


Additional catalytic experiments
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Synthesis ofompounds 38w
N-phenylnaphthalen2-amine (3a)

H
0 HN 0ACy;, 10 N
+ Ar, anisole
a 140 °C, 24 h 3a
[146.19] [93.13] [219.29]

¢ KS 3ISYSNIf LINE O$Raanfla) (6 g, OF1DE nimdl 1S R)danilif@e) (15.3 mg, 0L64 mmol,

15 pl) quinolinel-oxide(10) (15 mg, 0103 mmol), anisole (1 mL) and aA2.5 mg, 1 equiy.were placed in a
reaction tube under Ar atmosphere. The reaction mixture was stirred for 24 h at 14BéCeaction was cooled to rt,
filtered through a pad of celite and washed with2CH(50 mL). The solvent was removed under reduced pressure.
Thecrude was purified via flash chromatograplmgxane/EtOAd0:1), which gave the desired product as a white
solid (19 mg, 0.086 mmol, 8).When the same experiment was repeated imfnol scale, the prduct 3awas
isolated in 75% yield®Spectroscopic data matches recorded literature values.

H NMR (400 MHz, DMSOB.41 (s, 1H), 7.77 (d= 8.9 Hz, 2H), 7.67 (@ 9.4 Hz, 1H), 7.47 (@ 2.4 Hz, 1H), 7.41
7.34 (m, 1H), 7.387.17 (m, 6H), 6.92 6.84 (m, 1H).

% paw oO6mam all = 5af{® 0297 129.8,428.6,127.9,126P y176.6 MARAD 1204, 117.8,
1094.

N-(4-(tert-butyl)phenyl)naphthalen2-amine (3b)

OACa|r
Ar anisole

1a 2b 140 °C, 24 h 3b
[146.24] [149.24] [275.40]

H
N

¢KS 3ISYSNIf LINE O$Raanfla) @6 g, OF1DE nimdl 1S dertdbutyl aniline(2b) (15 mg,

0.101 mmol),quinoline1-oxide(10) (15 mg, 0103 mmo}, anisole (1 mL) and 0&(22.5 mg, 1 equiy.were placed in

a reaction tube under Aatmosphere. The reaction mixture was stirred for 24 h at 140 °C. The reaction was cooled to
rt, filtered through a pad of celite and washed with2CH(50 mL). The solvent was removed under reduced pressure.
The crude was purified via flash chromatograhgxane/EtOAc 40:1)vhich gave thalesired producBb as a dark
orangesolid (20 mg, 0.072 mmol, 71 %pectroscopic data matches recorded literatvedues?

IH NMR (400 MHz, CB)3I 7.72 (d,J= 8.8 Hz, 2H), 7.62 (@ 8.3 Hz, 1H), 7.417.36 (m, 2H), 7.36 7.31 (m, 2H),
7.30¢ 7.25 (m, 1H), 7.19 (dd= 8.8, 2.3 Hz, 1H), 7.£5.09 (m, 2H), 5.79 (s, 1H), 1.33 (s, 9H).

13C NMR (101 MHz, CRCl + M n 6, 0402, 134T, 12®, 128.9, 127.6, 126.4, 1236.123.2 119.7, 118.5, 110,6
343, 31.5.

N-(4-ethoxyphenyl)naphthaler2-amine (3c)
MO e OO
o\ Ar anisole

1a 2e 140 °C, 24 h
[146.24] [137.18] [263.34]



¢KS 3ISYSNIt LINE O$Raiahla) @6 rag, OF1BE nind|g1S Ysethoxy aniling2c) (20mg, Q15

mmol) quinolinel-oxide(10) (15 mg, 0103 mmol), anisole (1 mL) and aA@2.5 mg, 1 equiywere placed in a

reaction tube under Ar atmosphere. The reaction mixture was stirred for 24 h at 140 °C. The reaction was cooled to rt,
filtered through a pad of celite and washed with2CkH(50 mL). The solvent was removed under reduced pressure.

The crude was purified via flash chromatography (hexane:E10Ag, which gave the desired produgtas a light

yellow solid {8 mg, 0.8 mmol, 72 %).

'H NMR (400 MHz, CB)BI 7.73¢ 7.65 (m, 2H), 7.57 (dd= 8.2, 1.1 Hz, 1H), 7.36 (di& 15.1, 1.3 Hz, 1H), 7.267.23
(m, 1H), 7.20 (d)= 2.3 Hz, 1H), 7.177.12 (m, 2H), 7.10 (dd= 8.8, 2.3 Hz, 1H), 6.8%.83 (m, 2H), 5.63 (s, 1H), 4.03
(q,J= 6.9 Hz, 2H), 1.42 (= 7.0 Hz, 3H).

13C NMR (101 MHz, CBAI154.9, 143.0, 135.4, 134.8, 131.8, 129.1, 128.5, 127.6, 126.4, 126 8, 1226, 118,
115.4, D8.7, 63.815.0

HRMScalculated for [@H17NO]:2631310found: 263.1315

N-(4-(trifluoromethyl)phenyl)naphthalen2-amine (3d)

_ OACair 10
Ar anisole
140 °C, 24 h

1a
[146.24] [161.13] [287.29]

¢KS 3ISYSNIf LINE O$Raanfla)fl6 g, OF1DE nimdl 1S driflioromethyl aniline (2d) (18

mg, Q110 mmol), quinoline-1-oxide (10) (15 mg, 0L03 mmol), anisole (1 mL) and aA@2.5 mg, 1 equiy.were

placed in a reaction tube under Ar atmosphere. The reaction mixture was stirred for 24 h at 140 °C. The reaction was
cooled to rt, filtered through a pad of celite and washed with@H50 mL). The solvent was removed under reduced
pressure. The crude was purified via flasltomatography (hexane/EtOAc 20:1), which gave thgired produc3d as

a dark orange solid (17 mg, 0.0591 mmol, 599pctroscopic data matches recorded liire values?

IHNMR (400 MHz, CBEI + TdTp 604G W I' 7d1 I T I HI OIH), 25N =8RHz, W I y
2H), 7.45 (d, J = 16.4 Hz, 1H), 7.37 (d, J = 16.3 Hz, 1H), 7.27 (dd, J = 8.8, 2.3 Hz, 1H), 7.13 (d, J = 8.5 Hi})H), 6.08 (s,
BCNMR (101 MHz, CRGI + wmn c ®c4z13040199% 1278, i06.8, I2®, 1267, 1246 (q, J = 27Q.H2),

1245,122.03 (qJ= 32.8 Hz)1210, 1158, 115.1.

19 NMR (376 MHz, CB)AI-61.47.

N-(3,4-dimethoxyphenyl)naphthaler2-amine (%)

0] (0] H
9O Qo o N@O
_—
- Ar, anisole ~
H2N o 140 °C, 24 h 0
1a 2e 3e

[146.24] [153.18] [279.34]

¢KS 3ISYSNIf LINE O$Raiahbla) @6 rag, OF18E nind|g1S iB-dimethoxyaniling(2e) (41 mg,

0.15 mmol) quinolinel-oxide(10) (15 mg, 0103 mmol), anisole (1 mL) and af@2.5 mg, 1 equiy.were placed in a
reaction tube under Aatmosphere. The reaction mixture was stirred for 24 h at 140 °C. The reaction was cooled to rt,
filtered through a pad of celite and washed with2Ck(50 mL). The solvent was removed under reduced pressure.

The crude was purified via flash chromatography (hexane:E5Acwhich gave the desired produge as a light

yellow solid 20 mg, 0.0/ mmol, 68 %).



H NMR (400 MHz, CB)3I 7.70 (d,J= 1.8 Hz, 2H), 7.60 (@ 8.3 Hz, 1H), 7.457.32 (m, 1H), 7.3 7.22 (m, 1H),
7.14 (ddJ= 8.8, 2.3 Hz, 1H), 6.86 (& 8.4 Hz, 1H), 6.826.72 (m, 2H), 5.69 (s, 1H), 3.89 (s, 3H), 3.85 (s, 3H).
13C NMR (101 MHz, CB)@1149.7, 145.0, 142.6, 136.1, 1841295, 1292, 1287, 1276, 1265, 1263, 1231, 1191,
1126, 112.2, 1094, 105.756.3, 55.9

HRMScalculated for [@Hi7NCy]: 279.125%0und: 279.1262

N-(naphthalen2-yl)pyrazine2-amine (3f)

H
O "0 g QU0
+ NN Ar, canisole N/
of 140 °C, 24 h 3f
[146.19] [95.10] [221.24]

The general procedure was followédtetralone (1a) (16 mg, 0.108 mmol, 15 }byrimidin-4-amine(2f) (15 mg,

0.157 mmol) quinoline-1-oxide(10) (15 mg,0.103mmol), anisole (1 mL) and o&Q22.5 mg, 1 equiy.were placed in

a reaction tube under Ar atmosphere. The reaction mixture was stirred for 24 h at 140 °C. The reaction was cooled to
rt, filtered through a pad of celite and washed with2CH(50 mL). The solvent was removed under reduced pressure.
The crude was purified via flash chromatograpPZ/MeOH 40:), which gave the desired produgt as adark

orange solid19 mg, 0.085 mmol, 80 %).

IHNMR (400 MHz,CBEI + y doH ORI W I' modp I T3 mIOI PHINBAKBRRT W T
3H), 7.4%; 7.36 (m, 3H), 6.93 (s, 1H).

13C NMR (101 MHz, CBRCI + 3,142.4,®36, 135.1, 132, 1332, 1303, 1292, 1277, 1272, 1267, 1247, 1208,

115.9.

HRMScalculated for [@&H11Ns]: 221.0953found: 2220896

N-(naphthalen2-yl)pyridin-2-amine (3Qg)

0]
, HoN N 0ACan 10 _
N~ Ar anisole

140 °C, 24 h
1a 29

[146.24] [94.12] [220 28]

¢ KS 3ISYSNIt LINE O$Raanhla) @6 g, OF1PE nimdl 1S W)dninopyridine(2g) (15 mg, 0159
mmol) quinolinel-oxide(10) (15 mg, 0003 mmol), anisole (1 mL) and aA2.5 mg, 1 equiy.were placed in a
reaction tube under Ar atmosphere. The reaction mixture was stirre@4adnat 140 °C. The reaction was cooled to rt,
filtered through a pad of celite and washed with2CH(50 mL). The solvent was removed under reduced pressure.
The crude was purified via flash chromatography (hexane:EtOAc 5:1), which gave the desired3gadiuectight
yellow solid (19 mg, 0.086 mmol, 80 %). Spectroscopic data matches recorded literature’*values

H NMR (400 MHz, CB)3I 8.30¢ 8.21 (m, 1H), 7.887.69 (m, 4H), 7.53 (dd= 15.6, 1.9 Hz, 1H), 7.48.32 (m, 3H),
6.97 (dt,J= 8.4, 1.0 Hz, 1H), 6.84 (s, 1H), &8173 (m, 1H).

13C NMR (101 MHz, CBAI 1559, 1484, 1380, 1378, 1343, 130.0, 129.1, 127.6, 127.0, 1861265, 124.3, 121,
1154, 115.3, 108.6.

N-(naphthalen2-yl)pyridin-3-amine (3h)



O N
H2N B OAC,, 10 OO N
* N/ Ar, anisole =
1a 2h 140 °C, 24 h 3h
[146.19] [94.05] [220.10]

The general procedure was followéddtetralone (1a) (16 mg, 0.108 mmol, 15 p3-aminopyridne (2h) (15 mg, 0159

mmol), quinoline-1-oxide (10) (15 mg, 0003 mmol), anisole (1 mL) and cA®2.5 mg, 1 equiy.were placed in a

reaction tube under Ar atmosphere. The reaction mixture was stirred for 24 h at 140 °C. The reaction was cooled to rt,
filtered through a pad of celite and washed with2CkH(50 mL). The solvent was removed under reduced pressure.

The crude was purified via flash chromatograppZC/MeOH 40:), which gave the desired produ&h as an orange

solid (L3 mg, 0.9 mmol, 54 %).

'H NMR (400 MHz, CBI 8.47 (d,J= 2.9 Hz, 1H), 8.22 (ddk: 4.7, 1.4 Hz, 1H), 7.77 It 7.8 Hz, 2H), 7.67 (#= 8.2
Hz, 1H), 7.50 (ddd~= 8.3, 2.8, 1.4 Hz, 1H), 7.48.40 (m, 2H), 7.3§ 7.31 (m, 1H), 7.2§7.17 (m, 2H), 5.91 (s, 1H).
13C NMR (101 MHz, CB)@11424, 1406, 1397, 1345, 129.6, 129.5, 127.7, 126.7, 126.6, 124.24.0, 123.8120.0,
112.6

HRMScalculated for [@Hi2Nz]: 220.1000found: 220.0999

N-(naphthalen2-yl)pyrimidin-2-amine (3i)

H
@) H,N N N N
. \W X oACair,10 _ \ﬁ S
N~ Ar, anisole N~
1a 2i 140 °C, 24 h 3
[146.24] [95.12] [221.28]

¢ KS 3ISYSNIf LINE O$Raanla) (6 g, OF1BE nimdl 1S )grimidin-2-amine(2i) (15 mg,

0.157 mmol) quinolinel-oxide(10) (15 mg, 0103 mmol), anisole (1 mL) and af(22.5 mg, 1 equiy.were placed in a
reaction tube under Ar atmosphere. The reaction mixture was stirred for 24 hours at 140 °C. The reaction was cooled
to rt, filtered through a pad of celite and washed with2CH(50 mL). The solvent was removed under reduced

pressure. The crude was purified via flash chromatography (hexane:EtOAc 5:1), which gave the desire@i@sduct

light yellow solid (6 mg, 0.027 mmol, 25 %). Spectrosatatie matches recorded literature valués

IH NMR (400 MHz, CB)3I 8.48 (d,J= 4.9 Hz, 2H), 8.29 (@ 2.4 Hz, 1H), 7.837.76 (m, 3H), 7.57 (dd= 8.8, 2.2 Hz,
1H), 7.48 7.42 (m, 1H), 7.387.34 (m, 1H), 7.28 (s, 1H), 6.77J¢, 4.8 Hz, 1H).
13C NMR (101 MHz, CB)EI1602, 1581, 136.9,134.2,130.7,128.7, 1276, 1274, 1264, 1243, 1204, 1151, 112.8.

7-methoxy-N-phenylnaphthalenr2-amine (3))

H
0 © HoN 0AC,y, 10 O N
+
Ar, anisole
1b 2a 3j

140 °C, 24 h
[176.21] [93.13] [249.31]
The general procedure was followedméthoxy-3,4-dihydronaphthaler2(1H}one (1b) (18.1 mg, 0.102 mmol),
aniline(2a) (15.3 mg, 0,164 mmol, 15 pl) quinolideoxide(10) (15 mg, 0,103 mmol), anisole (1 mL) and AZ2.5

mg, 1 equiv). were placed in a reaction tube under Ar atmosphere. The reaction mixture was stirredtat240°C.
The reaction was cooled to rt, filtered through a pad of celite and washed wit@KEB0 mL). The solvent was

S9)



removed under reduced pressuréhecrude wasurified via flash chromatographhéxane/EtOA40:1), which gave
the desired produc8j asa bright orange solid23 mg, 0.09 mmol, 90 %)).

H NMR (400 MHz, CB)3I 7.70¢ 7.60 (m, 2H), 7.37 7.26 (m, 3H), 7.187.12 (m, 2H), 7.05 (dd= 8.7, 2.3 Hz, 1H),
7.01¢ 6.92 (m, 3H), 5.84 (s, 1H), 3.88 (s, 3H).

13C NMR (101 MHz, CB)GI1583, 142.9, 141.5, 135.9, 129.4, 129128.9, 124, 121.4, 11&, 117.5, 116L, 110.6,
1048, 553.

7-methoxy-1-methyl-N-phenylnaphthalenr2-amine (3k)
H
A9 © HoN 0AC,;, 10 O N
' \© Ar, anisole OO \©
1e 24 140 °C, 24 h 3K
[190.24] [93.13] [263.34]

The general procedure was followettmethoxy-1-methyl-3,4-dihydronaphthaler2(1H}one (1¢) (20.4 mg, 0.107
mmol),aniline(2a) (15.3 mg 0.164mmol, 15 u) quinoline-1-oxide(10) (15 mg 0.103 mmoa), anisole (dnL) and 0A&%
(22.5 mg, 1 equiy.were placed in a reaction tube under &mosphere. The reaction mixture was stirred for 24 hours
at 140 °C. The reaction was cooled to rt, filtered through a pad of celite and washed w@h (G6imL). The solvent
was removed under reduced pressufidhecrude was purified via flash chromatograplmexane/EtOAd.0:1), which
gave the desired produ@k asa bright orange solid10 mg, 0.034 mmol, 31 %).

H NMR (400 MHz, CB3)3I 7.70 (d,J= 8.9 Hz, 1H), 7.60 (@ 8.7 Hz, 1H), 7.28 (& 8.7 Hz, 1H), 7.257.20 (m, 3H),
7.11¢7.04 (m, 1H), 6.8§6.83 (m, 3H), 5.63 (s, 1H), 3.96 (s, 3H), 2.51 (s, 3H).

13C NMR (101 MHz, CB)@1162.0,1581, 145.1, 138.0, 138, 1299, 129.3, 126.7, 126, 122.8, 124, 119.7, 11&,
112.1,1029, 55.3, 132.

HRMScalculated for [@H17NO]:263.1310found: 2631309

6-methoxy-N-phenylnaphthalenr2-amine (3l)

H
O N
/@Cﬁ HoN 0AC,;, 10 \©
+
~0 Ar, anisole ~0
1d 2a 3|

140 °C, 24 h
[176.21] [93.13] [249.31]

The general procedure was followegimethoxy-3,4-dihydronaphthaler2(1H}one (1d) (16.5mg, 0093 mmol),
aniline(2a) (15.3 mg, @64 mmol, 15 pl) quinoling-oxide(10) (15 mg, 0103 mmol), anisole (1 mL) and aA@2.5
mg, 1 equiv). were placed in a reaction tube under Ar atmosphere. The reaction mixturestiveesd for 24 hat 140 °C.
The reaction was cooled to rt, filtered through a pad of celite and washed wi@KEB0 mL). The solvent was
removed under reduced pressure. The crude was purified via flash chromatography (hexane&3B{O#hbich gave
the desired produc8l as a bright orange solid0mg, 0.Gt0 mmol, 43 %) Spectroscopic data matches recorded
literature values®

IH NMR (400 MHz, CB)3I 7.66 (d,J= 8.8 Hz, 1H), 7.57 (@ 8.6 Hz, 1H), 7.42 (@ 2.5 Hz, 1H), 7.337.24 (m, 3H),
7.23 (dd,J= 8.8, 2.3 Hz, 1H), 7.11 (& 2.5 Hz, 4H), 6.93 (t= 7.4 Hz, 1H), 5.77 (s, 1H), 3.90 (s, 3H).

13C NMR (101 MHz, CB)EI156.3, 143.7, 138.8, 130.3, 199129.4, 1281, 127.9, 1212, 1208, 119.1, 117, 113.4,
106.0,553.



5-methoxy-N-phenylnaphthaler2-amine (3m)

NH,
0 N
. 0AC,;,, 10
Ar, anisole
o 140 °C, 24 h
~ (0]
~ 3m

1e 2a
[176.21] [93.13]

[249.31]

The general procedure was followesimethoxy-3,4-dihydronaphthaler2(1H)}one (1€) (19.9 mg, 0.112 mmol),
aniline(2a) (15.3 mg, .64 mmol,15 p) quinoline-1-oxide(10) (15 mg 0.103mmol), anisole (InL) and 0A&: (22.5
mg, 1 equiv). were placed in a reaction tube under Ar atmosphere. The reaction mixture was stirr24 fat 140 °C.
The reaction was cooled to rt, filtered through a pad of celite and washed wi@KEB0 mL). The solvent was
removed under reduced pressuréhecrude was purified via flash chromatograplmexane/EtOA40:1), which gave
the desired producB8m asa dark orange solid (11 mg, 0.044 mmol, 39 %).

IH NMR (400 MHz, CB)GI 8.15 (dt,J= 8.9, 0.7 Hz, 1H), 7.39 (& 2.3 Hz, 1H), 7.337.27 (m, 3H), 7.247.14 (m,
4H), 6.97 (ttJ= 7.4, 1.1 Hz, 1H), 6.65 (dtk 7.6, 1.0 Hz, 1H), 5.86 (s, 1H), 3.98 (s, 3H).

13C NMR (101 MHz, CBEI155.6, 14, 141.4, 135.8, 129.4, 126.6, 133121.4, 120.9, 119, 118.9, 118.3, 111,2
101.8,55.4

HRMScalculated for [GHizNO]:249.1154found: 249.1147

N-(4-ethoxyphenyl}6-fluoronaphthalen-2-amine (3n)

H
H,N N
Ar, anisole PN
F o . F o]
15 2 140°C, 24 h 3n
[164.06] [137.18] [281.12]

The general procedure was followegHluoro-3,4-dihydronaphthalenr2(1H}one (1f) (16.5 mg, 0.10 mmal 4-ethoxy
aniline(20) (20 mg, 015 mmol) quinoline-1-oxide(10) (15 mg, 0103 mmol), anisole (1 mL) and acA@2.5mg, 1

equiv) were placed in a reaction tube under Ar atmosphere. The reaction mixture was stirred for 24 h at 140 °C. The
reaction was cooled to rt, filtered through a pad of celite and washed wittC€{0 mL). The solvent was removed
under reduced pressure. The crude was purified vidhfll@omatography (hexane:EtOAc: 1)) which gave the

desired producBn as abright redsolid 1 mg, 0.0/4 mmol, 74 %).

H NMR (400 MHz, CR)I 7.63 (d,J= 8.9 Hz, 1H), 7.54 (ddk 9.0, 5.5 Hz, 1H), 7.32 (dds 9.9, 2.8 Hz, 1H), 7.22
7.07 (m, 5H), 6.92 6.86 (m, 2H), 5.60 (s, 1H), 4.040g,7.0 Hz, 2H), 1.42 (= 7.0 Hz, 3H).

13C NMR (101 MHz, CB)@1158.99 (dJ= 242.5 Hz)154.9, 142.5, 138, 131.7,128.74 (d )= 8.4 Hz)1284, 128.3,
128.3,128.2, 122.6, 120, 116.5 (d J= 25.1 Hz)1155, 110.7 (d J= 20.9 Hz)108.9, 63.8, 14.9

19 NMR (376 MHz, CB)GI-119.42.

HRMScalculated for [@HisFNO]: 81.1216 found: 281.1211

N-(pyrazin2-yl)quinolin-6-amine (30)



H
N_ N
> | (0] HzN\(\ 0AC,;, 10 ~4 | \[ \]
x * NN Ar, anisole \N N/
N 19 of 140 °C, 24 h 2
[147.18] [95.10] [222.25]

The general procedure was followed. ‘dBydroquinolin6(5H}one (1g) (15 mg, 0.102 mmalpyrimidin-4-amine(2f)

(15 mg, 0157 mmol) quinoline-1-oxide (10) (15 mg, 0103 mmol), anisole (1 mL) and aA2.5 mg, 1 equiy.were

placed in a reaction tube under Ar atmosphere. The reaction mixture was stirred for 24 h at 140 °C. The reaction was
cooled to rt, filtered through a pad of celite and washed with@H50 mL). The solvent was removed under reduced
pressure. The crude was purified via flash chromatograpt§M/MeOH 10:1)\which gave thalesired producfo as a

dark brown solid (15 mg, 0.068 mmol, 68 %).

IH NMR (400 MHz, CREI +  yJe 8.8 Hzp1R)Z8.55 (di 6.0, 1.0 Hz, 1H), 8.@7.86 (m, 3H), 7.887.73 (m,
2H), 7.66 (dddjJ=8.2, 7.0, 1.2 Hz, 1H), 7.31 (dd,8.5, 6.0 Hz, 1H), 4.57 (s, 1H).

3C NMR (101 MHz, CRCI 1 7,1%58.6, @46, 141.0, 1347, 133.3, 131.6, 129.5, 127872, 1254, 119.9, 118.8.
HRMScalculated for [@&HioN4]: 222.0905found: 2220896

N-(5-methoxynaphthalen2-yl)pyrazin2-amine (3p)

H
0 H,N N__N
XN
12 )
+ NN OAC,, 10 N/
N 3p

0 Ar, anisole
~ 1e 2f 140 °C,24 h
[176.21] [95.10] [251.29]

The general procedure was followesimethoxy-3,4-dihydronaphthaler2(1H)}one (1€) (18.6 mg, 0.105 mmol),
pyrimidin-4-amine(2f) (15 mg, 0157 mmol), quinolinel-oxide (10) (15 mg, 0103 mmol), anisole (1 mL) and aAC

(22.5 mg, 1 equiy.were placed in a reaction tube under Ar atmosphere. The reaction mixture was stirred for 24 h at
140 °C. The reaction was cooled to rt, filtered through a pad of celite and washed wh (GBI mL). The solvent was
removed under reduced pressure. The crude was purified via flash chromatography (DCM/MeOH 40:1), which gave
the desired producBp as a dark orange sol{d0 mg, 0.042 mmol, 40 %).

H NMR (400 MHz, CB)31 8.34 (d,J= 1.5 Hz, 1H), 8.24 (@ 8.9 Hz, 1H), 8.17 (ddk: 2.7, 1.5 Hz, 1H), 8.02 (t; 2.7
Hz, 1H), 7.98 (d= 2.3 Hz, 1H), 7.447.33 (m, 3H), 6.826.68 (M, 2H), 4.00 (s, 3H).

13C NMR (101 MHz, CBEI155.5, 152.2, 142, 137.3, 1354, 1352, 133.2, 129.5, 126.9, 123.6, 122.2, 119.7, 119.6,
115.5, 102.955.5

HRMScalculated for [GHisNsO]: 251.105%ound: 251.1052

6-methoxy-N-(4-(trifluoromethyl)phenyl)naphthalen2-amine (3q)

H
(0] HoN N
Qe (S8
\O CFs Ar, anisole \o CFs
1d 2d 3q

140°C,24 h
[176.08] [137.18] [317.10]

The general procedure was followegimethoxy-3,4-dihydronaphthaler2(1H}one (1d) (18 mg, 0.1@ mmol), 4
trifluoromethyl aniline(2d) (18 mg, 0110 mmol) quinoline-1-oxide(10) (15 mg, 0103 mmol), anisole (1 mL) and
0AGir (22.5 mg, 1 equiy.were placed in a reaction tube under Ar atmosphere. The reaction mixture was stirred for 24

S



h at 140 °C. The reaction was cooled to rt, filtered through a pad of celite and washed with(68imL). The solvent
was removed under reduced pressure. The crude was purified viadl@®matography (hexane:EtOAc:1)) which
gave the desired produ@q as abright red solid22 mg, 0.9 mmol, 68 %).

'H NMR (400 MHz, CBGI 7.71 (d,J= 8.8 Hz, 1H), 7.62 (@ 8.9 Hz, 1H), 7.547.41 (m, 3H), 7.3 7.24 (m, 1H),
7.19¢ 7.09 (m, 2H), 7.04 (d= 8.8 Hz, 2H), 5.99 (s, 1H), 3.91 (s, 3H).

13C NMR (101 MHz, CB)@1156.9, 147.3, 136, 131.3, 129.6, 128.4, 128.1268, 126.7, 126L, 124.7 (qJ= 270.7)
121.42 (gJ=33.1 Hz)1194, 1168, 115.0, 105.9, 58.

19F NMR (376 MHz, CB)AI-61.39.

HRMScalculated for [@HiaRNO]:317.1027found: 317.1023

6-fluoro-N-phenylnaphthalerr2-amine (3r)

H
0] HoN N
T "0 ==t — 00
F Ar, anisole E
1f 2a 140 °C, 24 h 3r
[164.18] [93.13] [237.28]

The generaprocedure was followed.-@uoro-3,4-dihydronaphthaler2(1H}one (1f) (15.6 mg, 0.098nmol),aniline

(2a) (15.3 mg, .64 mmol,15 p) quinoline-1-oxide(10) (15 mg 0.103 mmo), anisole (InL) and 0A& (22.5 mg, 1

equiv) were placed in a reaction tube under Ar atmosphere. The reaction mixture was stirred for 24 h at 140 °C. The
reaction was cooled to rt, filtered through a pad of celite and washed wittC€{0 mL). The solvent was removed
under reduced pressurd.hecrude was purified via flash chromatograpimexane/EtOAd.0:1), which gave the

desired producBr asabright orange solid21 mg, 0.088 mmol, 93 %gpectroscopic data matches recorded literature
values®

IHNMR (400 MHz, CRGI {  TJP 8.8 Hzp1R)E7.61 (dd 9.0, 5.5 Hz, 1H), 7.43 (5 2.3 Hz, 1H), 7.36 (i

9.8, 2.7 Hz, 1H), 7.337.28 (m, 2H), 7.2 7.23 (m, 1H), 7.22 7.10 (m, 3H), 6.98 (td= 7.3, 1.1 Hz, 1H), 5.82 (s, 1H).
13C NMR (101 MHz, CBE11594 (d, J= 242.5 Hz)142.9, 14®4, 131.5, 12%, 128.6, 128.6, 128, 128.4,1214 (d, J=
21.9 Hz)118.2,1167 (d, J= 25.1 Hz)111.9,1108 (d, J= 20.0 Hz)

19F NMR (376 MHz, CB)GI-118.37.

N-phenylquinolin-6-amine (3s)

H
(0] HoN N
Z | 2 0AC,;,, 10 = |
N ¥ Ar, anisole N
N ! N
19 2a 3s

140 °C,24 h
[147.18] [93.13] [220.28]

The general procedure was followed. d#ydroquinolin6(5H}one (1g) (15 mg, 0.102 mmdp| aniline(2a) (15.3 mg,

0.164 mmol, 15 pl) quinolind-oxide (10) (15 mg, 0003 mmol), anisole (1 mL) and aA@2.5 mg, 1 equiy.were

placed in a reaction tube under Ar atmosphere. The reaction mixture was stirred for 24 h at 140 °C. The reaction was
cooled to rt, filtered through a pad of celite and washed with@H50 mL). The solvent was removed under reduced
pressure. The crude was purified via flash chromatograpigM MeOH 4:1), which gave the desired prodigtas a

dark brown solid (1ing, 005 mmol, 49%). Spectroscopic data matches recorded literature values

IH NMR (400 MHz, CREI + y &=4B, 1&7 RIR IH), 7.98 (5 9.0 Hz, 1H), 7.93 (@ 8.6 Hz, 1H), 7.42 (dik
9.0, 2.6 Hz, 1H), 7.387.27 (m4H), 7.23 7.17 (m, 2H), 7.03 (ti= 7.3, 1.1 Hz, 1H), 6.05 (s, 1H).
13C NMR (101 MHz, CBCI + ™ n T ® c2Zy14M7h I84b4) 736, i00.5, €23.11223, 121.5, 112, 1094.
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N-(naphthalen2-yl)dibenzo[b,d]furan3-amine (3t)

H
o} HoN o) N o)
Q" "y e C
O Ar, anisole Q
1a 2g 140 °C, 24 h 3t
[146.24] [183.21] [309.12]

¢ KS 3ISYSNIf LINE O$Raianhla) @6 rag, OF1DE nimdl 1S )ibenizo[b,d]furar3-amine(2g) (23

mg, 0.12mmol) quinolinel-oxide(10) (15 mg, 0L03 mmol), anisole (1 mL) and aA(@2.5 mg, 1 equiy.were placed

in a reaction tube under Ar atmosphere. The reaction mixture was stirred for 24 h at 140 °C. The reaction was cooled
to rt, filtered through a pad of celite and washed with2CH(50 mL). The solvent was removed under reduced

pressure The crude was purified via flash chromatography (hexane:EtOAc 10:1), which gave the desired Jraduct

a dark red solid (24 mg, 0.077 mmol, 72 %).

!H NMR (400 MHz, C3)31 7.88¢ 7.75 (m, 4H), 7.68 (dd= 8.1, 0.9 Hz, 1H), 7.867.50 (m, 2H), 7.47 7.28 (m, 6H),
7.10 (ddJ= 8.3, 2.0 Hz, 1H), 6.11 (s, 1H).

13C NMR (101 MHz, CB)GI157.6, 156.3, 143.1, 140.1346, 129.5, 1294, 127.7, 126.6, 126, 1258, 124.5, 123.8,
1228, 1213,1203, 119.7, 117.9, 114.1, 112.5, 1411002

HRMScalculated for [€2HisON]: 309.1154found: 309.1146

4-(naphthalen2-yl)morpholine (3u)
@O . HN/\ 0AC,;, 10 N\)
K/O Ar, anisole

1a 2h 140 °C, 24 h 3y
[146.24] [87.12] [213.28]

¢KS 3ISYSNIt LINE O$Raanfla) @6 rag, OF1DE nindlglS @wrpholine(2h) (12.5 mg, 0143

mmol) quinolinel-oxide(10) (15 mg, 0103 mmol), anisole (1 mL) and aA@2.5 mg, 1 equiy.were placed in a

reaction tube under Ar atmosphere. The reaction mixture was stirred for 24 h at 140 °C. The reaction was cooled to rt,
filtered through a pad of celite and washed withZ2CkH(50 mL). The solvent was removed under reduced pressure.

The crude was purified via flash chromatography (hexane:EBJAcwhich gave the desired produgt as a light
orangesolid 21 mg, 0.®8 mmol, 92 %).Spectroscopic data matches recorded literature vallies

H NMR (400 MHz, CB)31 7.83¢ 7.63 (m, 3H), 7.41 (ddd= 8.2, 6.8, 1.3 Hz, 1H), 7.85.19 (m, 2H), 7.11 (d= 2.5
Hz, 1H), 4.0t 3.84 (m, 4H), 3.383.15 (m, 4H).
13C NMR (101 MHz, CB)E1149.1, 134.5, 128.8, 178.127.4, 1268, 126.3, 123.5, 118.910.1,66.9, 49.8

1-(naphthalen2-yl)piperidine (3v)

1a 2i

Ar, anisole

140 °C, 24 h 3v
[146.24] [85.15] [211.31]
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¢KS 3ISYSNIf LINE O$Ralahtla) @6 rag, OF18E nindlg1S iiperitine(2i) (125 mg, 0143

mmol) quinolinel-oxide(10) (15 mg, 0103 mmol), anisole (1 mL) and aA@2.5 mg, 1 equiywere placed in a

reaction tube under Ar atmosphere. The reaction mixture was stirred for 24 h at 140 °C. The reaction was cooled to rt,
filtered through a pad of celite and washed with2CkH(50 mL). The solvent was removed under reduced pressure.

The crude was purified via flash chromatography (hexane:EtOAc 5:1), which gave the desired3radusctight

orange solid§ mg, 0.8 mmol, 36 %). Spectroscopic data matches recorded literature values

IH NMR (400 MHz, CB)31 7.72 (t,J= 9.8 Hz, 3H), 7.41 (dd#k 8.3, 6.8, 1.4 Hz, 1H), 7.83.26 (m, 2H), 7.15 (d=
2.6 Hz, 1H), 3.373.22 (m, 4H), 1.87 1.72 (m, 4H), 1.7 1.60 (m, 2H).
13C NMR (101 MHz, CBAI150.1, 134.7, 128.5, 128.3, 127126.7, 126.1, 123,120.2, 110.3, 51,25.9, 244.

N-methyl-N-phenylnaphthalen2-amine (3w)
o HIL nll
"0 g QU0
Ar, anisole
1a 2] 140 °C, 24 h 3w
[146.19] [107.07] [233.12]

The general procedure was followédtetralone (1a) (16 mg, 0.108 mmoll5 ul),N-methylaniline(2j) (15.3 mg, Q.4

mmol, 15 p) quinoline-1-oxide (15 mg0.103 mmo), anisole (InL) and 0A& (22.5 mg, 1 equiy.were placed in a

reaction tube under Ar atmosphere. The reaction mixture was stirred for 24 h at 140 °C. The reaction was cooled to rt,
filtered through a pad of celite and washed with2CkH(50 mL). The solvent was removed under reduced pressure.
Thecrude was purified via flash chromatograplmexane/EtOAd0:1), which gave the desired prodBw as a white

solid (16 mg, 0.7 mmol, [). Spectroscopic data matches recmtditerature value$.

IH NMR (400 MHz, CB)3I 7.76¢ 7.65 (m, 3H), 7.41 (= 8.2 Hz, 1H), 7.357.27 (m, 4H), 7.20 (dd= 8.9, 2.4 Hz,
1H), 7.10 (dJ= 8.6 Hz, 2H), 7.01 (= 7.3 Hz, 1H), 3.42 (s, 3H).

13C NMR (101 MHz, CB)@1149.1, 1465, 134.7, 129.3, 129.1, 138.127.5, 126.7, 128, 123.7, 121.9121.8,121.4,
114.6 40.6.

Synthesis of compounds Ba
N-phenyH1,1"-biphenyl]-4-amine (12a)

H
0]
Ph Ar, ?nlsole Ph
11a 2a 140 °C, 24 h 12a
[172.09] [93.13] [245.12]

The general procedure was followed. 2ifydro{1,1-biphenyl}4(3H}one 0.5mg, 0119mmol), aniline (15.3 mg,

0.164 mmol, 15 pl)quinoline-1-oxide (15 mg, 103 mmol), anisole (1 mL) and aAR2.5 mg, 1 equiy.were placed

in a reactiontube under Aratmosphere. The reaction mixture was stirred for 24 h at 140 °C. The reaction was cooled

to rt, filtered through a pad of celite and washed with2CH(50 mL). The solvent was removed under reduced

pressure. The crude was purified via flash chromatography (hexane/EtOAc 10:1), which gave the desired product as a
white solid (15 mg, 0.061 mmol, 51 %). Spectroscopic data matches recorded literature'values

IH NMR (400 MHz, CB3I 7.62¢ 7.58 (m, 2H), 7.5 7.52 (m, 2H), 7.48 7.42 (m, 2H), 7.31 (d= 2.1 Hz, 3H), 7.23
7.12 (m, 4H), 6.99 (tfl= 7.2, 1.2 Hz, 1H), 5.81 (s, 1H).
13C NMR (101 MHz, CB)@11429, 1426, 1409, 1338, 129.4, 128, 128.0, 126.6, 126.5, 12].118.1, 117.8.
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4'-methyl-N-phenyt[1,1-biphenyl]-4-amine (12b)

0 N
‘ HoN 0AC,;, 10 O \©
¥ \© Ar, anisole /‘/‘/
11b 2a 140 °C,24 h O 12b

[186.25] [93.13] [259.35]

The general procedure was followad-@ethyl-2,5-dihydro-[1,1-biphenyl}4(3H}one (18.9 mg, 0.101 mmol), aniline

(15.3 mg, @64 mmol, 15 plyuinoline-1-oxide (15 mg, 203 mmol), anisole (1 mL) and eA@2.5 mg, 1 equiy.

were placed in a reaction tube under Ar atmosphere. The reaction mixture was stirred for 24 h at 140 °C. The reaction
was cooled to rt, filtered through a pad of celite and washed witbGEKBE0 mL). The solvent was removed under

reduced pressure. The crude was purified via fledlstomatography (hexane/EtOAc1), which gave the desired

product as a white solid (15 mg, 0.057 mmol, 57 %). Spectroscopic data matches rditerdrde values'!

H NMR (400 MHz, CB)3I 7.53¢ 7.39 (m,3H), 7.30¢ 7.25 (m, 2H), 7.24 7.19 (m, 2H), 7.14 7.08 (m,4H), 6.94 (tt,)
= 7.4, 1.3 Hz, 1H), 5.75 (s, 1H), 2.38 (s, 3H).
13C NMR (101 MHz, CB)E1143.0, 1423, 138.0, 136.3, 133.8, 129.129.4, 127.8, 126.4, 121.1, 117196.7,21.1.

4'-fluoro-N-phenyt[1,1'-biphenyl]-4-amine (12c)

H
0] HN N
‘ * @ " ©
O Ar, anisole O
F 11c 2a 140°C, 240 12¢

[190.22] [93.13] [263.12]

The general procedure was followed-fioro-2,5-dihydro-[1,1-biphenyl}4(3H}one (15.6 mg, 0.095 mmol), aniline

(15.3 mg, 64 mmol, 15 pl) quinoling-oxide (15 mg, 03 mmol), anisole (1 mL) and@Gir (22.5 mg, 1 equiy.

were placed in a reaction tube under Ar atmosphere. The reaction mixture was stirred for 24 h at 140 °C. The reaction
was cooled to rt, filtered through a pad of celite and washed witbGEKBO mL). The solvent was removed under

reduced pressure. The crude was purified via flash chromatogrédmxane/EtOAc 10:1), whigjave the desired

product as a whitesolid (15 mg, 0.05 mmol, 60 %).

IH NMR (400 MHz, CB)I 7.58¢ 7.51 (m, 2H), 7.5 7.46 (m, 2H), 7.36 7.30 (m, 2H), 7.187.10 (m, 6H), 6.99 (td
=7.3,1.2 Hz, 1H), 5.80 (s, 1H).

13C NMR (101 MHz, CBCI1621 (d, J= 245.6 Hz)1428, 1426, 137.0, 136.991328, 129.4, 1281, 128.0, 1279,
121.3,118.14, 117.78115.56 (dJ= 21.0.

F NMR (376 MHz, CBI-116.78.

HRMScalculated for [@H14FN: 263.1110found: 263.1108

N-(4-(tert-butyl)phenyl)}4'-fluoro-[1,1-biphenyl}-4-amine (12d)

H
(0]
H,N N
0AC,;, 10
O + Ar, anisole O
i e " Mo 2n 124

[190.22] [149.12] [319.42]

The general procedure was followed-fioro-2,5-dihydro{1,1-biphenyl}4(3H}one (26.3 mg, 0.13 mmol);(#ert-
butyl)aniline (20 mg, .34 mmol) quinolinel-oxide (15 mg, 03 mmol), anisole (1 mL) and af(2.5 mg, 1 equiy.

S13



were placed in a reaction tube under Ar atmosphere. The reaction mixture was stirred for 24 h at 140 °C. The reaction
was cooled to rt, filtered through a pad of celite and washed withGEKE0 mL). The solvent was removed under

reduced pressure. The crude was purified via flash chromatography (hexane/EtOAc 40:1), which gave the desired
product as a white solid (21 mg, 0.065 mmol, 41 %).

IH NMR (400 MHz, CB3I 7.54¢ 7.46 (m, 2H), 7.46 7.40 (m, 2H), 7.3§7.28 (m, 2H), 7.14 7.03 (m, 6H), 5.70 (s,
1H), 1.32 (s, 9H).

13C NMR (101 MHz, CBE1162.02 (d,J= 245.5 Hz)1446, 143.2, 139.9, 137.1, 137.1, 132.2, 128.0, 127.9, 127.8
126.2, 1185, 117.1,115.5 (d,J= 21.0 Hz)34.2, 315.

197 NMR (376 MHz, CB)3l-116.95.

HRMScalculated for [@Hz2FN]: 319.1736 found: 319.1731

N-(4-(tert-butyl)phenyl)}[1,1'-biphenyl]-4-amine (12e)

o) H,N
U ) 0AC,;, 10 /O/
Ph Ar, anisole Ph
11a 2b 140 0C, 24 h 12e
[172.09] [149.12] [301.43]

H
N

The general procedure was followe2|5-dihydro{1,1-biphenyl}4(3H}one (21 mg, 0.12 mmol)-dert-butyl)aniline

(20 mg, 0134 mmol) quinolinel-oxide (15 mg, A03 mmol), anisole (1 mL) and afA@2.5 mg, 1 equiy.were placed

in a reaction tube under Ar atmosphere. The reaction mixture was stirred for 24 h at 140 °C. The reaction was cooled
to rt, filtered through a pad of celite and washed with2CH(50 mL). The solvent was removed under reduced

pressure. The crude was purified via flash chromatograpbyane/EtOAc 40:1)vhich gae the desired product as a

white solid(16 mg, 0.053 mmol, 44 %). Spectroscajzita matches recorded literature valués

H NMR (400 MHz, CB)3I 7.61¢ 7.53 (m, 2H), 7.58 7.46 (m, 2H), 7.41 (8= 7.7 Hz, 2H), 7.367.28 (m, 3H), 7.16
7.02 (m, 4H), 5.71 (s, 1H), 1.32 (s, 9H).
13C NMR (101 MHz, CB@1 1445, 143.2, 140.9, 140, 1332, 128.7, 127.9, 126.5, 126.2, 118.4, 1134.2, 31.5

N-(4-(trifluoromethyl)phenyl)-[1,1-biphenyl]-4-amine (12f)

© HaN 0AC,;, 10 N
Ph * Ar, anisole
11a 2d cFs 140°C, 24 h il 12f CFs
[172.09] [161.05] [313.11]

The general procedure was followed. 2ifydro[1,1-biphenyl}4(3H}one (21 mg, 0.12 mmol-

trifluoromethylaniline (20 mg, @24 mmol)quinoline-1-oxide (15 mg, 203 mmol), anisole (1 mL) and afA@2.5 mg,

1 equiv) were placed in a reaction tube under Ar atmosphere. The reaction mixture was stirred for 24 hours at 140 °C.
The reaction was cooled to rt, filtered through a pad of celite and washed wi@KEB0 mL). The solvent was

removed under reduced pressure. The crude was purified via @lasimatography (hexane/EtOAc 10:Which gave

the desired product as a white solitl5 mg, 0.047 mmol, 40 %).

IH NMR (400 MHz, CB)3I 7.64¢ 7.52 (m, 4H), 7.49 (d= 8.5 Hz, 2H), 7.43 (dik= 8.4, 6.9 Hz, 2H), 7.85%.29 (m,
1H), 7.24; 7.18 (m, 2H), 7.09 (d= 8.4 Hz, 2H), 5.97 (s, 1H).

13C NMR (101 MHz, CB)C1146.6, 138.8, 134, 130.0, 12%, 127.7, 126.8, 128, 126.7,124.6 (qJ= 2707 Hz) 1219
(q,J= 32.2 Hz)12.0, 1158, 114.9.

19F NMR (376 MHz, CB)GI -61.47.
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HRMScalculated for [@Hi4FsN]: 313.1078found: 313.1078

4-(4-methyl-[1,1-biphenyl]-4-yl)morpholine (129)
‘ . HN/\ 0AC,;, 10 O
O 0 Ar, anisole
11b 2h 140 °C, 24 h O 12g

[186.25] (87.12] [253.35]

¢ KS 3ISYSNIf LINE O SiettiyNaS-dildytiré[1, F-t#phehydl 4 HHpode (20.2 mg, 0.109 mmol), aniline

(15.3 mg, 64 mmol, 15 pl) quinolingd-oxide (15 mg, 403 mmol), anisole (1 mL) and af@2.5mg, 1 equiv).

were placed in a reaction tube under Ar atmosphere. The reaction mixture was stirred for 24 h at 140 °C. The reaction
was cooled to rt, filtered through a pad of celite and washed withGEKE0 mL). The solvent was removed under

reduced pressure. The crude was purified via flash chromatography (hexane/EtOAc 5:1), which gave the desired
product as a white solid (10 mg, 0.041 mmol, 40 %). Spectroscopic data matches recorded literatur® values.

IH NMR (400 MHz, CB)3I 7.63¢ 7.52 (m, 2H), 7.52 7.46 (m, 2H), 7.28 7.17 (m, 2H), 7.04 6.96 (m, 2H), 4.0Q
3.67 (M, 4H), 3.383.02 (M, 4H), 2.41 (s, 3H).

13C NMR (101 MHz, CB)EI1504, 137.9, 136.2, 138, 129.4, 128, 127.6,1266, 126.4, 115.8, 115,66.9,49.3,
211

4-([1,1-biphenyl]-4-yl)morpholine (12h)

0 N
/U HN/\ 0AC,;, 10 /©/ \)
+
Ph K/O Ar, anisole Ph
11a 2h 140 °C, 24 h 12h
[172.09] [87.12] [239.32]

The general procedure was followed. 2ifydro{1,1-biphenyl}4(3H}one (3.5 mg, 0.86 mmol),morpholine (12.5

mg, Q143 mmol, 15 pl) quinolindl-oxide (15 mg, 203 mmol), anisole (1 mL) and aA@2.5 mg, 1 equiy.were

placed in a reaction tube under Ar atmosphere. The reaction mixture was stirred for 24 h at 140 °C. The reaction was
cooled to rt, filtered through a pad of celite and washed with@H50 mL). The solvent was removed under reduced
pressure. The crude was purified via flash chromatography (hék&nac 51), which gave the desired product as a

white solid (B mg, 0.07/5 mmol, 3 %). Spectroscopic data mehes recorded literature valugé

IH NMR (400 MHz, CB)3I 7.61¢ 7.49 (m, 4H), 7.44 7.37 (m, 2H), 7.32 7.26 (m, 1H), 7.086.91 (m, 2H), 4.2Q
3.58 (m, 4H), 3.3¢ 2.96 (m, 4H).
13C NMR (101 MHz, CB)EI 15086, 140.8, 132.7, 128.7, 127.8, 186126.5, 118, 66.9, 49.2

Synthesis of starting materials
7,8-dihydro-5H-spiro[quinoline-6,2"-[1,3]dioxolane]

0
NH {
© 2 CcucCl, 0 A
[ o . / e S |
o Z iPr-OH
reflux, 18.5 h
[156.18] [55.08] [191.23]

\
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The reaction was perforad according to a modified reported procedure by Sotgilal. °> Propargylamine (1.68 g,

30.5 mmol, 1.95 mL) and isopropanol (15 mL) were placed in a 50 mL-bottodh flask. The flask was placed in an

oil bath heated to 60 °C, and anhydrous GUCIL31 g, 0.76 mmol) andmaixture of 1,4dioxaspiro[4.5]decai8-one

(2.34 g, 15.3nmol) in isopropanol (5.0 mL) weeadded under vigorous stirringhe mixture was stirred at 8€under
reflux for 18.5 hThe reaction mixture wasooled down andkvaporated under reduced pressure, and the residue was
dissolved in CKCE (100mL). The crude product was ppairified by flash chromatography (eluent £€H, then EtOAL
The resulting solution was evaporated, and the crude product was purifiélddtychromatography (eluent
hexane/EtOAAQ.:1) to obtainthe desired products a dark orange oil (1.45 g, 7.6 mmol, 50% yi€lpgctroscopic data
matches recorded literature value®

IH NMR (400 MHz, CB)31 8.43¢ 8.35 (m, 1H), 7.34 (ddi= 7.7, 1.9, 1.0 Hz, 1H), 7.05 (dd,7.7, 4.7 Hz, 1H), 4.05 (s,
4H), 3.15 (t)= 6.9 Hz, 2H), 3.00 (s, 2H), 2.06J#,6.9, 1.0 Hz, 2H).
13C NMR (101 MHz, CB@I155.8, 1474, 137.0, 12%, 121.0, 107.5, 64.6, 38.5, 31.3,3

7,8-dihydroquinolin-6(5H}one (19)

I~ :
o | N HsPO, | N
N/ water N/
80 °C,6h 1
g
(191.23] [147.18]

The reaction waperformed according to a modified reported procedure by Sotnik et®alvVater (10 mL), 85%

LIK2 & LK 2 NRA O I O AdRydm-pH-spifo[t, Idiokojam I-quiloline (900 mg, 4.70 mmol) were added to a
100 mL flask. The reaction mixture was stirred and heated under reflux at 80 °C for 6 h in an oil bath. The reaction
solution was adjusted to pH = 6 witlaturatedsodium carbonate solution andhén extracted with EtOAc (3 x ).

). The combined organic phases were washed with brine (10 mL), dried over anhydrous sodium sulfate, and the
solvent was removed under reducgedessure. The crude produwas purified by flaskshromatography
(hexane/EtOAd.:1) to give the desired product asdark yellow oil (593 mg, 4.04 mmol, 86% yje®pectroscopic

data matches recorded literature valués.

H NMR (400 MHz, CB)31 8.48¢ 8.43 (m, 1H), 7.46 7.41 (m, 1H), 7.17 (dd= 7.6, 4.9 Hz, 1H), 3.62 (s, 2H), 3.29 (t,
= 6.9 Hz, 2H), 2.762.61 (m, 2H).
13C NMR (101 MHz, CB)@1208.7, 1567, 147.7, 136, 128.3, 122.1, 48, 378, 311.

Quinoline-1-oxide (10)

@ mCPBA | X
Pz DCM, Ar ¥
N 0°C>rt 185h N

10
[129.16] [145.16]

The reaction was perforad according to a modified reported procedure biet al.*® Quinoline(516 mg 4.0 mmo] 1

equiv., 472 mLwas dissolved in dry DCM (5 mL, over 4A sieves), the solution was placeduadércooled down to

n g /CRBA¥60 mg, 44 mmoi ®m SljdzA P00 gl & RA&AaA2f OSR Ay 5/a omp Y[ 0
GKS FTRRAGAZ2Y g1 & O2YLX SGSR:I (oK, thhdSdt Wainu@ty rt aridstifréddaNIB5 6 | & &
h. After reaction was completedlO w% aqueous N8&Q solution (5 mL) was addexhd the reaction mixture was
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extractedwith DCM (3x15 mL), the combined organic phases were washed with saturated NAH2MDmL) and
brine (1x20 mL). The organic phase was dried over anhydra8Q\filtered, and evaporated under reduced
pressure. The crude was purifigdh flash chromatographfeluent EtOAc/MeOH 10:Bnd the product was obtained
as a white solidSpectroscopic data matches recorded literature valtfes.

IH NMR (400 MHz, CBEI { ¢ .72y, 1H), 8.54 (dd= 6.0, 1.1 Hz, 1H), 7.88 (di 8.3, 1.5 Hz, 1H), 7.8T77.70
(m, 2H), 7.66 (dddl= 8.3, 6.9, 1.3 Hz, 1H), 7.31 (d¢,8.4, 6.1 Hz, 1H).
13C NMR (101 MHz, CB)a1141.6, 135, 130.5, 130.4, 128, 128.1, 129, 120.9, 119.8.

General method

The reaction was perforad according to a modified reported procedure Byshid et al? Adry 100 mL 2neck flask,
fitted with a reflux condenser and stirring bar, was charged WMth(267mg,11 mmol, 1.1 eq.) turnings and dry THF
(8 mL) under Ar atmosphere. In anothen@ck flask under Ar, a solution of bromobenzetsivative(10 mmol, 1 eq.)
in dry THF (2 mL) was prepared and 1 mL was added to the initial mixture. The reaction was initiated by heating
quickly with a heat gun. The rest of the solution of bromobenzene in THF was added at such a rate that gentle
refluxing was mimtained. Afer the addition was complete, the reaction mixture was stirred under reflux until all the
magnesium had reacted. To this solution a solutiot,dfdioxaspiro[4.5]decat8-one (10 mmol, 1 eq.) in THF (10 mL)
was added dropwise at €. After the addition was completed, the reaction mixture was stirred under reflux4an.1
The reaction mixture was than cooled t¢© and quenched with sat. MEl (4050 ml). The organic phase was
extracted with EtOAc and washed wita@Hand brine then dried over NaQ. Tre solvent was removed under
reduced pressureThe crude product was dissolved in DCM (75 ml) and cooled down in an ice bath. TFA (25 ml) was
added slowly and the reaction mixture was stirred in RT. After 4h the mixture was neutralized with sat.sld&BICO
°C, and the orgaic phase was extracted with EtOAc, washed wi® ldnd brine, and dried over B&Q. The solvent
was removed under reduced pressure and the crude was purified by flash column chromatography

4-phenylcyclohex3-en-1-one (11a)

O\}i:/[/o . Br\@ 1. Mg, THF, 0 °C->rt, Ar, 1h UO
& 2. DCM, TFA, rt, 4h Ph
0
1a
[156.18] [155.96] [172.09]

The product was obtained following the general procedure and purifie¢heigane:EtOAc, 20:1) which gave the
desired product as white solid (0.7282 g, 4.23 mmol, 48@dctroscopic data matches recorded literature valitfes

IH NMR (400 MHz, CB)3I 7.46¢ 7.33 (m, 4H), 7.3 7.27 (m, 1H), 6.12 (td= 3.9, 1.3 Hz, 1H), 3.10 (d& 3.9, 1.9
Hz, 2H), 3.0Q 2.87 (m, 2H), 2.68 (8= 6.9 Hz, 2H).
13C NMR (101 MHz, CB)EI2101, 1408, 137.8, 128, 127.4, 125.2, 120, 40.0, 38.7, 27.9.

4'-methyl-4-phenylcyclohex3-en-1-one (11b)
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Br,
o 0
o 1. Mg, THF, 0 C->rt, Ar, 1h ‘
+
& 2. DCM, TFA, rt, 4h
o)

11b

[156.18] [169.97] [186.10]

The product was obtained following the general procedure and purified by flash column chromatography
(hexane:EtOAd,0:1)which gave the desired product agite solid (0.4552 g, 2.4 mmol, 24%).

IH NMR (400 MHz, CR)317.32¢ 7.27 (m, 2H), 7.187.13 (m, 2H), 6.05 (ddi= 3.9, 2.5, 1.3 Hz, 1H), 3.48.01 (m,
2H), 2.89 (tdJ= 6.9, 1.6 Hz, 2H), 2.64 Jt 6.9 Hz, 2H), 2.35 (s, 3H).

53C NMR (101 MHz, CB)@I210.3, 13M, 1376, 1372, 1292, 1275, 125.1, 120.1, 115.6, 39.95, 38.7, 27.9121.
HRMScalculated for [@H140]: 186.1045found: 186.1038

4'-fluoro-4-phenylcyclohex3-en-1-one (11c)
0 Br, 0
o\g . 1. Mg, THF, 0 C->rt, Ar, th ‘
d 2. DCM, TFA, rt, 4h O
F F

11c
[156.18] [173.95] [190.08]

The productwasobtained following the general proceduead purified by flash columehromatography
(hexane:EtOAc,Qt1)which gave thalesired product as pale yellow so(i@865 g,4.55 mmol, 46%).

H NMR (500 MHz, CRQAl 7.40¢ 7.31 (m, 2H), 7.1¢ 6.98 (m, 2H), 6.12 5.92 (m, 1H), 3.06 (df= 3.9, 1.9 Hz, 2H),
2.87 (ddgJ=6.8, 5.1, 1.7 Hz, 2H), 2.65)% 6.9 Hz, 2H).

13C NMR (101 MHz, CB)@1209.7,162.2 (d J= 246.6 Hz)136.8, 1269, 1268, 120.9,1153 (d, J = 20.9 HZ399, 38.6,
28.1.

19 NMR (376 MHz, CB)GI-114.03.

HRMScalculated for [@H11FO]:190.0794found: 190.0790

3,4-dihydronaphthalen2(1H}one-1,1,3,3d4 (1a-1,1,3,3°Hs)

DD

o 0
m 1-K,COs, D,0, 100 °C
D

2 - acetic acid-d, B

[146.07] [150.10]

The reaction waperformedaccording to a modified reported procedure Biiou et all® A MWvialwas dried and
filled with Ar. After being charged withtetralone (132puL, 146 mg, 1 mmol)anhydrous KCQ (55 mg 0.4 mmol),
and 0.55 mL £D, it was sealed and stirred at 180 for 48h. It was then cooled to rt, neutralized with . acetic
acidds and the organic phase extracted with 3x5mL EtOAc. After drying withANe®exs filtered and the solvent
removed under reduced pressure. Desired product was obtassed colorless aih 84% yield (95% deuteratian)
Spectroscopic data matches recorded literature valtfes.

H NMR (400 MHz, CB)3I 7.25¢ 7.19 (m,3H), 7.13 (td,J= 4.8, 3.1 HZH), 3.06 (s2H).
S18



13C NMR (101 MHz, CB)@1210.9, 136.7, 133.2, 128.127.6, 126.9, 126.885.6¢ 434 (m), 39.5¢ 36.0 (m) 28.2
HRMScalculated for [@HsD4O]: 150.0983found: 150.0978

3-phenylpropan3,3-d2-1-ol

10% Pd/C, D D
OH D,0, H,
W > OH
50°C,18h

[136.09] [138.10]

The reaction was performed according tonadifiedreported procedure byurita et al® A suspension @3-
phenylpropanl-ol 2.00mmol, 272mg | YR wmn 48 {:RRF & MS048zp &8 BF 4Sa G A WNBR
sealedSchlenkube filled with hydrogen gafor 18h The mixture waghen diluted with diethyl ether and filtered

through celiteto remove the catalyst. The filtrate was partitioned between diethyl ether and aqueous layers. The
aqueous layer was extracted with diethyl ether (2xiB)andthe combined organic layers were dried ol&SQ,

filtered, andthe solvent removed uder reduced pressure. Desired product was obtaiaed colorless of260 mg,

1.88 mmol, 9% vyield 92% deuteration).

IH NMR (400 MHz, CB)317.31¢ 7.26 (m, 2H), 7.227.16 (m, 3H), 3.66 (§= 6.4 Hz, 2H), 1.88 (t= 6.6 Hz, 2H).
13C NMR101 MHz, CD§h 1418, 128.4, 128.4, 128, 62.1, 34.0, 32.5 31.0 (m).
HRMScalculated for [@H10D20]: 138.1014found: 138.1016

3-phenylpropanai3,3-d2

D D DD O
OH IBX, EtOAc

reflux, 3h
[138.10] [136.09]

The reaction was performed according to a reporpedcedure byZhang et al?° A solution of3-phenylpropan3,3-d2-

1-0l (260 mg, 1.88 mmol,.0 equiv) and IBA. (68 g, 5.64 mmoB.0 equiv.) irB0 mLethyl acetate was heatetb reflux

for 3hours. Upon cooling to room temperature, the reaction mixture was filtrated through a pad of celite, washed

with 50 mL of ethyl acetate and concentrated under reduced pressure. Desired product was obtained as a colorless oil
(240 mg, 176 mmol, B% yield, 92% deuteration$pectroscopic data matches recorded literature vaktes

H NMR (400 MHz, CB)31 9.82 (t,J= 1.4 Hz, 1H), 7.337.26 (m, 2H), 7.20 (td= 7.3, 1.3 Hz, 3H), 2.8®.73 (m,
2H).
13C NMR (101 MHz, CB)A1201.6, 1408, 128.6, 128.3, 126.3, 45.2, 28&,@7.1 (m).

(but-3-yn-1-yl-1,1-d2)benzene

DD O Bestmann Ohira reagent, DD
| 4
K,COg3, methanol
rt, 18h
[136.09] [132.09]
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The reaction was performed according tonadified reported procedureby Xu et al? To a solution o8-
phenylpropanai3,3-d2 (240 mg, 1.76 mg, 1 equiv.xCQ (486 mg, 3.52 mmol, 2 equiv.) and Bestmabinira reagent
(dimethyl (tdiazo2-oxopropyl)phosphonate409.6 mg, 2.11 mmol, 1.2 equiv.) were added and the suspension was
stirred at room temperature for 18. The solvent was removed and the crude weas purified via flash
chromatography (hexane/EtO&0:1), which gave the desired product as a colorlesgl8D mg, 0.98 mmol, 56%

yield, 92% deuteration).

H NMR (400 MHz, CB)I 7.33¢ 7.27 (m, 2H), 7.2§7.20 (m, 3H), 2.83 (8= 7.4 Hz, OH), 2.492.45 (m, 2H), 1.97 (t,
J= 2.6 Hz, 1H).

3C NMR (101 MHz, CB)@11404, 128.4, 1264, 83.8, 8.0, 35.0¢ 33.8 (m), 20.4.

HRMScalculated for [@H10D20]: 132.0908found: 132.0902

3,4-dihydronaphthalen2(1H}one-4,4-d2 (1a-4,4-°Hy)

DD Me,BuxPhosAuCl (2 mol%)/

= NaBArF, (3 mol%) O
y
2,6-dichloropyridine 1-oxide
DCE, 50 °C Ar, 5h D D
132.09
[ ] [148.09]

The reaction was performed according to a modified reported procedutdruy et af? To a vial containing mL of
DCE was added sequentiglbut-3-yn-1-yl-1,1-d2)benzeng31 mg,0.25 mmol), 2, édichloropyridine toxide 60 mg,
0.34mmol, 136 equiv), TMetBuXPhosAuGI§mg, 0.0 mmol), and NaBAiK8.5 mg, 0.005 mmol). The resulting
mixture wasbubbled with Ar for 15 minutes arstirred at 50 °C, and the progress of the reaction was monitored by
IH-NMR After 5h, when x was consumethe reaction mixture was concentrated under vacu(the crude was
purified via flash chromatography (hexane/EtOAc 10:1), which gave the desired paesdacolorless of25 mg, 0.17
mmol, 67%yield, 92% deuteration.

H NMR (400 MHz, CBGI 7.23 (td,J= 5.4, 3.1 Hz, 3H), 7.£&.10 (m, 1H), 3.59 (d= 0.7 Hz, 2H), 2.55 (s, 2H).
13C NMR (101 MHz, CB)@1210.7, 136.6, 133.3, 128.2, 127.6, 126.9, 126.8, 45.1, 38.0, 27.7.
HRMScalculated for [@Hi10D20]: 148.0857found: 148.0860

Carbon material BEiata

TableS2. Textural analysis

Sample Ser(m?g) | Vo (cmi/g)
0AG 1112.1 0.796
0AGi+ pyrene legiv. 729.9 0.639
0AG;r+ pyrene2equiv. 662.5 0.598
rGO 551 0.538

S0



Carbon materiaKkPS data

Table S3Summary of O1ls XPS (surface analysis)

Material HO OC=0 GOesters GOH C=0
Peak BE (eV 535.9 524.2 533.3 532.3 531.1
AGm 0.71 0.87 1.07 051 0.48
0AGiNo3 238 455 5.22 1.66 0.42
rGo 235 5.29 8.47 253 045
OAG anpkx 1.71 1.98 3.09 095 0.74
0AQGair 218 245 3.88 1.3 0.68
0AGirF 044 0.71 0.85 029 0.11
Table $4. Summary of C1s XPS (surface analysis)
Material Graphitic Aliphatic GOH C=0 OC=0 C(- %
Peak BE (eV 284.6 285.2 286.1 287.6 289.1 291.3
AGm 51.73 22.37 7.7 4.5 295 6.88
0AGiNo3 38.44 22.47 7.33 427 6.18 6.07
rGO 35.04 19.5 1241 512 4.61 4.03
0AG A npk 42.82 20.68 11.63 528 3.26 7.45
0AGir 38.62 24.96 924 481 379 761
0AGirF 48.36 28.26 5.67 4.6 253 6.92
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Additional computational data

Enamine formation reaction energies

To shed light on observed enamines in the reaction mixturecaraputed reaction energie®©G andDH)
of ketonelaand amine2a/2g/ 2u to enamineo I/ QAX¢Table S). The elimination of ¥ was accounted
by solvating it with an explicit anisole molecule. All computed reaction energies were exergonic (entries 11

13).

0]
NH, NH, H
N
2
+©/CIN/EJ
N 0
1a 2a 2g 2u

-H,0

Ph 7N C
HN —N
HN
o ) oy
anisole <!I> <<!!>
3a’ 34’

o

b

Table S. Table of computed (M0O&X/6-31+g(d,p)/CPCM(anisole)) free energie§)and enthalpiesiH).

Entry |Structure DG DH
1 H.O + anisolda.u.) -769.45145] -769.38219
2 anisole(a.u.) -693.060496€ -692.999956
3 D of (H:O + anisolg-anisole(kcal/mol) -76.3910 -76.3822
4 la(a.u.) -462.01056§ -461.967487%
5 2a(a.u.) -287.407004 -287.371166
6 2g(a.u.) -303.466325 -303.431153
7 2u(a.u.) -287.578974 -287.544334
8 o I(&u.) -673.011274 -672.956391
9 o Jdw.) -689.06647€ -689.011864
10 |o d@wu.) -673.18678€ -673.133541
11 |D2F ol Q (:Qanisole)keal/ntol) -5.6608 -16.0109
12 |D2F 03Q (i@anisole)keadintsl) -3.0754 -13.1808
13 |D2F o0dzQ (:@(aniadie}ksatiniol) -7.8840 -18.5071

Imine-enamine tautomerization mediated by #D and/or phenol

Mediation ofimine-enamine tautomerization with a) two water molecules, b) three water molecules and c)
phenol and two water molecules were inspectdeig. SL. Free energies, ® (and enthalpies, B) of
transition state (TS) and enaminel a2 normalized to imine | Witkk2 or 3 HO (or 2 HO and PhOH¥g.

P andTable §).

a. Proton transfer bridged with two D

O-H Hon . M
H™ \ H QA0
\ H
i How
| L N
:/\ : /N\Ph — N ~
3a"-2H,0 ~  3a'-2H,0-TS
0.0 (0.0) 28.8 (24.5)

25

3a™-2H,0

26 (0

9)



HO, T

O-H Hol \ H O—H.___H

H \\ ,H O H 0 H/ \/ \

BN ; i NoOH N
O—y~ H . 07 H
oo A H K HOSho 0

3a"-3H,0 3a'-3H,0-TS 3a'-3H,0

0.0 (0.0) 26.8 (22.8) 2.4 (-0.0)

c. Protontransfer bridged with a phenol and two.@&

O-H

H % _Ph
1" /’O\

O—y H

H i

C C//N\Ph —

3a™-PhOH-2H,0 3a'-PhOH-2H,0-TS 3a' '-PhOH-2H,0
0.0 (0.0) 24.9 (20.6) -3.8(-2.9)

Figure : Mediation of proton shift iro | -@ x&utomer exchange by a) two:8, b) three KO, ¢) PhOH and two:8.
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Table $. Table of computed (M02X/6-31+g(d,p)/CPCM(anisole)) free energid&)and enthalpiesdH) (in a.u.).
The energies of stationary structures are normalized to inoifex® (+PhOH) complexes (kcal/mol).

Entry |[{ G NUzOG dzZNBE ol QQ |DG DH i-freq | Complexname (XYZ)
1 with 2H.0 (a.u.) -825.79854 -825.726497 o |-ZHED
2 Dto TS(kcal/mol) 28.80771074 24.48165953-900.67 |0 | -ZHED-TS
3 Dto o |(Keal/mol) -2.55585 -0.86534 0 -2&0
4 with 3H:0 (a.u.) -902.19050¢§ -902.112229 o |-3HED
5 Dto TS(kcal/mol) 26.63276244 22.88088254-698.43 |0 | -ZHED-TS
6 Dto o I(Keal/mol) -2.38390897 -0.04455318% o -3&0
7 with PhOH and 2tD (a.u.) -1133.07695§ -1132.986904 0 I-BhQH2H0
8 Dto TS(kcal/mol) 24.9278188¢ 20.6488309-917.69 |0 I-FhQH2HO-TS
9 Dto o I(Keal/mol) -3.77886281] -2.93988247¢ o0 I-FROH2HO

Computational evaluation of enamine oxidation potentials

The oxidation potentials for

enamines were computed with
311G(d,p)/IEFPCM(MeCNJable ) Luo and cavorkers recently benchmarked this method for various

the DFT method -@X06&

enamines” redox properties that were experimentally determined witblic voltammetry in MeCR

Table 3. Oxidation potentials of selected enamines calculated with #865-311G(d,p)/IEFPCM(MeCR)

Entry Enamine Charge DG (a.u.) Box V vs. SCE (MeCN)* Structure name (XYZ)
1 ol Q 1 -672.9538 o I-NQ
2 0 -673.1426 0.671 o I-rK
3 o NQy 1 -689.00894 o AND
4 0 -689.20197 0.786 o Ik
5 0 defdrp 1 -673.1405€ 0 4D
6 0 -673.31741 0.346 0 dzk
7 o Zpiper 1 -637.22099 o D
8 0 -637.39413 0.245 o0 &K
9 0 Pyraz 1 -705.05119 0 NQ
10 0 -705.24819 0.894 0 K2
11 o0 Nfyim 1 -705.06727 0 ANQ
12 0 -705.26391 0.884 0 AKQ
13 o PR4OEL 1 -826.72646¢ 0 AN
14 0 -826.914887 0.661 o QK
15 0 0PR4tBu 1 -830.06853 0 GND
16 0 -830.25574 0.627 0 Grk
17 0 RRDACF3 1 -1009.9973 0 R\D
18 0 -1010.1914 0.814 o RrR
19 0 Y8DMe 1 -787.43629 0 Y-R
20 0 -787.625094 0.715 0 Y4®
21 o f6@Me 1 -787.4426¢9 o tNQ
22 0 -787.6247 0.486 o friQQ
23 3j 70Me 1 -787.43487 0 NQ
24 0 -787.247 0.993 0 8K
25 0 Y66 1 -772.20158 0 yND
26 0 -772.39074 0.681 0 VIR
27 0 2BQpyraz 1 -721.09974 0 2ND
28 0 -721.30257 1.053 0 2rk

*(DG(radical cation) 0.00138 - DG(neutral)*627.5096 kcal/mol/23.061 kcal/(mol*v}.429 V (saturated calomel
electrode (SCE) in MeCN). # Value for the gas phase energy of the elez®@rkj/mol =0.00138 a.u.) based on the

FermiDirac statistical formalisr#f.
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Mechanism of PQ mediated-8 cleavage

We explored different enamin@a GH cleavage modes by PQ: single electron transfer (SET), hydrogen atom
transfer (HAT) and hydride transfdfig. 30) by applying a computational concept analogous to the one
Floreancig and Liu recently used to evaluate tHe €eavage mechanism of benzyl ether by BDQ.

The SET pathway indicates high endergonic reaction free eneftes 46 kcal/mol) for the studied
system. These values are lowered to some extent (ca. 7 kcal/mol) if the semiquinone radical anion is stabilized
by a water or phenol molecule acting asbbind donor. The subsequent step in this route would be
deprotonation, resulting in the HAT pathway intermediate [-rl), stabilized with a neutral semiquinone
radical, which is still endergonic, with reaction free energy of 19.7 kcal/mol. The following HAT step from
neutral radical to the semiquinone, associated with hygitergonic aromatization@G =- 40.2 kcal/mol), is
likely a diffusiorcontrolled step. Nevertheless, the high endergonic energies associated to the initial SET step
make this route unlikely.

stepwise routes HN+ o 90“"‘ H-bond
SET donor
AG = 46.0 + H-bond donor:
AH =46.2 20 PhOH
ifl g’g 3 if’ ig: semiquinone radical anion H*
3a K transfer
H -
- AG =-26.3
HAT (H-3) 0 (0]
AH = -26.5
AG* > 35* NHPh (No H-bond
AG=19.7 AH=21.0 . O Q donor)
Ph 3a'-rN(3) semiquinone
HN/ HAT (H-4) radical (SQ) HAT
AGF =33.8% NHPh - H,PQ
O AG =227 AH=23.7 + 8Q AG =-40.2 Ph
AH =-41.9 HN/
Q PQ 3a'-rN(4)
3a’ reaction energies ((3a + H,PQ) - (3a'+ PQ)) AG = -20.5 AH =-20.9 0
- on _
NH o Mo Hi-bond Q
i - \ donor +
. Hydride shift / H 3a
AG'= 34.1 + H-bond donor: (® transfer
AG=253  H,0 PhOH — - HaPQ
AH=102 zc'=30.8 AG'=28.4 O - HoPQ
AG =187 AG=143 . hydroquinone anion AG=-143
AH=30 aH=-1.1 —3a-K(4) - AH = -14.7

vdW complex
concerted pathway: hydride and proton shift to PQ
AG'=35.8,34.2 (+ Hy0), 32.2 (+ PhOH)

Figure SLO: Activation and reaction energies (in kcal/mol) of PQ promdtgohenyt3,4-dihydronaphthaler2-amine
dehydrogenation routes. (* estimated based on distance scan hilftomdical mixed state (HOMOUMO orbitals)
computation)

Next, to probe the HAT route, we computed reaction energies {8radd H4 abstractions which denoted
the radical at the allylic position {8osition) ofo Ii€xca. 3.0 kcal/more stable than the one in benzylic (4
position) Fig. 31 and Table S). We were not able to locate TS for3HHAT abstraction, but the biradical
distance scan indicated that the barrier is higher than 35 kcal/mol. Instead, we were able to locate biradical
TS H4 HAT, with 33.8 kcal/mol barrier that is 0.3 lower than thatfpdrideshift TS (without Hbond donor).
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Notably, in presence of an-bbnd donor the biradical computations produced entirely ionic TS structures,
with no spin density. To illustrate the phenomenon, we monitored the variation of Mulliken charge and spin
density with IRQvith and without an explicit water molecul&ig. 31). The obtained valueshow that the
involvement of HO as Hoond bond donor changes the mechanism ionibis result agrees with the
computational results reported by Chan and Radom for transfer hydrogenation of quinones: going from gas
phase to solvents, the increased polarity of medium changes the mechanism from radical § Simidar
biradical computations fof S2geometry ofo |a@dPQas well ag Slgeometry ofo afdCQresulted purely

ionic structures with zero spin densities.

A 0,5 ; B
H 1
Ph ! 0,0
0,4 - HN ?L ! & 2 . - A IT
O™ oo i
ool 01 i
034 — | j = 1 A i
k/ i i
0,2 4 PQ-moiety (PQ+H) S -0,2 |
7 |
A : i
0,1 A i TS !
A i -0,3 iTs
A 1
0,0 . ° ° ° . . i * 4 charge
A i 4 charge -0,4 - : ® spin density
-0,1 i : ® spin density ” H-O i
! HN i
3 -05 - T
-0,2 4 ! A PN S H
i - H \1 | j ! A
i A = % T I A
-03 i A 0,6 u i a,
! A PQ-moiety (PQ+H)|
-04 T T T T T -0,7 T r T T T
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Reaction coordinate Reaction coordinate

Figure S11: Mulliken charge and spin density monitored along IRC profile A) withebrid donor towards PQ
semiquinone radical and B) with® as Hoond donor towards PQ hydroquinone anion. Respectivgednetries ¢ I- Q
PQ(+ HO)) are illustrated above.

Subsequently, ionic mechanism took our attention. Hydride transfer energy barriers frand34
position of enamineo | t&® PQ were initially studied by relaxed® distance scanning runs (with 0.1 A
AYONBYSylhaovd ¢KS aKAf (s@fadé scah$ BeveSalebtdd afah initidpsirustyré A I f
estimate for transition state optimizations. The scans made for the hydrogerpasifion resulted ca. 5
kcal/mol higher barriers than those of the one apdsition, that indicated ca. 30 kcal/mol SGemgy. All
the 3-position H shift transition state optimizations failed to give stationary structures related-sbift
instead resulting in €€ bond formation between PQ carbonyl carbon and enamine carborpasition.
Barrier height differences can bmationalized by comparing the respective carbocation stabilities: the
benzylic carbocation is ca. 9 kcal/mol more stable than the allylic one, which is reflected in the TS according
to BelkEvangPolanyi principle The observed KIE forpbsition deuterated-tetralone fully agrees with this
mechanistic hypothesis.

The effect of Hbond donor additives

As 0AC contains abundantly OH groups, and the condensation reaction step releases a water molecule, we
were also interested in studying their effect on quinone catalysis. Energy proflg.ir82 displays two

hydride transfer pathways from enamiree I t@PQ with HO and PhOH as hydrogen bond donor additives
(Table 8). The Hoonding takes place on the neighboring carbonyl oxygen that does not have any direct
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bonding interactions the hydrogen shift process. The additives have a stabilization effect already in the initial
van der Waals complex of I add PQd -P@QvdW). As the vd\Weomplex formation is slightly endergonic

(DG = 1.3 kcal/mol) without Hhond donor, Hbonding by HO makes it energetically neutral and phenol
slightly exergonicliG=-1.3 kcal/mol). The effect of the additives becomes stronger at the later stage of the
routes, when the complex is more polarized. Compareti®d its energy is 3.2 and 5.7 kcal/mol lower when
stabilized by BED and phenol, respectively. The strongedidhding stabilization is observed for intermediate
complexo I Q-HFQvdW, for which HO and PhOH provide 6.6 and 11.0 kcal/mol lo@&r respectively.

The concerted route is less affected by thédhd donors, where PhOH provides 1.6 and 3.6 kcal/mol lower
DG associated ta'S2 respectively. Free (netoordinated) HO and PhOMKolvation energies are evaluated

by solvating the molecules with one and two explicit anisole molecules, respectivelgagirhcceptors.

AG

(AH)
kcal/mol

(0.0

R = OH or OPh

Figure S12: Hydride shift energy profiles for enamigaQ

Table 8. Table of computed free energieB®) and enthalpiesiH) M06-2X/6-311++(d,p)//M062X/6-31G+(d,p)

3a'-PQ-vdW

1.3 (-16.6)

CPCM(anisole).

3a'BnC-HPQ-vdW

Iy R

t2@ an@sFhOHKas-bbnd donor additives.

Entry | Structure / complex DG(ina.u.) |DH(ina.u.) |i-freq name (XYZ)

1 |ol QQ -673.146759 -673.092384 ol QQ

2 Jok Q -673.14697¢ -673.092731 ol Q

3 ol Q Syl &t ] -672.34564( -672.29140" ol Q . vy/
4 Jol Q ! ffefA( -672.331599 -672.27701F ol Q 1/

5 ol Q .Syl &t ] -672517180 -672.461977 olFrQ . yw
6 (ol Q ! ffefAd -67252198{ -672.46645¢ ok Q 1w
7 |3a -671.978394 -671.925207 3a

8 |PQ -688.52544( -688.476011] PQ

9 [H2PQ -689.72665§ -689.67687¢ H2PQ

10 [l Ht v Q -689.666979 -689.716797 l Ht v Q

11 |o -RQvdW -1361.66950€ -1361.58567 0 -PvdW

12 |o | Q-HFQvdwW -1361.633759 -1361.552424 0 -HPQvdW
13 |o -R®TS1 -1361.618084 -1361.537794-1331.67 |0 [-RQTS1

14 |o I-RDTS2 -1361.61533( -1361.535184-1263.42 |0 -RDTS2

15 |o -RDTS1 H20 -1438.038607 -1437.952634-1312.83 |0 I-RDTS1 H20
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16 |o -AR®)TS2 H20 -1438.033201 -1437.946544-1282.25 |0 I-RQDTS2 H20
17 |o I Q-HPQvdW-H20 | -1438.057971 -1437.97174¢ o -HPQvdW-H20
18 |o IFFR®RTS1 PhOH -1668.971987 -1668.87711¢-1304.26 |o I-ADTS1 PhOH
19 |o I-R®RTS2 PhOH -1668.96585€¢ -1668.871713-1307.03 |o I-ADTS2 PhOH
20 |o I Q-HFQvdW-PhOH -1668.994439 -1668.89681( o [-HPQvdW-PhOH
21 (03 Q -689.207895 -689.15402¢ 03dQ

22 |o IPQYvdW -1377.730824 -1377.64751¢ o FRvdW

23 |0 3 Q-HFQvdW -1377.691611 -1377.61071( o IHPQvdW

24 |o IRDTS1 -1377.67660( -1377.59705(-1339.32 |0 IFDTS1

25 |o IRDTS2 -1377.680093 -1377.601663-1240.01 |0 IFRDTS2

26 |o dzQ -673.33065(0 -673.27809¢ o dzQ

27 |o dBEQvdW -1361.855251 -1361.77274¢ o0 dEDvdW

28 |0 dzQ-HFQvdw -1361.821077 -1361.74102( 0 dHPQvdW

29 |o dEMTS1 -1361.804779 -1361.725229-1220.90 |o dBEQTS1

30 |o dEMTS2 -1361.80054¢ -1361.721999-1371.96 |0 dBEQTS2

31 |o Y(@&OMe) -787.631259 -787.571447 oYQ

32 |o Y-BEQvdw -1476.154947 -1476.06670¢ o Y-EQvdw

33 |0 Y Q .-HPQvdW -1476.12475§ -1476.039327 o Y-ePQvdwW

34 |o Y-PQTS1 -1476.10715( -1476.022054-1357.67 |0 Y-PQTS1

35 |o Y-PQTS2 -1476.10061( -1476.016027-1164.72 |o Y-PQTS2

36 |o f(6DMe) -787.631267 -787.57131( of Q

37 |o tPQvdW -1476.15540] -1476.066934 o tPQvdW

38 |o f O-HBQVAW -1476.126116 -1476.04049¢ o tHRQvdW

39 |o tPQTS1 -1476.105549 -1476.019534-1380.50 |0 tPQTS1

40 |o tPQTS2 -1476.09865( -1476.013073-1271.02 |0 tPQTS2

42 |0 Z7OMe) -787.63089¢ -787.57097( (=0]

43 |0 @PQvdW -1476.157167 -1476.06967¢ o PQvdwW

44 |o 2 Q-HRGQNdW -1476.116737 -1476.03053¢ 0 HOQvdwW

45 |0 @QTS1 -1476.10333§ -1476.017697-1262.22 |0 PQTS1

56 |0 @PQTS2 -1476.100164 -1476.014005 -1255.54 |0 PQTS2

47 | Coronene (CQ) -1070.743421 -1070.68407¢ CQ

48 |o -Q@vdwW -1743.892707 -1743.801474 o [-GQnvdwW

49 |o | Q-HgQvdW -1743.86015¢ -1743.768717 o -HTQvdW

50 |o I-ABTS1 -1743.83978( -1743.749324-1448.14 |o I-QRTS1

51 |o I-QRTS2 -1743.837947 -1743.748874-1187.21 |o I-QRTS2

52 |HCQ -1071.953394 -1071.89083 H2CQ

53 |HJ/ v Q -1071.93216§ -1071.872024 Il H/ v Q

54 |H.O-2*anisole -769.62978§ -769.563211 H.O-2anisole

55 |2*anisole -693.21447( -693.155434 2anisole

56 |anisole -346.612477 -346.573984 anisole

57 |PhOHanisole -653.957243 -653.900191 PhOHanisole

58 |o I-R®QTSImix* -1361.618577 -1361.538061-1531.34 |0 I-RQTSImix
59 |o -RDTS2mix* -1361.32991¢ -1361.24769(-1226.13 |0 -RDTS2mix
60 |o FRDH20TSImix* -1438.038607 -1437.952639-1312.83 |0 I-RDH20TSEmix
61 |o I-FQ@roTSimix* -1743.83978( -1743.749324-1448.14 |0 |-GoroTStmix

*biradical computations
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54

0.02173 -0.02174
0 -RQvdW NBOcharges of fragments
C )
. Y- N: ®) O
L e
aye
0.69444 -0.6946
o I Q-HyQvdwW NBOcharges of fragments

0.19808 0.46009 -0.65806 @

o I-R® TSNBO charges for fragments and atoms
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o I-R® TSZ-H, OH bond lengths displayed

-0.18745 0.72592 -0.53846

o I-R® TSABO charges for fragments and atoms
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-0.20443 0.71664 -0.51219

0.20772 0.45165 -0.66927

0 dB® TSTH, OH bond lengths displayed
34



-0.16046 0.72605 -0.5655

-0.67055

0.21902 0.45166

o -G TSTH, OH bond lengths displayed
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In G16 optimizations name.wfx output file was requested in keyword list (output.wfx). Fine
resolution was used in NCI plsoftware?’?8to generate nameyradcube, namedens.cube and
name.vmd files. These files were used in \#RAsualization software for plotting of noncovalent
interactions (with default graphical presentation parameters).

¢{™m ol Q t onside on top

¢c{HPQI Q on side on top

S36



¢{HCQIQ

NCI plot visualization€olokfilled RDG isosurface. Blue color: strong attractive interactions), green color: attractive
noncovalent interactions, red color: areas of repulsion .
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