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Graphene-Supported Organoiridium Clusters Catalyze N-alkylation of Amines via Hydrogen Borrowing Reaction

Characterization of the Catalyzed Products

N-benzylaniline (2a). '"H NMR (CDCls, 600MHz) § (ppm) = 7.33-7.36 (m, Ar, 4H), 7.17-
7.24 (m, Ar, 1H), 7.15-7.16 (m, Ar, 2H), 6.70 (t, Ar, 1H), 6.62-6.63 (d, Ar, 2H, JHH =
7.8Hz), 4.32 (s, CH2, 2H), 4.02 (br. s, NH, 1H). '*C NMR (CDCls, 150MHz) § (ppm) =
148.1, 139.3, 129.2, 128.6, 127.5, 127.2, 117.5, 112.8, 48.2. HRMS (ESI/APCI): m/z
=184.1124 g/mol, calc’d. for Ci3Hi4N: 184.1121 g/mol. FTIR IR (ATR): v = 3418(w),
3030 (w), 1597 (s), 1500 (s), 1455 (s), 1262 (m), 746(s) , 693(s) cm’!
N-(4-methoxybenzyl)aniline (2). 'H NMR (CDCl;, 600MHz) § (ppm) = 7.26-7.28 (d,
JHH = 8.4Hz, 2H, Ar), 7.15-7.24 (m, 2H, Ar), 6.85-6.87 (m, 2H, Ar), 6.62 (t, 1H, Ar), 6.61
(d, 2H, Ar), 4.23 (s, NH, 1H), 3.77(s, 3H). ."*C NMR (CDCls, 150MHz) § (ppm) = 158.8,
148.1, 131.3, 129.2, 128.7, 117.4, 113.9, 112.8, 55.3, 47.8. HRMS (ESI/APCI): m/z =
214.1225 g/mol, calc’d. for C1aH1¢NO [M]" : 214.1226 g/mol. FTIR IR (ATR): v = 3395
(w), 3000 (w), 2836 (w), 1604(m), 1507 (s), 1463(m),1239(s) ,1172(m), 1030(m), 820(m) ,
746(m) cm™.

N-(4-chlorobenzyl)aniline (2¢). 'H NMR (CDCls;, 600MHz) & (ppm) = 7.28 (s, 3H, Ar),
7.14-7.16 (m, 2H, Ar), 6.59-6.70 (m, 1H, Ar), 6.58-6.59 (m, 2H, Ar), 4.29 (d, 2H, JHH =
5.4Hz), 4.03 (br. s, NH, 1H). 1*C NMR (CDCls, 150MHz) & (ppm) = 147.7, 137.9, 132.8,
129.2,128.7,128.6, 117.7, 112.8,47.5. HRMS (ESI/APCI): m/z=218.0736 g/mol, calc’d.

for C13Hi3NCI [M]": 218.0731 g/mol.  FTIR IR (ATR): v=23418 (w), 3022 (w), 2813 (w),
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1604(m), 1515 (s),1463(m),805(m) ,738 (s), 686(s) cm™'.

N-benzyl, N-(4-chlorophenyl)amine (2d) : '"H NMR (d-chloroform, 600MHz) = 7.24-
7.33 (m, Ar, 4H), 7.08-7.09 (m, Ar, 2H), 6.52-6.53 (m, Ar, 2H), 4.61 (s, 1H), 4.28-4.29 (d,
CH2 ,2H, JHH = 6.0Hz), 4.05(br. s, NH, 1H). '*C NMR (d-Chloroform, 150MHz) = 146.6,
138.9, 129.0, 128.9, 128.6, 127.5, 127.3, 127.0, 126.5, 122.0, 113.8 ,54.4, 48.3. HRMS
(ESI/APCI) m/z =217.6898, Calculated for Ci3H;2NCI™ [M]": 217.6929g/mol. FTIR IR
(ATR): v=3388(w), 3030 (w), 2850 (w), 1597(m), 1492 (s),1455(m),813(s) , 731 (m), 694
(m) cm™.

N-(4-methoxybenzyl), N-(4-chlorophenyl)amine (2e)

'H NMR (d-chloroform, 600MHz) =7.23-7.30 (m, 2H, Ar), 7.17-7.22 (m, 4H, Ar), 6.70-
6.76 (m, 2H, Ar),, 4.51 (s, 2H), 3.00 (s, -OCH3, 3H). *C NMR (d-Chloroform, 150MHz)
=149.7, 139.0 129.1, 128.5, 126.8, 126.6, 116.4, 112.2, 56.5, 38.4. HRMS (ESI/APCI):
m/z = 247.7092, Calculated for C14Hi4NOCI' [M]" : 247.7183 g/mol. FTIR IR (ATR): v =

3388 (w), 3007 (W), 2836 (w), 1604(m), 1500 (s),1463(m),1239(s) ,1172 (m), 813 (s) e’

N-(4-chlorobenzyl), N-(4-chlorophenyl)amine (2f)

"H NMR (d-chloroform, 600MHz) = 7.33-7.35 (m, 2H, Ar), 7.22-7.25 (m, 2H, Ar), 6.92--
6.98 (m, 2H, Ar), 6.61-6.69 (m, 2H, Ar), 4.35-4.36 (d, JHH = 9Hz, 2H), 4.33 (s, 1H,NH).
13C NMR (d-Chloroform, 150MHz) = 152.2, 150.6 138.9, 136.5, 128.6, 127.3, 124.5, 116.7,
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114.4, 112.2, 47.8. HRMS (ESI/APCI): m/z = 252.28,08 Calculated for Ci3H;1NCIL,"
[M]": 252.1380 g/mol. FTIR IR (ATR): v = 3388 (w), 3022 (w), 2858 (w), 1597(m), 1500
(s),1089(m), 806 (s) cm’",

N-benzyl, N-(4-methoxyphenyl)amine (2g): 'H NMR (d-chloroform, 600MHz) = 7.31-
7.33 (m, Ar, 4H), 7.23-7.25 (m, Ar, 1H), 6.75-6.76 (d, Ar, 2H), 6.58-6.59 (d, Ar, 2H), 4.26
(s, CH2, 2H), 3.72 (s, -OCH3, 3H)."*C NMR (CDCls, 150MHz) § (ppm) = 152.1, 142.4,
139.6,128.5,127.5,127.1, 114.8, 114.0, 55.8,49.2. HRMS (ESI/APCI): m/z=213.1598,
Calculated for C14H;sNO™ [M]": 213.2731g/mol. FTIR IR (ATR): v=3321 (w), 3030 (w),

2836 (w), 1604(m), 1507 (s), 1455(m), 1231(m), 1030 (m), 820 (m), 731 (m), 701 (m) cm’

N-(4-methoxybenzyl), N-(4-methoxyphenyl)amine (2h)

'H NMR (d-chloroform, 600MHz) =7.23-7.25 (m, 4H, Ar), 7.10-7.22 (m, 1H, Ar), 5.89 (s,
1H, Ar), 5.81(s, 2H, Ar), 4.30 (s, 2H), 4.05 (br. s, NH, 1H),3.71 (s, -OCH3, 6H). '*C NMR
(d-Chloroform, 150MHz) =161.6, 150.0, 139.1, 128.6, 127.5, 127.2,91.6, 89.8, 55.1, 48.3.
HRMS (ESI/APCI): m/z = 243.2897, Calculated for CisH;7NO," [M]" : 243.2984g/mol.
FTIR IR (ATR): v = 3365 (w), 3000 (w), 2836 (w), 1612(m), 1507 (s),1463(m),1239(s) ,
1030(s), 813(m) cm.

N-(4-chlorobenzyl), N-(4-methoxyphenyl)amine (2i)

"H NMR (d-chloroform, 600MHz) =8.24-8.25(m, 2H, Ar), 7.31-7.34(m, 4H, Ar), 7.24-7.30
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(m, 2H, Ar), 6.51-6.52 (2H, -NCH,Ar), 5.55 (br. s, NH, 1H), 4.52 (s, ArOCH3, 3H). *C
NMR (d-Chloroform, 150MHz) = 162.2, 158.0, 139.0, 128.5, 127.4, 127.2, 110.8, 45.4.
HRMS (ESI/APCI): m/z = 247.6919, Calculated for C14Hi4NOCI" [M]" : 247.7182 g/mol.
FTIR IR (ATR): v = 3373 (w), 3000 (w), 2836 (w), 1612(m), 1507 (s),1463(m),1231(s) ,
1030 (m), 813 (m) cm™.

N-benzylindole (2j)

"H NMR (d-chloroform, 600MHz) = 8.05 (s, Ar, 1H), 7.30-7.35 (m, Ar, 5H), 7.23-7.25 (m,
Ar, 2H), 6.58-6.60 (m, Ar, 1H), 6.34-6.36 (m, Ar, 1H), 4.48 (benzylic, 2H). '*C NMR (d-
Chloroform, 150MHz) = 158.6, 148.2, 139.1, 137.4, 128.6, 127.3, 127.2, 113.1, 106.7, 46.3.
HRMS (ESI/APCI): m/z = 207.2751, Calculated for CisHisN [M]" : 207.2691g/mol. FTIR
IR (ATR): v = 3410(m), 3030 (w), 1612 (w), 1492 (m), 1455 (m), 1336(m) , 1007(m) ,
738(s) , 693(s) cm’!

N-(4-methoxybenzyl)indole (2k)

"H NMR (d-chloroform, 600MHz) =7.32-7.34 (m, Ar, 2H), 7.23-7.25 (m, Ar, 2H), 7.08-
7.14 (m, Ar, 2H), 6.60-6.75 (m, Ar, 2H), 6.81-6.95 (m, Ar, 2H), 6.43-6.46 (m, Ar, 2H), 4.40
(s, 1H), 4.45 (s, 1H) , 3.73 (s, 1H), 3.67 (s, 3H). 3C NMR (d-Chloroform, 150MHz) =
151.8, 145.4, 141.5, 128.5, 126.7, 125.8, 116.4, 114.7, 114.4 55.7, 54.2. MS HRMS
(ESI/APCI): m/z = 237.1148, Calculated for CI6H15NO [M]" : 237.1153 g/mol. FTIR IR
(ATR): v=13410(m), 3000 (w), 2836 (w), 1612 (m), 1507 (s), 1455 (m), 1239(s), 1179 (m),
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1030 (m), 813(m) , 738(s) cm™!

N-phenylpyrrolidine (2/)). 'H NMR (CDCls, 600MHz) § (ppm) = 7.12-7.36 (m, 5H),
3.58 (s, 2H), 2.46-2.49 (m, 4H), 1.74-1.76 (m, 4H). 3C NMR (CDCls, 150MHz) § (ppm)
= 140.9, 139.1, 128.9, 128.5, 128.1, 127.5, 126.9, 126.8, 65.2, 54.1, 23.3. HRMS
(ESI/APCI): m/z=148.2232 g/mol, calc’d. for C13H14N: 148.2234 g/mol. FTIR IR (ATR):
v = 3358 (w), 3030 (w), 2925 (m), 1649(m), 1455(m), 1201(m), 1022(s), 738 (s), 701 (s)
cm!

N-(4-methoxyphenyl) pyrrolidine (2m). 'HNMR (CDCls, 600MHz) & (ppm) = 7.22 (d,
Ar, 1H, JHH =7.8Hz), 7.19 (d, Ar, 1H, JHH = 7.8Hz), 7.17 (d, Ar, 1H, JHH = 7.8Hz), 7.12
(d, Ar, 1H, JHH = 7.8Hz), 4.62 (s, 3H), 3.35(s, 2H), 2.22-2.24 (m, 4H), 1.74-1.77 (m, 4H).
3C NMR (CDCls, 150MHz) & (ppm) = 137.9, 137.3, 129.1, 128.8, 127.0, 65.1, 60.3, 54.1,
23.3. HRMS (ESI/APCI): m/z = 178.2486 g/mol, calc’d. for C1i1HisNO' [M]": 178.2488
g/mol. FTIR (ATR): v=3380(w), 2955(m), 1612(m), 1515(s), 1463 (m), 1246(s), 1179(s),
1029(s), 813(m), 731(w) cm™..

Benzylpiperazine (2n). 'H NMR (CDCls;, 600MHz) & (ppm) = 7.23 (d, Ar, 2H, JHH =
8.0Hz), 7.29 (d, Ar, 2H, JHH = 8.0Hz), 7.17 (s, Ar, 1H), 3.71 (s, 2H), 2.65-2.69 (m, 4H),
1.84-1.77 (m, 4H). 3C NMR (CDCls, 150MHz) § (ppm) = 133.5, 130.6, 128.6, 59.2, 53.7,
23.3.  HRMS (ESI/APCI): m/z = 176.2545 g/mol, calc’d. for CiiHigN2™ [M]":

176.2565g/mol.  FTIR (ATR): v = 3291(m), 3030(w), 2858(m), 1649 (m), 1455(m),

1201(w), 1015(s), 731(s), 693(s) cm’".

(4-Methoxybenzyl) piperazine (20)

"H NMR (d-chloroform, 600MHz) = 7.17-7.39 (m, 4H, Ar), 3.79 (s,3H), 3.35-3.60 (m, 1H),
2.42-2.48 (m, 1H), 1.43-1.93 (m, 4H), 0.98-1.30 (m, 4H). 3C NMR (d-Chloroform,
150MHz) = 142.7, 137.7, 130.0, 128.3, 127.9, 127.7, 126.8, 126.4, 63.0,53.3, 51.8.

HRMS (ESI/APCI): m/z = 206.2760, Calculated for Ci12Hi1sN2O" [M]" : 206.2819g/mol.
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FTIR (ATR): v = 3462(w), 2940(m), 2798(m), 1612(m), 1515(s), 1440(m), 1246(s),

1179(s), 1030(s), 835(s), 813(s) cm.

N-phenylpyrrolidine (2p): 'H NMR (d-chloroform, 600MHz) = 7.15-7.23 (m, 5H, Ar),
2.42-2.44 (m, 2H), 2.15-2.17 (m, 4H), 1.72-1.76 (m, 2H). '*C NMR (d-Chloroform,
150MHz) = 148.5,129.1, 117.0, 112.6, 43.6, 31.6, 20.2, 13.9. HRMS (ESI/APCI): m/z
=147.1395, Calculated for CI3H13N: 147.2169 g/mol. FTIR (ATR): v=3350(s), 3037(w),
1604(s), 1500(s), 1366(w), 1276(s),1172(m), 746(s), 686(s) cm™.

N-phenylpiperidine (2¢): 'H NMR (d-chloroform, 600MHz) = 7.13-7.24 (m, Ar, 2H),
6.59-6.67 (m, Ar, 1H), 6.57-6.58 (m, Ar, 2H), 3.06-3.09(m, 2H) ,1.54-1.61(m, 2H) , 1.31-
1.32(m, 2H), 1.28-1.30(m, 2H) , 0.86-0.89(m, 2H). '*C NMR (CDCl3, 150MHz) & (ppm)
=148.5,129.2,129.1, 117.0, 112.6, 31.6, 29.5, 26.8, 22.6, 14.0. HRMS (ESI/APCI): m/z
= 161.2345, Calculated for C;iH;sN™ [M]": 161.2435 g/mol. FTIR (ATR): v = 3343(s),
2933(s), 2858(s), 1604(s), 1500(s), 1455(s), 1030(s), 746(s), 693(s) cm™.
1-methyl-4-phenyl piperazine (2r). 'H NMR (CDCl;, 600MHz) § (ppm) = 7.10-7.31
(m, Ar, 2H), 7.06-7.09 (m, Ar, 1H), 6.92-6.99 (m, Ar, 2H), 3.62-3.64(m, 4H) , 2.85-2.87(m,
7H). '*CNMR (CDCls, 150MHz) & (ppm) = 139.4, 137.4,130.2, 128.2, 128.1, 64.3, 59.8,
54.0, 23.3. HRMS (ESI/APCI): m/z = 177.2645 g/mol, calc’d. for CiiHi7N2" [M]":
177.2644 g/mol. FTIR (ATR): v =3343(s), 2940(m), 2843(m, 1604(s), 1500(s), 1463(m),

1269(m), 1030(s), 753(s), 693(s) cm™.
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1-methyl-4-(pyridin-2-yl) piperazine (2s). 'H NMR (CDCls, 600MHz) § (ppm) =7.50
(dd, 1H), 7.45 (ddd, 1H), 7.17 — 7.25 (m, 2H), 3.98-3.99 (m, 4H), 2.35-2.37 (m, 4H), 1.97-
2.00(m, 2H). *C NMR (CDCls, 150MHz) § (ppm) = 142.6, 128.3, 127.9, 126.7, 53.3, 46.2.
HRMS (ESI/APCI): m/z = 178.2524g/mol, calc’d. for CioHieNs™ [M]": 178.2525 g/mol.
IR(ATR) : v = 3321(s), 3186(s), 2917(m), 1604(s), 1567(s), 1485(s), 1440(s), 1321(m),

1149(m), 768(s), 738(s) cm™.

Cyclizine. 'H NMR (CDCls;, 600MHz) § (ppm) = 7.17-7.44 (m, 10H, Ph), 4.25 (s, 1H,
N-CH), 3.33 (s, 8H, N-CH), 2.32 (s, 3H, N-CH3). *C NMR (CDCls, 150MHz) & (ppm) =
143.9, 143.8, 128.9, 128.5, 128.9, 128.1, 77.5, 56.5, 54.5, 52.3, 45.6. HRMS (ESI/APCI):
m/z =267.3862 g/mol, calc’d. for CigH2sN2 [M]": 267.3863 g/mol. FTIR (ATR): v =
3022(w), 2925(s), 2805(s), 1678(m), 1611(m), 1492(m), 1455(s), 1343(m) ,1305(m),

1283(m), 1164(s), 1134(s), 1007(s), 776(s), 746(s), 693(s) cm’".
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Figure S1. Infrared spectrum of 2a
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Figure S2. Infrared spectrum of 2b
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2C
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Figure S3. Infrared spectrum of 2¢
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Figure S4. Infrared spectrum of 2d
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2e
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Figure SS5. Infrared spectrum of 2e
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Figure S6. Infrared spectrum of 2f
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2g
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Figure S7. Infrared spectrum of 2g

2h

4000 3500 3000 2500 2000 1500 1000 500

Figure S8. Infrared spectrum of 2h
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2i

4000 3500 3000 2500 2000 1500 1000 500

Figure S9. Infrared spectrum of 2i

2

4000 3500 3000 2500 2000 1500 1000 500

Figure S10. Infrared spectrum of 2j
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2k
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Figure S11. Infrared spectrum of 2k
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Figure S12. Infrared spectrum of 21
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2m
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Figure S13. Infrared spectrum of 2m

2n

4000 3500 3000 2500 2000 1500 1000 500

Figure S14. Infrared spectrum of 2n
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Figure S15. Infrared spectrum of 20
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Figure S16. Infrared spectrum of 2p

516



Graphene-Supported Organoiridium Clusters Catalyze N-alkylation of Amines via Hydrogen Borrowing Reaction

2q

4000 3500 3000 2500 2000 1500 1000 500

Figure S17. Infrared spectrum of 2q
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Figure S18. Infrared spectrum of 2r
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Figure S19. Infrared spectrum of 2s

Cyclizine
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Figure S20. Infrared spectrum of cyclizine
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sw 9615.4 gain a6
at 3.408_ spin not used
np 65536 hst 0.008
b 4000 pwsD 12.225
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nt 25 1 n
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TRANSMITTER dp y
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np 65536 hst 0.008
fb 4000 pwsD 12,225
bs 4 alfa 10.000
d1 1.000
nt 128 11 n
ct 128 in n
TRANSMITTER dp Y
tn hs nn
sfrg §89.831 PROCESSING
tof 598.9 fn 1310
tpwr 61 DISPLAY
6.112 sp =300.0
DECOUPLER wp 6288.2
€13 rf 1212.9
dof o rfp 0 "
dm nnnrp 138.7 1}
decwave W40_HCNSmm 1p -1.0
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Figure S22. 'H spectrum of 2b
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exp7 PROTON |
W U
SAMPLE PRESATURATION -~ =
date Oct 2 2020 satmode
solvent cdcl13 wet
file exp SPECIAL
ACQUISITION temp not used
sw 8615.4 gain 30
at 3.408 spin not used
np 65536 hst 0.008
fb 4000 pwl0 12.225
bs 4 alfa 10.000
d1 1.000 FLAGS
nt 128 11 n
ct 128 1in n
TRANSMITTER dp v
n Hl1 hs
sfrg 599.931 PROCESSING
tof 598.8 fn 131072
tpwr 61 DISPLAY
6.112 sp =300.0
DECOUPLER wp 6299.2
c13 rn 5556.5
dof o rfp 4343.5
dm nnn rp 142.4
decwave W40_HCNSmm 1p 0
dpwr 33 PLOT
dmf 35088 wc 268
sc 0
vs 258
th 1
ai cdc ph
r /
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exp27 PROTON ‘\kL |) KL) | LJ
SAMPLE PRESATURATION
date Oct 5 2020 satmode n
solvent cdcl3 wet n
file exp SPECIAL
ACQUISITION temp not used
sw 9615.4 gain 0
at 3.408 spin not used
np 65536 hst 0.008
fb 4000 pwl0 12.225
bs 4 alfa 10.000
d1 1.000 FLAGS
nt 128 11 n
ct 128 in n
TRANSMITTER dp y
n HL hs nn
sfrq 599,867 PROCESSING
tof 599.9 fn 131072
tpwr 61 DISPLAY
6.112 sp -300.1
DECOUPLER wp 6298.5
n c13 5556.4
dof 0 rfp 4343.0
dm nnn rp 60.7
decwave WA0_HCNSam 1p
pwr PLOT
daf 35088 wc 268
sc 0
vs 461
th 12
ai cdc ph
!
/
[
J ! o |
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Figure S24. 'H spectrum of 2d
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exp24  PROTON I\'\'\i\‘”/// 7 i
SAMPLE PRESATURATION
date Oct 15 2020 satmode n /
solvent cdcl3a  wet
e exp SPECIAL
ACQUISITION temp not used
W 9615.4
at 3.408
n 65536
i 4000
bs a
d1 1.000
nt 128
ct 128
TRANSMITTER
tn
sfrg 599.931
tof 539.8
tpwr B1
6.112
DECOUPLER
ci3
dof o
dm nnn
decwave W40_HCNSmm
dpwr
dnf 3soas
ai cdc ph
|| __JL L
T v T T T T T T T T
] 8 7 ] 5 4 3 2
iy e - -
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4 8 o 2 A
e w
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2F-8 3 88 5
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exp3 PROTON U |
>~
SAMPLE PRESATURATION
date Sep 22 2020 satmode n
solvent cdcl3  wet n
file exp SPECIAL
ACQUISITION temp not used
sw 8615.4 gain 30
at 3.408 spin not _used
np 65536 hst 0.008
] 4000 pwso 9.000
bs alfa 10.000
d1 1.000 FLAGS .
nt 256 11 n
t 136 in n
TRANSMITTER dp y
n H1 hs nn
sfrq 593.867 PROCESSING
tof 593.3 fn 131072
tpwr 61 DISPLAY
pw 4.500 sp -300.1
DECOUPLER wp 6288.5
€13 rfl 5556.1
dof o rfp 4343.0
dn nan  rp 177.5
decwave W40_HCNSmm  1p 0
dpur a4 pLOT
35088 wc
sc
vs 269
th 3
ai cdc ph
| !
| ‘ |
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Figure S26. 'H spectrum of 2f
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me omme = <
PAB £ RREE H N
expl  PROTON i1 TT i hi ”
SAMPLE PRESATURATION
date sep 23 2020 satmode
solvent cdc13
exp SPECIAL
ACQUISITION eap not used
sw 8615.4 gain
at 3.408 spin not_used
np 65536 hst 0.00
b 4000 pwso 12.225
bs 4 alfa 10.000
d1 1.000 FLAGS.
nt 128 11 n
ct 128 in n
TRANSMITTER dp %
tn hs. n
sfrg 588,831 PROCESSING
tof 588.9 fn 072
tpwr 61 DISPLAY
pw 6.112 sp -300.0
DECOUPLER wp 6295.2
€13 rf1 5556.3
dof rfp 434305
dn nn rp 128.0
decwave W40_HCNSmm 1p [
dpwr 33 pLOT
daf 35088 we 268
sC 0
vs 18
th 17
ai cdc ph
/
i [
( (
|
I |
e £t
RS | T ;5 T T T T T T
-3 8 6 5 4 3 2 1 0 ppm
B i o w w
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u ] s 5
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o nw e
3.50848 B 33 q
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expl PROTON U
SAMPLE PRESATURATION
date Sep 30 2020 satmode
solvent cdel3s n
exp SPECIAL
ACQUISITION temp not used
sw 9615.4 gain 3
at 3.408 spin not_used
p 65536 hst 0.008
b 4000 pwso 12.225
bs alfa 10000
a1 1.000 FLAGS
nt 8 i) n
ct 128 in n
TRANSMITTER dp v
n he n
sfrg 598,831 PROCESSING
tof 598.8 fn 131072
tpur 61 DISPLAY
6.112 sp 300.0
DECOUPLER wp 5289.2
€13 rfl 5556.4 (
dof o rfp 434305
dn nnn rp 127.5
decwave W40_HCNSma 1p
v pLOT
dnf 35088 we 268
sc ]
vs 217
th 28
ai cdc ph
|
|
| | (
I 1
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' |
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Figure S28. 'H spectrum of 2h
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date Sep 23 2020 satmode PN~
solvent cdcl3  wet n
file exp SPECIAL
ACQUISITION temp not used
sw 9615.4 gain 3
at 3.408 spin not_used
np 5536 hst 0.008
] 4000 pwso 5,000
bs alfa 10000
d1 1.000 FLAGS
nt 128 11 n
ct 128 in n
TRANSHITTER dp y
n H1 hs
sfrq 598.867 PROCESSING
tof 598.8 fn
tpwr 61 DISPLAY
4.500 sp -300.1
DECOUPLER wp 5288.5
€13 rf1 5556.3
dof o rfp 4343.0
dn nnn rp 0
decwave V40_HCNSam 1p 0
dpwr pLOT
daf 35088 wc 8
sc 0
vs 338
th
ai cdc ph
} /
T T T T T T T
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sw 9615.4 gain

at 3.408 spin not used

n 65536 hst 0.008

1 2000 pwsn 5.000

bs alfa 10.000

d1 1.000 FLAGS

nt 128 11 n

ct 128 in n
TRANSMITTER dp v

tn hs

sfrg 595.867 PROCESSING

tof 599.9 1 072

tpwr DISPLAY

4.500 sp -300.1
DECOUPLER wp 6298.5
c13 rf1 5555.8

dof v orfp 434300

da nnn rp 177.8
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Figure S30.

'H spectrum of 2j
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~ ¢ wa
exp20 PROTON ['] 1 U "|’
SAMPLE PRESATURATION
date Oct 15 2020 satmode
solvent cdcla e
exp SPECIAL
ACQUISITION temp not used
sw 8615.4 gain a0
at 3.408 spin not used
np 65536 hst 0.008
b 4000 pus 12.225
bs. Tfa 10.000
di 1.800 FLAGS
nt 128 i1 n
ct 128 in n
TRANSMITTER dp ¥
tn hs nn
sTrg 583,931 PROCESSING
tof 533.8 fn 131072
tpwr 61 DISPLAY
E.112 sp -~30e,0
DECOUPLER wp 5299.2
1 12i2.8
tof rfp ]
dm non rp 2.2
decwave WA0_HCNSom 1p
dpwr 33 PLOT
dnf 35088 wc 268
sc
vs 403
th 23
ail cdc ph
A [
T <~ — T T -
L] 8 8 5 4 ppm
Apiyiigs w o o o
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expi8 PROTON 1 ]
SAMPLE PRESATURATION
date Oct 15 2020 satmode
solvent cdc13
file exp SPECIAL
ACQUISITION temp not used
sw 8615.4 gain 30
at 3.408 spin not used
np 65536 hst 0.008
fb 4000 pwsD 12.225
bs 4 alfa 10.000
d1 1.000 FLAGS
nt 128 11 n
ct 128 in n
TRANSMITTER dp y
n H1 hs nn
sfrg 598,831 PROCESSING
tof 598.5 fn 131072
tpwr 61 DISPLAY
pw 6.112 sp -300.0
DECOUPLER P 6299.2
xdl 5556.3
dof o rfp 4343.5
dn nnn rp 4
decwave Wa0_HCNSmm 1p 0
dpwr PLOT
dnf 35088 wc 58
sc [
vs w2 |
th 18 |
ai cdc ph ‘ o
| |
|
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|
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Figure S32. 'H spectrum of 21
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H b} 2 H
24-1-py+aHE 5 & B El
IS - o o
expl? PROTON |
SAMPLS FRESATURATION
date Oct 14 2020 satmode
solvent edeia
tile exp SPECTAL
ATQUISITION e not used
sw 9615.4 pain 0
at 3.408 spin not used
n 65536 hst 0.008
1l 4000  pwsn
bs 4 alfa 1
d1 1.000 FLABS
nt 128 11 n
ct 128 in n
TRANSHITTER dp v
tn HL hs n
sfrg §939.867 PROCESSING
tor 589,97 131072
tpwr 61 DISPLAY
W 4.500 sp -300.1
DECOUPLER Hg 62398.5
n €13 rfl 5556.3
dof o rfp 4343.0
de nan rp -178.8
decwave WAD_HCHSem 1p
dpwr 4 pLOT
duf 35088 wc 268
sc
vE 1zo
th 2
al cde ph
S '} J AW A
T T T bl T T T T T T T T
] ] 7 & 5 4 3 1 0 ppm
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expl5  PROTON "CL'J"J" a - - -i -
SAMPLE PRESATURATION L
date Dct 14 2020 satmode
solvent cdel n
i1 exp SPECIAL
ACQUISITION temp not used
w 9615.4 gain
at 2.408 spin not used
nj ES538 hst 0.008
1l 4000 pwiD 12.225
bs alfa 10,000
d1 1.000
nt 128 {1
ot 128 in n
TRANSMITTER dp
n HL hs
sfrg 589.831 PROCESSING
tof §35.8 fn 131072
tpwr B1 DISFLAY
§.112 sp -300.0
DECOUPLER wp §285.2
iz rf1 555E.3
dot 0 orip 4343.5
dn . rp 450
decwave VAO_HCHNSTR  1p 7.5
dpur 33 pLoT
dmf 35088 we 268
sc
vs 570
th az
af cdc ph
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Figure S34. 'H spectrum of 2n
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18-1~cyclo+B LR KRR Ga AR\ WS
RpCRR 319 1 1

expld PROTON kLJ’)
PRESATURATION )
a

SANPLE
date Oct 14 2020 satmode

solvent cdcl3  wet n
file exp SPECIAL
ACQUISITION temp not used
sw 9615.4 gain
at 3.408 spin not used
n 65535 hst 0.008
7 4000 pwso 5,000
bs 4 alfa 10.008
d1 1.000
nt 1z N n
et 128 in n
TRANSMITTER dp v
n HL hs
sfrq 599.867 PROCESSING
tof 599.8 fn 131072
tour 61 DISPLAY
4.500 sp -300,1
DECOUPLER wp 6298.5
€13 rf1 1213.2
dof 0 rfp
dn nnn rp -178.8
decwave WAD_HCNSmm 1p
dpwr pLOT
dnf 35088 wo 268
sc 0
vs 808
th 1
ai cde ph
|
T T+ T T T T | B T —— - T
g -] 7 & 5 4 3 2 1 0 ppm
R o o ! et
woaw o ro s MEn ow @an
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expll  PROTOM UJ "[ ] 1
SAMPLE PRESATURATION
date Dct 14 2020 satmode
sojvent cdcld wet n
file exp SPECTAL
ACQUISITION teap not used
sw 9615.4 pgain
at 3.408 spin not_ used
n 65535 hst 0.00
T 000  pwso 12.225
bs alfa 10.000
di 1.o000
nt 128 i1 n
ct 128 in n
TRANSHITTER dp v
tn H1 ks nn
sfrg 585.831 PROCESSING
tof 589.8 fn 131072
tpwr Bl DISPLAY
6.112 sp ~300.0
DECOUPLER wp 562852
€13 rf1 1212.8
dof v rfp 0
dm nnn  rp 48.0
decwave W40_HCNSmm 1p
dpw pLoT
dnf 35088 wo 268
sc ]
Vs 50
th 21
al cde ph
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Figure S36. 'H spectrum of 2p
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A+hexanoi=5

exps  PROTON

SAMPLE
date Oct 14 zoz0
edcid

PRESATURATION
satmode

3.082
3.080

3.069

0.879
aga

solvent wet
e exp SPECIAL
ACQUISITION temp not used
sw 8615.4 gal
at 3.408 spin not used
np 55536 hst 0.008
b 4000 pwso 12.225
bs 4 alfa ig.oen0
41 1.000 FLaos
nt 126 11 n
ct 128 1in n
TRANSMITTER dp v
tn HL hs nn
sfrg 588.531 PROCESSING
tof 599.5 fn 131072
tpwr DISPLAY
w 6.112 sp -300
BECOUPLER 6285.2
n [HER] 5556.1
dof u rfp 4343.5
dm nnn rp 45,0
decwave W40_HCNSma 1p u
dpur 33 sLoT
dmf 35088 wc 268
sc o
ve 570
th 26
al cdc ph
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Figure S38. 'H spectrum of 2r
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Figure S39. 'H spectrum of 2s
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Figure S40. 'H spectrum of cyclizine
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~ e sNR® N ow mea
s 5 R §EEE B q=R 5
expl3 CARBON 2 2 S8sN N N RRRE 2
3 R - i
SAMPLE PRESATURATION LUk (R | L
date Sep 22 2020 satmode =
solvent cdc13
exp SPECIAL
ACQUISITION te not used
sw 37878.8 gain
at 0.865 spin not_used
np 65536 hst 0.
b 17000 pwso 10500
bs 8 alfa 10.000
a1 2.000
nt 30000 n
ct 13048 in n
TRANSMITTER dp y
n hs nn
sfrg 150.868 PROCESSING
tof 2287.1 b 3.0
tpwr 51 fn 262144
5.250 DISPLAY
DECOUPLER sp -1508.7
wp 34685.8
dof 0 orfl 13963.5
dn vy rfp 11615.6
decwave w rp 136.2
dpwr a5 1p 9.9
dnf 13885 pLOT
we 268
sc 0
vs 13
th 5
nm cdc ph
T T : T e L TSNSt y ; ; — e
200 180 160 140 120 100 a0 60 a0 20 0 ppm
@ T @
a2 H 5583 N33 e 5 8
A+408 3 H ERd S8 S8R g R
© < P Ko ~ye o 5
expd  CARBON a s L gz ’L’ i T 3
PRESATURATION Lo 1 -
date Oct 1 2020 satmode n
solvent cde13  wi
file exp SPECTAL
ACQUISITION temp not used
sw 37878.8 gain
at 4 spin not used
np 65536 hst 0
b 17000 pwso 10.500
bs 8 alfa 10000
d1 2.000 FLAGS
nt 10000 i1 n
ct 10000 in n
TRANSMITTER p v
tn c13 nn
sfrg 150.869 PROCESSING
tof 2287.0
tpwr 1 fn 262144
pw 5.250 DISPLAY
DECOUPLER -1508.7
HL W 34695.8
dof 0ol 13962 1
dn vy rfp 11615.5
decwave worp -107.7
dpwr 15
dnf 13986 pLOT
we 268
sC 0
vs 70346
th
al cdc ph
|
I J L i
: . ——— T " T ; - E T T T T T T T T T
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Figure S42.

13C spectrum of 2b
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@ " ennw = o mda °
A+acIB R 7 BaNE R 3 S3R= 5
exp8  CARBON s 5 8338 S 3 YR s
3 3 5858y = - 15 1
SAMPLE PRESATURATION I L | e !
date Oct 2 2020 satmode b
solvent cdci3  wet
e exp SPECIAL
ACQUISITION temp not used
sw 37878. 30
at 0.865 not_used
np 65536 .00,
b 17000 10.500
bs 10.000
d1 2.000 FLAGS
nt 10000 11 n
t 10000 in n
TRANSMITTER dp v
€13 hs nn
sfrq 150.869 PROCESSING
tof 2287.0 1b 5
tpwr 51 fn 262144
5.250 DISPLAY
DECOUPLER sp 508.7
HL wp 34685.8
dof 0 rf1 13862.4
d vyy rfp 11615.6
decwave w rp -107.0
r 45 1p ]
daf 13986 pLOT
we 268
sc 0
vs 55188
th
ai cdc ph
|
T Ty T T Ty ; T ; S— " ; . —
200 180 160 140 120 100 a0 60 a0 20 0 ppm
+ © cwewunmoww =43 s =
PC-8 s & 552882523 B 1S 58
- S SOONNN®GO B ~ye < ®
exp28 CARBON S 8 gassyuaso S5 i
AMP PRESATURATION | | L\\} {//,{//J
date Oct 5 202 tmode & )
solvent cdc13  wet
exp SPECIAL
ACQUISITION temp not used
w 37878.8 gai
at 0.865 spin not_used
np 65536 hs []
] 17000 pwso 14.000
bs alfa 10,000
d1 2.000
nt 8000 1 n
ct 4464 in n
TRANSMITTER dp y
tn hs nn
sfrg 150.852 PROCESSING
tof 2296.8 1b 3.
tpwr 60 fn 262144
7.000 DISPLAY
DECOUPLER 1508.5
38692.1
dof 0 rfl 13961.2
dn vy rp 11618.4
decwave w rp -1
dpwr 43 1p
dnf 13889 Lot
we 268
sc 0
vs 148763
4
al cde ph
L k L I
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Figure S44. 13C spectrum of 2d
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2 2 8835 R g o858 2 b
N-MB+8-5 S S 48§28 % 9 RS a2 2
@ - e = o Noe - =
Exp25 CARBON = n A o o N~ w m
SAMPLE PRESATURATION i .y [
date  Oct 15 2020 satmode
solven cdela
file exp SPECIAL
ACQUISITION temp not used
W 37878.8 pai EL)
at 0.BE5 spin not used
np 65536 hst o.o008
fb 17000 pwso 10.500
B alfa 10.000
d1 2.000 FLAGS
nt 30000 11 n
1840 in n
TRANSHITTER P y
13 hs an
sfrg 150858 PROCESSING
tof 2287.1 1b 3,00
tpwr 5 n 262144
v 5.250 aIseLAY
DECOUPLER sp -1508.7
H1 wp 34695.8
dot 0 rfl 13561.5
dn yyy rfp 11615,
decwave w rp 5.0
dpwr 45 1p
dnf 13986 FLOT
we 268
sC
vs 238
th
nm cdc ph
[P U ) I N
T T T Al T T T T T T T T T T T T T 1
200 is0 160 1an lzc 10D 80 60 40 20 0 ppm
0w enam adw o
2F-8 B P b= IS o
~e o @ e e ~
expa  CARBON 58 388 RHSE 3
PRESATURATION 14} Wl W
date Sep 22 2020 satmode =
solvent cdc13 we
e exp SPECIAL
ACQUISITION p not used
W 37878.8 gain 30
at 0.865 spin not_used
np 65536 hst 0.00
b 17008 puso 14.000
bs 8 al 3
d1 2.000
nt 30000
ct 3192
TRANSMITTER
tn €13
sfrq 150.852
tof 2296.8
tpwr
7.000
DECOUPLER
H1
dof 0
dm yyy
decwave w
dpwr a3
dnf 13883
1 i | JL
T T T T T T T T T T T T T T T
200 180 160 140 120 100 80 60 a0 20 0 ppm

Figure S46. 13C spectrum of 2f
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" o wew aw aen o e
PAYE = 32 P 58 S8R -
exp2 CARBON b3 bx] 888 B I 3‘ =|'
SAMPL PRESATURATION Il (1] ) -
date Sep 23 2020 satmode
solvent cdcl3 wi
file exp SPECIAL
ACQUISITION P not used
sw 37878.8 gain
at 0.865 spin not used
np 65536 hst 0.0
b 17000 pwso 10.500
bs 8 alfa 10.000
d1 2.000 FLAGS
nt 30000 11 n
ct 1424 in n
TRANSMITTER dp y
tn hs nn
sfrg 150.869 PROCESSING
tof 2287.1 1 3.00
tpur 51 fn 262144
5.250 DISPLAY
DECOUPLER sp -150
wp 34695.8
dof 0 13862.4
dn vy rfp 11615.6
decwave W orp -13800
dpwr as 1
dnf 13385 pLOT
c 26
sc 0
vs 141
nm cdc ph
L1 A
T T T ; . T ; ! . ; 1 | .
200 180 160 140 120 100 80 60 40 20 0 ppm
E2d
n w o e na nda P
3.50A+8 2 s & 58 &2 s3] 2 8
- e @ o~ “a I w ©
exp2  CARBON @ 2 2 S8 a8 bk b T
SAMPLE PRESATURATION Lu ' :
date Sep 30 2020 satmode
solvent cde13
T exp SPECIAL
ACQUISITION temp not used
s 37878.8 gain
at 0.865 spin not_used
np 65536 hst 0.008
b 17000 pwso 10.500
bs 8 alfa 10.000
1 2.000 FLAGS
nt 10000 11 n
ct 10000 fn n
TRANSMITTER dp y
n hs n
sfrg 150.868 PROCESSING
tof 2287.0 1b ¥
tpwr 51 fn 262144
5.250 DISPLAY,
DECOUPLER 5 -1508.7
HL wp 31595.8
dof 0 rfl 13862.1
dn wy rfp 11615.6
decwave v orp ~11306
dpwr 45
dnf 13885 pLOT
we 268
sc 0
vs saa12
th
ai cdc ph
|
P = — ; 1 T ; : ; R e T : — . T
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igure S48. 13C spectrum of 2h
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2-midine-8 s 38 2 238 B} 38R 3
& © @ P s NNe w
expls CARBON @ @ 3 BT a DTS =
PRESATURATION I LJ N
date Sep 23 2020 satmode
solvent cdcl3 wet
e exp SPECIAL
ACQUISITION P not used
sw 37878.8 gain 30
at 0.865 spin not used
np 65536 hst 0.008
b 17000 pwso 14.000
bs 8 alfa 10.000
d1 2.000 FLAGS
nt 30000 11 n
ct 1392 in n
TRANSMITTER dp y
n €13 hs
sfrq 150.852 PROCESSING
tof 2296.8 1b
tpwr 60 fn 262144
7.000 DISPLAY
DECOUPLER sp -1508.5
HL wp 34692.1
dof 0 rfl 13960.3
dm yyy rfp 11614.4
decwave w rp 178.5
dpwr 43 1p -8.5
dnf 13883 pLOT
we 268
sc
vs 141
th 2
nm cdc ph
T T T T T T T T T T T T T T T T T | T T
200 180 160 140 120 100 80 60 40 20 0 ppm
@ ~ we aow ~ . nao -
2-dine-8 H S 43 883 s R SR )
expld  CARBON 2 2 85 81’1 2 8 RR® H
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Figure S54. 13C spectrum of 2n
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Figure S56. 13C spectrum of 2p
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Figure S60. 13C spectrum of cyclizine
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Figure S62. Mass spectrum of 2b
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Figure S77. Mass spectrum of 2q
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Figure S80. Mass spectrum of cyclizine
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