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1. Synthesis

2,6-Dibromopyridine-N-oxide (3). To a solution of 2,6-dibromopyridine (9.07 g, 38.3 mmol) in TFA (50 mL) was
added dropwise hydrogen peroxide (12 mL). The mixture was refluxed overnight under nitrogen atmosphere and
quenched by water. The mixture was neutralized by NaHCO3 ag. and extracted with dichloromethane. The organic layer
was washed with brine and dried over anhydrous sodium sulfate. After filtration and concentration, purification by
reprecipitation of the residue yielded 3 as a pale-yellow solid (6.90 g, 71%); *H NMR (500 MHz, chloroform-d) J (ppm)
7.65 (d, J = 8.0 Hz, 2H), 6.93 (t, J = 8.0 Hz, 1H); *3C NMR (126 MHz, chloroform-d) 6 (ppm) 133.82, 129.57, 124.78;
HRMS (ESI, positive): m/z Calcd for CsHsNBr,ONa; 275.8453 [M+H]*; found: 275.8458.

2,6-Dibromo-4-nitropyridine-1-oxide (4) and 2,6-dibromo-4-nitropyridine (4). To a solution of 3 (6.48 g, 25.6
mmol) in concentrated sulfuric acid (20 mL) at 0 °C was added dropwise fuming nitric acid (10 mL). The reaction
mixture was heated at 90 °C overnight. The reaction solution was cooled down to room temperature and cautiously
poured into crushed ice. The precipitate was filtered off, washed with water and dried under vacuum to afford 4 and 4" as
a light-yellow solid (6.49 g, 86%, 4:4" = 7:1); *H NMR (500 MHz, chloroform-d) § (ppm) 8.50 (s, 2H-4), 8.19 (s, 2H-4");
13C NMR (126 MHz, chloroform-d) & (ppm) 142.43, 140.17, 133.96, 123.52, 123.52, 120.56.

4-Amino-2,6-dibromopyridine (5). Iron powder (4.00 g, 69.2 mmol) was added to a suspension of 4 and 4" (4.01 g, 13.4
mmol) in acetic acid (80 mL). After stirring at 100 °C for 90 minutes, the resulting mixture was cooled down, filtered
through Celite, and neutralized with 6 M NaOH aq. The precipitate was filtered off with Celite and the filtrate was
extracted with ethyl acetate. The organic layer was washed with brine and dried over anhydrous sodium sulfate. After
filtration and concentration, the residue was purified by reprecipitation to give 5 as a pale-pink solid (3.03 g, 87%); *H
NMR (500 MHz, chloroform-d) § (ppm) 6.68 (s, 2H), 4.33 (s, 2H); *C NMR (126 MHz, chloroform-d) ¢ (ppm) 155.38,
140.95, 111.99; HRMS (ESI, positive): m/z Calcd for CsHsN2Bry; 252.8794 [M+H]*; found: 252.8799.

4-Amino-2,6-dimesitylpyridine (6). Pyridyl bromide 5 (501 mg, 1.99 mmol), mesitylboronic acid (1.32 g, 8.05 mmol),
tetrakis (triphenylphosphine) palladium (0) (345 mg, 0.299 mmol) and sodium carbonate (2.13 g, 20.1 mmol) were
placed in a flask under nitrogen atmosphere. After adding toluene, ethanol and water (3:2:1, 18 mL) as solvent, the
mixture was stirred at reflux overnight. After cooling and quenching the reaction with water, the mixture was extracted
with ethyl acetate. The organic layer was washed with brine and dried over anhydrous sodium sulfate. After filtration and
concentration, the residue was purified by column chromatography on alumina using a mixture of dichloromethane and
hexane (1:4, v/v) as eluent and then recrystallized from hexane to afford 6 (566 mg, 79%) as a white solid; *H NMR (500
MHz, chloroform-d) § (ppm) 6.86 (s, 4H), 6.42 (s, 2H), 4.14 (s, 2H), 2.27 (s, 6H), 2.08 (s, 12H); **C NMR (126 MHz,
chloroform-d) ¢ (ppm) 160.70, 153.24, 138.45, 136.88, 135.53, 127.94, 108.50, 21.06, 20.04; HRMS (ESI, positive): m/z
Calcd for Co3H27N2; 331.2169 [M+H]*; found: 331.2177.

4-Bromo-2,6-dimesitylpyridine (7). To a suspension of 6 (108 mg, 0.303 mmol) and copper(ll) bromide (144 mg, 0.645
mmol) in acetonitrile (5 mL) was added dropwise tert-butyl nitrite (0.3 mL) at 0 °C and stirred 30 minutes under nitrogen
atmosphere. The mixture was allowed to warm to room temperature and then stirred for another 3 hours and quenched
with 25% NHj3 ag. The mixture was extracted with dichloromethane. The organic layer was washed with brine and dried
over anhydrous sodium sulfate. After filtration and concentration, the residue was purified by column chromatography on
alumina using a mixture of dichloromethane and hexane (15:85, v/v) as eluent to afford 7 as a pale-yellow solid (119 mg,
82%); *H NMR (500 MHz, chloroform-d) & (ppm) 7.38 (s, 2H), 6.90 (s, 4H), 2.29 (s, 6H), 2.05 (s, 12H); *C NMR (126
MHz, chloroform-d) ¢ (ppm) 161.46, 137.74, 136.84, 135.44, 133.12, 128.23, 125.69, 21.08, 20.16; HRMS (ESI,
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positive): m/z Calcd for C23H24NBr; 331.2169 [M+H]*; found: 331.2177.

2,6-Dimesityl-4-phenylpyridine (8). Pyridyl bromide 7 (283 mg, 0.718 mmol), mesitylboronic acid (130 mg, 1.06
mmol), tetrakis (triphenylphosphine) palladium (0) (45 mg, 0.039 mmol) and sodium carbonate (241 mg, 2.27 mmol)
were placed in a flask under nitrogen atmosphere. After adding toluene, ethanol and water (3:2:1, 18 mL) as solvent, the
mixture was stirred at reflux overnight. The mixture was cooled down, quenched by water and extracted with
dichloromethane. The organic layer was washed with brine and dried over anhydrous sodium sulfate. After filtration and
concentration, the residue was purified by column chromatography on alumina using a mixture of dichloromethane and
hexane (1:4, v/v) as eluent to afford 8 as a white solid (261 mg, 93%); *H NMR (500 MHz, chloroform-d) ¢ (ppm)
7.72-7.70 (m, 2H), 7.50-7.44 (m, 3H), 7.45 (s, 2H), 6.93 (s, 4H), 2.31 (s, 6H), 2.10 (s, 12H); **C NMR (126 MHz,
chloroform-d) J (ppm) 160.73, 148.78, 138.19, 138.11, 137.33, 135.65, 129.15, 129.12, 128.17, 127.02, 120.21, 21.10,
20.27; HRMS (ESI, positive): m/z Calcd for CagHagN; 392.2373 [M+H]*; found: 392.2371.
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Remarks on the assessment of the reduction reactions based on NMR spectroscopy.

To confirm the formation of alcohols in the reduction reactions, we used the spectra published in previous papers. The
NMR spectra used to determine the yields are given at the end of the Supporting Information. Although the spectra of the
entire solution after the reaction were presented, only peaks derived from compounds related to the reducing agent (1 and
2) and the reaction substrate (9 and 10) were observed, suggesting that the reduction reaction proceeded without side
reactions. Note that during quenching process, HBF3OH, a very strong Brgnsted acid formed by the reaction of H,O and
BF3, sometimes give a proton to the unreacted 1.5 This acid-base equilibrium broadens the NMR peaks of 1, making it
difficult to analyze. However, acids had no effect on the reactant, product, or cation 2, and thus the reaction yield could
be calculated accurately.

N-Benzylaniline (10a).5? 'H NMR (500 MHz, chloroform-d)  (ppm) 7.38-7.32 (m, 5H), 7.28-7.25 (m, 1H), 7.16 (dd,
2H.J=85,7.5Hz), 6.71 (tt, 1H, J = 7.5, 1.0 Hz), 6.64 (dd, 2H, J = 8.5, 1.0 Hz), 4.33 (s, 2H), 4.05 (bs, 1H).

4-Methoxybenzyl alcohol (10c).535* *H NMR (500 MHz, chloroform-d) J (ppm) 7.29 (d, 2H, J = 8.7 Hz), 6.89 (d, 2H, J
=8.7 Hz), 4.61 (s, 2H), 3.81 (s, 3H).

4-Trifluoromethylbenzyl alcohol (10d).535* 'H NMR (500 MHz, chloroform-d) J (ppm) 7.60 (d, 2H, J = 8.0 Hz), 7.49
(d, 2H, J = 8.0 Hz), 4.75 (s, 2H).

Cyclohexanemethanol (10e).5* *H NMR (500 MHz, chloroform-d) § (ppm) 3.42 (d, 2H, J = 6.5 Hz), 2.0 (t, J = 11.4 Hz,
1 H),} 1.75-1.65 (m, 5H),! 1.50-1.43 (m, 1H),f 1.28-1.11 (m, 3H),} 0.99-0.88 (m, 2H).

1-Phenylethanol (10g).5*%* *H NMR (500 MHz, chloroform-d) & (ppm) 7.39-7.33 (m, 5H), 4.90 (g, 1H, J = 6.2 Hz), 1.50
(d, 2H, J = 6.2 Hz).

1-(4-Methoxyphenyl)ethanol (10h).5+%¢ 'H NMR (500 MHz, chloroform-d) ¢ (ppm) 7.30 (d, 2H, J = 8.8 Hz), 6.87 (d,
2H, J = 8.8 Hz), 4.84 (q, 1H, J = 6.5 Hz), 1.47 (d, 2H, J = 6.5 Hz).

1-(4-(Trifluoromethyl)phenyl)ethanol (10i).55%¢ 'H NMR (500 MHz, chloroform-d) 6 (ppm) 7.60 (d, 2H, J = 8.3 Hz),
750 (d, 2H, J = 8.3 Hz), 4.95 (q, 1H, J = 6.5 Hz), 1.49 (d, 2H, J = 6.5 Hz).

Cyclohexanone (10n).5” *H NMR (500 MHz, chloroform-d) 6 (ppm) 2.34 (t, J = 5.0 Hz, 4H),* 1.89-1.84 (m, 4H),
1.75-1.71 (m, 2H).

! These peaks overlap with peaks derived from other compounds (1, 9, or diethyl ether). Therefore, the values of the
peaks shown here are those of the cited literatures. The reaction yields were calculated using the other peaks.
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2. Electrochemical measurements

As an example of conventional dihydropyridines, the redox behavior of BNAH and its oxidized form, BNA*, was
investigated electrochemically. The reduction corresponding to the Py*" process was observed as an irreversible process,
very different from that of 2 (Fig. Sla and b). The peak corresponding to the re-oxidation was observed around —0.5 V,
suggesting that a chemical reaction occurred after the reduction process. In addition, the reverse current as an indicator of
reversibility was almost not observed in this process even in the fast scan using the OSWV method. Furthermore, no
reduction corresponding to the Py~ process was observed. The significant difference in the reversibility of the redox
processes of pyridinium proves that the introduction of bulky substituents in 2 enables stable electron transfer. The
oxidation process of BNAH is shown in Fig. S1c and d. Since the oxidation process of dihydropyridine is an irreversible
process involving chemical reactions, the observed behavior was not different from that of 1. The electron-withdrawing
group in BNAH shifted the oxidation peak to a higher potential.

a) c)
| 1 | 1 | 1 | 1 | 1 | | 1 | 1 |
0.5 0.0 -0.5 -1.0 -1.5 -2.0 0.5 0.0 -0.5
Potential / V vs. F¢™° Potential / V vs. F¢c*"°
b) d)
— Difference \ﬁ—_
— Forward
— Reverse —— Difference
— Forward
— Reverse
1 | 1 | 1 | | 1 | 1 |
-1.0 -1.5 -2.0 0.5 0.0 -0.5
Potential / V vs. F¢™° Potential / V vs. Fc*’®

Fig. S1 CV and OSWV for (a, b) the reduction of BNA* and (c, d) the oxidation of BNAH. Voltammograms were taken
at scan rates of 100 mV s™* (CV) and 600 mV s (scan frequency 150 Hz and step voltage 4 mV) (OSWV) in acetonitrile
containing 0.1 M n-BusNPFg as supporting electrolyte.
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3. Isothermal titration calorimetry (ITC)
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Fig. S2 ITC for a) the hydride transfer from BNAH to 9-phenylxanthylium perchlorate (Xan*ClO4") in acetonitrile at 298
K and b) the hydride transfer from Hantzsch ester (HEH) to Xan*CIlO4™ in acetonitrile at 298 K.
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4. NMR spectra
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diethyl ether, 30 °C, 2 h
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diethyl ether

10d

diethyl ether

1)1.2 eq BF; “OEt,
diethyl ether, 30 °C, 2 h
2)2.0 eq H,0

H
FiC
9d

Mes

(e 00000 s
S soes
- L -
-— oy 11989
o
1456°0 o
Lo = 92860 ~ e
NS A
o~ AT
— W ZsteL
- P = pper e
Toe6'l | LS ,
Q Vi ; e
o < 3 ta %zﬁm W o uve
M =7 RIET © = 6oL
~N— - 2 pT - © b == sz6b'L
N ET (=] -~ _ LEESL
63867 0 - Lo 27 cctos
. o TES 0L
—_6LE8T . + Frs ~ NEE£9'L
|N o~ ~
w Fea _ sossL
ALY
B—- oy & 1206°L
o~ — g0 S ~ =os06'L
% — fe 60108
o N — L o L sm_mgm
IS T} b 19508
PSEE'y “
- e Fod
I — LS
—
I HH — A b
= =
I @
S ) 0
- 3] =
o HS
= o e
o =2
o
Lo
o
rmmemssmems oo T 9789 Fo
H i = limo -
H i Le -
! S N R I Fo
! Y= kL
: E— <31 kol
i : mm_%:
H : £669°L For
H Pl ssssL
H [ Fo
H N
! PR6S'L Fo
: : 1206'L =
: : 0506°L b
H ] 18208
H : 1950°8 m Fe m
H 1 -3
| i le & &
| e = Fen =
! : g - £
: ; = * Fo g
: : 3 © o ]
H H v} o o
! i a = a
| | g =
H e g ] Fo —6901°01 &
i =
[ L = g 311 N s o - o
£0 820 920 ¥'0 ZZ0 0 810 910 PO TI'G 10 800 900 KO0 200 0O 0oL 009 00§ ooy 00¢ 0’0z 001 0
aouepunge (syppusnoy)

S17




Ph

I
?g e
o
-
+
%
[}
=
D o
\A\H/MNMZ
%]
4
=
=
o~
J
S
=)
o
LEl
mo| T
= o
52| 8
NB| S
= 5| o
= ~
T
[
o
+
w
@
=

h

L /= (]
ﬁ -

P
Mes

@ 8o

10

OH

diethyl ether

2
|

Qe + 10e
LL'\J« j}\L ]

10e

diethyl ether

b
D —

CHCl;
1

Q ol
o L

e —

00000
— 0ELOD

£616°0

LIE60

1£p6°0

L= 96k60
- PL960

9£9€°1
= 0stpl
sy
2 91sL1
= 9516l

pob1T
= 8wt
n.ﬂzmm,m
m:v.m
gam

L6BET

£1zpe
= ligws

—09£9€

1565
< ozpsy

B6ES'P

|M T
LSy

65289
T~ 80989

—splIL

= LI6TL
= p919L
Ay

£669°L
= TG88L

o oy
Fed — 11408

9.0
arts per Million : Proton

e s
191964

Q
aauepunge

S18



I
o
(=]
-
IT
w
[}
=
® @
\/N\Mz
("]
<)
=
=
o~
9]
oo
™
%%
-
mao| I
o=| T
e..m,e
NB2
— TN
= &
-3
[=1]
+
w
@
=
X = [}
Z-=
AN
o
[
[}
=

3

—
[
=
=
i ——
nw. EE I - T ——
= VAR~ D 3
© - ™
I
+
oL -
- - .m
; -
%L
o ™
D Tz
I
|
Q
=
=
[}
=) —,
E= N —
(]
d [w
1%
-
I
- 00l
m —_—

Lo — 00000
— o

1.0

So6y'l

=ogagl
BERR'T

=/ 1561
%\m_sm

20
)

30

— 89E9°E

4.0

— sty
0185

< izosy

6548

8388y
LI06y
9F16y

5.0

6069
= 06969 g
= o g
w0901 -

5 ovovs 8
= posy

-Avv_i m
L8T9L £

v
1556

7.0

S N 1696°L =

® TN9ZE0'8 )

T T T T T T T T T T T T
LI'0 910 SI'0 #1°0 €10 10 110 10 60°0 800 L0'0 90°0

T T T T T
00 F0'0 £0°0 200 100 0

souppunqe

CHClI,

67

68

A ]

— 06k6'9

Le
2
—SEE0L
__SE90L
1oL
a1 )
— s
N0l
~

e o0z
w\:n.ﬁ
/L SRLTL
ST
= 0987'L
_sieL

1956°L
=gt

8986°L
=ZogscL
Nos0ve

00Sb L
=" ovavL
vt
=N pOSK L

74

75

pivsL
oavst

Ny

w/mgw.n
BRI
prIoL
wIoL
85T0°L
L8T9°L
F Wz
8SE9°L
LhoL

7.6

78

0Z88°L
8688°L
1068°L
6PO8'L
L368°L
s
TwzeL
ws6L §
=556l £
= 1696L F

79

<
o

—97E08

8.1

X : parts per Million

T
0'or

T
00g

T
00z

ool

T
0
(syppuesno)

S19



I
(=]
-
Q
I
=
IT
w
@
=
= D o
o- \/NIMZ
)
@
=
=
o~
g
= o
]
o%
w20
ws| =
mo| I
S
NB|2
— TN
= ~
=
(=2
o
[+
=
+
w
4
=
L/~ o
Z—=
IN\—=
o
»
o
=

diethyl ether

2

diethyl ether

MeQ

MgO

OH

MeQ

10h
9h

MeO'

MeO

[ —

[ o —— 00000
—~95£0'0

1.0

0591
=Zsirl

— 59161
- PE60T
98617
— 55822
— 98867
— 81852

20

3.0

—90pT¢

— L1629t

——686L¢
— Z0L8E

— 8Ly
Prps'h

=s555'%

SLES'P
= zoss'p

5.0

60

¥598'9
76889,

LOT69

HP926'9

T L0g6'9

106’9

{
S6L9'L=
LSty
o

9626°L
Lo ®loypeg =
B~ SShOB 4

T
00 0
aouepunqe

MeQ
10h

9h
1

MeO

MeO

MeQ
10h

CHCl,

Y0189
95189
88289
82689
STPR9
|2 00989
e \ pS98°0
L6989
68L8'0

=/ wesso

[ oy — ZS68'9
@ Agg,__
PIze'y
|/~.Dma 9
I 10069
= b6
10569
£656'9

6.7

<
-

ISIT°L

T =wie

—0Z8I'L
N
~

K7L
ey
2= feers
Fe 6
TNG0E L
8oL
-

~_LEIvL
—-98TKL

T
009

T T T
008 o'op 0'0g

T
00z

T
0ol

L

Q
(syppuesnoy)

S20



J o o000
— £5L00 2

66

6.7

1.0

10i
diethyl ether

F3C

Ph
Me

.2h | A
P +
Mes I?l@ Mes

diethyl ether

1)1.2 eq BF3 *OEt,
diethyl ether, 30 °C
2) 2.0 eq H,O

F3C

|2
e
I I "
. T 6T £681'1 — e
S bl o SL80
T =t - o = zi689
T ozp1 T
-—— t o= [t
Q - -LW\E%,N -
- W clET L=
™ L KQEN - ~ 1o
o~ A = bt
o - = uert —s6o0'L
5851 3 F 9560
u ~ 7ol

Q
e
D o —
Lo
-
W —S0zE =
[sed .
) m T —959T°L
o~ — J—— — 8869 T ° A P Ls0e'L
7N —SSTEL
o —dol6E o _
-—— | [ —i%0Y
- g
95LS P I
- J =Tl = ﬁ \y ——B68FL
T o i 4 sio b - moE
T | Tl MY \an.w
" o = S665'L
1996 P 0\_ © 2/ 30091
- = = go19¢
o o~ ‘A o=S1E9L
I u/.:v,:.
Lokt
o P
— —60§LL
|+ —StbL
wM LT o
o Feo
.- [ e
. L698'L
“n%.h
[ 1m0 6968°L
T Jsmso 2|_ F2 = s6062
I = ueso g N\Kl6L g
2 — e g 2
H S £
H 8 - -
[ - Fos g
H R o SSPOSE
H _ B o~ - o=
, -— = r =i
| [ =L ™ o o
: L =698ty %) n
m a0 o i
[ —
T T T T T T T T T T T T T T T T T - X T T T T T T s
910 S1'0 P10 €10 210 110 10 600 800 £0'0 900 SO0 KO0 00 200 100 0 008 ooy 008 00z 00l 0

aourpunge (syppuesnoyy)

S21




10n

4
(2]
[
=
7S 2
Z-= ™
w
(]
=
=
(o'}
g
g
-O-I..
@
CE| 2
mo| T
= (=2
TZ| o
NB| 2
- T | N
= N

&
9n

Ph H
ﬁ +
Mes r;l Mes
Me
1

1+9n +10n

diethyl ether

diethyl ether

[ o —— 00000
— P00

=)
- ClLl
SEIL

SLILT

LELT

1ZeL1

SSEL'L

o1pLl

= 61981

2‘[!
!
g

688

30

u—

[aa3 N 4
= oty
_Lowsy

L8PSt

9555 P

5.0

K09
88009
87109
81209
88209
62809

6.0

— L0L99
—— 9589
= ]
=— 918692
= SHIILE
=SoogiiL
E-90¢L8
— VLT
|
8629LT
159 8,

s
- mlﬁ.asm.
[ —sovos

7.0

S22



References

S1
S2

S3
S4
S5
S6
S7

E. M. Fry, J. Org. Chem., 1964, 29, 1647 — 1650.

(@) M. Al-Amin, S. Arai, N. Hoshiya, T. Honma, Y. Tamenori, T. Sato, M. Yokoyama, A. Ishii, M.
Takeuchi, T. Maruko, S. Shuto and M. Arisawa, J. Org. Chem., 2013, 78, 7575 — 7581; (b) J. Gour, S.
Gatadi, S. Malasala, M. V. Yaddanpudi and S. Nanduri, J. Org. Chem., 2019, 84, 7488 — 7494; (c) R.
Wang, X. Han, J. Xu, P. Liu and F. Li, J. Org. Chem., 2020, 85, 2242 — 2249.

M. Zhao, W. Xie and C. Cui, Chem. Eur. J., 2014, 20, 9259 — 9262.

T. Mandal, S. Jana and J. Dash, Eur. J. Org. Chem., 2017, 4972 — 4983.

Q. Xuan, C. Zhao and Q. Song, Org. Biomol. Chem., 2017, 15, 5140 — 5144,

K. Zhu, M. P. Shaver and S. P. Thomas, Eur. J. Org. Chem., 2015, 2119 — 2123.

G. Zhang, X. Wen, Y. Wang, W. Mo and C. Ding, J. Org. Chem., 2011, 76, 4665 — 4668.

S23



