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2. General

NMR spectra were recorded at 500 MHz ("H) and 126 MHz ("*C) on a Bruker ULTRASHIELD™ 500
PLUS spectrometer. Chemical shifts are given in ppm (8) and coupling constants (J) are reported in
hertz (Hz). The following abbreviations are used for spin multiplicity: s = singlet, d = doublet, t = triplet,
g = quartet, m = multiplet, and br = broad. Preparative flash chromatography was performed using
Biotage® Sfir Silica HC D High Capacity Duo 20 um. HRMS were obtained with a Thermo Fisher
Scientific Orbitrap Elite spectrometer (H,O/MeCN/HCO-H conditions). LCMS was performed using a
SHIMADZU LC-MS-2020 (H.O/MeCN/NH4OAc conditions). Due to the labile nature of N-D bonds
in deuterated products under HRMS and LCMS conditions, their rapid reverse deuterium exchange to
N-H bonds was observed during the analysis.

All substrates were commercially available compounds. 20 w/w% DCI (in D,O) and CD3OD were
purchased from FUJIFILM Wako Pure Chemical Corporation. D>O and 40 w/w% NaOD (in D,O) were
purchased from Cambridge Isotope Laboratories, Inc. Unless otherwise noted, reagents and solvents

were used as received from commercial suppliers.
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3. C5-selective deuteration of imidazoles under acidic conditions
3.1. Synthesis of 4-phenyl-1H-imidazole-1,5-d, deuterochloride (2a) (Scheme 2a: typical
procedure A)

N N
| > 20% Dcl (in D,0) D
130 °C, 36 h 080" N pci

w/o purification
97% yield

A test tube was charged with imidazole 1a (57.8 mg, 0.401 mmol), 20 w/w% DCI (in D,0O) (4.0 mL).
The tube was sealed and heated at 130 °C (bath temp.) for 36 h. Deuterium incorporation was monitored
using '"H NMR analysis [Preparation of "H NMR sample: Aliquot of the mixture (50 pL) was collected
and diluted with CD3;OD (0.70 mL)]. The mixture was cooled to room temperature and transferred to
the flask with CD3OD. The mixture was concentrated under reduced pressure. The residue was dissolved
in CD3;0OD and concentrated under reduced pressure to provide imidazole 2a (71.8 mg, 0.391 mmol,

97% yield) as a pale-yellow solid.

"H NMR (500 MHz, CD;OD): § 7.47 — 7.52 (m, 1H), 7.53 — 7.57 (m, 2H), 7.70 — 7.82 (m, 2H), 7.94 —
7.96 (m, 0.02H), 9.03 (s, 1H).

BC NMR (126 MHz, CDsOD): § 116.2 (t,J = 30.2 Hz), 126.9, 128.1, 130.7, 131.0, 135.3, 135.9.
HRMS (m/z, ESI): Found: 146.0820. Calculated for CyHsDN»: (M+H)* 146.0823.

3.2. Synthesis of 4-(4-fluorophenyl)-1H-imidazole-1,5-d; deuterochloride (2b) (Scheme 3)

F F
N N
| > 20% DCI (in D,0) B
N 130°C, 33 h N
H w/o purification [9710°  p DClI
94% yield

Prepared using imidazole 1b (65.1 mg, 0.401 mmol) for 33 h by typical procedure A.

Yield: 75.8 mg (0.376 mmol, 94% yield) as a pale-yellow solid.

'HNMR (500 MHz, CD;OD): § 7.28 — 7.31 (m, 2H), 7.79 — 7.83 (m, 2H), 7.91 — 7.95 (m, 0.03H), 9.03
(s, 1H).

3BC NMR (126 MHz, CD;0D): § 116.2 (t, J = 30.2 Hz), 117.6 (d, J = 22.7 Hz), 124.5 (d, J = 3.8 Hz),
129.4 (d, J=8.8 Hz), 134.4, 135.9, 165.0 (d, J = 249 Hz).

HRMS (m/z, ESI): Found: 164.0725. Calculated for CyH;DNF: (M+H)" 164.0729.
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3.3. Synthesis of 4-(4-bromophenyl)-1H-imidazole-1,5-d> deuterochloride (2¢) (Scheme 3)

BI’ Br
N N
| > 20% DCI (in D,0) S
N 130°C, 69 h N
H w/o purification [%6]D" p Dcl
93% vyield

Prepared using imidazole 1¢ (89.0 mg, 0.399 mmol) for 69 h by typical procedure A.

Yield: 97.4 mg (0.371 mmol, 93% yield) as a pale-yellow solid.

'"H NMR (500 MHz, CD;0D): § 7.67 — 7.73 (m, 4H), 7.97 — 8.00 (m, 0.04H), 9.04 (s, 1H).
BCNMR (126 MHz, CDsOD): 6 116.7 (t,J = 30.9 Hz), 124.9, 127.3, 128.7, 133.8, 134.3, 136.2.
HRMS (m/z, ESI): Found: 223.9884. Calculated for CoH;D”BrNa: (M+H)* 223.9928.

3.4. Synthesis of 2-methyl-4-phenyl-1H-imidazole-1,5-d> deuterochloride (2d) (Scheme 3)

| N\>—Me 20% DCI (in D,0) | N\>—'V'e
H w/1338u0r$f:i’czt?on 19810 B bCl
99% yield
Prepared using imidazole 1d (63.6 mg, 0.402 mmol) for 5 h by typical procedure A.
Yield: 78.6 mg (0.398 mmol, 99% yield) as a pale-yellow solid.
'H NMR (500 MHz, DMSO-dg): 8 2.63 (s, 3H), 7.40 (t,J= 7.6 Hz, 1H), 7.49 (dd, J= 7.6, 7.6 Hz, 2H),
7.86 (d, J=17.6 Hz, 2H), 8.00 — 8.04 (m, 0.02H).
BCNMR (126 MHz, DMSO-de): 8 11.9, 114.7 (t,J=29.0 Hz), 125.4, 128.3, 129.0, 129.5, 132.6, 145.4,
HRMS (m/z, ESI): Found: 160.0976. Calculated for CioHoDN,: (M+H)" 160.0980.

3.5. Synthesis of 4-(1H-imidazol-4-yl-1,5-d;)benzen-2,6-d,-amine-d dideuterochloride (2e)

(Scheme 3)
[98] D
H,N DN
N >~ [98]D N
| > 20% DCI (in D,0) B
N 130 °C, 20 h \
w/o purification [29]D" p 2DCl

90% yield

Prepared using imidazole 1e (63.3 mg, 0.398 mmol) for 20 h by typical procedure A.

Yield: 86.0 mg (0.360 mmol, 90% yield) as an orange solid.

"HNMR (500 MHz, DMSO-ds): 8 7.65 — 7.70 (m, 0.02H x 2), 7.85 (s, 2H), 8.09 (d, J= 1.3 Hz, 0.71H),
9.21 —9.24 (m, 1H).
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3C NMR (126 MHz, DMSO-d;): & 114.4, 119.8 — 120.1 (m), 121.6, 126.6, 132.3 — 132.4 (m), 134.4,
139.1.
HRMS (m/z, ESI): Found: 162.0991. Calculated for CoHsD,N3: (M+H)" 162.0995.

3.6. Synthesis of 3-(1H-imidazol-4-yl-1,5-d)pyridine dideuterochloride (2f) (Scheme 3)

N N
] ]
N N N N
| > 20% DCI (in D,0) S
N 130 °C, 20 h 71p” N
w/o purification [7] D 2DCl
99% yield

Prepared using imidazole 1f (58.1 mg, 0.400 mmol) for 20 h by typical procedure A.

Yield: 88.5 mg (0.400 mmol, 99% yield) as an orange solid.

"H NMR (500 MHz, CD;0D): 8 8.16 (dd, J= 8.0, 5.8 Hz, 1H), 8.33 (d, /= 1.3 Hz, 0.93H), 8.87 (d, J=
8.5 Hz, 1H), 8.91 (d, J= 5.5 Hz, 1H), 9.20 (d, /= 1.3 Hz, 1H), 9.32 (d, J= 1.9 Hz, 1H).

BC NMR (126 MHz, CDs0D): § 120.0, 128.6, 128.7, 129.9, 137.9, 142.0, 142.5, 144.7.

HRMS (m/z, ESI): Found: 146.0709. Calculated for CsHsNs: (M+H)* 146.0713.

3.7. Synthesis of 1H-imidazole-1-d deuterochloride (2g) (Scheme 3)

N 01D N
Ly -~ I
20% DCI (in D, N
H 130 °C, 24 h [0jp” p DCl
w/o purification 99% vyield

Prepared using imidazole 1g (27.1 mg, 0.398 mmol) for 24 h by typical procedure A.

Yield: 42.3 mg (0.397 mmol, 99% yield) as a pale-yellow oil.

'H NMR (500 MHz, D,0): § 7.40 (s, 2H), 8.62 (s, 1H).

BC NMR (126 MHz, D,0): § 119.0, 133.4.

All the resonances in 'H and '*C NMR spectra were consistent with those of 1H-imidazole hydrochloride

(1g-HCI).

3.8. Synthesis of 4-methyl-1H-imidazole-1,5-d; deuterochloride (2h) (Scheme 3)

Me N Me N
\[N\> 20% DCI (in D,O) IN\>
° 2 95
130 °C, 44 h [95]D D bcl
w/o purification 96% yield

Prepared using imidazole 1h (33.0 mg, 0.402 mmol) for 44 h by typical procedure A.
Yield: 46.8 mg (0.385 mmol, 96% yield) as a white solid.

"H NMR (500 MHz, CD;0D): & 2.39 (s, 3H), 7.30 (m, 0.05H), 8.79 (s, 1H).

BC NMR (126 MHz, CDs0D): § 9.8, 117.0 (t, J = 30.9 Hz), 131.2, 134.5.
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HRMS (m/z, ESI): Found: 84.0663. Calculated for CsH¢sDN,: (M+H)" 84.0667.

3.9. Synthesis of 4-bromo-1H-imidazole-1,5-d, deuterochloride (2i) (Scheme 3)

Br\[ N\> BrjI N\>

N  20% DCI (in D,0O) 95 N
H 130 °C, 71 h 93107 p Dl
w/o purification 92% yield

Prepared using imidazole 1i (58.5 mg, 0.398 mmol) for 71 h by typical procedure A.
Yield: 68.5 mg (0.367 mmol, 92% yield) as a white solid.

"H NMR (500 MHz, CD;0D): & 7.68 (s, 0.05H), 8.91 (s, 1H).

BC NMR (126 MHz, CDs0D): § 105.9, 120.9 (t, J = 30.9 Hz), 137.2.

HRMS (m/z, ESI): Found: 147.9615. Calculated for C;H;D”’BrNy»: (M+H)™ 147.9615.

3.10. Synthesis of (S5)-1-(4-phenyl-1H-imidazol-2-yl-1,5-d;)ethan-1-amine-d, dideuterochloride
(2j) (Scheme 3)

N NH, N ND,
| H 20% DCI (in D,O) | H
130°C, 23 h N

N\
N [99] D 2DCI
H w/o purification D
99% yield

Prepared using imidazole 1j (75.5 mg, 0.403 mmol) for 23 h by typical procedure A.

Yield: 106 mg (0.398 mmol, 99% yield) as a pale-yellow oil.

'H NMR (500 MHz, D,0): 6 1.81 (d, J = 6.6 Hz, 3H), 5.02 (q, J = 6.6 Hz, 1H), 7.41 — 7.50 (m, 2H),
7.62 (d,J=6.9 Hz, 2H), 7.69 — 7.73 (m, 0.01H).

BCNMR (126 MHz, D,0):  16.0,42.4, 115.9 (t,J=31.8 Hz), 125.9, 126.0, 129.4, 130.1, 134.6, 141.3.
HRMS (m/z, ESI): Found: 172.0978. Calculated for C1HoDNa: (M — NH,)" 172.0980.

LCMS (m/z, ESI): Found: 189.05. Calculated for Ci;Hi3sDN3: (M+H)" 189.12.
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3.11. Synthesis of 4,4'-bis(2-((S)-pyrrolidin-2-yl-1-d)-1H-imidazol-4-yl-1,5-d,)-1,1'-biphenyl
tetradeuterochloride (2k) (Scheme 3)

,/\NH ,/\ND
i, /

I,

HNN DNN

— —

o . o't
D,0
130°C, 28 h
H w/o purification D

S N S
4HCI | )jj 4DCl | hj
NN ogip” N N

88% yield
Prepared using imidazole 1k (229 mg, 0.401 mmol) in D,O (4.0 mL) instead of 20 w/w% DCI (in D,O)
for 28 h by typical procedure A.
Yield: 205 mg (0.353 mmol, 88% yield) as a beige solid.
"HNMR (500 MHz, CD;0D): § 2.20 —2.31 (m, 2H), 2.42 (m, 2H), 2.54 — 2.63 (m, 2H), 2.70 — 2.78 (m,
2H), 3.61 (t,J = 6.6 Hz, 4H), 5.23 (t,J = 8.5 Hz, 2H), 7.90 (d, /= 7.9 Hz, 4H), 7.97 (d, J= 7.9 Hz, 4H),
8.09 — 8.13 (m, 0.02Hx2).
BC NMR (126 MHz, D;0): § 23.9, 28.9, 46.7, 53.1, 116.6 (t, J = 30.2 Hz), 125.9, 126.5, 127.6, 134.7,
139.8, 140.3.
HRMS (m/z, ESI): Found: 427.2564. Calculated for C26H27D2Nes: (M+H)* 427.2574.

3.12. Synthesis of 4-(dimethylbenzyl)-1H-imidazole-1,5-d, deuterochloride (21) (Scheme 3)

[99]D
[99]D
[99]D
| N\> 20% DCI (in D,0) \
130 °C, 25 h B
H HCI  w/o purification N
[46]D° 5 DCI
97% yield

Prepared using imidazole 11 (88.6 mg, 0.398 mmol) for 25 h by typical procedure A.

Yield: 88.4 mg (0.386 mmol, 97% yield) as a pale-yellow oil.

"H NMR (500 MHz, D,0): § 2.03 (s, 3H), 2.15 (s, 3H), 3.95 (s, 2H), 6.93 (s, 0.54H), 6.98 — 7.17 (m,
0.01Hx3), 8.47 (s, 1H).

3BC NMR (126 MHz, D;0): § 14.3, 19.5, 28.5, 115.4 — 115.8 (m), 125.5 (t, J = 24.6 Hz), 127.0 (t, J =
24.0 Hz), 128.7 (t, J=23.9 Hz), 132.6 — 132.86 (m), 132.9, 134.6, 135.4, 137.9.

All the chemical shifts in 'H and '*C NMR spectra were consistent with those of Detomidine

hydrochloride (11).
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4. Exhaustive deuteration of imidazoles under basic conditions

4.1. Synthesis of 4-phenyl-1H-imidazole-1,2,5-d; deuterochloride (3a) (Scheme 2b)

1) 40% NaOD (in D,O) 2) 20% DCI (in D,0)

N (4.2 eq) (2.0 eq) N
\ \
| N> D,0/CD40D = 3:1 CD,0D | N>_ D[99
N 130 °C, 10 h rt, 0.5 h [°7I" p Del
w/o purification 97% yield

A test tube was charged with imidazole 1a (57.8 mg, 0.401 mmol), CD;OD (1.0 mL), D-O (3.0 mL) and
40 w/w% NaOD (in D,0) (0.12 mL, 1.68 mmol). The tube was sealed and heated at 130 °C (bath temp.)
for 10 h. Deuterium incorporation was monitored using 'H NMR analysis [Preparation of 'H NMR
sample: Aliquot of the mixture (25 pL) was collected and diluted with DMSO-ds (0.70 mL)]. The
mixture was cooled to room temperature and neutralized with 20 w/w% DCI (in D,O) (0.30 mL) at 0 °C.
The resulting mixture was extracted four times with EtOAc (4 mL). The combined organic layer was
dried over Na>SQOs, filtered and concentrated under reduced pressure.

The flask including the crude obtained above was charged with CD;OD (2.0 mL). 20 w/w% DCI (in
D,0) (133 uL, 0.798 mmol) was added and the mixture was stirred at room temperature for 0.5 h. The
mixture was transferred to the flask with CD;OD and concentrated under reduced pressure. The residue
was dissolved in CD3;OD and concentrated under reduced pressure to provide imidazole 3a (71.7 mg,

0.388 mmol, 97% yield) as a pale-yellow solid.

"HNMR (500 MHz, CD;0OD): 6 7.49 (t, J= 7.5 Hz, 1H), 7.55 (dd, J=7.7,7.5Hz,2 H), 7.77 (d, J = 7.7
Hz, 2H), 7.95 (s, 0.03H), 9.01 — 9.06 (m, 0.01H).

BC NMR (126 MHz, CD;0D): § 116.1 (t,J= 30.2 Hz), 127.0, 128.1, 130.7, 131.0, 135.3, 135.8 (t, J =
32.8 Hz).

HRMS (m/z, ESI): Found: 147.0884. Calculated for CoH;D,N,: (M+H)" 147.0886.

4.2. Synthesis of 4-(4-fluorophenyl)-1H-imidazole-2,5-d; (3b) (Scheme 4: typical procedure B)

F F
N 40% NaOD (in D,0) (4.2 eq) \
B D,0/CD50D = 3:1 | D199
N 130 °C, 15 h [98] D H
purified by column
88% yield

A test tube was charged with imidazole 1b (65.1 mg, 0.401 mmol), CD;OD (1.0 mL), D>O (3.0 mL) and
40 w/w% NaOD (in D,0) (0.12 mL, 1.68 mmol). The tube was sealed and heatad at 130 °C (bath temp.)
for 15 h. Deuterium incorporation was monitored using 'H NMR analysis [Preparation of 'H NMR
sample: Aliquot of the mixture (30 puL) was collected and diluted with DMSO-ds (0.70 mL)]. The
mixture was cooled to room temperature and neutralized with 20 w/w% DCI (in D,O) (0.30 mL) at 0 °C.

The resulting mixture was extracted four times with EtOAc (4 mL). The combined organic layer was
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dried over Na,SQOs, filtered and concentrated under reduced pressure. The residue was purified by
column chromatography on silica gel (eluent: CHCls/MeOH = 88:12) to provide imidazole 3b (58.1 mg,
0.354 mmol, 88% yield) as a pale-yellow solid.

"H NMR (500 MHz, CDsCN): § 7.12 — 7.16 (m, 2H), 7.39 — 7.41 (m, 0.02H), 7.64 — 7.66 (m, 0.01H),
7.79 — 7.82 (m, 2H).

BC NMR (126 MHz, CD;CN): § 114.4 (t, J=30.2 Hz), 116.6 (d, J = 22.7 Hz), 127.7 (d, J = 7.6 Hz),
132.3 (d, J=2.5 Hz), 137.0 (t, J = 30.2 Hz), 140.0, 163.0 (d, J = 243 Hz).

HRMS (m/z, ESI): Found: 165.0790. Calculated for CoHsD,FN»: (M+H)" 165.0792.

4.3. Synthesis of 4-(1H-imidazol-4-yl-2,5-d)aniline (3e) (Scheme 4)
H,N HaN
40% NaOD (in D,0) (4.2 eq)

N > N
S D,0/CD50D = 3:1 | >—D198]
H 130°C,2h [97]D H
purified by column
57% vyield

Prepared using imidazole 1e (63.7 mg, 0.400 mmol) for 2 h by typical procedure B.

Yield: 36.9 mg (0.229 mmol, 57% yield) as an orange oil.

Eluent: CHCI3/MeOH = 85:15

"HNMR (500 MHz, CD;0D): 6 6.76 (d, J = 7.7 Hz, 2H), 7.21 (s, 0.03H), 7.44 (d, J = 7.7 Hz, 2H), 7.68
(s, 0.02H).

BC NMR (126 MHz, CD;0D): & 115.9 (t, J = 32.2 Hz), 116.8, 124.0, 127.1, 136.1 (t, J = 34.0 Hz),
139.0, 148.2.

HRMS (m/z, ESI): Found: 162.0991. Calculated for CoHsD,N3: (M+H)" 162.0995.

4.4. Synthesis of 3-(1H-imidazol-4-yl-2,5-d;)pyridine (3f) (Scheme 4)

N _N
« | 40%NaOD (inD;0) (42 eq) | N
| > D,0/CD50D = 3:1 | >—D99]
N 130 °C, 17 h 3p” N
purified by column
83% yield

Prepared using imidazole 1f (58.4 mg, 0.402 mmol) for 17 h by procedure B.

Yield: 49.2 mg (0.334 mmol, 83% yield) as an orange oil.

Eluent: CHCI3/MeOH = 89:11

'H NMR (500 MHz, CD;0D): § 7.42 — 7.45 (m, 1H), 7.63 (s, 0.07H), 7.80 — 7.84 (m, 0.01H), 8.16 (dt,
J=17.9, 1.9 Hz, 1H), 8.40 (dd, /= 5.0, 1.6 Hz, 1H), 8.93 (d, /= 1.6 Hz, 1H).

BC NMR (126 MHz, CD;0D): & 116.4 (t, J = 24.0 Hz), 125.5, 131.8, 134.2, 137.3, 137.9 (t, J = 32.1
Hz), 146.7, 148.1.
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HRMS (m/z, ESI): Found: 148.0835. Calculated for CsHsD,N3: (M+H)" 148.0838.

4.5. Synthesis of 4-(2,3-dimethylbenzyl)-1H-imidazole-2,5-d, (31-free) (Scheme 4)

40% NaOD (in D,0) (4.2 eq)

N N
D,O/CD30D = 3:1
N 2 3 N
| N> 130 °C, 4 h | N> D199
H purified by column [97]0" 3

89% yield
Prepared using imidazole 11-free (74.1 mg, 0.398 mmol) for 4 h by typical procedure B.
Yield: 66.5 mg (0.353 mmol, 89% yield) as a pale-yellow solid.
"H NMR (500 MHz, CD;0D): & 2.18 (s, 3H), 2.28 (s, 3H), 3.94 (s, 2H), 6.47 — 6.54 (m, 0.03H), 6.98 —
7.04 (m, 3H), 7.56 — 7.60 (m, 0.01H).
BC NMR (126 MHz, CD;OD): 6 13.9, 19.3, 31.0, 117.0 (m), 125.1, 127.1, 127.9, 134.3 (t, J = 34.7 Hz),
134.4, 136.0, 136.5, 137.3.
All the chemical shifts in 'H and '*C NMR spectra were consistent with those of Detomidine free base

(11-free).

5. Synthesis of C5-deuterated imidazole 3e (C2-H) by C2-reverse deuterium exchange
5.1. Synthesis of 4-(1H-imidazol-4-yl-5-d)aniline (3e (C2-H)) (Scheme 5)

HaN H,N
N - N

| >—D[98] H;O/CH;OH = 1:1 | S>—n
[97]D N 130°C,1h [97]D N
H w/o purification H

98% yield
A test tube was charged with imidazole 3e (27.1 mg, 0.168 mmol), CH3;OH (1.7 mL), and H>O (1.7 mL).
The tube was sealed and heated at 130 °C (bath temp.) for 1 h. After cooling the mixture to room
temperature, the mixture was transferred to the flask with CH3OH and concentrated under reduced

pressure. The residue was dissolved with CH3OH and concentrated under reduced pressure to provide

imidazole 3e (C2-H) (26.3 mg, 0.164 mmol, 98% yield) as a red oil.

'H NMR (500 MHz, CD;0D): 4 6.76 (d, J = 7.9 Hz, 2H), 7.18 — 7.24 (m, 0.03H), 7.44 (d, J= 7.9 Hz,
2H), 7.67 (s, 1H).

BBC NMR (126 MHz, CDsOD): § 116.0 (t,J=29.0 Hz), 116.8, 124.0, 127.1, 136.3, 139.0, 148.2.
HRMS (m/z, ESI): Found: 161.0931. Calculated for CoHyDN3: (M+H)" 161.0932.
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6. Retention of deuterium incorporation in acylation of products

6.1. Synthesis of tert-butyl 4-phenyl-1H-imidazole-1-carboxylate-5-d (2a-Boc) (Scheme 6a:

typical procedure C)
Boc,0 (2.0 eq)
N i-ProNEt (2.0 eq) N
| N\> CH,Cl, | N\>
[98]D" [ DcI 40°C,17h [98]D" B¢
85% yield

A test tube was charged with imidazole 2a (36.7 mg, 0.200 mmol) and CH>Cl; (2.0 mL). i-Pr.NEt (68
uL, 0.400 mmol) and Boc,O (92 uL, 0.400 mmol) were added at 0 °C. The mixture was stirred at 40 °C
for 17 h and then cooled to room temperature. CH>Cl, (15 mL) was added to the mixture and the
resulting solution was washed with 20 w/w% NaCl aq. (15 mL). The organic layer was dried over
Na;S0Os, filtered, and concentrated under reduced pressure. The residue was purified by column
chromatography on silica gel (eluent: Hexane/EtOAc = 82:18) to provide N-Boc imidazole 2a-Boc (41.9
mg, 0.171 mmol, 85% yield) as a pale-yellow solid.

'H NMR (500 MHz, CD;0OD): § 1.68 (s, 9H), 7.31 (t, J = 7.4 Hz, 1H), 7.41 (dd, J = 7.4, 7.4 Hz, 2H),
7.80 (d, J=7.4 Hz, 2H), 7.84 — 7.86 (m, 0.02H), 8.26 (s, 1H).

BC NMR (126 MHz, CD;0D): § 28.2, 87.5, 113.7 (t, J = 30.2 Hz), 126.5, 129.0, 129.9, 134.0, 139.0,
143.8, 148.4.

HRMS (m/z, ESI): Found: 146.0821. Calculated for CyHsDN»: (M — Boc + 2H)" 146.0823.

LCMS (m/z, ESI): Found: 246.05. Calculated for C14HsDN>O»: (M+H)*246.13.

6.2. Synthesis of fert-butyl 4-(4-bromophenyl)-1H-imidazole-1-carboxylate-2,5-d, (3c-Boc)

(Scheme 6b)
Br.

1) 40% NaOD (in D,O) 2) Boc,O (2.0 eq)
(4.2 eq) i-Pr,NEt (2.0 eq)

N > N

| > D,0/cD;0D = 3:1 CH,Cl, | N\>—D[99]
N 130°C, 14 h 40°C, 16 h
) [95]1D Boc
64% yield

A test tube was charged with imidazole 1¢ (89.0 mg, 0.399 mmol), CD;OD (1.0 mL), D>O (3.0 mL),
and 40 w/w% NaOD (in D;0) (0.12 mL, 1.68 mmol). The tube was sealed and heated at 130 °C (bath
temp.) for 14 h. Deuterium incorporation was monitored using '"H NMR analysis [Preparation of 'H
NMR sample: Aliquot of the mixture (25 pL) was collected and diluted with DMSO-ds (0.70 mL)]. The
mixture was cooled to room temperature and neutralized with 20 w/w% DCI (in D,O) (0.30 mL) at 0 °C.
The resulting mixture was extracted four times with EtOAc (4 mL). The combined organic layer was
dried over Na,SOs, filtered, and concentrated under reduced pressure. The crude was passed through a

plug of silica gel with elusion of CHCls/MeOH = 90:10 before it was subjected to the next step.
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The flask containing the crude obtained above was charged with CH,Cl, (4.0 mL) and i-Pr,NEt (136 uL,
0.800 mmol) at 0 °C. Boc,O (184 uL, 0.801 mmol) was added at 0 °C and the mixture was stirred at
40 °C for 16 h. The mixture was cooled to room temperature and CH,Cl, (5 mL) was added to the
mixture. The mixture was washed with 20 w/w% NaCl aq. (10 mL). The organic layer was dried over
Na»S0O; and concentrated under reduced pressure. The residue was purified by column chromatography
on silica gel (eluent: Hexane/EtOAc = 88:12) to provide N-Boc imidazole 3¢c-Boc (83.3 mg, 0.256 mmol,
64% yield) as a white solid.

'HNMR (500 MHz, CD;0D): & 1.68 (s, 9H), 7.56 (d, J = 7.7 Hz, 2H), 7.72 (d, J= 7.7 Hz, 2H), 7.91 (s,
0.05H), 8.26 (s, 0.01H).

BCNMR (126 MHz, CD;0D): § 28.2, 87.6, 114.2 (t,J=30.2 Hz), 122.6, 128.3, 133.0, 133.3, 138.9 (t,
J=32.1 Hz), 142.7, 148.3.

HRMS (m/z, ESI): Found: 268.9884. Calculated for Ci10HsD>""BrN2O,: (M — /Bu + 2H)* 268.9889.
LCMS (m/z, ESI): Found: 324.95. Calculated for Ci4H4D2”BrN,>O,: (M+H)" 325.05.

7. (C2-selective deuteration of imidazoles under neutral conditions

7.1. Synthesis of 4-phenyl-1H-imidazole-1,2-d; deuterochloride (4a) (Scheme 2¢)

D,O/CD5;0D = 1:1

N 130°C, 2 h N
[ then e
N 20% DCI (in D,0) (2.0 eq) b Dcl
t, 0.5 h

o
w/o purification 96% yield

A test tube was charged with imidazole 1a (57.9 mg, 0.399 mmol), CD;OD (2.0 mL), and D>O (2.0 mL).
The tube was sealed and heatad at 130 °C (bath temp.) for 2 h. Deuterium incorporation was monitored
using '"H NMR analysis [Preparation of 'TH NMR sample: Aliquot of the mixture (30 pL) was collected
and diluted with CD;OD (0.70 mL) in the presence of 20 w/w% DCI (in D>O) (30 pL)]. After cooling
the mixture to room temperature, 20 w/w% DCI (in D>O) (133 pL, 0.798 mmol) was added. The mixture
was stirred at room temperature for 0.5 h. The mixture was transferred to the flask with CD;OD and
concentrated under reduced pressure. The residue was dissolved in CDsOD and concentrated under

reduced pressure to provide imidazole 4a (70.7 mg, 0.385 mmol, 96% yield) as a pale-yellow solid.

'HNMR (500 MHz, CD;0D): 6 7.47 —7.52 (m, 1H), 7.53 — 7.58 (m, 2H), 7.77 (d, J= 7.6 Hz, 2H), 7.95
(s, 1H), 9.02 —9.07 (m, 0.01H).

BC NMR (126 MHz, CDsOD): § 116.3, 127.0, 128.1, 130.7, 131.0, 135.4, 135.8 (t,J = 34.0 Hz).
HRMS (m/z, ESI): Found: 146.0823. Calculated for CoHsDN»: (M+H)" 146.0823.
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7.2. Synthesis of 4-(4-fluorophenyl)-1H-imidazole-1,2-d, (4b) (Scheme 7: typical procedure D)

F F
N N

| > D,0/CD;0D = 1:1 | >—D1o9]
N 130°C, 1 h N
H w/o purification D

94% yield
A test tube was charged with imidazole 1b (64.9 mg, 0.400 mmol), CD;OD (2.0 mL), and D,O (2.0 mL).
The tube was sealed and heatad at 130 °C (bath temp.) for 1 h. Deuterium incorporation was monitored
using '"H NMR analysis [Preparation of 'TH NMR sample: Aliquot of the mixture (25 pL) was collected
and diluted with CDsOD (0.70 mL)]. The mixture was cooled to room temperature and transferred to
the flask with CD3OD. The mixture was concentrated under reduced pressure. The residue was dissolved
with CD;OD and concentrated under reduced pressure to provide imidazole 4b (61.5 mg, 0.375 mmol,

94% yield) as a pale-yellow solid.

'H NMR (500 MHz, CDsCN): § 7.11 — 7.16 (m, 2H), 7.41 (s, 1H), 7.64 — 7.68 (m, 0.01H), 7.78 — 7.83
(m, 2H).

BC NMR (126 MHz, CD;CN): § 114.6, 116.6 (d, J=21.4 Hz), 127.7 (d, J= 7.6 Hz), 132.3 (d, /= 2.5
Hz), 137.0 (t, J=31.5 Hz), 140.1, 163.0 (d, J = 243 Hz).

HRMS (m/z, ESI): Found: 164.0728. Calculated for CoH7DFN,: (M+H)" 164.0729.

7.3. Synthesis of 4-(4-bromophenyl)-1H-imidazole-1.2-d; (4¢) (Scheme 7)

Br Br
N N
| > D,0/CD;0D = 1:1 | >—D[99]
N 130 °C, 1 h N

w/o purification
97% vyield

Prepared using imidazole 1¢ (88.9 mg, 0.399 mmol) for 1 h by typical procedure D.

Yield: 86.8 mg (0.386 mmol, 97% yield) as a pale-yellow solid.

"H NMR (500 MHz, CDs0D): § 7.50 (s, 1H), 7.53 (d,J= 7.4 Hz, 2H), 7.65 (d, J= 7.4 Hz, 2 H), 7.79 —
7.81 (m, 0.01H).

BC NMR (126 MHz, CDsOD): § 116.4, 121.5, 127.8, 133.0, 133.8, 137.3 (t, J = 32.1 Hz), 139.2.
HRMS (m/z, ESI): Found: 223.9928. Calculated for CoH;D”’BrNy: (M+H)" 223.9928.
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7.4. Synthesis of 4-(1H-imidazol-4-yl-1,2-d;)aniline-d, (4¢) (Scheme 7)

H,N D,N
N N

| > D,0/CD,0D = 1:1 | >—Dbjog]
N 130°C, 1h N

w/o purification
95% yield

Prepared using imidazole 1e (63.5 mg, 0.399 mmol) for 1 h by typical procedure D.

Yield: 62.2 mg (0.381 mmol, 95% yield) as an orange solid.

"H NMR (500 MHz, CD;0D): § 6.74 — 6.78 (m, 2H), 7.20 (s, 1H), 7.43 — 7.46 (m, 2H), 7.63 — 7.67 (m,
0.02H).

BC NMR (126 MHz, CDsOD): § 114.5, 115.3, 122.7, 125.5, 134.7 (t,J = 31.5 Hz), 137.7, 146.5.
HRMS (m/z, ESI): Found: 161.0930. Calculated for CyHsDN3: (M+H)* 161.0932.

7.5. Synthesis of 3-(1H-imidazol-4-yl-1,2-d;)pyridine (4f) (Scheme 7)
N N

g g

N N
| > D,0/CD;0D = 1:1 | >—DI[98]
N 130°C,1h N
H w/o purification D

91% yield
Prepared using imidazole 1f (58.2 mg, 0.401 mmol) for 1 h by typical procedure D.
Yield: 54.0 mg (0.367 mmol, 91% yield) as an orange solid.
'HNMR (500 MHz, CDs;OD): & 7.44 — 7.49 (m, 1H), 7.64 (s, 1H), 7.81 — 7.84 (m, 0.02H), 8.17 (dt, J =
8.2, 1.9 Hz, 1H), 8.41 (dd, J=4.9, 1.4 Hz, 1H), 8.94 (d, /= 1.6 Hz, 1H).
BCNMR (126 MHz, CD;0D): § 116.5, 125.5,131.9, 134.2, 137.5, 137.9 (t, J=32.1 Hz), 146.7, 148.1.
HRMS (m/z, ESI): Found: 147.0774. Calculated for CsH7DN3: (M+H)" 147.0776.

7.6. Synthesis of 4-methyl-1H-imidazole-1,2-d, (4h) (Scheme 7)
Me Me

N N
Ty T s
N D,0O/CD;0D = 1:1 N
H 130°C, 1 h D
w/o purification 93% yield

Prepared using imidazole 1h (32.9 mg, 0.401 mmol) for 1 h by typical procedure D.
Yield: 31.5 mg (0.374 mmol, 93% yield) as a pale-yellow oil.

'H NMR (500 MHz, CD;0D): § 2.20 (s, 3H), 6.72 (s, 1H), 7.49 — 7.56 (m, 0.01H).
BC NMR (126 MHz, CDsOD): 8 11.7, 118.8, 133.1, 135.5 (t,J = 31.5 Hz).

HRMS (m/z, ESI): Found: 84.0664. Calculated for C4HsDN,: (M+H)" 84.0667.
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7.7. Synthesis of 4-bromo-1H-imidazole-1,2-d, (4i) (Scheme 7)

Br N Br N
\[ > \[ >—DIog]
N  D,0/CD;0D = 1:1 N
H 130 °C, 4 h D
w/o purification 97% yield

Prepared using imidazole 1i (58.6 mg, 0.399 mmol) for 4 h by typical procedure D.
Yield: 57.4 mg (0.385 mmol, 97% yield) as a pale-yellow solid.

"H NMR (500 MHz, CD;0D): & 7.13 (s, 1H), 7.63 (s, 0.02H).

BC NMR (126 MHz, CDsOD): § 114.7, 117.3, 137.1 (t,J = 31.5 Hz).

HRMS (m/z, ESI): Found: 147.9614. Calculated for C;H;D”’BrN»: (M+H)™ 147.9615.

7.8. Synthesis of 4-(2,3-dimethylbenzyl)-1H-imidazole-1,2-d, deuterochloride (41) (Scheme 7)

N D,0/CD,0D = 1:1 N
2 3 -
| D 130 °C, 27 h | d—Dlos
” HCl  wlo purification B DC

89% yield
Prepared using imidazole 11 (89.1 mg, 0.400 mmol) for 27 h by typical procedure D.
Yield: 80.5 mg (0.357 mmol, 89% yield) as a white solid.
"H NMR (500 MHz, D;0): 6 2.07 (s, 3H), 2.19 (s, 3H), 4.00 (s, 2H), 6.95 (s, 1H), 7.01 — 7.05 (m, 1H),
7.05—7.13 (m, 2H), 8.43 — 8.52 (m, 0.02H).
BC NMR (126 MHz, D-0): 6 14.4, 19.6, 28.6, 115.8, 126.0, 127.5, 129.2, 132.8, 132.8 (t,J = 32.8 Hz),
134.8, 135.6, 138.1.
HRMS (m/z, ESI): Found: 82.0508. Calculated for C4H4sDN,: (M — CsHg)* 82.0510.
LCMS (m/z, ESI): Found: 188.10. Calculated for Ci>HsDN»: (M+H)" 188.13.

7.9. Synthesis of 1H-benzo|d]imidazole-1,2-d; (4m) (Scheme 7)

N N
N S>—D[99]
N D,0/CDz0D = 1:1 N

130°C,1h
w/o purification

92% yield

Prepared using imidazole 1m (47.4 mg, 0.401 mmol) for 1 h by typical procedure D.

Yield: 44.3 mg (0.369 mmol, 92% yield) as a white solid.

"H NMR (500 MHz, CD;0D): § 7.24 — 7.28 (m, 2H), 7.62 (dd, J = 6.0, 3.2 Hz, 2H), 8.13 — 8.18 (m,
0.01H).

BC NMR (126 MHz, CD;0D): § 116.4, 123.9, 142.4 (t,J = 31.5 Hz).

HRMS (m/z, ESI): Found: 120.0665. Calculated for C;HsDN»: (M+H)" 120.0667.
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8. Imidazole-selective deuteration of 2-arylimidazoles under basic conditions

8.1. Synthesis of 2-phenyl-1H-imidazole-4,5-d; (5n) (Scheme 8a)

[ >_® 40% NaOD (in D;0) (4.2 eq) - [93] DI :

D,0/CD3;0D = 3:1 [93]D
130°C, 26 h .
purified by column 80% y|e|d

Prepared using imidazole 1n (57.9 mg, 0.402 mmol) for 26 h by typical procedure B.

Yield: 47.2 mg (0.323 mmol, 80% yield) as a pale-yellow solid.

Eluent: CHCI3/MeOH = 95:5

"H NMR (500 MHz, acetone-ds): & 7.14 (s, 0.075Hx2), 7.33 — 7.34 (m, 1H), 7.40 — 7.43 (m, 2H), 7.98
—8.01 (m, 2H).

BC NMR (126 MHz, DMSO-dg): 8 117.7 (m), 124.7, 127.8, 128.7, 129.0 (m), 130.8, 145.4.

HRMS (m/z, ESI): Found: 147.0885. Calculated for CoH;D,N,: (M+H)" 147.0886.

8.2. Synthesis of 2-(1H-imidazol-2-yl-4,5-d,)pyridine (50) (Scheme 8b)

0 >_Q 40% NaOD (in D,0) (42 eq) DI >—Q

D,0/CD;0D = 3:1 [90]D
130 °C, 33 h
purified by column 79% yleld

Prepared using imidazole 10 (58.0 mg, 0.400 mmol) for 33 h by typical procedure B.

Yield: 46.3 mg (0.315 mmol, 79% yield) as a pale-orange solid.

Eluent: CHCI3/MeOH = 89:11

"H NMR (500 MHz, DMSO-ds): & 7.08 (br s, 0.10H), 7.23 (br s, 0.10H), 7.36 (m, 1H), 7.87 — 7.88 (m,
1H), 8.04 (d, J= 7.9 Hz, 1H), 8.60 (m, 1H), 12.78 (br s, 1H).

3C NMR (126 MHz, DMSO-dg): & 118.3 — 118.5 (m), 119.4, 122.9, 129.1 — 129.3 (m), 137.2, 145.5,
148.9, 149.0.

HRMS (m/z, ESI): Found: 148.0837. Calculated for CsHsD,N3: (M+H)" 148.0838.
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9. Synthesis and characterization of unlabeled compounds

9.1. Synthesis of 4-phenyl-1H-imidazole hydrochloride (1a-HCI) (typical procedure E)

N N
| Y 5-10% HCI (in CH30H) D
M 70°C.1h N He
w/o purification .
99% vyield

A test tube was charged with imidazole 1a (57.5 mg, 0.399 mmol) and 5-10% HCl in CH30H (4.0 mL).
The tube was sealed and heated at 70 °C (bath temp.) for 1 h. After cooling the mixture to room
temperature, the mixture was transferred to the flask with CH3OH and concentrated under reduced
pressure to provide imidazole hydrochloride 1a-HCI (71.3 mg, 0.395 mmol, 99% yield) as a pale-yellow
solid.

"HNMR (500 MHz, CD;0D): § 7.47 — 7.52 (m, 1H), 7.53 — 7.57 (m, 2H), 7.74 — 7.80 (m, 2H), 7.95 (d,
J=1.3 Hz, 1H), 9.04 (d, J= 1.3 Hz, 1H).

3C NMR (126 MHz, CD;0OD): § 116.4, 127.0, 128.0, 130.7, 131.0, 135.4, 135.9.

HRMS (m/z, ESI): Found: 145.0759. Calculated for CoHoN,: (M+H)" 145.0760.

9.2. Synthesis of 4-(4-fluorophenyl)-1H-imidazole hydrochloride (1b-HCI)

F F
N N
| ) 5-10% HCI (in CH30H) D
N 70°C,1h N
H w/o purification H HCI
97% yield

Prepared using imidazole 1b (64.0 mg, 0.395 mmol) for 1 h by typical procedure E.

Yield: 76.2 mg (0.384 mmol, 97% yield) as a pale-yellow solid.

"HNMR (500 MHz, CD;0D): § 7.27 — 7.32 (m, 2H), 7.79 — 7.83 (m, 2H), 7.93 (d, J= 1.6 Hz, 1H), 9.05
(d, /J=1.3 Hz, 1H).

BC NMR (126 MHz, CD;0D): § 116.4, 117.6 (d, J = 22.7 Hz), 124.5 (d, J = 3.8 Hz), 129.4 (d, J= 8.8
Hz), 134.5, 136.0, 165.0 (d, J = 249 Hz).

HRMS (m/z, ESI): Found: 163.0664. Calculated for CoHsFN»: (M+H)" 163.0666.
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9.3. Synthesis of 4-(4-bromophenyl)-1H-imidazole hydrochloride (1c-HCI)

Br Br
N N
| \> 5-10% HCI (in CH3;0H) | \>
H 70°C, 1h H HCl

w/o purification
93% yield

Prepared using imidazole 1¢ (88.9 mg, 0.399 mmol) in for 1 h by typical procedure E.

Yield: 96.5 mg (0.372 mmol, 93% yield) as a pale-yellow solid.

"H NMR (500 MHz, CD;0D): 8 7.68 — 7.74 (m, 4H), 8.00 (d, J = 1.3 Hz, 1H), 9.07 (d, J = 1.3 Hz, 1H).
BC NMR (126 MHz, CDsOD): § 116.9, 124.9, 127.2, 128.7, 133.9, 134.3, 136.3.

HRMS (m/z, ESI): Found: 222.9777. Calculated for CoHs””BrN,: (M+H)" 222.9865.

9.4. Synthesis of 2-methyl-4-phenyl-1H-imidazole hydrochloride (1d-HCI)

>

N N

| D>—Me  5.10% HCI (in CH;OH) | D—Me

” 70°C,1h N HC
w/o purification

98% yield
Prepared using imidazole 1d (63.0 mg, 0.398 mmol) for 1 h by typical procedure E.
Yield: 75.8 mg (0.389 mmol, 98% yield) as a pale-yellow solid.
'H NMR (500 MHz, DMSO-dg): 8 2.66 (s, 3H), 7.41 (t,J= 7.6 Hz, 1H), 7.50 (dd, J= 7.6, 7.4 Hz, 2H),
7.89 (d, J=17.6 Hz, 2H), 8.03 (s, 1H), 14.55 — 15.05 (br s, 1H).
BC NMR (126 MHz, DMSO-dg): 8 11.6, 114.8, 125.5, 127.6, 129.3, 129.6, 132.2, 145.5.
HRMS (m/z, ESI): Found: 159.0916. Calculated for CioH;iN2: (M+H)" 159.0917.

9.5. Synthesis of 4-(1H-imidazol-4-yl)aniline dihydrochloride (1e-HCI)
HoN HoN

N N
| > 5-10% HCI (in CH30H) S
70°C, 1h N
w/o purification H 2HCl
91% yield

Ir=z

Prepared using imidazole 1e (64.3 mg, 0.404 mmol) in for 1 h by typical procedure E.

Yield: 85.5 mg (0.368 mmol, 91% yield) as a brown solid.

'H NMR (500 MHz, DMSO-dg): 8 7.43 (d, J = 7.9 Hz, 2H), 7.99 (d, J= 7.9 Hz, 2H), 8.19 (s, 1H), 9.26
(s, 1H).

BC NMR (126 MHz, DMSO-ds): 6 115.5, 122.7, 124.9, 126.7, 131.9, 134.9, 135.0.

HRMS (m/z, ESI): Found: 160.0867. Calculated for CoH;oN3: (M+H)" 160.0869.
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9.6. Characterization data of 1H-imidazole hydrochloride (1g-HCI) (CAS No. 1467-16-9)
N

>
N
H HCI

'H NMR (500 MHz, D,0): & 7.43 (s, 2H), 8.65 (s, 1H).
13C NMR (126 MHz, D,0): & 119.0, 133.4.

9.7. Synthesis of 4-methyl-1H-imidazole hydrochloride (1h-HCI)
Me Me

N N
T o
N 5-10% HCI (in CH;0H) N Hcl
H 70°C, 1h H
w/o purification quant.

Prepared using imidazole 1h (33.7 mg, 0.410 mmol) for 1 h by typical procedure E.
Yield: 54.7 mg (0.461 mmol, quant.) as a white solid.

'H NMR (500 MHz, CD;0D): § 2.39 (s, 3 H), 7.30 (s, 1H), 8.79 (s, 1H).

BC NMR (126 MHz, CDs0D): § 9.76, 117.2, 131.3, 134.5.

HRMS (m/z, ESI): Found: 83.0601. Calculated for C4H7N»: (M+H)" 83.0604.

9.8. Synthesis of 4-bromo-1H-imidazole hydrochloride (1i-HCI)

Br\[ N\> | Br\[ N\>

N 5-10% HCI (in CH30H) N Hcl
H 70°C, 1h H
w/o purification 96% yield

Prepared using imidazole 1i (58.8 mg, 0.400 mmol) in for 1 h by typical procedure E.
Yield: 70.2 mg (0.383 mmol, 96% yield) as a pale-yellow solid.

"H NMR (500 MHz, CD;0D): § 7.72 (s, 1H), 9.00 (s, 1H).

BC NMR (126 MHz, CD;0D):  105.5, 121.3, 137.3.

HRMS (m/z, ESI): Found: 146.9552. Calculated for C;H4""BrN,: (M+H)" 146.9552.

9.9. Synthesis of (5)-1-(4-phenyl-1H-imidazol-2-yl)ethan-1-amine dihydrochloride (1j-HCI)

NH2 NH
5-10% HCI (in CH3OH) >_< 2HCI

70°C,1h
w/o purification

98% yield

Prepared using imidazole 1j (75.2 mg, 0.402 mmol) for 1 h by typical procedure E.

Yield: 103 mg (0.394 mmol, 98% yield) as a yellow oil.

"H NMR (500 MHz, D,0): § 1.83 (d, J = 6.9 Hz, 3H), 5.03 (q, J = 6.9 Hz, 1H), 7.45 — 7.52 (m, 3H),
7.64 (d,J=17.3 Hz,2 H), 7.72 (s, IH).
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BC NMR (126 MHz, D,0): § 16.1, 42.5, 116.2, 126.0, 126.1, 129.4, 130.0, 134.8, 141.5.
HRMS (m/z, ESI): Found: 171.0916. Calculated for C;;H;iN2: (M — NH,)" 171.0917.
LCMS (m/z, ESI): Found: 188.10. Calculated for C;;H;4N3: (M+H)" 188.12.

9.10. Characterization data of 4,4'-bis(2-((S)-pyrrolidin-2-yl)-1H-imidazol-4-yl)-1,1'-biphenyl
tetrahydrochloride (1k) (CAS No. 1009119-83-8)

H
N S
4HCI | )jj

'H NMR (500 MHz, CD;OD): § 2.27 (m, 2H), 2.39 — 2.47 (m, 2H), 2.54 — 2.63 (m, 2H), 2.71 — 2.79 (m,
2H), 3.59 — 3.66 (m, 4H), 5.22 (t, J = 8.7 Hz, 2H), 7.91 (m, 4H), 7.99 (m, 4H), 8.11 (s, 2H).
13C NMR (126 MHz, D:,0): § 23.9, 29.0, 46.7, 53.2, 116.8, 126.2, 126.5, 127.7, 135.0, 140.0, 140.6.

9.11. Characterization data of Detomidine Hydrochloride (11) (CAS No. 90038-01-0)

N
N Hel

'H NMR (500 MHz, D:0): § 2.09 (s, 3H), 2.22 (s, 3H), 4.03 (s, 2H), 6.97 (s, 1H), 7.07 (d, J = 7.6 Hz,
1H), 7.10 (dd, J = 7.6, 7.6 Hz, 1H), 7.15 (d, J = 7.6 Hz, 1H), 8.49 (s, 1H).

13C NMR (126 MHz, D,0): & 14.4, 19.6, 28.6, 115.9, 126.0, 127.5, 129.2, 132.8, 133.0, 134.8, 135.6,
138.1.

9.12. Characterization data of 4-(4-fluorophenyl)-1H-imidazole (1b) (CAS: 65020-70-4)
F

N
D
N
H
'H NMR (500 MHz, CD3CN): 8 7.12 — 7.16 (m, 2H), 7.41 (d, J = 0.95 Hz, 1H), 7.66 (d, J = 0.95 Hz,

1H), 7.79 — 7.82 (m, 2H).
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13C NMR (126 MHz, CD;CN): § 114.7, 116.6 (d, J = 21.4 Hz), 127.7 (d, J = 7.6 Hz), 132.3 (d, J= 3.8
Hz), 137.2, 140.2, 163.0 (d, J = 243 Hz).

9.13. Characterization data of 4-(4-bromophenyl)-1H-imidazole (1¢) (CAS No. 13569-96-5)
Br.

N
D
N
H
'H NMR (500 MHz, CD;OD): § 7.50 (d, J= 1.3 Hz, 1H), 7.53 (d, J = 8.0 Hz, 2H), 7.65 (d, J = 8.0 Hz,
2H), 7.80 (d, J= 1.0 Hz, 1H).

3C NMR (126 MHz, CDsOD): § 116.4, 121.5, 127.8, 133.0, 133.8, 137.5, 139.2.

9.14. Characterization data of 4-(1H-imidazol-4-yl)aniline (1e) (CAS No. 29528-28-7)
H.N

N
>
N
H
'H NMR (500 MHz, CD;OD): § 6.74 — 6.78 (m, 2H), 7.20 (d, J= 1.3 Hz, 1H), 7.42 — 7.46 (m, 2H), 7.65
(d, J=0.95 Hz, 1H).

BC NMR (126 MHz, CD;0D): § 116.2, 116.8, 124.2, 127.1, 136.4, 139.3, 148.1.

9.15. Characterization data of 3-(1H-imidazol-4-yl)pyridine (1f) (CAS No. 51746-85-1)
N
9
N N
>
N
H

'"H NMR (500 MHz, CD;OD): & 7.45 (dd, J = 8.0, 4.9 Hz, 1H), 7.64 (s, 1H), 7.83 (s, 1H), 8.17 (dt, J =
8.0, 1.9 Hz, 1H), 8.40 (dd, J= 4.7, 1.0 Hz, 1H), 8.91 — 8.97 (m, 1H).
13C NMR (126 MHz, CD:OD): 5 116.5, 125.5, 131.9, 134.2, 137.5, 138.1, 146.7, 148.1.

9.16. Characterization data of 4-methyl-1H-imidazole (1h) (CAS No. 822-36-6)
Me N
™
N
H
"H NMR (500 MHz, CD;0D): 6 2.22 (d, J = 0.95 Hz, 3H), 6.74 (s, 1H), 7.54 (d, J= 0.95 Hz, 1H).

BBC NMR (126 MHz, CDsOD): 6 11.7, 118.8, 133.2, 135.7.
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9.17. Characterization data of 4-bromo-1H-imidazole (1i) (CAS No. 2302-25-2)
Br N
R
N
H

'H NMR (500 MHz, CD;OD): & 7.13 (s, 1H), 7.63 (s, 1H).
13C NMR (126 MHz, CD;OD): & 114.6, 117.4, 137.1.

9.18. Characterization data of Detomidine free base (11-free) (CAS No. 76631-46-4)

N
D
N
H
'H NMR (500 MHz, CD;0D): § 2.18 (s, 3H), 2.28 (s, 3H), 3.93 (s, 2H), 6.52 (s, 1H), 6.98 — 7.04 (m,
3H), 7.58 (s, 1H).
B3C NMR (126 MHz, CD;0D): 6 13.9, 19.3,31.1, 117.2, 125.1, 127.1, 127.9, 134.4, 134.5, 136.2, 136.5,

137.3.

9.19. Characterization data of 1H-benzo[d]imidazole (1m) (CAS No. 51-17-2)

Iy

H
'H NMR (500 MHz, CD;OD): § 7.23 — 7.24 (m, 2 H), 7.59 (m, 2H), 8.13 (s, 1H).
13C NMR (126 MHz, CD:OD): 5 116.3, 123.9, 142.6.

9.20. Characterization data of 2-phenyl-1H-imidazole (1n) (CAS No. 670-96-2)
N
[
N
H
"H NMR (500 MHz, acetone-de): & 7.06 — 7.22 (m, 2H), 7.33 (t, J= 7.5 Hz, 1H), 7.42 (d,J= 7.8, 7.5

Hz, 2H), 7.99 (d, J= 7.8 Hz, 2H), 11.29 — 12.31 (br s, 1H).
3C NMR (126 MHz, DMSO-dq): 8 117.6, 124.7,127.9, 128.7, 129.0, 130.9, 145.5.

9.21. Characterization data of 2-(1H-imidazol-2-yl)pyridine (10) (CAS No. 18653-75-3)
EN N=
)
¢\ /
H

"H NMR (500 MHz, DMSO-ds): 5 7.09 (br s, 1H), 7.24 (br s, 1H), 7.36 — 7.37 (m, 1H), 7.87 — 7.88 (m,
1H), 8.05 (d, J= 7.9 Hz, 1H), 8.60 (m, 1H), 12.79 (br s, 1H).
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3C NMR (126 MHz, DMSO-ds): 6 118.7, 119.4, 122.9, 129.5, 137.2, 145.6, 148.9, 149.0.

9.22. Synthesis of zert-butyl 4-phenyl-1H-imidazole-1-carboxylate (1a-Boc)

Boc,0 (2.0 eq)
i-ProNEt (2.0 eq)

N N
\ \

| > CH,Cl, | D
N 40°C 19h N

Boc
88% yield

Prepared using imidazole 1a (43.4 mg, 0.301 mmol) by typical procedure C.

Yield: 65.0 mg (0.266 mmol, 88% yield) as a pale-yellow solid.

Eluent: Hexane/EtOAc = 82:18

"H NMR (500 MHz, CD;OD): & 1.68 (s, 9H), 7.31 (t,J = 7.2 Hz, 1H), 7.41 (dd, J = 7.2, 7.2 Hz, 2H),
7.80 (d,J=17.2 Hz, 2H), 7.84 — 7.87 (m, 1H), 8.23 — 8.27 (m, 1H).

BC NMR (126 MHz, CD;OD): § 28.2, 87.5, 113.9, 126.5, 129.0, 129.9, 134.0, 139.0, 144.0, 148.4.
HRMS (m/z, ESI): Found: 145.0759. Calculated for CoHoN,: (M — Boc + 2H)" 145.0760.

LCMS (m/z, ESI): Found: 245.05. Calculated for C14H7N2O,: (M+H)" 245.13.

9.23. Synthesis of zert-butyl 4-(4-bromophenyl)-1H-imidazole-1-carboxylate (1c-Boc)

Boc,0 (2.0 eq)

L, FPRNEtROED) N
S CH,Cl, N
N 40°C, 16 h Noc
87% yield

Prepared using imidazole 1¢ (89.1 mg, 0.399 mmol) by typical procedure C.

Yield: 112 mg (0.346 mmol, 87% yield) as a white solid.

Eluent: Hexane/EtOAc = 88:12

"H NMR (500 MHz, CD;0D): & 1.68 (s, 9H), 7.55 (d, J = 7.6 Hz, 2H), 7.73 (d, J = 7.6 Hz, 2H), 7.91 (d,
J=1.3 Hz, 1H), 8.26 (d, /= 1.3 Hz, 1H).

BC NMR (126 MHz, CD;OD): § 28.2, 87.6, 114.4, 122.6, 128.3, 133.0, 133.3, 139.2, 142.8, 148.3.
HRMS (m/z, ESI): Found: 266.9762. Calculated for C10Hs”’BrN>O,: (M — /Bu + 2H)" 266.9764.
LCMS (m/z, ESI): Found: 322.95. Calculated for Ci4H;6"”BrN,O,: (M+H)* 323.04.

9.24. Characterization data of 1-methyl-1H-imidazole (1g-Me) (CAS No. 616-47-7)
N
>
N
\

'H NMR (500 MHz, CD;0D): § 3.72 (s, 3H), 6.94 (s, 1H), 7.06 (s, 1H), 7.57 (s, 1H).
BC NMR (126 MHz, CD;0D): § 32.1, 120.4, 127.6, 137.7.
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9.25. Characterization data of 1,5-dimethyl-1H-imidazole (1p) (CAS No. 10447-93-5)
N
Ay
N
\

'H NMR (500 MHz, CD;OD): § 2.21 — 2.23 (m, 3H), 3.61 (s, 3H), 6.69 (s, 1H), 7.52 (s, 1H).
13C NMR (126 MHz, CD;OD): § 7.3, 30.0, 124.7, 128.2, 137.0.

10. Investigation of acid strength for C5-deuteration of 4-phenylimidazole (1a)

To achieve the C5-selective deuteration of 4-phenylimidazole (1a), the effect of acidity was investigated.
The treatment of 1a with superacid TFOD!! instead of DCI (in D,O) promoted concurrent deuteration
of the aromatic ring along with that of C5 position on the imidazole (Scheme Sla and S1b). On the other
hand, the use of TFA-d which is weaker than DCI resulted in no deuteration of C-H bonds on the
imidazole at all (Scheme S1c). To determine the degree of deuteration incorporation onto 1a, products
were converted to DCI salts 2a” and 2a”. These results indicated that the choice of an appropriate acid

is the key for achieving the C5-deuteration of the imidazole as well as the imidazole-selectivity.

\ \ (a)
| > 20% DI (in D,0) | D
N 130 °C, 36 h 9810” N pci
1a w/o purification 2a 97% yield
[89]1D
[89]1D D [89]
1) TFOD (60 eq)  2) 20% DCI (2.0 eq)
130°C,2h CD;0D | \>
rt, 0.5 h [891D N
w/o purification [89]D D DCl
2a' 46% vyield
1) CF3CO,D (60 eq) 2) 20% DCI (2.0 eq)
1a N, (c)
130 °C, 12 h CD0D >
t, 0.5 h H” N Db
w/o purification 2a" 90% vield

Scheme S1. Effect of acidity for C5-deuteration of 1a using a) DCI (in D,0), b) TfOD, c¢) CF;CO:D.
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10.1. Synthesis of 4-(phenyl-ds)-1H-imidazole-1,5-d; deuterochloride (2a’)

[89]D
[89]D D[89]
1) TFOD (60 eq)  2) 20% DCI (2.0 eq)
N
B [89]D N
130°C, 2 h CD50D | D
N [89]D
N rt, 05 h . [89]D N DcCl
w/o purification _ D
46% vyield

A test tube was charged with imidazole 1a (33.1 mg, 0.230 mmol) and TfOD (2.07 g, 13.7 mmol) at
0 °C. The tube was sealed and heated at 130 °C (bath temp.) for 2 h. Deuterium incorporation was
monitored using "H NMR analysis [Preparation of '"H NMR sample: Aliquot of the mixture (15 puL) was
collected and diluted with CD;OD (0.70 mL)]. The mixture was cooled to room temperature and
quenched with DO (2.0 mL), 40 w/w% NaOD (in D,0) (0.70 mL), and 20 w/w% DCI (in D,O) (50 pL)
at 0 °C. The resulting mixture was extracted thrice with EtOAc (10 mL). The combined organic layer
was dried over Na,SOs, filtered, and concentrated under reduced pressure. The resulting mixture was
suspended with CHCI3 (25 mL) and then filtered and concentrated under reduced pressure.

The flask including the crude obtained above was charged with CD;OD (1.1 mL). 20 w/w% DCI (in
D,0) (76 pL, 0.456 mmol) was added and the mixture was stirred at room temperature for 0.5 h. The
mixture was concentrated under reduced pressure. The residue was dissolved in CD;OD and
concentrated under reduced pressure to provide imidazole 2a’ (20.0 mg, 0.106 mmol, 46% yield) as a

brown solid.

"H NMR (500 MHz, CD;0D):  7.37 (s, 0.11H), 7.43 (s, 0.11Hx2), 7.64 (s, 0.11Hx2), 7.82 (d, J= 1.3
Hz, 0.11H), 8.90 (s, 1H).

BC NMR (126 MHz, CD;OD): § 115.9 — 116.4 (m), 126.5 — 126.8 (m), 127.8, 130.2 — 130.8 (m, 2C),
135.2,135.9.

HRMS (m/z, ESI): Found: 151.1135. Calculated for CoH3D¢N»: (M+H)" 151.1137.

10.2. Synthesis of 4-phenyl-1H-imidazole-1-d deuterochloride (2a)

1) CF3CO,D (60 eq) 2)20% DCI (2.0 eq)

N N
X \
| N> 130 °C, 12 h CD3;0D | N>
N t, 0.5 h H™ p DCl
w/o purification 90% yield

A test tube was charged with imidazole 1a (28.7 mg, 0.199 mmol), TFA-d (0.92 mL, 12.0 mmol). The
tube was sealed and heated at 130 °C (bath temp.) for 12 h. Deuterium incorporation was monitored
using '"H NMR analysis [Preparation of "H NMR sample: Aliquot of the mixture (15 pL) was collected
and diluted with CD3OD (0.70 mL)]. The mixture was cooled to room temperature and quenched with
D,0O (2.0 mL), 40 w/w% NaOD (in D,O) (1.0 mL) at 0 °C. The resulting mixture was extracted five
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times with EtOAc (5 mL). The combined organic layer was dried over Na;SO, filtered, and
concentrated under reduced pressure. The resulting mixture was suspended with CHCIs (25 mL) and
then filtered and concentrated under reduced pressure.

The flask including the crude obtained above was charged with CD;OD (1.0 mL). 20 w/w% DCI (in
D,0) (66.8 uL, 0.401 mmol) was added and the mixture was stirred at room temperature for 0.5 h. The
mixture was concentrated under reduced pressure. The residue was dissolved in CD;OD and
concentrated under reduced pressure to provide imidazole 2a” (32.7 mg, 0.180 mmol, 90% yield) as a

brown solid.

'"HNMR (500 MHz, CDs0OD): 8 7.36 — 7.40 (m, 1H), 7.41 — 7.45 (m, 2H), 7.65 (d, J= 7.6 Hz, 2H), 7.83
(d, J=1.3 Hz, 1H), 8.92 (d, /= 1.3 Hz, 1H).

3C NMR (126 MHz, CDs;OD): § 116.4, 127.0, 128.0, 130.7, 131.0, 135.4, 135.9.

HRMS (m/z, ESI): Found: 145.0758. Calculated for CoHoN,: (M+H)" 145.0760.

11. Exhaustive deuteration of parent imidazole (1g)

The reaction of parent imidazole (1g) under basic conditions provided C2-, C4- and C5-deuterated
imidazole 3g of which the deuterium incorporation was determined via N-methylation (Scheme S2).
The deuteration and the derivatization conditions are unoptimized yet.

40% NaOD (in D,0) (4.4 eq)

D,0/CD5;0D = 3:1
N, 130°C, 22 h 621D N
Ly - I Y—DI99]
N then Mel (1.6 eq) 210" N
50°C,5h
1g (0.6 mmol) w/o purification 3g-Me: 23% yield (volatile)
(unoptimized)

Scheme S2. Exhaustive deuteration of parent imidazole (1g).

A test tube was charged with imidazole 1g (41.0 mg, 0.602 mmol), CD;OD (1.5 mL), D>O (4.5 mL) and
40 w/w% NaOD (in D,0) (0.19 mL, 2.66 mmol). The tube was sealed and heated at 130 °C (bath temp.)
for 22 h. After cooling the mixture to 0 °C, Mel (0.06 mL, 0.964 mmol) was added at the same
temperature. The mixture was heated at 50 °C for 5 h. After cooling the mixture to room temperature,
the mixture was diluted with CH,Cl, (12 mL) and 20 w/w% NaCl aq. (10 mL). The organic phase was
collected, and the aqueous phase was extracted twice with CH,Cl, (10 mL). The combined organic
extracts were washed twice with water (20 mL), dried over Na,SQs, filtered, and concentrated under

reduced pressure to provide imidazole 3g-Me (11.6 mg, 0.136 mmol, 23% yield) as a pale-yellow oil.

'"H NMR (500 MHz, CDsOD): & 3.73 (s, 3H), 6.94 (s, 0.38H), 7.06 (s, 0.38H), 7.57 — 7.60 (m, 0.01H).
13C NMR (126 MHz, CD;OD): 5 32.1, 120.3 — 120.4 (m), 127.4 — 127.6 (m), 137.1 — 137.7 (m).
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All the chemical shifts in 'H and '*C NMR spectra were consistent with those of 1-methyl-1H-imidazole
(1g-Me).

12. Evaluation of classical acidic conditions in ref 23

The least reactivity of C2-hydrogen in the imidazole ring under acidic conditions has been suggested by
Cohen et al. in 1979 as ref 23 in manuscript!?. However, their conditions using 1 M DCI (in D>O) seems
not to be complete C5-selectivity and the degree of deuterium incorporation has not been described. We
also tested the use of 1 M DCI (in D,0) for the deuteration of 4-phenylimidazole (1a) at 130 °C for 36
h (Scheme S3), which resulted in inefficient C5-deuteration (19%D at C5) with trace C2-deuteration

(<5%D at C2). In this context, efficient C5-selective deuteration of the imidazoles still remains elusive.

N N
| > 1MDCI(inD,0) (0.1 M) | H>—DI<5]
N 130 °C, 36 h 11910” N pei
1a H w/o purification D c
99% yield

Scheme S3. Deuteration of 4-phenylimidazole (1a) using 1 M DCI (in D,0).

13. Deuteration of N-substituted imidazoles under acid/base conditions

We examined the deuteration of 1,5-dimethyl imidazole (1p) under each condition. As similar to the
results of N-unsubstituted imidazoles, C5- or C2-selective deuteration of N-substituted imidazole 1p
was observed under acidic (Scheme S4a) or neutral conditions (Scheme S4b). In contrast, base-mediated
deuteration of 1p resulted in C2-selective deuteration without labelling C4-hydrogen (Scheme 4c),
which is distinct from the exhaustive deuteration of N-unsubstituted imidazoles under the same
conditions. The mechanism of deuterating N-substituted imidazoles under basic conditions is currently

under investigation.

[96]D | N\>
> a
20% DCI (in D,0) ):N @
130 °C, 56 h \
then neutralized 2p: 81% vyield
"acidic"
N N
)I > . )I >—DI99]
N\ D,0/CD30D = 1:1 N\
130°C,1h _
1p (0.2 mmol) "neutral” 4p: 87% yield
: N
o
40% NaOD (in D,0) (4.2 eq) i Y—pleal
N

D20/CD3OD =3:1
130°C,4h

- . 0, i
"basic” 3p (C4-H): 78% yield

Scheme S4. Deuteration of 1,5-dimethyl imidazole (1p) under acid/base conditions.
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13.1. Synthesis of 1,5-dimethyl-1H-imidazole-4-d (2p)

N 961D,y
P P
N\ 20% DCI (in D,0) N
130 °C, 56 h \
then neutralized 81% yield

w/o purification
A test tube was charged with imidazole 1p (20.4 mg, 0.212 mmol), 20 w/w% DCI (in D,O) (2.1 mL).

The tube was sealed and heated at 130 °C (bath temp.) for 56 h. Deuterium incorporation was monitored
using '"H NMR analysis [Preparation of 'TH NMR sample: Aliquot of the mixture (20 pL) was collected
and diluted with CD;OD (0.70 mL)]. The mixture was cooled to room temperature and neutralized with
40 w/w% NaOD (in D,0) (1.0 mL) at 0 °C. The resulting mixture was diluted with CH>Cl, (13 mL) and
20 w/w% NaCl aq. (10 mL). The organic phase was collected, and the aqueous phase was extracted
thrice with CH>Cl, (8 mL). The combined organic extracts were dried over Na;SOs, filtered, and
concentrated under reduced pressure to provide imidazole 2p (16.6 mg, 0.171 mmol, 81% yield) as a

pale-yellow oil.

'H NMR (500 MHz, CD;OD): § 2.22 (s, 3H), 3.61 (s, 3H), 6.67 — 6.70 (m, 0.04H), 7.51 (s, 1H).
BC NMR (126 MHz, CD;0OD): § 7.3, 30.0, 124.6 (t, J=29.0 Hz), 128.1, 137.0.
All the chemical shifts in 'H and '3*C NMR spectra were consistent with those of 1,5-dimethyl-1H-

imidazole (1p).

13.2. Synthesis of 1,5-dimethyl-1H-imidazole-2-d (4p)

N N
i > . i >—DI99]
N\ D,0/CD40D = 1:1 N\

130°C, 1h o
w/o purification 87% yield

Prepared using imidazole 1p (19.7 mg, 0.205 mmol) for 1 h by typical procedure D.

Yield: 17.4 mg (0.179 mmol, 87% yield) as a pale-yellow oil.

"H NMR (500 MHz, CD;0D): & 2.22 (s, 3H), 3.61 (s, 3H), 6.70 (s, 1H), 7.51 — 7.55 (m, 0.01H).

BC NMR (126 MHz, CD;0D): § 7.4, 30.0, 124.6, 128.2, 136.8 (t, J = 32.2 Hz).

All the chemical shifts in 'H and *C NMR spectra were consistent with those of 1,5-dimethyl-1H-

imidazole (1p).
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13.3. Synthesis of 1,5-dimethyl-1H-imidazole-2-d (3p (C4-H))

N o - N
)I \> 40% NaOD (in D,0) (4.2 eq) . )I \>—D[99]
N\ N\

D,0/CD3;0D = 3:1
130°C,4h
w/o purification

78% vyield

A test tube was charged with imidazole 1p (19.3 mg, 0.201 mmol), CD;OD (0.5 mL), D>O (1.5 mL) and
40 w/w% NaOD (in D,0) (0.06 mL, 0.84 mmol). The tube was sealed and heated at 130 °C (bath temp.)
for 4 h. After cooling the mixture to room temperature, the resulting mixture was extracted four times
with CH>Cl, (3 mL). The combined organic layer was dried over Na,SOs, filtered and concentrated
under reduced pressure to provide imidazole 3p (C4-H) (15.2 mg, 0.156 mmol, 78% yield) as a pale-

yellow oil.

'H NMR (500 MHz, CD;OD): § 2.22 (s, 3H), 3.60 (s, 3H), 6.68 (s, 1H), 7.47 — 7.52 (m, 0.01H).
BC NMR (126 MHz, CD;OD): § 7.3, 29.9, 124.8, 128.1, 136.8 (t,J = 31.5 Hz).
All the chemical shifts in 'H and '3*C NMR spectra were consistent with those of 1,5-dimethyl-1H-

imidazole (1p).
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14. Details of computational study
All calculations were performed with GAMESS 2023 R1 program.l®! Structure optimizations were

conducted at the ®B97X-D/def2-SVP level and free energies of all optimized structures were obtained

at the ®B97X-D/6-31G(df,p) level at 403.15 K in H,O modeled by SMD method."*! For all
calculations, parameters of NRAD and NLEB in the $DFT section were set to 96 and 590, respectively.
To simplify the calculation and the comparison of energies, deuterium was replaced to proton in all
calculations.

Our calculations revealed that the generation of ylide INT6 is not feasible due to the higher energy (AG
at 130 °C: +41.5 kcal/mol from 1a) (Scheme S5, Path A). Alternatively, we speculated another
mechanism to achieve H/D exchange via INT4 and INT5-C2/INT5-C5 in Scheme S5, Path B. First,
the deprotonation of the N-H moiety on the imidazole ring gives anionic species INT4, which is assumed
to be easily generated under basic and thermal conditions since the pK, value of the N-H proton of
simple imidazole is only 14.2. The resulting INT4 has resonance structures bearing a negative charge
on the C2 or C5-position. We suppose that iterative C2- and C5-deuteration of INT4 enable the
exhaustive deuteration of the imidazoles via INT5-C2 and INTS-CS. Our calculation revealed that
relative free energies of proton analogues of INT5-C2 and INTS5-CS were estimated to be +16.0 and
+13.5 kcal/mol from 1a, which means that the generation of INT4 bearing a C2- or C5-negative charge
in an equilibrium would be possible enough.

Compared to basic conditions, it would be difficult to form INT5-C2 and INT5-C5 under neutral
conditions since their anionic precursor INT4 hardly form without a base. Thus we propose the
mechanism of intermediate INT3 for the neutral conditions (Scheme S5, Path C) while the formation of

INT3 was expected to be slightly up-hill process (AG at 130 °C: +30.0 kcal/mol from 1a).

R
neutral N
[INT3] —= I S>—D
N
Path C N
D D D C28C5
R ca D* R NI R | N
\[ D2 = \[9> ———————— \[D>— and \[9> X > :[ »—D
cs N base N D
\ \ D
INT1 D | Path A D D
base || . INT3 INT6
Path B
- & _

A\ 2 RON b RN

_— >< + />

< D~

I />“’IN —H INT5-C2 INT5-C5
H

Scheme S5. Proposed mechanism under basic and neutral conditions.
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Table S1.

1a

Free energies for each structure (deuterium was replaced to proton)

Ph N Ph. K Ph. N PNy PN Ph_RO
IH\> ) IN>- T X, HHIN» GIN»
1a 1a-iso INT3 INT5-C2 INT5-C5 INT6
Free energies at 403.15 K A Guo3.15x from 1a
Compounds
(in Hartree) (in kcal/mol)
la -457.0682038 -
la-iso -457.0676584 +0.3
INT3 -457.0204280 +30.0
INT5-C2 -457.0426669 +16.0
INT5-C5 -457.0467649 +13.5
INT6 -457.0020699 +41.5
Cartesian coordinates for optimized structures
la-iso
0.000000 0.000000 0.000000 C 0.000000 0.000000 0.000000
1.089719 0.000000 0.000000 H 1.089889 0.000000 0.000000
-0.768572  1.056058 0.000000 N -0.724916 1.152027 0.000000
-0.727661 -1.150033 -0.000052 N -0.769677 -1.059107 0.002887
-2.052306 -0.792179 -0.000040 C -2.048941 -0.577183 0.014472
-2.061261 0.587244 -0.000012 C -2.058193 0.802946 0.016536
-0.363887 -2.093075 -0.000095 H -2912366 -1.240925 -0.004315
-2.849095 -1.530330 -0.000092 C -3.153698 1.777799 0.014690
-3.213401 1.506322 -0.000039 C -2.994931 3.058535 -0.536394
-2.993227 2.890258 -0.000054 C -4400128 1.435246 0.561820
-4.533791 1.035122 -0.000018 C -5.454230 2.344379 0.553021
-5.606262 1.924183 -0.000017 C -4.047094 3.972385 -0.532134
-4.066316 3.778367 -0.000028 C -5.281901 3.618734 0.010295
-5.377275 3.300656 0.000014 H -4.534303 0.449244 1.012706
-4.732077 -0.039881 0.000020 H -6.416897 2.058935 0.984112
-6.629171 1.539123 0.000033 H -2.045680 3.341277 -1.000252
-1.962820 3.250899 -0.000045 H -3.903362 4.964324 -0.967463
-3.876859 4.854831 -0.000027 H -6.108126 4.333448 0.009903
-6.218649 3.997989 0.000021 H -0.357303 2.092274 0.055470

T T D - - OO OO0 00T @D o006z 2z T 0

S31



INT3

T T D - - OO OO0 0T D @D a0z Z 0

-3.137824
-1.803233
-3.125353
-1.857630
-0.989697
-3.979746
-1.669603
-1.447154
0.477142
1.165928
1.221783
2.613460
2.559084
3.288438
0.699902
3.176340
0.609785
3.077926
4.380525

INT5-C2

C
N
N
C
C
C
C
C
C
C
C
H
H
H
H

0.000000
1.450081
-0.488583
0.556423
1.780668
3.175431
4.214799
3.479720
4.804794
5.535104
5.833142
2.682305
5.033373
3.957247
6.339565

-0.744383
-0.995439
0.546812
1.074952
0.078184
1.058435
2.081727
-1.878748
0.036273
-1.166081
1.204493
1.171109
-1.200237
-0.032343
2.144305
2.090541
-2.084438
-2.146301
-0.059535

0.000000
0.000000
1.361136
2.087098
1.235031
1.703164
0.763924
3.067814
3.489153
1.186409
2.550275
3.811378
4.554860
-0.295009
0.450471

0.256296
0.332082
-0.175177
-0.348786
-0.018421
-0.347473
-0.710953
0.671692
-0.012217
-0.231277
0.211623
0.211117
-0.218316
0.001204
0.407605
0.389476
-0.437829
-0.390647
0.010604

0.000000

0.000000

0.000000
-0.090053
-0.153400
-0.261196
-0.309635
-0.315968
-0.417799
-0.411163
-0.465490
-0.279371
-0.459948
-0.265652
-0.448431

S32

H
H
H
H

6.870042
-0.444847
-0.323296

0.512146

INT5-C5

oD oD D D =D D OO0 OO0z z A

0.000000

1.093920
-0.690229
-0.699405
-2.066916
-1.938798
-3.043947
-2.763836
-4.378599
-5.416673
-3.801317
-5.129302
-4.613545
-6.453993
-1.718963
-3.575954
-5.943202
-2.609142
-2.609138

INT6

C
N
N
C
C
H
H
C
C
C

0.000000

1.329045
-0.367823
0.689598
1.776742
-1.339389
1.898210
3.207237
4.213677
3.587007

2.880280
-0.558186
-0.514552
3.178755

0.000000
0.000000
1.230092
-1.072758
-0.605760
0.896076
1.864445
3.239205
1.436582
2.366163
4.165294
3.731009
0.369023
2.023628
3.556162
5.234345
4.460190
-0.982004
-0.982012

0.000000
0.000000
1.286663
2.194006
1.320059
1.574203
-0.837850
1.643622
0.667831
2.995906

-0.545183
-0.841353

0.920898
-0.114029

0.000000
0.000000
0.000000
-0.000001
0.000002
0.000004
0.000002
-0.000006
0.000055
0.000046
-0.000010
-0.000017
0.000099
0.000096
-0.000010
-0.000020
-0.000018
-0.884852
0.884854

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000048
-0.000020
-0.000040
0.000160



T T D 2T T OO0

4.929756
5.560338
5.925628
2.794160
5.205470
3.963662
6.326977
6.978997
-0.639279

3.353146
1.029254
2.373050
3.745089
4.409082
-0.396417
0.252644
2.656496
-0.878003

0.000167
-0.000031
-0.000002

0.000307

0.000311
-0.000041
-0.000045
-0.000003

0.000015

S33



15. References

[1] Z. P. Tachrim, N. Kurokawa, Y. Tokoro and M. Hashimoto, Heterocycles, 2020, 101, 357.

[2]Y. Takeuchi, K. L. Kirk and L. A. Cohen, J. Org. Chem., 1979, 44, 4240.

[3] M. W. Schmidt, K. K. Baldridge, J. A. Boatz, S. T. Elbert, M. S. Gordon, J. H. Jensen, S. Koseki, N.
Matsunaga, K. A. Nguyen, S. J. Su, T. L. Windus, M. Dupuis and J. A. Montgomery, J. Comput. Chem.,
1993, 14, 1347.

[4] A. V. Marenich, C. J. Cramer and D. G. Truhlar, J. Phys. Chem. B, 2009, 113, 6378.

S34



16. NMR spectra
°

—9.03

<

—7.556

0.95

0.90

T.IT 776

N
| D

0.85 N
[98]D" p DCI

0.80
0.75
0.70

0.65

7.53

0.60

0.55

749

0.50

045

040
0.35
0.30
0.25
0.20

METHANOL-d4
0.15

0.10

0.05

)

-

o

~

| ITRTE FTRTI RTYR1RTITN [TRTIRTRTI RYTTA FYRTA IYRTI RTIVA IRTTN (TRVURTRTI (RTTA (YRTH (YRTI [RTTN (RTTA (TUVI ROV (RTTAIYRTI CRVRICRTIN [YRTINTYNI CRTTA (RTTA IURY (RTRIRTIN (YYR1NTONI CRUT (TRTINTYNY (RTRY(TRTINVORIRTIN VRTINSV

-~

[
105 100 95 9.0 85

Figure S 1. 'H NMR spectrum of 2a (CD;0D)

6.5 6.0 55 50 45 40 35 30 25 20 15 1.0 Chemical Shift (ppm)

S35



| te

0.13

0.12

0.10

0.09

0.08

0.07

0.05

0.04

0.03

0.02

peaa bbb b b v Lo Do bon s b s Lonns D Do b b benns by Denna b s D Levas b Do baana binaa Ly

190 180 170 160

Figure S 2. *C NMR spectrum of 2a (CD;OD)

150

140

135.90

135.28

130.68

126.94

130.99

128.05

130

116.43
116.19
115,95

120

110

100

S36

90

80

70

60

49.49
49.32
-49.15

-3
-3
I
@
8
2
N
D
0810” N pc
et L e e )
50 40 30 20 Chemical Shift (ppm)



o

w

[=]
—9.03

=

7.81

783 |

7.80 '

—729

~7.31

7.28

38

©
]
(=]
—
105 100 95 9.0 85

Figure S 3. 'H NMR spectrum of 2b (CD;OD)

=g

o3=0.03—
[2.00

75

METHANOL-d4

METHANOL-d4

N
D

[97]D DCI

oz

70

65

6.0

55

S37

40

35

30

25

20

15

1.0 Chemical Shift (ppm)



188y
86'8v|

SL'éy

A4 &

6v'61

8 |

&)
o
N
z7 "zo
o
~
2
98y
99°6¥
r4*pAN"
0L’LL)
9G'vZL
£E'6Z1
ov'62L . m
gL — —C e
86°€9)
96'G9L
w w - ™ o~ - o [=2] (==} M~ [7=} w0 -t ™ o~ -
har » o] S ¥ v p < = = < = < = = =
o o o o o o o o o o o o o o o o

Chemical Shift (ppm)

20

30

40

110 100 90 80 70 60

120

180 170 160 150 140

190

Figure S 4. *C NMR spectrum of 2b (CD;0OD)

S38



| te

A

1.10 4 Br
1.05

—7.71

7.70
Z

1.00 -
0.95 3 ' | \>

gt [9610” N pci
0.85 -
0.80 -
075 =
0.70 =

0.65 -

0.60 - METHANOL-d4
055 - >

0.50 -

—9.04

0.45 <
0.40 -
0.35 -
0.30 -

0.25 =

~7.73

769

7.68

0.20 -

E METHANOL-d4
0.15 <

0.10 =

0.05 -

105 100 95 9.0 85 8.0 75 70 6.5 6.0 55 50 45 40 35 30 25 20 15 1.0 Chemical Shift (ppm)

Figure S 5. 'H NMR spectrum of 2¢ (CD;OD)
S39



| te
.49
R

133.84

0.13 Br

0.12

128.72
49
o

5 9610” N pe

0.10
0.09
0.08
0.07

0.06

0.04

0.03

127.32

136.24
124 87

0.02

0.01

116.97
+116.70
116.48

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 Chemical Shift (ppm)

Figure S 6. °C NMR spectrum of 2¢ (CD;0D)
S40



5

(3]

1
—2.63

N
0.95 - | \>—Me

- [0810” N pci

7.87
—7.85
—7.49

0.35 - DMSO-d6

|
7.50

L
=
b
=

o 291

105 100 95 9.0 85 8.0

Figure S 7. '"H NMR spectrum of 2d (DMSO-ds)

5 70 6.5 6.0 55 50 45 40 35 30 5 20 15 1.0 Chemical Shift (ppm)

S41



o
o DMSO-d6
< &

12054

125.36

N\
0.20 | >_Me

0.19 [98]D DCI

oz

o
]
11.86

129.00

145.37

13264
128.26

40.42

[S)
o
N
114.94
114.72
114.48

0 S SRS A e
180 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 Chemical Shift (ppm)

Figure S 8. *C NMR spectrum of 2d (DMSO-ds)
S42



| te

- (981D
E D,N

12 3
. [98] D N
113 | \>

[2910” N 2pci

—7.85

1.0 4
09 3
0.8
07
06
05

E DMSO-d6
04 3

0.3 3

—9.22

922

—8.09

02

0.1

L A .L l b

83
Tg

0 15 70 6.5 6.0 55 50 45 40 35 30 25 20 15 1.0 Chemical Shift (ppm)

] if

105 100 9.5 9.0 85

Figure S 9. 'H NMR spectrum of 2e (DMSO-dj)

8 s
8.

S43



s B
— P DMSO-d6
0.16 3
0.15
; [98]D
0.14 3 D,oN
0133 [98]1D N
-; LY
0.123
E [2910” N 2pcl
0.1
0.10 3
0.09 3
0.08 3
0073
0.06 3
005 s
3 =
E 3
0.04 3
F .
003 3 3
= 2 T 9
= <
0.02—§ Sa T o
3 2 |l 8|858s S
0.01 3 P T IS 4
E b} ."-"-'-"l
0 3 o N A JJL JL »
10 180 170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20  Chemical Shift (ppm)

Figure S 10. °C NMR spectrum of 2e (DMSO-ds)

S44



83

I

16 3

15 N
E —

14 N /

E N
- D

[71ID” § 2Dcl

12 3

11 —g METHANOL-d4

1.0 3

pd

09 4
08 4
07
06

g3 83
05 3 Ld 7

04 4

r9.32
—9.32

0.3 3

7818
8,16
8.15

02

0.1 4

| JL A

105 100 95 9.0 85 8.0 75 70 6.5 6.0 55 5.0 45 40 35 30 25 20 15 1.0 Chemical Shift (ppm)

Figure S 11. '"H NMR spectrum of 2f (CD;OD)

S45



| te

2808 49.32

0.95

\

0.90
0.85
0.80 N
[7]ID" 5 2Dcl
0.75

0.70
0.65
0.60

0.55

0.50

-48 .81

045

0.40

49.50

035

0.30

025

0.20

-49.66
48.64

0.15

0.10

142.01
-137.94
128.63

0.05

129.85
120,02
-49.78

144.69
= 14250

JIERTAIARTA IRTRU (TR INNTRINNTRA [RTRU (TRU IRTRA (RTRU (RVRINRTHIRRTRINTRRIRVRTA RTUVARTUTH (RRTUIRUTA (RTRU (RTRUIRUTH (RUTA(RUTA[RUTH [RTRUIRTRA [RTRIRATRINNTRIRTRRI RTRRINTRTE RTRTA (T (RUTA (RUTARTRT RTRTUATATARTATA (RUTH

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 Chemical Shift (ppm)

Figure S 12. *C NMR spectrum of 2f (CD;0D)

S46



| te

ponnbeen b b b b b B B b B B b b b b b b b B b b e b b b b b b e b b oo ool b

15 [01D

N\
I
[0jp” N Dcl
13

12

11

7.40

10
DEUTERIUM OXIDE

09

08

07

06

05

8.62

04

03

02

0.1

-

—
C—
T
—_——

8 S
L )
8.

105 100 95 9.0 5 8.0 75 70 6.5 6.0 55 50 45 40 35 30 25 20 15 1.0 Chemical Shift (ppm)

Figure S 13. 'H NMR spectrum of 2g (D,O)
S47



[O]D

=
o,
118.95

N
D

[0]D B DCI

0.90
0.85
0.80
0.75
0.70
0.65

0.60

0.50
045
0.40
0.35
0.30

0.25

133.39

0.20
0.15
0.10
0.05

0 o A M A AP A RSN 4 It s WO AN WA

L N L L L L L L L L L L L L L L L L L N R N RN RN R RN R RN RRRRR R RRY |

190 180 170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20  Chemical Shift (ppm)
Figure S 14. °C NMR spectrum of 2g (D-0)

S48



| te

ITRA R AR RRRT R RTA PR TR AN ERIRRRRI R NN IR ARA FRRRU FERRA AR TRARTARA RN TRA FRRTAARTRE RRRRE FARRI AR ANIARARURTRN (ARRAARTRARRTRU FUTRA ARRTAANUTE RURTU IERRIANANINT]

13

12

950" 5 bl

i3

—2.39

10

09

08

07

06

05
04
03 5
|
0.2 =
01
: JL J
T
0 A XA K. J L

.05

[1.00

“3[3.00

105 100 g5 9.0 85 8.0 75 7.0 6.5 6.0 55 50 45 40 35 30 2.

Figure S 15. 'H NMR spectrum of 2h (CD;OD)

20 1.5 1.0 Chemical Shift (ppm)

S49



= BHLBS
B g¥eeee

0.18 Me N

D

[9510” N pci

49,
48.64

o
[}
9.76

o
b3
134.47

131.20

117.21
116.95
116.72

L L L L L N L B L L R N L N R R L RN RN R RN NN R L R E RN RN RN LR R R RN R AR R RE)

190 180 170 160 150 140 130 120 110 100 % 8 70 60 50 40 30 20  Chemical Shift (opm)
Figure S 16. °C NMR spectrum of 2h (CD;OD)

S50



| te

IR IRERIERERIRR RN R RN SRR SRR NI ARRTERRRTA R TRA AR TRA ATR A RTARA NP RU RRTRA FRTRA YRR IR ANA IRURIRRRRINERTH AR RTU ARANIARERINNRNINRRTE ARRTU ARTRA ARTRARTARE LAY

13
Br. N
T

[9510” N bc

12

11

—8.91

10

09

08
METHANOL-d4

07

06

METHANOL-d4

05

04

03

02

0.1

——7.68

L

8

N

105 100 95 9.0 85 80 75 70 6.5 6.0 55 50 45 40 35 30 25 20 5 1.0 Chemical Shift (ppm)

Figure S 17. 'H NMR spectrum of 2i (CD;OD)

.05

S51



| te
49.49
49.32
49.15

4864 48.80

0.16

9.66

4

0.15
Br. N
D

[9510” N bc

0.14

0.13

0.12

0.10

0.09

0.08

0.07

0.06

0.05

0.04

137.20

0.03

105.87

0.02

0.01

121.16
12067

pee < —120.92

ponloons Deves bl bowaabonaabon o bowanbonn e bownaboanabonn Do bonaabonn Bownobon o bona bonna benn s benabean s b s b b B s b s b B v Lo Lisa |

190 180 170 160 150 140 130

Figure S 18. 1*C NMR spectrum of 2i (CD;OD)

-t
[
o

110 100 90 80 70 60 50 40 30 20 Chemical Shift (ppm)

S52



| te

DEUTERIUM OXIDE

o
©
o

N  ND,
\

910" N 2DCI

0.50
045
0.40

0.35

761

747

745

7.62

0.15

5.02
5.01

743
741
5.04
f 5.00
-

0.10

0.05

| FPETYFRTTE FTRTI FRTTY FTTR  RYITA (YR PRTTA IRTI [RTTI RTRTI (RTTI RTYRI (YRTA IYYRI (YRTI RTYRI (TRTIRTITA RTTINTITA (YRTIRTYRY [YUTI (RYTH (YRTICRYTA (TRTNYITA FYTRYCRTTN (YRTI CRYTI RN TIPRTYI RTTRI (RUTA (AR ITRTIUARICORTINAITA

=0.01~_

~ 3200
n3[C3.04

8
g

C1.01

105 100 95 9.0 85 8.0

Figure S 19. 'H NMR spectrum of 2j (D-0)

70 6.5 6.0 55

o
o

45 40 35 30 25 20 15 1.0 Chemical Shift (ppm)

S53



| te

0.95
0.90
0.85
0.80
0.75
0.70
0.65

0.60

0.50
045
0.40
0.35
0.30
0.25
0.20
0.15
0.10

0.05

190 180 170 160

Figure S 20. °C NMR spectrum of 2j (D,0O)

129.43
126.00

130.06

42.39

125.89

141.33

134.56

116.92

116.18
115.68

R ST P T A

[99]1D

—16.04

20

N ND,
| \>_<
B 2DClI

M

Chemical Shift (ppm)



ot
@©
=}

e
9
o

e
b}
o

=
@
o

o
@
=]

e
n
5

e
'
(4]

S
s
=]

=
w
(4]

o
w
=}

S
N
o

S
[N}
=]

e
_.
o

0.05

—7.97
-7.90

~7.98
7.89

—523

524
521

METHANOL-d4

METHANOL-d4

4DCl | ) j

—3.62

-3.63
360

-

o
(5.
o
| ITRTIETTTA [TRTA [TTRY PRTTI R TIIRTTA (TTRY RTTR1ITRTIRTOTA [RTTI RN ITRTA (ORTIPRTTA [RTIRTITU YRTA (VNI CRTTI RTUTIIRTTA (ORI RTIRI CTRTIRTONI (RTYI RTYRINTITA [RTI (TN (TRTUNTORY [YRTA IYRI(RTTI RTRTI RYUTA (YRTI RTIRA (TUV1)

105 100 9.5 9.0 85

Figure S 21. 'H NMR spectrum of 2k (CD;0D)

65

6.0

55

S55

50

15 1.0 Chemical Shift (ppm)



| te

1.10

1.05

126.50

1.00

127.56

0.95

0.90

0.85

0.80

0.75

46.72
28.93

0.65

0.60

045

0.40

o
w
=]
140.34
139.77

134.70
125.87

116.85

116.77
116.59

116.37

0 . A s i AN AP

190 180 170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20  Chemical Shift (opm)
Figure S 22. °C NMR spectrum of 2k (D,0)

S56



0.90 :
0.85 :
0.80 :
0.75 :
0.70 :
0.65 :
0.60 )
0.55 E
0.50
045 :
0.40 :
035 :

0.30 -

—847

0.25:
0.20:
0.15:
0.10:

0.05 -

—2.18
~203

DEUTERIUM OXIDE

—3.95

[99]D
[99]D

[99]D

8
[
105 100 95 9.0 85 8.0 5

Figure S 23. 'H NMR spectrum of 21 (D,0)

—————— 63

6.5

6.0

b5

S57

50

=1.98
=3.00

45 40 35 30 25 2

o

=3.00—

15

1.0 Chemical Shift (ppm)



[99]D

[99]D

€561

DCI

>

[46]D

or'8z—

8611
18GLL— K91
STSTL
SY'SZL
yLZEL LCRT SN
9@|ZEL PO LZ1 e
06'ZEL 65'Z€L- 89'8TL-
85 ¥EL-
6£°GEL
98 /€1

L L L L L L L L L L) L L L LR L L LR L L LN LU LU L LR LA LR LU LR LU AL LI L LN LU LU LLLLS LAY LLLR AL LRI LU LA LAY LA LA RAL WAL LAY L) L

8} |

v

o
i
-

[re]
S

-

=}
S

-

v QW O N O W o
N @ @ &9 = &= © @
o ©o ©o o o o o o

0
o]
o

Qo W 9O w o W
LI m o N
o o o o o o

[=] w o w0
N - patd S
o o (=} o

(=]

T

Chemical Shift (ppm)

30 20

40

70 60

80

180 170 160 150 140 130 120 110 100

190
Figure S 24. °C NMR spectrum of 21 (D,O)

S58



1104

1.05

=

o

' —7.76
—7.55

=]
©
]

A
417 4

N
0.90 - ‘ | \>—D [99]
0.5 97]p” N

D DCI

7.53

749

METHANOL-d4

| .

-

=
105 10.0 95 9.0 85

Figure S 25. 'H NMR spectrum of 3a (CD;0OD)

65 6.0 55 50 45 40 35 30 25 20 15 1.0  Chemical Shift (ppm)

S59



| te
49.66
49.49
149.32
48.98
48.81

130.68
126.96

-49.15

0.110

0.105

0.100

0.095

0.090

0.085

0.080

0.075

0.070

0.065

0.060

0.055

0.050

0.045

0.040

0.035

0.030

0.025

0.020

0.015

0.010

0.005

192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 Chemical Shift (ppm)

Figure S 26. 1°C NMR spectrum of 3a (CD;0D)
S60



o
o
—7.14

N
0.5 | >—DJ9g]
0.0 [98] D

Iz

S
[=2]
=]
r7.82
| 781
—7.80
“7.79
7.15
-7.12

0.35 = ACETONITRILE-d3
0.30

o
o
~7.83
7.79
-7.16
7.1

L .

:

o : J

=0.02
2.00

835
br
105 100 95 90 85 80 T

Figure S 27. 'H NMR spectrum of 3b (CD;CN)

n
ey
o

6.5 6.0 55 50 45 40 35 30 25 20 15 10  Chemical Shift (ppm)

S61



o'} .
4 82'L
691
681
202
6L'C
o
2
H
7 tzT
(]
o
o,
L
£TYLL
WLl
) SOl
0S'9LL
89°0L 1= ]
SLLT)
82'2EL
ZLoEL
9695} e
1 -
000l
2029
S6'E9L —_—
P T T T T e b
™ o~ - o [*2] @ ~ [7=} w - ™ o~ -~
8 | b - - - S S =) S = =) = = = o
[=] o (=] o (=] o o [=] o o (=] o o

16 Chemical Shift (ppm)

136 128 120 112 104 96 88 80 72 64 56 48 40 32 24

144

184 176 168 160

192

Figure S 28. 1°C NMR spectrum of 3b (CD;CN)

S62



| te

ETE TR FTR A R RTA FTR A ATRN A FRRT RRTRA RTR U FERTH FRTRA ATRRIANTRARRTRARTARI RURTH RN TRA NTRNIRRTAARTRA ATARIRNRTHRRTRU RTRR1 FURTUARTRA INARINRATE RRTRU FRRT1N)

N
| H>—bI98]
N

9710”"

09

—6.77
6.75

08

745 5 43

07

METHANOL-d4

06
05
04
03
02

0.1

——721

8 4 A »

8
U

=0.02
o 12.00
=0.03

105 100 95 9.0 85 80 il

Figure S 29. 'H NMR spectrum of 3e (CD;0OD)

70 6.5 6.0 85 50 45 40 35 30 25 20 15 10 Chemical Shift (ppm)

S63



0.085
0.080
0.075

0.070

0.055
0.050
0.045
0.040
0.035
0.030
0.025
0.020
0.015
0.010

0.005

Figure S 30.

148.18

192 184 176 168 160 152

3C NMR spectrum of 3e (CD;0OD)

144

138.98

136.14
135.88

136

127.07

128

123.99

120

116.82

116.16

115.86

11565

96

S64

88

80

72

64

49.66

49.50

0
[=2]

49.32

|-49.15
"-48.98

48

48.64

48.81

40

32

24

16 Chemical Shift (ppm)



e 1
33
2 3
g =
3 N
e —
13 4
3 AN ’ N
3 \
12 3 | H>—DI99]
[93p” N
11 3
E P
3 o
10 2
0.9 3
3 Do
08 oo
E © |
07 3
E ©
E w?
06 3 i
—; "?.EES;N
3 Ll ~ =
05 L
3 =
3 o
04 3 METHANOL-d4
03 3
_.‘. (32}
3 @ METHANOL-d4
02 3 ‘\
01 3
3 &
: )
) 3 J L
3 58 5538
g 0o T7o
105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 Chemical Shift(ppm)

Figure S 31. 'H NMR spectrum of 3f (CD;0OD)
S65



16 Chemical Shift (ppm)

40 32 24

48

136 128 120 112 104 88 80 72
S66

144

184 176 168 160

192

)
o,
LD/
z7 zT
— (=]
=z )
\ ) o
86'8v-, Ll e —
S1Lep 90 6v
AN
BY'6Y
vL'oLL
€0l
25911
055z}
el
8LYEL
62 LE}
6G"LE L[
S8 LE}
01'8EL
L0'8v} cLon
N ——————————
a1 v < A & & & 8 e 8 o
o =] e =] o o o o

Figure S 32. *C NMR spectrum of 3f (CD;0D)



| te

2% 51

0.95

N
\
METHANOL-d4 | N>_D[99]
,’ =] [9710"

3
|

0.65
0.60
0.55
0.50
045
0.40
0.35

0.30

. e

7.03

| S

| TRTI TR TA [YRTIRTRTI RTRTIRTRTINTTRRYRTIRTINI (TR TNTINT [RTRI(RTR1 FRTRIRTTN [YRR1IRTTA [YRTA (TN CRTTUITRTIRRTTN [TAVI RYRTA IYRTIRVRTIRTYRI NYRTI VORI [RRTI RTYR1FRTRIIRTRI LRI (RTTA RTYRI (RTTH RTTA (RTTA (TTA (TRTAIATIA

=3,00~—_%
=2.99—

105 100 95 9.0 85 8.0

Figure S 33. 'H NMR spectrum of 31-free (CD;0D)

5 70 6.5 6.0 55 50 45 4. 35 30 25 20 15 1.0 Chemical Shift (ppm)

S67



0.09

0.08

0.07

0.06

0.05

0.04

0.03

0.02

0.01

136.49

137.33

12713 127.87

125.09

134.40

134.25
133.99

117.00

47.94
4776
|-47.60

4743

48.10

47.09

47.26

31.00

19.27

[9

13.86

N
| D—bI99]
70" N

0 L o o

A

s

e " - o

"

L

L R N L L R L I N L N L B N L N N L L N N R R N RN RN RN N R RN E RN RR RN R R

180 170 160 150

Figure S 34. *C NMR spectrum of 3l-free (CD;0D)

140

130

120

110

S68

Chemical Shift (ppm)



| te

0.95

0.90

085

0.80

0.75

0.70

0.65

0.60

0.55

0.50

045

0.40

0.35

0.30

0.25

167
7.45
744

0.20

0.15

0.10

0.05

AL

—8.77—

6.75

METHANOL-d4

N
| D—H

9710”7 N

METHANOL-d4

| IYRTY FRTT FEYTURTTR (YR TY YYRYCRTTA [YRTIRYITN IYRTH (YYRYCRYTIRTATI VYA IYRTIRTTRIIYRTI RYRTI (UTTA (TYR1CRTR1IYRTI NYOTY FRTTU (YT RTTA IYRTI CRTTY (RTTI RTYRTITRTA IYRTI FRTTU (YRTI RTIRI (YRTY (ITR1(RTTIRTTRUNTITA (ORTIOUNI |

1,01

8
g
105 100 95 9.0 85 8.0 75

Figure S 35. 'H NMR spectrum of 3e (C2-H) (CD;0D)

=0.03

70

O

6.5 6.0

55 50 45 4.0 35 30 25 20 15 1.0 Chemical Shift (ppm)

S69



e qe8
- @ee
< Y-
o
=
E 3
E 2
0.45
E 8 HsN
. & 3
0.40 5 = ©
E N
] | >—H
035 [97]D N
. H
0.30
0.25
0.20
] 8
; 4 b
b <
0.15
- s ]
] = p- ¢
0.10 H § 8
] 8 2
A ™
N
0.05 -
] d D n
N
3 2 P
. 1 k
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 Chemical Shift (ppm)

Figure S 36. *C NMR spectrum of 3e (C2-H) (CD;OD)
S70



| te
—1.68

0.95
0.90
0.85 N

D

N
[98]D"  Boc

0.80
0.75
0.70
0.65
0.60
0.55
0.50
045
0.40
0.35
0.30
0.20

0.15

0.10

METHANOL-d4
l .

g
i

6.5 6.0 b5 50 45 40 25 30 25 20 15 1.0 Chemical Shift (ppm)

0.05

[ FTTRIRTTRI (R TTA [N TTA [TRTIRTRTIRTR1ATRTIRTTRI (TR1 CRTTA IYRTA FYRTIRTYRI RITRIRTYRI RTYR1CRTTA PRTTA [YRTIRTATI RTTR1PRRTIRTTRI (RTRI (RTTA (RTTA [RTIRTATI RTYR1 (RUTIRVINY FRTRU (RTTA(RTH (TRTI RTTR1NTORI IR TRI RTIRI (RUTA (OTA

105 100 95 9.0 85

Figure S 37. 'H NMR spectrum of 2a-Boc (CD;0D)

S71



(&)
IN_0
Zz” "zm
(] 1
©
2
3
. 1
81'82
Lg'8y ;
86'8F 1 e 3
S16v | 99 67
ze 6y
05'6%
1528
oreil §
ZLELL
96'Ehl
15'9Z1 :
06621 L. —4
Z0vEL —
L6'8EL 1
13—
988yl ——
8
.
8| v & & & = 2 8 o
o o o [=] o o

Chemical Shift (ppm)

30 20

40

70 60

80

180 170 160 150 140 130 120 110 100
Figure S 38. 1°C NMR spectrum of 2a-Boc (CD;OD)

190

S72



| te
—1.68

0.95
0.90 Br
0.85

0.80

N
| Y—b[og]
N

Boc

075 [95]D
0.70
0.65
0.60
0.55
0.50
045
0.40
METHANOL-d4
035
0.30
0.25

0.20

015 N METHANOL-d4
R
0.10 il I Y
0.05 >
T |
, . J

[ ETETIFRTTA IYTRI RTIVA YR TI [RTRI FYRTIRTTTY (YY1 ATIT (TRVIPRTRY [YRTI RYUTA (RTTI RTTTA (YRTH [IYR1ITRTIRTYRI CRYTIRTTRI (TRTA IYTRICTRTIRTORY (RTTITIRI (TN YTR1ITRTH (TRTIPRTTIRTRTI(RTTA [TTR1RTITA (TRVI FRYTIAYRTI (RUTANOOI

5 8
g g8
7

5 70 65 6.0 55 50 45 40 35 30 25 20 15 1.0  Chemical Shift (ppm)

8
i)

=001
=005

105 100 95 90 85 80
Figure S 39. 'H NMR spectrum of 3¢-Boc (CD;0D)

S73



| Y—b[o9]

o
O
Z Zm
(]
)
2
S
o
81’82
188y Lk —————
86'8Y | 99'6¥ ]
SL6Y-| !
2E6¥
0S'6¥
29'.8
S6'ELL
6L 7L
LEVLL
65221
9z'8zh
20€EL— -
6ZEEr 29850
€68CL- 4
81'6€EL
99'Zrl
9zsvl— ——
L e et e
[~ @ ~ w uw - ™ o~ - o [*2] =] ~ ©o w < ™ o~ -
9l Vv - - = = = = = = = = © 6 &8 © e o 8 & o o
o o [=] o (=] [ -] (=] (=] [=] [=] o o o o o o o [=] [=]

16 Chemical Shift (ppm)

184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24

192

Figure S 40. °C NMR spectrum of 3¢-Boc (CD;0OD)

S74



| te
—7.95

095

0.90

0.85

0.80

075

0.70

—7.76
—7.55

0.65

~1.77

0.60
0.55

METHANOL-d4

0.50

-7.54

7.78

045

0.40

7.50

0.35

0.30
025
0.20

0.10

0.05

| PRTTURYYRI RTTTN FTRTI FTRITRTI RTTA CRTTURTORY (YRTA (TRTIPRTN (YRTI RTITN IYATURTIRY (YRTIRTRTE IRTTN YYRT (TRTAIYRTI CRYTA [TRTINYITM (YRTIRTYR1ITRTI RTRTI [RTA VNI RTTA [TRTIRTRUITRTI RTVTA (YRVA(OTRY (RUTIRTRTICRTTM (YOR1

L]

2.00

~ 1.9
1.0

o
i
9.0

©3r0.99

105 100 95

Figure S 41. 'H NMR spectrum of 4a (CD;OD)

85 8 5 70 65 6.0 55 50 45 40 35 30 25 20 15 10 Chemical Shift (ppm)

S75



bbb b s b b b b b b b b b s e |

136.03
135.75

135.36

|
pot

- —130.68
—126.95

131.01

128.05

_—

116.32

49.15

49.32

48.81

49.49

-49.66

o
-t
wm
pe vl bbb b b B b b b e b D il

192 184 176 168 160 152
Figure S 42. °C NMR spectrum of 4a (CD;OD)

144

136

128

120

112

104

96

S76

88

80

72

64

56

48

40

32

24

16 Chemical Shift (ppm)



| te
—741

0.95

—7.14

0.90

0.85

N

| >—DIeg]
N
D

7.81

-7.79
~7.15
7.12

7.82

ACETONITRILE-d3

7.83
7.79
7.16
AR

C
(

| FTYR1 FETTI RTITA CRTTA IR (TRTI RTYRI CRTTY RTYNY CRTTA (YYRU CRTTH CYRTICRTTIRTATI RTITN (TTRURTITN (TRTIFRTHY (TRTI RTITN [RTIRTYNY (YRTICRTHY[RTI RTTTA [RTVYRTYRY (TR (VNI LRTTI RTRTI [RTTA [TRIRTATA [TRIIRTTI RTRTI(RTTA (OTR1

02.01
=0.01

105 10.0 95 9.0 85 80 T

Figure S 43. 'H NMR spectrum of 4b (CD;CN)

7.0 6.5 6.0 55 50 45 40 35 30 25 20 15 1.0  Chemical Shift (ppm)

S77



ACETONITRILE-d3
ACETONITRILE-d3

N

| S>—DI9g]
N
D

e 8
Re 2¢
S =7
w0
2y © i
3 *Q3IRA 2.
_ b 55589 X Rg3Ig:
E | o [ i B
s | i 1 B -

192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 Chemical Shift (ppm)

Figure S 44. *C NMR spectrum of 4b (CD;CN)

S78



| te
—7.50

Br
0.95

0.90

0.85

764
7.54

N
\
Lo
0.80 D

0.75

0.70

0.65

7.66

0.55
0.50
045
0.40
0.35
0.30
0.25
0.20
0.15

0.10

0.05

| ITRTYRTTR TR T RTITA (RTTIRTYRI (YRTA [YTR1 CRTTIRTRTI CRYTA [YTRI RYTTA (YRTI CRTRTITRTI RTITU IRTTI RTYR1IRTI RTTR1 (RTTIRTYR1 (RVTA [YYR1 CRUTA [YUTI CRTTA [YRTI RTTTA [TRTIRTTRTTRTI RTRIIRTTI RTYRTITRTA (IR IRTTI ATATIIRTTA OONA

|

=0.01—_}
=1.01

—2.01

105 10.0 95 9.0 85 80 7.

Figure S 45. 'H NMR spectrum of 4¢ (CD;OD)

(&)

70 65 6.0 55 50 45 40 35 30 25 20 15 10  Chemical Shift (ppm)

S79



| te
4949

1 49.32
149.15

|-48.98
48.80

A

0.19

—132.94

127.77

0.18
017 Br

0.16

49.66
48

N
| >—b[99]

N

0.14 D

0.13

0.12

0.10
0.09
0.08
0.07

0.06

0.04

121.51

0.03

133.82
116.38

0.02

139.16
137.02

TTA FERTEIRTRI TR [RTRIRUTRI [RTRA [RTRINTRT (RTRIATRTA RTYRINTRNIRTRTA [RTRUNTRTH (RA (RTU RYRTA [YRRINTRTA (RTRINUTTN (RTRA[RTTU (AUTA [RTRINTRTY (RTRINUTHINTINA [RTRINTRTY [RUTIRVRTY RTUTIRTRRINTRTA (RIRININY

=

0 n vt b it g smey s w b b dpce o Bt

jm

192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 Chemical Shift (ppm)

Figure S 46. °C NMR spectrum of 4¢ (CD;0D)

S80



| te

METHANOL-d4

0.95
0.90

0.85

N

| >—DIosg
N
D

0.70
0.65

0.60

—7.20

0.55

0.50

045

——6.77
675

—7.44

0.40

7.45

METHANOL-d4

L J

ﬁ
]
~

| PRTT YTTE [YTRU FTRT IYRTU RTYTA (YORUCYYR1PRTTY RTITA IYTT (TYR1PRTTI (TTUNTOTA (TRTA IYRTICRTTIRYITI RTTRIYNTI [RTTI CRYTINTTR1 (YYRT(YRTI FRYTA (YITU [YTRTITRTI (TRTINYITN (IYR1ITTRI FRYTIRYITI RTOTA (ORI CRUTI CRTTI RTOVA (ONTA

105 10.0 95 9.0 85 80 T

Figure S 47. 'H NMR spectrum of 4e (CD;OD)

70 65 6.0 55 50 45 40 35 30 25 20 15 10 Chemical Shift (ppm)

S81



0.10

0.09

0.08

0.07

0.06

0.03

0.02

0.01

AT Voatrhoorh

o by b b b Lo b b e s b B s s b b b b b b D b b b s b b b Lo Lo Lo b i |

192 184 176 168 160 152

Figure S 48. °C NMR spectrum of 4e (CD;0D)

146.54

144

125.49

1267

120

115.28

11453

112

4794
47.76

|47.60

|-47.43
47.26

.09

D,N

N
| >—bIo8]
N
D

48.11

72

"

64

56

48 40 32 24 16 Chemical Shift (ppm)



| te
—7.64

N

]
N N
| D>—DI98]
N
D

0.50
045

0.40

—8.94

METHANOL-d4

8.41
8.18"8.40
-8.16

747
7.46
17.46
| ~7.45
744

8.18
-8.16

.v‘f' — 3 METHANOL-d4

| S U

8
1]

—

IYTTAITRTIFRTRTIYRTIRTIVA (YR TIRTTYN (TRTURTORY (YUY CRTTA FYRTIRTIVA (VORI RTIA [YRTICRTRY FYRTIRTTA [RTI RTTA IYRTIRTIVA IYRTIFRTYN (YRTIRTITY (TYRUNTOTA [YUTICRYRTITRTI (VU IYRTIRTITM (TYR1NTOT (YUTIFRUTA [TRTI RTTTAIOINA

99
rC1.03
—1.00

o 4@1.02

=002

H
105 100 95 9.0 85 80 [ &

Figure S 49. 'H NMR spectrum of 4f (CD;OD)

70 6.5 6.0 55 50 45 40 35 30 25 20 15 1.0  Chemical Shift (ppm)

S83



8 Se83
- 229
( -~
2.40
b (=2
e <
7 2
] N
- —
235
1 X | N
. | d—Dlo8]
] N
230 D
025
] 5
] 3
b o
120 3 g
] X T g
] ? <
215 3
1 s
210
; 5
2.05 L2 2
. 2833 | 2
. 8BH2| l
. il

192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 od 56 48 40 32 24 16 Chemical Shift (ppm)

Figure S 50. 1*C NMR spectrum of 4f (CD;0D)
S84



2 METHANOL-d4
<

]
T

3 Me

N
0.90
S>—D[99
o.ss—g \[N>_ [99]
D

045 _ METHANOL-d4

—6.72

) : | A l U

.01
=1.00
=3.00

105 100 95 9.0 85 8.0

Figure S 51. 'H NMR spectrum of 4h (CD;OD)

N
wn

70 65 6.0 55 5.0 45 40 35 30 25 20 15 1.0 Chemical Shift (ppm)

S85



—49.15

Me

N
\[ S—D[99]
D

49.32

-48.98

49.49
48.81
—11.70

118.77
49.66

135.75
135.50
-
133.14
48.64

(=}
o
o
TR FETR SRR RTRRI RTATA RTAT ARTA [RUTH (RRTAIRUTA [RUTH [RATA RUTA [RUTH (RRTAIRTRU [RTR1NRTRIRRTRIATRRIRTURI TRV ATRTA RTRTA (RUTA RRTH [RUTH (RRTAIRUTA [RATH[RRTAIRUTA [RTRURTRAINTRINRTRIRTARI RTARIATETA RTRTA ATSTACOATE

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 Chemical Shift (ppm)

Figure S 52. °C NMR spectrum of 4h (CD;0OD)
S86



| te

0.95

0.90

0.85

0.80

0.75

0.70

0.65

0.60

0.55

0.50

045

0.40

035

0.30

025

0.20

0.15

0.10

0.05

713

-

o

METHANOL-d4

-

METHANOL-d4

Br N
\[ S—D[98]

N

D

RTTA IR RTTTA (YR TI FRTR RTTI RN CRTTA YY1 CRYTA (YRTI CRTTA (YRTIRTITH [YRTH CYYRA CRTTI RTRTI FRTTH (YTRUCRTTN (YRTICRTTN (ORTIRTITA (YRTA [AYRYRTTINTNTI [RTTA [YRYRTITA [YRTIIRTRIIYRTITITA [V TA IYRIINTTIRTRTIIRTTA (OONA

105 10.0 95 9.0 85

Figure S 53. 'H NMR spectrum of 4i (CD;OD)

8.0

—0.02

75

8
—

70

6.5

6.0

55

S87

50

45

40

35

30

25

20

15

10

Chemical Shift (ppm)



4949
49.32
49.15
48.98
48.81

)
49.66

o
=
48.64

Br N
\[ S—DI98]
N

117.26

1147
49.78

192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64

Figure S 54. *C NMR spectrum of 4i (CD;0D)

o
@

48 40 32 24 16 Chemical Shift (ppm)

S88



| te
219
—2.07

=4
=)
o

=4
@
=]

N
| D>—D[98]
DCI

e
a
oz

DEUTERIUM OXIDE

g
T

e
g
o

(=4
@
5

© o o
— N N
(5] o (5]
712 7.1
—6.95

o
-
o

.

o
o
o
| PRTTA [TRTI RYRTI NI IRTRI RTTRI (TR PRTTN [UTH (TRTINTYRI RTTRY (TR RTRIIRTR1 (RTTA [YRTH (YRTINTTRI NTORI (RTTA (RTRTIRTYN (RTTH YRTIRTRTI RTTRI CRTRTIRTTA (TUTH (RTTA IYRTH [TRTI RTYR1RTINI CRTTA IRTT [TRTI RRTTAITRTA (TAVINTINL]

g

105 100 95 9.0 85 80 75
Figure S 55. 'H NMR spectrum of 41 (D,0)

DAOZ\_

=102
=299—¢=

o100~ [
=200
=3.00

>
o

65 6.0 55 50 45 40 35 30 25

N
o

15 1.0 Chemical Shift (ppm)

S89



o w
e 2 3
- = :
&g 8 8
| (':‘ kT
8
&
0.95 %
0.90
v
8
0.85 X

N
0.80 | D>—b[98]
0.75 B DCI

0.70

115.83

0.65

0.60

0.55

138.07

135.56
134.78

045

0.40

0.35

0.30

025

0.20

0.15

0.10

0.05

o
! 13250 132.76

LI L L L I L L L L L L L L L R L I I L L N L R N R R N N N RN NN RN RN R IR R RN R R RR R

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 Chemical Shift (ppm)

Figure S 56. *C NMR spectrum of 41 (D,0)
S90



» &
- T
<
©
N
g
0.90 i
N
S—D[99]
0.80 N
D
0.70
0.60
0.50 =
=
o™
™D~ \(
@~
o
0.40 =
0.30
METHANOL-d4
0.20 ©
N.Fv
~| S
e
0.10
0 ; L AJ L o | W N
5 8 8
r o
i

105 100 95 9.0 85 80 5 70 6.5 6.0 55 50 45 40 35 30 25 20 15 1.0 Chemical Shift (ppm)

Figure S 57. 'H NMR spectrum of 4m (CD;OD)
S91



2 Hegs
eeeR
0.40
- D)
- <
4 D)
4 g
035
N
] S>—D[99]
y N
030 D
025
020 2
T o«
] -
E 8
(=]
] =<
0.15 1
] &
- @
. <
0.10
0.05
] 830
- d¥d 3
3 I-3 %
0 ] o e l
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 Chemical Shift (ppm)

Figure S 58. 1°C NMR spectrum of 4m (CD;OD)

S92



| te

ERATERNI FR AR RA AR RTE RRRR A I ERA FERRA AR TR A RERN RN A ATARA RTNRA AR RTARRRN A IR RU RRTRA ARTRA RRRTH ANARU FTRNAARATE FRRRIARRRIANERE RTRRUANATA FARRARTANE FRRRA AT

B [94]D

12 CZ

N1

742

10

—8.00
7.99

09

08

8.00

07

06

7.33

7.43

05

04

03

7.31
7.14

02

01

1

6.5 6.0 55 50 45 40 35 30 25 20 15 1.0 Chemical Shift (ppm)

f
f

8
g

105 100 95 90 85 80
Figure S 59. 'H NMR spectrum of 5n (acetone-dp)

202~ _
1,00
=0.15

~
wm
-
o

S93



| te

E)Msoas \

—39.51 2?

0.95

0.90

0.85

0.80

0.75

0.70

0.65

0.60

0.50

39.84
39.17

045

0.40

128.65
124.72

035

0.30

025

0.20

127.84

0.15

130.84

0.10

14544

0.05

117.65

—
-
-

{ETTTN FRTTIRTTR1 RTTN (YRTIFRTTN (RTTIRTYRIYRTI RYRTI (RTTA ITYRY RTYRY (TRTIRTIN1 RTTN YYRY RTITA (TRTIPRTRIRTTY RTVRY RTITUIYRTI (RVRY(TRTIRTINI (ROTY [YVR1 [T ITRTI ROV [TUTA [YTH1 (RTTY RTRTIRVITA IATURTIN (ROTI RTSTI (RTTA

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 Chemical Shift (ppm)

Figure S 60. 1°C NMR spectrum of 5n (DMSO-dj)
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