%, 99% D) as a colorless oil. 'H NMR (400

MHz, CDCl;) & 7.68 (d, J = 16.0 Hz, 1H), 7.56 — 7.50 (m, 2H), 7.41 — 7.34 (m, 3H), 6.44 (d, J = 16.0 Hz, 1H),

421 (t,J=6.7 Hz, 2H), 1.75 — 1.63 (m, 2H), 1.50 — 1.37 (m, 2H), 0.99 — 0.93 (m, 2H). *C NMR (101 MHz,

CDCl3) 8 167.1, 144.6, 134.5, 130.2, 128.9, 128.1, 118.3, 64.5, 30.8, 19.1, 13.5 (t, /= 19.2 Hz). IR: 2953, 2873,
1712, 1637, 1201, 1166, 979 cm''. HRMS (EI) m/z:[M]": calcd. for. C;3H,sDO, 205.1213; Found 205.1211.
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3-d-butyl 4-methoxybenzoate (2k)

D Following General Procedure A, diphenyl disulfide (8.7 mg, 0.04 mmol, 20

O/\)\ mol%), tris(trimethylsilyl)silane (74.0 puL, 0.24 mmol, 1.2 equiv.), 1k (57.4

MeO mg, 0.20 mmol, 1.0 equiv.), D,O (160.0 pL, 8.00 mmol, 40.0 equiv.), and
MeCN (1.0 mL) were reacted for 3 hours. The crude mixture was purified by

silica gel column chromatography (Hx/EtOAc = 20/1) to afford 2k (31.5 mg, 75%, 96% D) as a colorless oil. 'H
NMR (400 MHz, CDCl;) 6 8.08 — 7.92 (m, 2H), 6.95 — 6.86 (m, 2H), 4.29 (t, J = 6.6 Hz, 2H), 3.86 (s, 3H), 1.77
—1.68 (m, 2H), 1.52 — 1.40 (m, 1H), 1.00 — 0.93 (m, 3H). 3C NMR (101 MHz, CDCl;) § 166.5, 163.3, 131.5,
123.0, 113.6, 64.5, 55.4, 30.8, 18.9 (t, J = 19.2 Hz), 13.7. IR: 2962, 2873, 1606, 1510, 1456, 1276, 1103, 1031,

846 cml. HRMS (EI) m/z:[M]*: caled. for. C;,H;5DO3 209.1162; Found 209.1160.
4-d-1-tosylpiperidine (21)

T NC>*D Following General Procedure A, diphenyl disulfide (8.7 mg, 0.04 mmol, 20 mol%),
s—

tris(trimethylsilyl)silane (74.0 pL, 0.24 mmol, 1.2 equiv.), 11 (63.6 mg, 0.20 mmol, 1.0
equiv.), D,O (160.0 uL, 8.00 mmol, 40.0 equiv.), and MeCN (1.0 mL) were reacted for 3 hours. The crude mixture

was purified by silica gel column chromatography (Hx/EtOAc = 10/1) to 2 afford 21 (48.1 mg, 85%, 95% D) as

a white solid. 'TH NMR (400 MHz, CDCL;) & 7.66 — 7.60 (m, 2H), 7.31 (d, J = 8.1 Hz, 2H), 3.03 — 2.89 (m, 4H),
2.43 (s, 3H), 1.67 — 1.58 (m, 4H), 1.44 — 1.35 (m, 1H). *C NMR (101 MHz, CDCl3) § 143.3, 133.4, 129.5, 127.7,
46.9,25.1,23.2 (t, J= 19.4 Hz), 21.5. IR: 2922, 2829, 1716, 1327, 1163, 927 cm™'. HRMS (EI) m/z:[M]*: calcd.
for. C1,H,sDNO,S 240.1043; Found 240.1045.

4-(3-methylbutoxy-3-d)-1,1'-biphenyl (2m)

o Following General Procedure A, diphenyl disulfide (4.4 mg, 0.02 mmol, 20

/©/ \/\’(D mol%), tris(trimethylsilyl)silane (37.0 pL, 0.12 mmol, 1.2 equiv.), 1m (31.9 mg,
Ph 0.10 mmol, 1.0 equiv.), D,O (80.0 uL, 4.00 mmol, 40.0 equiv.), and MeCN (0.5
mL) were reacted for 3 hours. The crude mixture was purified by silica gel column chromatography (Hx/EtOAc
=20/1) to afford 2m (15.0 mg, 62%, 83% D) as a white solid. '"H NMR (400 MHz, CDCl;) § 7.61 — 7.48 (m, 4H),
7.44 —7.40 (m, 2H), 7.34 — 7.28 (m, 1H), 7.04 — 6.91 (m, 2H), 4.04 (t, J= 6.7 Hz, 2H), 1.70 (t, J= 6.6 Hz, 2H),
0.98 (s, 6H). 3C NMR (101 MHz, CDCl;)  158.8, 140.9, 133.6, 128.7, 128.1, 126.7, 126.6, 114.8, 66.5, 37.9,
24.6 (t,J=19.4 Hz), 22.5. IR: 2953, 2868, 1724, 1521, 1477, 1247, 1051, 827 cm’l. HRMS (EI) m/z:[M]*: calcd.
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for. C7HsDO 241.1577; Found 241.1574.

5-d-pentyl 2-(4-isobutylphenyl)propanoate (2n)

O
S M SN Following General Procedure A, diphenyl disulfide (8.7 mg, 0.04
mmol, 20 mol%), tris(trimethylsilyl)silane (74.0 pL, 0.24 mmol,
1.2 equiv.), In (71.1 mg, 0.20 mmol, 1.0 equiv.), D,O (160.0 pL, 8.00 mmol, 40.0 equiv.), and MeCN (1.0 mL)
were reacted for 3 hours. The crude mixture was purified by silica gel column chromatography (Hx/EtOAc =
20/1) to afford 2n (49.0 mg, 88%, 82% D) as a colorless oil (D-incorporation was determined by GC-MS). 'H
NMR (400 MHz, CDCl3) 6 7.23 —7.16 (m, 2H), 7.11 — 7.05 (m, 2H), 4.05 (t,J= 6.7 Hz, 2H), 3.68 (q, /= 7.2 Hz,
1H), 2.44 (d, J=7.2 Hz, 2H), 1.92 — 1.77 (m, 1H), 1.63 — 1.51 (m, 2H), 1.48 (d, J=7.1 Hz, 3H), 1.33 - 1.15 (m,
4H), 0.89 (d, J = 6.6 Hz, 6H), 0.87 — 0.80 (m, 2H). 3C NMR (101 MHz, CDCl;)  174.9, 140.4, 137.9, 129.3,
127.2,64.8,45.2,45.1,30.2,28.2,27.9,22.4,22.1, 18.5, 13.6 (t, /= 19.1 Hz). IR: 2931, 2906, 2868, 1735, 1236,
1201, 1161, 879 cm’'. HRMS (EI) m/z:[M]": calcd. for. C;sH,,D0, 277.2152; Found 277.2150.

1-(4-d-butyl)-3-(3-chloropropyl)-5,5-diphenylimidazolidine-2,4-dione (20)

(0] Following General Procedure A, diphenyl disulfide (8.7 mg, 0.04 mmol, 20 mol%),
C|/\/\NJ$<Ph tris(trimethylsilyl)silane (74.0 pL, 0.24 mmol, 1.2 equiv.), 10 (92.8 mg, 0.20 mmol,
N Ph 1.0 equiv.), D,O (160.0 uL, 8.00 mmol, 40.0 equiv.), and MeCN (1.0 mL) were

© reacted for 3 hours. The crude mixture was purified by silica gel column
chromatography (Hx/EtOAc = 10/1) to afford 20 (57.3 mg, 74%, 99 % D) as a white

solid. '"H NMR (400 MHz, CDCl;) § 7.36 — 7.29 (m, 6H), 7.23 — 7.15 (m, 4H), 3.68

D (t,J=6.9 Hz, 2H), 3.44 (t, /= 6.6 Hz, 2H), 3.29 - 3.17 (m, 2H), 2.13 - 2.01 (m, 2H),

1.00—0.89 (m, 2H), 0.85—0.73 (m, 2H), 0.61 — 0.53 (m, 2H). 3C NMR (101 MHz, CDCl;) 4 173.7, 155.6, 137.2,
128.9, 128.8, 128.3, 74.9, 42.0, 41.9, 37.0, 31.1, 30.0, 19.9, 13.3, 13.1, 12.9. IR: 2916, 1454, 1421, 1134 cm™.

HRMS (EI) m/z:[M]": caled. for. C,,H,4DCIN,O, 385.1667; Found 385.1667.

2-(butyl-4-d)oxy-4-chloro-1-(2,4-dichlorophenoxy)benzene (2p)

Following General Procedure A, diphenyl disulfide (8.7 mg, 0.04 mmol, 20

D
\/\/\O
0 mol%), tris(trimethylsilyl)silane (74.0 uL, 0.24 mmol, 1.2 equiv.), 1p (63.6 mg,
/@ 0.20 mmol, 1.0 equiv.), D,O (160.0 pL, 8.00 mmol, 40.0 equiv.), and MeCN (1.0
Cl Cl Cl' mL) were reacted for 3 hours. The crude mixture was purified by silica gel column
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chromatography (Hx/EtOAc = 20/1) to afford 2p (48.1 mg, 81%, 99% D) as a white solid. "TH NMR (400 MHz,
CDCl3) 6 7.42 (d, J=2.5 Hz, 1H), 7.08 (dd, J; = 8.8, J,=2.6 Hz, 1H), 6.98 — 6.94 (m, 2H), 6.91 (dd, J; = 8.3, J,
=2.4 Hz, 1H), 6.63 (d, /= 8.8 Hz, 1H), 3.91 (t, /= 6.3 Hz, 2H), 1.64 — 1.58 (m, 2H), 1.27 — 1.19 (m, 2H), 0.87 —
0.80 (m, 2H).13C NMR (101 MHz, CDCl;) 8 152.7, 151.1, 143.0, 130.6, 130.1, 127.7, 127.5, 124.4, 122.2, 120.8,
117.8, 114.7, 68.8, 30.9, 18.8, 13.3 (t, /= 19.2 Hz). IR: 2978, 2862, 1496, 1473, 1230, 1114, 935 cm'.. HRMS
(EI) m/z:[M]": calcd. for. C;sH;4DCl50, 354.0200; Found 354.0202.

(8R,9S,13S,14S)-3-(butoxy-4-d)-13-methyl-7,8,9,11,12,13,15,16-octahydro-6H-cyclopenta[a]phenanthren-
17(14H)-one (2q)

Following General Procedure A, diphenyl disulfide (4.4 mg, 0.02
mmol, 20 mol%), tris(trimethylsilyl)silane (37.0 pL, 0.12 mmol, 1.2
equiv.), 1q (28.7 mg, 0.10 mmol, 1.0 equiv.), D,O (80.0 uL, 4.00
mmol, 40.0 equiv.), and MeCN (0.5 mL) were reacted for 12 hours.

D\/\/\O

The crude mixture was purified by silica gel column chromatography
(Hx/EtOAc = 10/1) to afford 2q (23.0 mg, 70%, 90% D) as a white solid (D-incorporation was determined by
GC-MS). 'H NMR (400 MHz, CDCl;) 6 7.19 (d, J = 8.6 Hz, 1H), 6.71 (dd, J; = 8.6, J,=2.8 Hz, 1H), 6.64 (d, J
=2.7Hz, 1H), 3.93 (t, J = 6.5 Hz, 2H), 2.93 — 2.84 (m, 2H), 2.50 (dd, J, = 18.8, J, = 8.6 Hz, 1H), 2.43 —2.35 (m,
1H), 2.29 — 2.21 (m, 1H), 2.20 — 1.91 (m, 4H), 1.80 — 1.70 (m, 2H), 1.68 — 1.39 (m, 8H), 1.00 — 0.92 (m, 2H),
0.91 (s, 3H). *C NMR (101 MHz, CDCl3) § 221.0, 157.2, 137.7, 131.8, 126.3, 114.6, 112.1, 67.6, 50.5, 48.0,
44.0,38.4,35.9,31.6,31.4,29.7, 26.6, 25.9, 21.6, 19.2, 13.9, 13.6 (t, J = 19.2 Hz). IR: 2929, 2858, 1732, 1492,
1053, 1053 cm™'. HRMS (EI) m/z:[M]": calcd. for. C»,HyDO, 327.2309; Found 327.2308.

1-((8S,9S,10R,13S,148S,17S)-3-d-10,13-dimethyl-2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-
cyclopenta[a]phenanthren-17-yl)ethenone (2r)

Following General Procedure A, diphenyl disulfide (4.4 mg, 0.02 mmol, 20
mol%), tris(trimethylsilyl)silane (37.0 puL, 0.12 mmol, 1.2 equiv.), 1r (37.9 mg,
0.10 mmol, 1.0 equiv.), D,O (80.0 uL, 4.00 mmol, 40.0 equiv.), and MeCN (0.5

mL) were reacted for 12 hours. The crude mixture was purified by silica gel

column chromatography (Hx/EtOAc =20/1) to afford 2r (18.4 mg, 61%, 93% D)
as a white solid (D-incorporation was determined by GC-MS). TH NMR (400 MHz, CDCl3) 6 5.30 — 5.23 (m,
1H), 2.53 (t,J = 9.0 Hz, 1H), 2.27 — 2.15 (m, 2H), 2.12 (s, 3H), 2.06 — 1.94 (m, 3H), 1.88 — 1.78 (m, 1H), 1.75 —
1.40 (m, 9H), 1.29 — 1.11 (m, 3H), 1.08 — 1.01 (m, 2H), 0.99 (s, 3H), 0.63 (s, 3H). 3C NMR (101 MHz, CDCls)
8 209.7, 143.7, 118.7, 63.8, 57.1, 50.5, 44.0, 39.9, 39.0, 37.6, 32.8, 31.8, 31.8, 31.6, 27.6 (t, J = 19.2 Hz), 24.5,
22.8,22.4,20.8,19.5, 13.3. IR: 2939, 2868, 1730, 1394, 1249, 1065, 968 cm'. HRMS (EI) m/z:[M]*: calcd. for.
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C,H3,DO 301.2516; Found 301.2513.
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2-4. Deuteration of Aryl Bromides

General Procedure for deuteration of aryl bromides (General Procedure B). In an oven-dried 4 ml vial,
tris(trimethylsilyl)silane (74.6 mg, 92.6 puL, 1.5 equiv.) was added in a solution of dibutyl disulfide (7.1 mg, 7.6
pL, 20 mol%), aryl bromide (0.2 mmol, 1.0 equiv.), thiophenol (11.0 mg, 10.0 pL, 0.5 equiv.) and D,0O (160 pL,
40.0 equiv.) in MeCN (0.2 M) under argon atmosphere. The vial was sealed with electric tape and stirred for 12
hours at room temperature (~30°C under irradiation) or 80°C under 390 nm irradiation (390 nm Kessil LEDs
lamp). After the reaction was completed, the solvent was evaporated under reduced pressure. Deuterated product

was isolated by column chromatography on silica gel (hexane/ethyl acetate).

1,1'-biphenyl-4-d (4a)?

D Compound was synthesized from 4-bromo-1,1'-biphenyl according to General Procedure B on
/©/ a 0.2 mmol scale. 71% yield, and 86% D was observed via '"H NMR. Spectrum in accordance
Ph

with literature: Nat. Commun. 2021, 12, 2894.
ethyl 4-d-benzoate (4b)®

D Compound was synthesized from ethyl 4-bromobenzoate according to General Procedure
EtO B on a 0.2 mmol scale. 98% yield, and 80% D was observed via 'H NMR. Spectrum in
accordance with literature: Org. Chem. Front. 2015, 2, 1071-1075.

4-d-benzoic acid (4¢)

D Following General Procedure B, 3¢ (40.2 mg, 0.20 mmol, 1.0 equiv.) were reacted for 12
HO hours. The crude mixture was purified by silica gel column chromatography (Hx/EtOAc =
5/1~1/1) to afford 4¢ (11.2 mg, 45%, 84% D) as a white solid. 'H NMR (400 MHz, CDCls)
8 8.16 — 8.08 (m, 2H), 7.51 — 7.45 (m, 2H). 3C NMR (101 MHz, CDCl;) § 172.3, 133.5 (4,
J=24.1 Hz), 130.2, 129.3, 128.4. IR: 2920, 2848, 1681, 1427, 1288, 1257, 1128, 1161, 837 cm’!. HRMS (EI)
m/z:[M]*: calcd. for. C;HsDO, 123.0431; Found 123.0429.

0]

2-(3-(4-d-phenoxy)propyl)isoindoline-1,3-dione (4d)
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9] Following General Procedure B, 3d (40.2 mg, 0.20 mmol, 1.0 equiv.)

were reacted for 36 hours at 80°C. The crude mixture was purified by

O\/\/ N
/©/ 9] silica gel column chromatography (Hx/EtOAc = 5/1) to afford 4d (37.8
D

mg, 67%, 86% D) as a white solid. '"H NMR (400 MHz, CDCl;) & 7.84
(m, 2H), 7.75 — 7.68 (m, 2H), 7.25 — 7.20 (m, 2H), 6.84 — 6.78 (m, 2H), 4.03 (t, /= 6.1 Hz, 2H), 3.91 (t, /= 6.9
Hz, 2H), 2.25 — 2.13 (m, 2H). ¥C NMR (101 MHz, CDCl;) 4 168.4, 158.7, 133.9, 132.2, 129.3, 123.3, 120.5 (4,
J=25.2Hz), 114.5, 65.6, 35.5, 28.4. IR: 2960, 2875, 1697, 1375, 1247, 1107 cm™'. HRMS (EI) m/z:[M]*: calcd.
for. C,7H;sDNO; 282.1115; Found 282.1113.

ethyl 5-d-nicotinate (4e)

(0] Following General Procedure B, 3e (46.0 mg, 0.20 mmol, 1.0 equiv.) were reacted for
D A 0O~ >\ 12 hours. After that, solvent was evaporated under reduced pressure. Then, K,CO; (aq)
= was added in a reaction mixture, and crude mixture was extracted with EtOAc and dried

over MgSO,. Solvent was evaporated by reduced pressure. The crude mixture was

purified by silica gel column chromatography (Hx/EtOAc = 5/1) to afford 4e (18.6 mg, 61%, 80% D) as a yellow
oil. 'H NMR (400 MHz, CDCl3) 6 9.29 — 9.15 (m, 1H), 8.77 (s, 1H), 8.37 — 8.25 (m, 1H), 4.41 (q, /= 7.1 Hz,
2H), 1.41 (t,J=7.1 Hz, 3H). 3C NMR (101 MHz, CDCl;) § 165.0, 152.6, 150.3, 137.6, 126.6, 123.2 (t, J=25.1
Hz) 61.6, 14.3. IR: 2981, 1722, ,1415, 1274, 1016, 858 cml. HRMS (EI) m/z:[M]": caled. for. CsHsDNO,
152.0696; Found 152.0694.

7-d-quinoline (4f)

N\ D Following General Procedure B, 3f (41.6 mg, 0.20 mmol, 1.0 equiv.) were reacted for 12
@ hours. After that, solvent was evaporated under reduced pressure. Then, K,COj; (aq) was added
in a reaction mixture, and crude mixture was extracted with EtOAc and dried over MgSQO,.
Solvent was evaporated by reduced pressure. The crude mixture was purified by silica gel column chromatography
(Hx/EtOAc = 5/1) to afford 4f (14.8 mg, 57%, 81% D) as a yellow oil. 'H NMR (400 MHz, CDCl;) 4 8.97 — 8.90
(m, 1H), 8.23 — 8.16 (m, 1H), 8.17 - 8.12 (m, 1H), 7.87 — 7.80 (m, 1H), 7.61 — 7.52 (m, 1H), 7.46 — 7.38 (m, 1H).
13C NMR (101 MHz, CDCls) 6 150.1, 147.9, 136.5, 129.4 (t, J = 25.0 Hz), 129.1, 128.4, 127.8, 126.6, 121.1,
77.4, 77.0, 76.7. IR: 3051, 1593, 1490, 1126, 1031, 846 cm’l. HRMS (EI) m/z:[M]*: calcd. for. CogH¢DN
130.0641; Found 130.0643.

3-d-quinoline (4g)
N\ Following General Procedure B, 3g (41.6 mg, 0.20 mmol, 1.0 equiv.) were reacted for 12
@ hours. After that, solvent was evaporated under reduced pressure. Then, K,CO; (aq) was added
D in a reaction mixture, and crude mixture was extracted with EtOAc and dried over MgSO,.

Solvent was evaporated by reduced pressure. The crude mixture was purified by silica gel column chromatography
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(Hx/EtOAc = 5/1) to afford 4g (18.7 mg, 72%, 81% D) as a yellow oil. 'H NMR (400 MHz, CDCl;) & 8.98 — 8.87
(m, 1H), 8.25-8.19 (m, 1H), 8.19 — 8.14 (m, 1H), 7.87 — 7.81 (m, 1H), 7.80 — 7.71 (m, 1H), 7.62 — 7.55 (m, 1H).
I3C NMR (101 MHz, CDCl;) 6 149.4, 147.1, 137.2, 130.2, 128.6, 128.4, 127.9, 127.1, 120.8 (t, J=25.2 Hz). IR:
3070, 1639, 1494, 1247, 1045, 839 cm!. HRMS (EI) m/z:[M]*: caled. for. CoHsDN 130.0641; Found 130.0642.

ethyl 5-d-1H-indole-2-carboxylate (4h)

\ o H Following General Procedure B, 3f (53.6 mg, 0.20 mmol, 1.0 equiv.) were reacted
N

m for 12 hours. The crude mixture was purified by silica gel column chromatography

0] D (Hx/EtOAc = 10/1~5/1) to afford 4h (22.7 mg, 60%, 82% D) as a white solid. 'H

NMR (400 MHz, DMSO) 6 11.86 (br, 1H), 7.79 (s, 1H), 7.62 — 7.57 (m, 1H), 7.41 — 7.36 (m, 1H), 7.30 - 7.25
(m, 1H), 4.49 (q,J=7.1 Hz, 2H), 1.49 (t, /= 7.1 Hz, 3H). NMR (101 MHz, DMSO) 6 161.1, 137.2, 127.2, 126.6,
124.2,121.7,119.6 (t,J=24.1 Hz), 112.3, 107.5, 60.1, 14.1. IR: 3307, 2945, 2370, 1685, 1517, 1246, 1186, 1024
cml. HRMS (EI) m/z:[M]": calcd. for. C;;H;,DNO, 190.0853; Found 190.0855.

3-bromodibenzo[b,d]furan (4i)

(0] Following General Procedure B, 3i (494 mg, 0.20 mmol, 1.0 equiv.)
D tris(trimethylsilyl)silane (746 mg, 926 puL, 1.5 equiv.), dibutyl disulfide (71 mg, 76 uL,
20 mol%), thiophenol (110 mg, 100 pL, 0.5 equiv.) and D,O (1.6 mL, 40.0 equiv.) were

reacted for 12 hours. After that, solvent was evaporated under reduced pressure. Then, K,CO; (aq) was added in
a reaction mixture, and crude mixture was extracted with EtOAc and dried over MgSO,. Solvent was evaporated
by reduced pressure. The crude mixture was purified by silica gel column chromatography (Hx only) to afford 4i
(256 mg, 76%, 85% D) as a white solid. 'H NMR (400 MHz, CDCl;) 6 8.01 — 7.94 (m, 2H), 7.62 — 7.56 (m, 2H),

7.51 — 7.44 (m, 1H), 7.40 — 7.32 (m, 2H). 13C NMR (101 MHz, CDCl;) é 156.2, 126.9 (t, J=24.7 Hz), 124.3,

122.7, 122.6, 120.7, 111.7, 111.6. IR: 2964, 1444, 1419, 1182, 889, 840 cm™'. HRMS (EI) m/z:[M]": calcd. for.

C12H,DO 169.0638; Found 169.0636.
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Reaction setup for synthesis of 4d with Kessil lamp (160WE, PR 160 390 nm) in an aluminum holder.
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2-5. Practical Examples
Gram scale synthesis:

(PhS), (20 mol%)

o J_/B" (TMS)3SiH (1.2 eq) o J_/D
. D,O (40 eq) - .
MeCN
rt, 12 h
o Blue LED
19 2g:1.23g

81%, 92% D

Following General Procedure A, diphenyl disulfide (349 mg, 1.6 mmol, 20 mol%), tris(trimethylsilyl)silane (2.96
mL, 9.6 mmol, 1.2 equiv.), 1f (2.14 g, 8.0 mmol, 1.0 equiv.), D,O (6.41 mL, 320 mmol, 40.0 equiv.), and MeCN
(30.0 mL) were reacted for 12 hours. The crude mixture was purified by silica gel column chromatography

(Hx/EtOAc = 5/1) to afford 2f (1.23 g, 81%, 92 % D) as a white solid.

Pentyl-5-d 4-bromobenzoate (2s)

(0] Following General Procedure A, diphenyl disulfide (8.7 mg, 0.04 mmol,

0~ "> ">p 20 mol%), tris(trimethylsilyl)silane (74.0 pL, 0.24 mmol, 1.2 equiv.), 1j

(70.0 mg, 0.20 mmol, 1.0 equiv.), D,O (160.0 pL, 8.00 mmol, 40.0

equiv.), and MeCN (1.0 mL) were reacted for 3 hours. The crude mixture

was purified by silica gel column chromatography (Hx/EtOAc = 20/1~10/1) to afford 2s(26.3 mg, 48%, 93 % D)

as a colorless oil. 'H NMR (400 MHz, CDCls) § 7.95 — 7.84 (m, 2H), 7.63 — 7.50 (m, 2H), 4.31 (t, J = 6.7 Hz,

2H), 1.82 - 1.71 (m, 2H), 1.46 — 1.33 (m, 4H), 0.95 — 0.89 (m, 2H). *C NMR (101 MHz, CDCl;)  166.0, 131.7,
131.1, 129.5, 127.9, 65.4, 28.4, 28.2,22.3, 13.7 (t, J= 19.2 Hz). IR: 2954, 2935, 2860, 1722,

Br

One-pot dehalogenative deuteration of aryl-Br & alkyl-Br:

(n-BuS), (20 mol%)
PhSH (0.5 eq)
(TMS);SiH (2.4 eq)

D,O (40 e
N S 20 (40 eq) o 0> ""p
MeCN 0,
81%
Br rt, 3h
Blue LED
1s 85% 5, 87%(49%)

Following General Procedure B, tris(trimethylsilyl)silane (59.7 mg, 74.0 uL, 1.2 equiv.) was added in a solution
of dibutyl disulfide (7.1 mg, 7.5 uL, 20 mol%), 2s (70.0 mg, 0.2 mmol, 1.0 equiv.), thiophenol (11.0 mg, 10.0 puL,
0.5 equiv.) and D,O (160 pL, 40.0 equiv.) in MeCN (0.2 M) under argon atmosphere. After 3 hours,
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tris(trimethylsilyl)silane (59.7 mg, 74.0 pL, 1.2 equiv.) was added in a reaction mixture and stirred for another 9
hours. After the reaction was completed, the solvent was evaporated under reduced pressure. Deuterated product
was isolated by column chromatography on silica gel (Hx/EtOAc = 50/1) to afford 5 as a colorless oil (19.2 mg,
49%). 'TH NMR (400 MHz, CDCl;) 6 8.10 — 7.98 (m, 2H), 7.49 — 7.39 (m, 2H), 4.32 (t, J= 6.7 Hz, 2H), 1.83 —
1.72 (m, 2H), 1.50—1.31 (m, 4H), 0.98 — 0.87 (m, 2H). 3C NMR (101 MHz, CDCl;) 6 166.7, 130.6, 129.5, 128.3,
128.2, 65.1, 28.5, 28.2, 22.3, 13.7 (t, J = 19.2 Hz). IR: 2931, 2858, 1718, 1107, 1024, 877 cm’!. HRMS (EI)
m/z:[M]*: calcd. for. C;,H4D,0, 194.1276; Found 194.1274.

Dehalogenative deuteration in air:

Following General Procedure A, diphenyl disulfide (8.7 mg, 0.04 mmol, 20 mol%), tris(trimethylsilyl)silane (74.0
uL, 0.24 mmol, 1.2 equiv.), 1g (53.6 mg, 0.20 mmol, 1.0 equiv.), D,O (160.0 uL, 8.00 mmol, 40.0 equiv.), and
MeCN (1.0 mL) were reacted for 12 hours in air. The crude mixture was purified by silica gel column

chromatography (Hx/EtOAc = 5/1) to afford 2g (27.0 mg, 71%, 93 % D) as a white solid

Multiple deuteration:

Br._ Br (PhS), (0.2 eq) D_ D
TTMSS (2.4 eq)
DO (60eq)
g N

j\ MeCN )\
_Bn it 12 h _Bn
o~ © Blue LED o~ O

1t 2t

Following General Procedure A, diphenyl disulfide (8.7 mg, 0.04 mmol, 20 mol%), tris(trimethylsilyl)silane
(148.0 puL, 0.48 mmol, 2.4 equiv.), 1t (75.4 mg, 0.20 mmol, 1.0 equiv.), D,O (217.0 uL, 12.00 mmol, 60.0 equiv.),
and MeCN (1.0 mL) were reacted for 12 hours in Ar atmosphere. The crude mixture was purified by silica gel
column chromatography (Hx/EtOAc = 5/1) to afford 2t (41.7 mg, 94%, 75 % D) as a colorless oil (D-incorporation
was determined by GC-MS). 'H NMR (400 MHz, CDCl;) § 7.39 — 7.28 (m, 5H), 5.13 (s, 2H), 3.49 — 3.36 (m,
4H), 1.58 — 1.44 (m, 4H). 3C NMR (101 MHz, CDCl3) § 155.4, 137.1, 128.5, 127.9, 127.8, 66.9, 44.9, 25.5, 24.0
(p, J = 19.5 Hz). IR: 2933, 2852, 1697, 1427, 1234, 1020, 839 cm'. HRMS (EI) m/z:[M]": calcd. for.
Cy3H;sD,NO, 221.1385; Found 221.1382.

S27



2-6. Mechanistic Study

Radical trapping experiment:

O\/\/\B standard condition .
r > no reaction
TEMPO (1.5 eq)

1a
no conv.

Following General Procedure A, diphenyl disulfide (8.7 mg, 0.04 mmol, 20 mol%), tris(trimethylsilyl)silane (74.0
pL, 0.24 mmol, 1.2 equiv.), 1a (45.8 mg, 0.20 mmol, 1.0 equiv.), D,O (160.0 pL, 8.00 mmol, 40.0 equiv.), TEMPO
(46.9 mg, 1.5 equiv.) and MeCN (1.0 mL) were reacted for 3 hours.

Radical clock experiment:

Br
standard condition

H g D
TSN \/\ TSNO/\

1b 2b, 56%, 87% D

N-allyl-4-methylbenzenesulfonamide

In a dried RBF, allyl bromide (1.73 mL, 20.0 mmol, 1.0 equiv.) was added in a solution
of potassium carbonate (5.53 g, 40.0 mmol, 2.0 equiv.), potassium iodide (332 mg, 2.0

/,

o
}

mmol, 0.1 equiv.) and p-toluenesulfonamide (6.85 g, 40.0 mmol, 2.0 equiv.) in MeCN
(60.0 mL). The reaction proceeded at 80°C for 12 hours. Filtrate was d and concentrated

under reduced pressure. Crude product was purified by a silica gel column chromatography (Hx/EtOAc = 3/1).
White solid was obtained (1.90 g, 45% yield). 'TH NMR (400 MHz, CDCls) 6 7.79 — 7.72 (m, 2H), 7.35 — 7.28
(m, 2H), 5.80 — 5.65 (m, 1H), 5.23 — 5.13 (m, 1H), 5.13 — 5.07 (m, 1H), 3.64 — 3.55 (m, 2H), 2.43 (s, 3H). 13C
NMR (101 MHz, CDCls) 8 143.6, 137.0, 133.0, 129.8, 127.2, 117.8,45.8, 21.5. IR: 3246, 1303, 1317, 1157, 997
cml. HRMS (EI) m/z:[M]*: caled. for. C;oH;3NO,S 211.0667; Found 211.0664.

N-allyl-N-(2-bromoethyl)-4-methylbenzenesulfonamide (1b)

Br 2-bromoethanol (591 mg, 335 pL, 4.73 mmol, 2.0 equiv.), and diisopropyl azodicarboxylate (957
mg, 932 pL, 4.73 mmol, 2.0 equiv.) was added dropwise to a stirred solution of N-allyl-4-
TsN ~X methylbenzenesulfonamide (500 mg, 2.37 mmol, 1.0 equiv.), and triphenylphosphine (1.24 g,

4.73 mmol, 2.0 equiv.) in anhydrous THF at 0 °C. The solution was allowed to room temperature
S28



and stirred for 12 hours. After reaction was completed, solvent was evaporated under reduced pressure. Crude
product was purified by silica gel column chromatography (Hx/Et,O = 10/1) to afford 1b as a colorless oil. (200
mg, 27% yield). '"H NMR (400 MHz, CDCl;) 6 7.73 — 7.67 (m, 2H), 7.37 — 7.30 (m, 2H), 5.75 — 5.58 (m, 1H),
5.24-5.15 (m, 2H), 3.87 - 3.79 (m, 2H), 3.53 — 3.34 (m, 4H), 2.44 (s, 3H). 3C NMR (101 MHz, CDCl3) 6 143.7,
136.3, 132.9,129.9, 127.2, 119.7, 52.0, 49.0, 29.3, 21.6. IR: 2926, 2856, 2364, 1421, 1338, 1115, 1089, 931 cmr
I HRMS (EI) m/z:[M]*: caled. for. C;,HsBrNO,S 319.0065; Found 319.0060.

3-(methyl-2-d)-1-tosylpyrrolidine (2b)

O/\ Following General Procedure A, diphenyl disulfide (8.7 mg, 0.04 mmol, 20 mol%),
TsN tris(trimethylsilyl)silane (74.0 uL, 0.24 mmol, 1.2 equiv.), 1b (63.6 mg, 0.20 mmol, 1.0 equiv.),
D,0 (160.0 pL, 8.00 mmol, 40.0 equiv.), and MeCN (1.0 mL) were reacted for 3 hours. The crude mixture was
purified by silica gel column chromatography (Hx/EtOAc = 20/1~ 5/1) to afford 2b (27.0 mg, 56%, 8§7% D) as a
white solid. '"H NMR (400 MHz, CDCl3) 8 7.75 — 7.67 (m, 2H), 7.36 — 7.30 (m, 2H), 3.42 (dd, J; =9.7, J,=17.1
Hz, 1H), 3.39 — 3.30 (m, 1H), 3.28 = 3.17 (m, 1H), 2.75 (dd, J; =9.7, J,= 7.8 Hz, 1H), 2.43 (s, 3H), 2.17 - 2.07
(m, 1H), 1.96 — 1.84 (m, 1H), 1.41 — 1.30 (m, 1H), 0.94 — 0.87 (m, 2H). 3C NMR (101 MHz, CDCl;) $ 143.2,
134.1, 129.6, 127.5, 54.7,47.6, 33.2, 33.2, 21.5, 17.4 (t, /= 19.3 Hz). IR: 2924, 2883, 2852, 1332, 1037, 1016,
815 cml. HRMS (EI) m/z:[M]": calcd. for. C,H;sDNO,S 240.1043; Found 240.1040.
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3. UV/Visible absorption spectroscopy

UV/Visible absorption spectra were recorded on a Cary 8454 UV-Vis spectrometer. The spectra were acquired

from 190 to 1090 nm using 1 nm steps. All measurements were performed in ethyl acetate (100 mM, 2 mL).
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4-Bromobutyl phenyl ether, (PhS)2
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4. NMR Spectra

O™ Br
MeO

© 1c

"H NMR (400 MHz, CDCls)

7.99
7.97

<7l

|

~14000

13000

12000

+11000

10000

9000

8000

-7000

6000

5000

+4000

3000

2000

1000

-0

2.00-

2.01-T

~-1000

O\/\/\Er
MeQ.

O

— 166,84

1c
3C NMR (101 MHz, CDCl3)

— 162,63

1,96

e

—131.62

—122.67

e

T T

5 4 3
f1 (ppm)

o

=

2
ST

4 CDr
.71 COCl:

51,86

— 114,04

76.7
—67.04

o4

F1100

1000

900

+800

F700

+600

500

=400

300

200

=100

=100

T T T T T T T
100 90 80 70

f1 (ppm)

T
110

S36

o4



0. W I = O O
Ny 535055 B0 D0
R GGG OGS

0
1d

H NMR (400 MHz, CDCl5)

2843
2
I

34000

32000

30000

-28000

28000

24000

22000

20000

18000

16000

14000

12000

10000

18000

6000

4000

-2000

Y

- 2000

®q 1801
~qh923

LJI-B- 885 (ketone) 13C. 1 fid

—196.76
—162.78
130.62

<13040

Uoaae

o]
1d
3C NMR (101 MHz, CDCly)

o

11412

5
1 (ppm)

o196
Q,DO—I

77.34 CDCI3
76.70 CDCI3

[=H

—B7.1
3
9
7
]

3500

13000

2500

2000

1500

1000

-500

T
110

100 9 80 70 60 50 40 30
1 (ppm)

S37



HI-B-742-01.1.1d SR AP SRnn YT T289NHR 8885585 $L80RYS 0N 00888 0Sa8R50RT S
LII-B-742-01 UG U G D APARPRRAA L P R G PR B b irtirirstrisietn
/@/ g
Ph 112000
1e
H NMR (400 MHz, CDCl3) H11000
10000
9000
8000
B H (m)
7.41 1.98 7000
A(m}
7.54 Le0oo
Eﬂ
TP 15000
4000
3000
2000
1
1
! -1000
‘ '
L d Lo
i L
885 8 8 5 o8 L- 1000
P s e
) T T T T T T T T T T T T T T 1
3 12 11 10 9 8 7 5 4 3 2 1 -1 -2 -3
1 (pem)
4-diphenoxybutyl bromide. 1.fid 888 L7500
oo
- o %\mvnv w QOO
g ] R2X “ [ prdrt o}
O 8 $ gasss = Fre g aex 7000
I TN I N I 15
Ph
6500
1e
6000
3C NMR (101 MHz, CDCl5)
+5500
5000
4500
4000
3500
3000
2500
2000
1500
1000
| 1
| . ‘ F500
- ’
=500
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)

S38



47

LJI-B- 864 pdt 1H (morphdline ).1.fid B ENUEOOROUTAONN ~ =0 DD DI O IO DI~ © O VI FO N —— 00 D OD
P90 R0 C© ©® 0 0O )

p

O(jk/\/\/&
1f

"H NMR (400 MHz, CDCl;) ; JH

6.02-T
3861
2.00-x

T
il

f1 (ppm)

w
r
o
-
@
~
|
.|
o
roo
o

'

'
o

LJI-B-864 13C.1.fid

77.34 CDCI3
76,71 CDCI3

171.35

66,96
Les'6s
—45.98
—n@

NJO'\/\/\/E'
S
1f

3C NMR (101 MHz, CDCls)

34000

~32000

30000

28000

26000

24000

22000

20000

18000

~16000

~14000

12000

10000

~8000

6000

4000

2000

0

2000

9000

3000

7000

6000

5000

4000

3000

2000

1000

O

210 200 150 180 1/D 160 150 140 130 120 10 100 9 80 70 60 850 40 30 20 10 0  -10
f1 (ppm)

S39



Foaas
H

[s]
1h
H NMR (400 MHz, CDCl5)

g.88

i)
9,88

Fesuny
23000
22000
21000
20000
19000
-18000
~17000
-16000
~15000
~14000
~13000
-12000
~11000
~10000
4000
000
7000
FG000
5000
-4000
3000
~2ono
~1000

1.89-]
mas_I

7y
@
ac
o

~-1000

F-2000

LII-C-031-01.2 fid

16391

.
=
=
a

O\vf‘\»/"gr

H 1h

3€ NMR (101 MHz, CDCl3)

=A
1%
oo
~Ha

8 5

1 (ppm}

3T
23,32
e

Fruuu

+6E00

6000

5500

+h000

4500

~4000

3500

~3000

~2500

~2ano

~1600

-1a00

~500

=0

~-500

1o

RE
1 {pprm)

540

a0

Kl

B0

50 40 an



LJI-B-999-01.2.1id

0

/@)kor\/\/\s'
cl

1i
H NMR (400 MHz, CDCl5)

W —

(AR

o

9000

8000

7000

6000

5000

4000

3000

2000

1000

(0

1,903

2,001

1943

@0-1.88-=

LJI-B-4998 13C.2.fid

165.74
—139.37
130,96
128.80

e
<

0

’I:;szLo/“\/”\l/\B,
Cl

1i
3C NMR (101 MHz, CDCl;)

~

128.73

5
1 (ppm)

..

3

77.36 CDCI
77.04 COCI3
76,72 CDCI3

<

s
-
=]

—684.87
33.40
32.28

—27.88

—2470

5000

4500

4000

3500

3000

2500

2000

1500

1000

500

=500

S41



LJI-C-007 15C Cinnamic ester.1.fid CEeTadaTaoneon qun 45000
RIS R AN e
[¢) T % N
vl
40000
1j
"H NMR (400 MHz, CDCl3)
J 35000
30000
25000
20000
15000
10000
' |
F5000
iy
[ ]
| M_J Lo
i L) k) s A
888 8 8 8 =8
—aiei o b o ciei
T T T T T T T T T T T T T T T T
3 12 11 10 9 8 T 6 5 4 3 2 1 Q0 -1 -2
1 (ppm)
LJI-C-007 13C Cinnamic ester.2.fid oo F5000
o 822
0 w0 © 000
N Br % i i BB & o5F
©/\)L 0NN 3 = FRE g 6K
[ I /RS F4500
1j
3C NMR (101 MHz, CDCls) 4000
3500
3000
2500
2000
=1500
[ f F1000
1 1
| | k500
1
J R
- 500

210 200 190 180 170 160 150 140 130 120 1io 100 9 80 70 80 50 40 30 20 10
1 (ppm)

o4
1
o

S42



LJI-B-949-01 pdt.2.fid

o]
MeO'G/N\O/\)\

1k
"H NMR (400 MHz, CDCl;)

— 166,14
— 163,46

—131.63

—122,49

— 11366

77.35CDCI3
77.04 CDCI3
76,72 CDCI3

<

—62.72

—55.46

—47.04

—39.94

—26.56

13000

12000

11000

10000

18000

8000

7000

F6000

5000

4000

3000

2000

1000

- 1000

LJI-B-949-01 pdt.1.fid

Br

o]
AT

1k
3C NMR (101 MHz, CDCls)

2.00=

888
O

3.06

2,07
2991

o

80000

75000

70000

65000

60000

55000

50000

45000

40000

35000

30000

25000

20000

15000

10000

5000

O

- 5000

@+ 2.00-1

-~

o

5
11 (ppm)

543

.

o

(=N



LJI-B-N-tosvsecondary bromide. 1.fid

Ts—ND—Br

11
H NMR (400 MHz, CDCl5)

P~ OO0 O I DO I = O ) GOT = O Ly Y
I S S I R o o i = BOFNANT - ———— 58000 00000

7.66
et
<733

3.

3.

3.

3.

2,

2.

2,

2.

2.

2

B
)

A(m) C (m) D (m) F (m)
7.65 4,25 3.20 2.

S
E
1

or-
=1

1,941
2021

1143

LJI-B-616 N-Tosy secondary Br 13C.1.fid

Ts-ND—Br
11
3C NMR (101 MHz, CDCls)

e
o 209

e
~
o
o
.

t1 (ppm)

43,72
—~-133.37
—129.78
—127.62
—A47.83
—43.80

—347

o

21,56

6000

5500

5000

4500

4000

3500

3000

2500

2000

1500

1000

500

F2600

2400

2200

2000

1800

F1600

1400

-1200

~1000

800

600

400

-200

=200

150 ko 130 120 1lo 100 % 80 70 60 B0 40
1 (ppm)

S44

o



+35000

30000

25000

20000

15000

10000

5000
=0

88l
£E'2
re'g
9e’e

82w
quwv
(-3

Br
Tm
"H NMR (400 MHz, CDCls)

Ph

=4L'G

Fo0e

Fo02

e

1 {ppm)

F2100

2000
1900

+1800

1700

F1600

F1500

+1400

1300

F1200

1100

+1000

900

800

-700

~600

500

400

300

200

~100

+-100

F-200

265 —

LE'Ca~
Gl'99—

£1000 02°9L

E1000 vELL

LJI-C-955 13C.1.fid

®ILL—

0L°'921

wE>
L L==
srger?

96°CEL—

1gror—

21881 —

Ph

Tm
3C NMR (101 MHz, CDCl3)

155 150 145 140 135 130 125 120 115

160

1 (ppm)

S45



LJI-B- 895-ibuprofen derivatives. 1.fid 5

—e000m®

B

e I

1n
"H NMR (400 MHz, CDCl5)

-

OO
3=t

o+

1.02
201-x

2.06-x

< 533?”55?%30000

28000

26000

24000

22000

20000

18000

16000

14000

12000

10000

3000

6000

4000

2000

629

o

- 2000

w
>
=
o
-~
—~

LJI-B-8395-ibuprofen dervatives. 2.fid

— 174,74
— 14052
—137.83

o
Bre NN

1n
13C NMR (101 MHz, CDCl5)

©

—129.31
— 1271

ad207g

f1 (ppm)

77.35CDCI3
77,03 CDCI3
76.71 CDCI3

<

w

—64.24

14521
<4508

o

10000

9000

8000

F7000

6000

F5000

4000

3000

2000

1000

+- 1000

T
110

100 90
1 (ppm)

S46

T
80

70

T

60

50

o



- oS
T c©83sg
@

o i L T 2000
Sieieioici 170000

m,ﬁ\/\N,{x:h NN,
h
0}‘NH

"H NMR (400 MHz, CDCl;)

3.66
3.65
3.63
3,44
3.42

Vi
Y
{

160000

150000

140000

/]

f 130000
120000
110000
100000
-90000

80000

70000

60000

50000

40000

30000

20000

| 10000

24

- 10000

10,44 -
0

_=
k20l 2 e

88

N/

9000

o
yz
g
I

)

=
—173.30
— 156,80
—139.08

1

i

7014
—41.80
—3673
—30.89

8500
8000
3C NMR (101 MHz, CDCls)

L7500
L7000
16500
L6000
15500
L5000
L4500
L4000
13500
L3000
2500
2000
L1500

L1000
[}
| ‘ l 500
| |
o

=500

210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 0 -0
11 (ppm)

S47



o]} J.1.1id OU=CNNDI O O000 T D
FY¥3I88NNNN NN [RET
NN PR [EFELSARY L (o s L35000
N Ph
o
ar F30000
"H NMR (400 MHz, CDCl5)
125000
L20000
15000
L10000
]
L5000
1
1
)
‘FI LSl L won
e Sici nied S e
- - - - - - r - - - - - - :
1 X 10 3 8 7 5 H 3 2 1 ) - - -3
f1 (ppm)
o Jafid g o Pra———— ooy
& 2 3 =8y oygan
N Ph | | I N/ | 17 1SN 6500
[
L6000
Br L5500
1o
L5000
3C NMR (101 MHz, CDCls)
L4500
L4000
L3500
L3000
L2500
L2000
L1500
L1000
L500
| | 1y
o
i i J | I L]
Lo
L-500
210 200 1% 180 170 160 150 140 130 120 10 100 90 &0 70 60 50 40 30 20 10 0  -10
1 (ppm)

548



(=]
o o o o
5 8 2 2 2 2 8 g 2 2 S 5] 5] 5] =
(=) (=3 o o o o o (=] o o w (=] w [=] [=]
= & © ~ @ [ = @ « — o Y & — - o o
L 1 L 1 1 L 1 1 1 L 1 o L L 1 1 1 1
§
Lo
i
o
52— =
8682
6086~ _
M Fese
Feu
L0'ge— -
Fon
e
8¢ — |J Fost £I000 0L'9L
ree s
e1nad ee’sL
T6'e
56°¢ —_ ——— Fuiifly
968
=
bin &
199
£ TN
£6'9 [« 09°2LIN]
£53 ozizi
169 se'zzi~y
00z FERIEN
107 — Feso EHEN
e gz i
60°2 98z | -
01z . 60 zoel
V'L
i — E00'1
25201 —
Foo
9L'051 —
65251 —
Fo
—_ -
o0 iy
9 [}
a a
(V] Lo (]
I §
5] S P =
o - a
- O = 2 -
[«] o o
N =
o o x Qo O x
> o S
z z
i
@ T i) M\i
o O @2

549

1 (ppm)




LJI-B- 927- estrone=ter ol vas ol i oo — 0o 4 0 st — 0 0 0n 400 Ba o 3 N0 0 B 00N ONN-OONDD=OTIONN 000 NNCON NN HDROO TN OO -
T R B B RS 58 BEnn e s YT S B n R RN 2 I 2885 8883388858 RRnRnnanndotsoo00mnnnan Il 1ITI00
1145 54646 54505 €3 3¢5 05 03 o o e ] S 1 ] 0 1 ] (4 N 1 N ] I O ] 600 ] O = = 1 = o o o e o e e e e e S

i [T

"H NMR (400 MHz, CDCl;) L2500

+2000
E()| |G (dd)
3.48 2.50

F(m) |1 (m) || L fm) [N](s)
2.89 |2.25 || 1/5%

1500

+1000

500

1.81—=x
1.01
1.04.

1.98-T

1.00-T
0.96-
0.5 %
- 2,00-T

5
1 (ppm)

w
)
o
w-
o
~
o
o
o
=
'
|
~
1
w

LJI-B-927-13C.1.fid
3800

77.35 CDCI3
+7.04 CDCI2
76.72 CDCI3
66.76

220,92
— 156,50
—137.80
— 132,16
— 126,37
— 114,55
—112.10

dam
ga e 3600
~ |
F3400
3200
13000

2800

5‘\/\/\0 L2600

~2400

1q
3C NMR (101 MHz, CDCls)

2200

2000

1800

1600

1400

+1200

~1000

800

600

230 220 200 200 130 180 170 160 150 140 130 120 110 100 §0 8 70 60 50 40 30 20 10 0 -10 -20 -30
1 (ppm)

S50



ol GidmB2 b i~ o oo

03030 8 0 01 0Y B 1= P 1 40 © 1B B0

@ronmon
101018 1316 10 &

o

—oOm~~DOTmN

e

1r
"H NMR (400 MHz, CDCls)

[

+5000

4500

+4000

+3500

+3000

+2500

12000

r1500

+1000

+500

to
e s e R T e
2 2 N8 gsse S sum oo
f T T T T T T — T T = T —=od —Bh- — G T T T
o 85 &0 75 70 65 60 55 50 45 40 35 30 25 20 15 410 05 00 -05 -10
11 (ppm)
LJI-C-004-02 pdt.2.1id odo
OO
845
9 8 8 4o K 40N ChNOROORY EOND o 800
o = o =Y 14 O RNC NOOSTNRONTRNN o
g 2 8 3 1 g 208 39998350380 ©
| I 2NN SIS N F750
k700
k650
600
1r £550
3C NMR (101 MHz, CDCls) Ls0o
Fa50
Fa00
350
k300
k250
k200
k150
i | | i !
| k100
]
1
k50
Lal & ro
F-50
T : : T T : : r T ; . : T T : : T T ; ; T .
210 200 190 180 170 160 180 140 130 120 110 100 90 8 70 60 50 40 30 20 10 -10
f1 (ppm)

S51



LJI-B-976 1H.1 fid 28000

[NV
I 26000
/@)LOWBI,
Br 24000

7.91

7.89
759
759
758
157
4.34
4.35
4,31
345
3.44

<
<

1s

"H NMR (400 MHz, CDCl;) 122000

20000
18000
16000

14000

12000

10000

8000

6000

4000

2000

i

Fo

- 2000

191

1.90-=
2.00-=
1,98
™ 214
2013
207

w
~
=
@
oo
-
o
=
w.

LJI-B- 976 pdt.2.fid SR

i

77,34 CDCI3
76.70 CDCI3

B8
3 +10000
\

3
2 g
\

/I::j/J\O/~\,‘"\/’\Br
Br

1s F9000

—64.90
33.41
32.27

—27.87

3C NMR (101 MHz, CDCl3)

8000

7000

6000

6000

4000

3000

2000

! j L1000

+- 1000

T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

o
|
o

552



LJI-C-277 pdt.3.fid

1t
"H NMR (400 MHz, CDCl;)

7.38
7.37
7.37
7.36
7.35
7.35
7.34
7.34
7.33
5.13
2.62
3.61
359
5

i

.

110000

+100000

90000

50000

70000

60000

+50000

40000

+30000

+20000

10000

470
2.00-
398T e
3.95-

o

= 10000

1t
13C NMR (101 MHz, CDCl3)

154,95

1 {ppm)

— 136,39
128,59
128,23
128.03

<

—67.54
~ 65594

o

— 47,89

— 42,80

J
-3

}-3400
3200
~3000
2800
2600
~2400
2200
2000
~1800
~1600
~1400
~1200
~1000
800

~600

400

200

-0

200

T T T T T
100 90 80 70 60

f1 (ppm)

T
110

S53

T
50

T
40

T
30

o



LI-C-057-01 13C. Liidamamma s

3d
"H NMR (400 MHz, CDCl5)

Fa0000

45000

40000

35000

~30000

25000

20000

15000

10000

5000

w
Sa
aini

o
ra
=
w
o
o
o

@
=

53.35

87,
PAEF
<Ciaz
—1z327
sz
—1ze

3d
3C NMR (101 MHz, CDCl3)

CDCi
02 CDol
76.70 CDCI3

77.33
=702

A

—28.24

1400

1300

1200

1100

1000

F900

800

7on

600

500

400

300

F200

100

=100

210 200 130 160 170 IGO0 150 140 130 120 110

100

1 (ppm)

a0

S54

T
a0

70

G0

50

40

an

o



o) Pr T T ep—e. Brrnoodor0OROnIn BN 0oRDN o0
\/\/\D DRRo R0 D 0D D O S50 m D0 oD~ IO ROD DA N ND D
PO i e e g oo edes e e e e e

MeO PR PR P [ArSraraa

~11000

2c
"H NMR (400 MHz, CDCl3)

10000

9000

8000

7000

~6000

|if w3

~5000

4000

3000

] 2000

~1000

Wi Lo

<
-~
1.99-1

2.00-3

+-1000

T T T T

6 5 4 3
1 (ppm)

w193
1.96 -

0

7

= 2.06-=

=)
o
-
w
r
o
-
~
rod

6000

77.34 CDCI3
77.02CDCI3
76.71 CDCI3

3.7
13.52
13.33

()~\4”\\./"[)
MeO.
o 2c

3C NMR (101 MHz, CDCl;)

— 16694
—162.98
—131.57
—122.33
— 114,07
—67.90

—51.82
31.14
—19.11

<

5500

5000

F4500

~4000

3500

3000

2500

2000

1500

1000

| | 500

500

210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 0  -l0
1 (ppm)

S55



Fyuuy

o B yuguroy
\/\/\D 00 N0, 00) 0N NN 0
PG bt

4,04
4,03
401

{
{

~8500

(0] ~8000

2d
"H NMR (400 MHz, CDCl3) F7500

7000
6500
~6000
~5500
5000
F4500

~4000

~3500

3000

~2500

~2000

+1500

1000

500

-0

+-500

189-T Emm—
L

1,861
2.00-T
1.81—

5
1 (ppm)

1841
2,631
—- 2051

oo
-

—_—
P
ro-

LJI-C-030 Ketgre D.2.fid
o

114,15
67.97

7500

—19
—16a.15
_-130.58
=-130,15
_at12
—26.32

7000
6500

O~~p
F6000

2d 15500
3C NMR (101 MHz, CDCls) 5000
4500
L4000
3500
3000
L2500
2000
L1500
SE

1 500

t-500

210 200 180 160 170 160 150 140 130 120 10 100 90 8 70 60 50 40 30 20 10 0  -10
f1 (ppm)

S56



|-24000

g I T T o T T P T 1 P 1 11 G (B0 €010 60 03 €300 = o= = o= = e o o e o o o Ppa P e e e
I bt

23000

M O p R L g T O R e T RS S B B T P NN R 3299 II0N 8223050538288
ARSI -
e g =

[F22000

2e 21000
"H NMR (400 MHz, CDCl;) L0000
19000
] 18000
17000
16000
15000
14000
13000
12000

11000

10000
9000

8000
7000
16000
5000
4000
3000
2000
i 1000

O

- 1000

200
2941
2073

- 2000

=1z01-g

w
~
o
1
1
~

LJI-B-818-01 13C (pure hx col}.2 fid

/I:::I/O~v’“\v/’\n
Ph

2e F12000

3C NMR (101 MHz, CDCl3)
8 29.72 grease

13000

77.34 CDCI3
el

—158.75
—140,82
—114.79

76,70 CDCI3
— 6780

1358

1339

—31.35
—29.72
—19.20

1377

<

11000

10000

9000

8000

~7000

6000

5000

4000

~3000

+2000

1000

1000

o
'
=3

T T T T T T T T T T T T T T T T
210 200 180 180 170 160 150 140 130 120 110 100 90 8O 7O 60 BO 40 30 20 10
1 (ppm)

S57



~23000

122000
21000
2f 120000
"H NMR (400 MHz, CDCl;) 19000
H18000
-17000
-16000
115000
L14000
-13000
H12000
111000
10000
F9000

L8000
L7000
A L6000
15000
4000
| 13000
L2000
1000

L
L

-0
~=1000

2E
=

3.89.
1.99-
1.58.
1,983
2,00-T
3.95-T
202-1

F-2000

>
&
=
P
~
=S
©
I
~
>
o
.
w
ro
o
L
|
o
|
s

3
3

F9000

6,73 COCI

=§U

=
—171.92
77.36 COCI3
77.05 COCH
— 46,07
— 87
2310
~31.61
—24.95
—22.38
13,84
13.65
13,46

86.97
<e6.70

£

2f 8000
3C NMR (101 MHz, CDCl3)
L7000
16000
L5000
L4000
3000
L2000
I 1000

L ,

=-1000

T T T T T T T T T

210 200 1% 180 170 160 150 140 130 120 110 100 90 80 70 60 5 40 30 20 10 0  -10
1 (ppm)

S58



0 D 883
-
o]
2g
"H NMR (400 MHz, CDCls)

0o
DD DD DD
e T e 1 1

N--ooo
~©

55000

+50000

+45000

40000

+35000

+30000

+25000

20000

15000

10000

+5000

o

200-T  e———
r

1.99-3

+-5000

— 168,50

29
3C NMR (101 MHz, CDCly)

—2.091

—~—
»
2
~
w
N

feloy]
000
ann
000
+o—

>

—133.84

-—132,19

—123.16
39.61
—21.84

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

+-1000

S59



0 ~"p 38
am
H v 14500
o
2h
H NMR (400 MHz, CDCl5) 4000
Crude NMR
3500
3000
2500
D (s) H|(s)||G (1)
9,63 4ls9 | |4lo
L2000
L1800
1
1000
500
1 Lll l L .jl l I Lo
¥ T T 7 oK
8 3 05 8 5 59 9
15 15 14 13 12 11 10 3 : 7 ] 5 i : 1 ) B 25
1 (ppm)
Os~"p g 3389555925885
3 eRRRR R dede 2333333333
H PENYBRN S 19000
8 2.17 . acetone
L8000
2h
"H NMR (400 MHz, CDCls)
L7000
L6000
C (m) Fl(m) 5000
6.99 148
B (m) E (rp)
7.82 1.8
L4000
L3000
L2000
) 1
1000
1 L ll Lo
g g 7 3 g3 4
T T T T T T ID T i> \» T T i \N = c:‘ T T T T
16 15 14 13 12 1 10 ] 8 7 6 5 4 2 i 0 -1 -2 -3
1 (ppm)

S60



LJI-C-066 pdt 13C.1.1id

—190.84
—164.30

8 29.71 grease

0\\/’\\,/"\D
H
Q

2h
3C NMR (101 MHz, CDCl;)

—114.78

DCI3
Cl3

76.70 CDC

68,14

—31.08
~29.71

—19.10
13.69
L1350

2500

2000

1500

1000

F500

Cl
2i
H NMR (400 MHz, CDCl5)

38000

36000

34000

32000

30000

28000

26000

24000

22000

20000

18000

16000

14000

12000

10000

8000

6000

4000

2000

+0

1,96 -

2003

3,571

2.08-x1

-2000

00— 1,89-x

T

5
f1 (ppm)

S61

=

oo

o4



3600
3400
3200

3000

2800

2600

2400

2200

2000

1800

-1600

-1400

F1200

-1000

800

600

400

200
FO

=200

H-400

12000

11000

+10000

9000

8000

+7000

6000

+5000

4000

+3000

2000
+1000
+0

- 1000

B8rElL
L9'EL
98'El

9Tz —

SL'82
Dv,mwv

6869 —

€000 e0 rhv

EIDAD PE'LL

nm.mm_
00'621 W
¥8'0EL

ve'eel—

£8'691 —

D

Cl

2i
3C NMR (101 MHz, CDCl3)

-10

re

1 (ppm)

- |

[

j

2
"H NMR (400 MHz

Feoe

ooz
Fe6'1

F96'L

60

o

oo

Fo

1 (ppm)

562



13

76.70 CDCI3

+~10000

—167.12

— 144,56

—134.52
130,20
128.88
77.34 COCI3
64.45

z

=~-128,06
— 118,34
—30,77
—15.13

~ 19000

3C NMR (101 MHz, CDCly)

8000

7000

6000

5000

~4000

3000

2000

+1000

F-1000

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0  -10
1 (ppm)

COMOONDONIITO AN ~N DD~ OO O
R R R TR R R ettt 4 26000

L24000
MeO

Zk 22000
H NMR (400 MHz, CDCl5)
+20000
+18000
+16000

-14000

12000

10000

8000

8000

! 4000

2000

w0

1.04-3

F-2000

o 1.92-
=

2.00-]
2.96-T

.,_
-
o
-
P
o]

—-1286=x

o

'

'
o

'
[

f1 (ppm)

S63



MeQ'

(=] o o o (=] o (=] (=] o
(=3 (=] [=] =] (=4 (=] (=4 (=] o
(=] (=] o (=] (=] o o (=] o
3 B3 = @ B 3 £ & = o
f 1 1 I i i f h N i
8981 —
rL8l
26781
£U8L
ar0e—
2ree—
v5'v9—
£1000 02'9L
2000 VE'LL
og'elL—
2082l — -
reieL—
—
92°891 — o
gr'o9L— O
&)
(W)
o N
T
x =
NS
O )
o
bz
)
&

f1 (ppm)

40000

+35000

30000

25000

20000

15000

10000

+5000
+0

Ts—ND—QI

H NMR (400 MHz, CDCl5)

i
@ w
83
@ o

F00'e

Free

=161

=081

Fo

oy

e

Fio

o

f1 (ppm)

S64



2200

2100
2000

1900

~1800

1700

~1600

~1500

~1400

~1300

1200

1100

~1000

900

800

700

600

=500
=400
300
200
+100

t-100

=200

e6'gr—

£I000 L£'9L
EI000 £0'LL W
E1000 5844

LJI-C-021-01.2.1id

8121
€562l
98°eEl ~

L2RFL—

Ts=N

]

2l
3C NMR (101 MHz, CDCl3)

oy

i

-10

ro

1 (ppm)

~7500

~7000

~6500

~6000

5500

~3000

+4500

4000

~3500

~3000

L2500
2000
1500
1000
F500
FO

=-500

Ph

2m
"H NMR (400 MHz, CDCls)

< (m)

7.30

E-€8'S

Fo6'l

]

=

o

]

11 (ppm)

S65



4500

+4000

3500

3000

F2500

2000

1500

~1000
500

67’22
mq.qm/

rove
e8'7e

vELE—

Lr'9e—

£0d 1L9L

€100 ¥E'LL

Caazs

00°921

LL'82L

8eeeL—

£6°07L

SL'8GL

a

g
Ph

2m

3C NMR (101 MHz, CDCl;)

I 1 -

f1 (ppm)

10000

9000

~8000

7000

6000

~5000

~4000

3000

2000

~1000

-0

AINANEBRRBDD D DD D
Bl e g g e

NIM-—OODLOTNN NN~ —

—oaaar
R

P
NV

o
D/“\,/\\/‘\Ddu\rJE::]/~\r’

2n
"H NMR (400 MHz, CDCls)

62
&3
By
e

ZLY
ol

Eg0C

E€0'l

EFc0e

!

F=

o

1 (ppm)

S66



LJI-B-943-prep. 2. fid

.70 COCI3
3
5

—174.85
— 140,44
—137.93
—129.26
—127.18
77.34 COCR3
7
— 6478
45.2:
<0

D”\‘v”\‘~”\13

2n
3C NMR (101 MHz, CDCl3)

Fe vy

2000

1900

1800

F1700

1600

F1500

1400

+1300

1200

=100

1000

900

800

700

600

500

L400

300

200

~100

F-100

F-200

T T T T T T T T T

210 200 1% 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
1 (ppm)

LJI-C-133 pdt (CI,D).1.fid CVOWFTUCNFO —POGF=NONSO — =0 OO~ 10O DD 0~ @ DI+ =+
= —o000 @ o

o

0
Clz’\\/’iN’“><Ph
AN Ph

b

20
"H NMR (400 MHz, CDCl3)

28000

26000

24000

22000

20000

18000

16000

14000

12000

10000

8000

6000

4000

2000

ro

Ty

Koo
—aied

2,001
9
7
1

- 2000

o
[
[=
-
co-f
-
o
e
-
oo
o

|

|
~

5
1 (pprn)

S67



1000

900

800
700
600
500
400
300
200
100

=100

82Tl
1%
0eel

'8l

9BBZ~
oLle—"
gege—
98l

mm‘i\v

98°L
Dh.wh./.

K
£eLL

09651 —

eLell—

LJI-C- 133 pdt (CI,D).2.1id

o]
ZNS‘
5
20
13C NMR (101 MHz, CDCly)

1 (ppm)

~25000

~20000

~15000

~10000

5000

D

p

2
"H NMR (400 MHz, CDCl;)

l|ih

o2z
e

gL

=002

=660
£6'0.
961
€0°'L

16’0

o

o

fe

<

o

o

foo

f1 (ppm)

S68



~4000
3800
3600

3400

3200

3000

2800

2600

2400

2200

2000

1800

+1600

1400

1200

1000

800

600

400

200

--200

+-400

ZLel
2e'El
LG'EL
6L81—

ig'oe—

18'89—

>

21000 e8'LL

Cl

2p
13C NMR (101 MHz, CDCl)

f1 (ppm)

28000

26000

~24000
22000

~20000

G000
6000
4000
2000

18000
~16000
14000
~12000
10000

~-2000

LJI-C- 028 @dwed
T

|

1

f

[

—
=

H NMR (400 MHz, CDCl5)

66]
W.n. 66

1 (ppm)

S69



LJI-C-028-02 re 13C.1.fid

220.98
157.20
—187.6¢
—131,88
—126.28
4,
2

2q
13C NMR (101 MHz, CDCl5)

77.34 CDCI3
6.70 COCI3

—67.63

230 220 210 200 180 180 170 160

BT eof b iy e e e T £E54888:58

LlEnB3t-plld did - ww v - cowngone

"H NMR (400 MHz, CDCl;)

Almy
E.Z6

PR

’?‘

El

T
=

[=x]

085 T

8.5 8.0 15 1.0 6.5 6.0 5.5 50

5000

4500

4000

3500

3000

2500

2000

1500

1000

500

~faoo

~6500

6000

5500

000

4500

~4000

3500

+3000

2500

iy

~1500

-1a00

500

Lo

~-500




LII-C-032 pregnolone d. 1 .4id

143,73
5

13C NMR (101 MHz, CDCl3)

3
3

15000

a

CD

14000

13000

12000

~11000

10000

9000

Fa000

]

G000

5000

4000

3000

2000

1000

LJI-B-977 crude.1.fid

ph/©/ ) 4a

TH NMR (400 MHz, CDCls)
Crude NMR [

S
3

6500

6000

5500

1 5000

4500

4000

3500

3000

2500

2000

~1500

1000

500

ke

oot
3==

w
oo

o

o279

ro-

f1 (ppm)

S71



LJI-B-886-crude. 1 fid

D
E10\“/©

o

4b
"H NMR (400 MHz, CDCls)
Crude NMR

~7000

6500

~6000

5500

+5000

4500

4000

3500

3000

2500

2000

~1500

~1000

500

Dl

HO

4c
"H NMR (400 MHz, CDCls)

o
[=
|
|
~
|
w

21000
Fzaoan
19000
18000
17000
18000
15000
14000
13000
12000
11000
-1aoan
]
+a00a
7000
+He000
5000
4000
3000

2000

1000
| — o

|--1000

- 2000

1.5 11.0 105 100 95 90 85 80 75

T
6.5

60 55
1 {ppm)

S72

5.0

T
45

4.0

3% 30 285 20 15 1.0 05 00



Ds.fid

T
BN NS,

898838

HO,

—172.30

4c
3C NMR (101 MHz, CDCls)

—

210 200 180 160 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (pprm)
LJI-C-081 pat.1.fid B3 N RN T PR RN I R AR5 s 388888288858 532BARR 2SN 2n
r\'r\'-\‘r-'r-'rn'r\'.-"\‘n\‘r-'r{r\'r-"-'n-'r-‘r-'h'r-'ﬁn-'n-‘r\'r\"nd'o"drduﬁujndddm‘udﬁ'e'n‘ﬂ'm‘m’m’«idm‘ni:\id:\iainioh\i
RNy
0,
[:::I/O\\/’\\/N
D
4d )
"H NMR (400 MHz, CDCl5)
1
!
"
]
AL
oy s
88 gig o 2
o~ alai o
16 15 14 13 12 i 10 9 8 7 6 5 4 3 2 1 0 -1 -2 -3
1 (ppm)

S73

70000

65000

60000

55000

=50000

45000

40000

35000

+30000

25000

20000

15000

10000

~5000

F=5000

18000

=17000

~16000

15000

14000

~13000

~12000

+11000

10000

9000

8000

~7000

6000

5000

~4000

3000

2000

1000

0

- 1000




LJI-C-158.2.fid

— 168,38
—158.72

—114.48

0,

o~
D

4d
3C NMR (101 MHz, CDCl3)

85,57

—3554
—28.37

9000

8000

7000

6000

+5000

4000

3000

2000

1000

FO

—8.77
§.33
8.32
8.30
7.42
.41
7.40
7.39

44
42
41
39

¢
€

o
Q
o
)
<33

4e
"H NMR (400 MHz, CDCls)

b
C

o4

28000

26000

24000

22000

20000

18000

16000

14000

I-12000

10000

8000

6000

4000

2000

|

1,001
0951
0.20-=
2.00-J

3213

3 T2 11 10 3 8 7 6 5
1 (ppm)

S74

.

e

rod

o4



AN
€95

NN Les00

+9000

o
o)
—165.01
—152
—150
—137.60
1
6159
14

4e F-8000
3C NMR (101 MHz, CDCls) F7500
F-7000
F-6500
F-6000
F5500
5000
F4500
F4000
3500
F-3000
f2500
| t-2000
L1500
F1000

+500

=500

14000

41
412
—2.04
127
1.25
1.23

<

13000

4f

"H NMR (400 MHz, CDCls) H12000

/ k11000
Ethyl acetate : & 4.12 {q), 2.04 (s), 1.25 (1).

10000
L9000
8000
L7000
EA 16000
k5000
EA
4000
13000

2000

1000

7 ] 5 4 3 2 1 0 - -2 -3
1 (ppm)

©9096-=

fallal
388258 - 1000
P

r

8

S75



LJI-C-129 pdt.3.fid
N D

¥/

=
4f
3C NMR (101 MHz, CDCl3)

RSy

—150.09
—147.90
36,
29,
29,
29,
29,
28,
27.
28.
21
7735
77.03
76.7

<

| 1
l|
| m‘
v lippste v sl a ek v = M BN AT i ey

210 200 150 180 170 160 150 140 130 120 110 160 90 80 70 60 50 40 30 20 10 0  -10
1 (ppm)

N t1fid 0 D10 @ O 0 0 B0 i 0 e

= 3 B2 o B0 1 - P [ [ DD LD L, o o =,

i P e A e
D"~

Y
49
H NMR (400 MHz, CDCl3)

] 7 6 5 4
1 (ppm)

©q093g

S76

11000

10000

9000

8000

7000

+6000

+5000

4000

3000

+2000

1000

0

== 1000

19000

18000

17000

16000

15000

14000

13000

12000

11000

10000

9000

3000

7000

6000

5000

4000

3000

2000

1000

Lo

1000

o]
o
o

'

I
~

|
w



N 2. 1.fid
9@
D ==

49
13C NMR (101 MHz, CDCls)

—140.39
—147.08

210 200 190 180 170 160 150 140 130 120 110

%0 8 70 60

11 (ppm)

\‘—0 n )oC.1.fid

o D
2ERIBERATZ
M e

—11,88

4h
H NMR (400 MHz, CDCl;)

L
—
e
—

HAnlee

o o

151
1.47

o

4500

4000

+3500

3000

2500

2000

1500

1000

500

-14000

13000

12000

11000

10000

9000

+-8000

7000

6000

5000

4000

3000

2000

1000

0971

216

3.12=

- 1000

>
o
=
b=
~
5
©
@
.

1 (ppm)

S77



H ~ o FROooeg % W
o f 5 § spuEeied g 5 p
< I 2 b OEEIRZZ R G 3 ;s
o ) NN

4h
3C NMR (101 MHz, CDCl3)

2600

2400

2200

2000

1800

~1600

1400

1200

~1000

800

600

400

200

(=%

210 200 180 180 1o 160 150 140 130 120 1o 100 90 80 70 60 5 40 30 20 10
1 (ppm)

o0 N 5$83832590885803
D P P P P P P P P
-
4i
'H NMR (400 MHz, CDCl3)

+28000

+26000

24000

22000

+20000

18000

F16000

14000

12000

+10000

8000

6000

+4000

2000

i3

0

= 2000

@ 1.9

5
1 (opm)

~
o
o
w
ro
o4

|

|
~

S78



111.68

156.21
127.14
<1158

SN $u0eas
n - ST
N

4
13C NMR (101 MHz, CDCly)

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

- 1000

2lo 200 180 180 170 160 150 140 130 120 ilo 100 40
1 (pom)

Br 2

"H NMR (400 MHz, CDCl;)

o4

~14000

13000

+12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

~1000

180T
193

2.003

200-T %::.-..__

3.97-J

2.07 —x

5
11 (ppm)

w
~
>
©
o]
.
>

S79

P

-

o

o



o]
0NN

— 165,97

Br
2s

3C NMR (101 MHz, CDCl3)

77.34CDCI3
77.02CDCI3
76.70 CDCI3
65,43

<€

Gl

Gl
—2 27

13,87

13.68

13.49

<

Q e e ]
EH806600 000

T T T T T T T
100 90 80 70 60 50 40

1 (ppm)

T
110

00 W W e 20 0o
EEEEEEEE R

CSodooooooan oo

"H NMR (400 MHz, CDCl3) [

=0
o
r=

i

T
B

=T

i

S80

32000

30000

28000

26000

24000

22000

20000

18000

16000

14000

12000

10000

8000

6000

4000

2000

o

= 2000

FE500

+B000

FB500

5000

4500

4000

3500

F3000

2500

2000

~1500

1000

500




A~

D o B
® Basy
wi 3 o o i

D 5 g BRNE

[ =
3C NMR (101 MHz, CDCls)

cocl

7733

28.45
28.19

<

—22.28
13.87
13.68
13

2300
2200
F2iaa
12000
1300
1800
F1700
F1600
F1500
1400
13500
F1200
F11aa
1000
900
100
700
00
500
400
300
200
+1a0

F-100

210 200 190 180 170 160 IS0 140 130 120 110 100 90
1l {ppm)
H cal clock).1.fid OO T DN — DO F D NN — O
o, N DR e el el e el 42
%52 ~ R R Gl i g

T
30

20

3
SO0 E QWD

2,15

3,14

F-200

11000

10000

8000

8000

7000

F6000

5000

4000

3000

2000

1000

B (m)
7.31
Alm)
7.76
|
o T M
g 8 £ B2
oo -
T T T T T T T T T T T
16 15 14 13 12 1 10 3 8 7 6 5
1 (ppm)

S81

o

~-1000



H cal clock).2.fid L2200
~ R

2100

— 14355
™~-137,00
—N777
77.34 CDCI3
mwam e
76.70 CDCI3

—4582
—2154

2000
1800
1800
1700
1600
1500
1400
1300
1200
1100
1000
900
800
700
+600
600
400
300
+200

1 100

- 100

200

o
S
=
S
w
=
)
=)
)
o
'
=)

20 200 180 iB0 170 160 150 140 130 120 1o 100 s0 80 70 60
1 (ppm)

LJI-B-940-01.1.fid

9999383 34000

71
9
&
7
T
4
3
2

22

22
1
1
0
1]
8

18

17
3

.82

.82

.81

.51

.80

.49

48

Qs 2 —
Br 32000
H 30000
TSN\/\
1b
"H NMR (400 MHz, CDCls) / k26000

24000

28000

22000

20000

18000

16000

H12000
H12000
L10000
+8000
16000
F4000
1
i___l I L2000
ko

- 2000

2,00
204-x

1011

2073

2111
425

3153

1 (ppm)

S82



LJI-B-940 13C.1.17id
Br

TsN\/§§

1b
3C NMR (101 MHz, CDCl3)

—143.72

—119.72

77.34 CDCI3
76,70 CDCI3

—21.55

—52,04
—48.95
—29.26

7000

6500

6000

15500

5000

4500

14000

3500

3000

2500

2000

1500

1000

500

- 500

LJI-B-963-02.1 fid

o
TsN

2b
"H NMR (400 MHz, CDCl;)

sy

o
e
~

fo 100 @

f1 (ppm)

000

DD OO0 — O~ O — DI~ O OO MO F O — 0 —— OO DD
e P T 6000 0090 ) 70

+3500

+3000

2500

2000

1500

1000

500

0

1.88-x

194 =

1.031
213=x

-

e

o4

1 (pprm)

S83



LJI-B-963 radical clock pdt.2.1.1r

fritvet e 8
o F3.8x10

Y

— 143,23
~134.14
129,60
127,54
—5475
—4761
33.24

F3.6x 108

O/\D l3.4x108
TsN

l3.2x108

2b
3C NMR (101 MHz, CDCls)

F3.0x108
l2.8x 108
lo.ex 108
Le.4x10®
le.zx108
Fe.ox 108
F1.8x108
F1.6x108
L1.4x10®
L1.2x108
F1.ox108
l8.0x107
b6.0x 107

ba.0x107

L -

l-2.0x107

T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 Q0 80 70 60 50 40 30 20 10

f1 (ppm)

o4
|
=

S84



5. References

1. J. H. Kirchhoff, M. R. Netherton, I. D. Hills and G. C. Fu, Boronic Acids: New Coupling Partners in
Room-Temperature Suzuki Reactions of Alkyl Bromides. Crystallographic Characterization of an
Oxidative-Addition Adduct Generated under Remarkably Mild Conditions, J. A4m. Chem. Soc., 2002,
124, 13662-13663.

2. V. Soulard, G. Villa, D. P. Vollmar and P. Renaud, Radical Deuteration with D20: Catalysis and
Mechanistic Insights, J. Am. Chem. Soc., 2018, 140, 155-158.
3. Y. Li, Z. Ye, Y. M. Lin, Y. Liu, Y. Zhang and L. Gong, Organophotocatalytic selective

deuterodehalogenation of aryl or alkyl chlorides, Nat. Commun., 2021, 12, 2894.

4, H.-M. Huang, P. Bellotti, P. M. Pfliiger, J. L. Schwarz, B. Heidrich and F. Glorius, Three-Component,
Interrupted Radical Heck/Allylic Substitution Cascade Involving Unactivated Alkyl Bromides, J. Am.
Chem. Soc., 2020, 142, 10173-10183.

5. P. Li, C. Guo, S. Wang, D. Ma, T. Feng, Y. Wang and Y. Qiu, Facile and general electrochemical
deuteration of unactivated alkyl halides, Nat. Commun., 2022, 13, 3774.

6. H.-H. Zhang, P. V. Bonnesen and K. Hong, Palladium-catalyzed Br/D exchange of arenes: selective
deuterium incorporation with versatile functional group tolerance and high efficiency, Org. Chem.

Front., 2015, 2, 1071-1075.

S85



