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1. Chemicals and instruments
All of the chemicals were purchased from Sigma Aldrich and Tokyo Chemical Industry (TCl)
and used without further purification.

'H NMR spectra were collected using Bruker AV-300 (300 MHz), and Bruker Avance Il 400
(400MHz) spectrometer. The NMR spectra were plotted using the academic version of Topspin™.
Chemical shifts are recorded as & in units of parts per million (ppm). HPLC analysis was conducted on
Shimadzu LC-20AT and LC-2010CHT HPLC workstations. High-resolution mass spectra (HRMS) were
obtained by Q-Tof Premier mass spectrometer (Waters Corporation).

2. Computational methods

The geometry optimizations of ground and transition states were performed with Gaussian
16.1 All calculations were carried out with M062X/Def2SVP level of theory. The solvent effects (in ethyl
acetate) were accounted for using the SMD model.?

3. General reactions

All the reactions were carried out via the same procedure unless stated otherwise. 1 mmol
of N-heterocyclic precursor molecules was added into 3 mL of EA in a 5 mL vial with a stirrer bar.
Subsequently, 3 mmol of Mel was added to the solution. The resulting solution was stirred for 3to 6
hours at room temperature. The precipitate would start to form several minutes after adding Mel.
The precipitate was filtered and washed with EA several times. The products were obtained in
brownish orange solid. This reaction could be upscaled to a gram scale with 10 mmol of starting
materials. For alkylating reagents, methyl iodide and ethyl iodide were used while propyl bromide
and butyl bromide were used.

4. Molecule characterizations

4-amino-2-methylisoquinolin-2-ium iodide (1)

Yield: 98.9% in the mmol scale (94.1% in the gram scale). *H NMR (400 MHz, DMSO-d6) &
(ppm): 4.317 (CHs of N-methyl), 7.224 and 7.706 (NH: of amino), 7.706-8.994 (H of aromatic ring) as
shown in Fig S8. 1*C{*H} NMR (400 MHz, DMSO-d6) & (ppm): 47.849 (CHs of N-methyl), 117.010-
143.499 (C of aromatic ring) as shown in Fig S9. HRMS (ESI): C10H11N,*, calcd m/z : 159.0922, found
m/z: 159.0920.

4-amino-2-ethylisoquinolin-2-ium iodide (2)

Yield: 73.7% in the mmol scale. *H NMR (400 MHz, D,0) 6 (ppm): 1.458-1.495 (CH; of N-
methyl), 4.248-4.303 (CH; of N-methyl), 7.246-7.692 (H of aromatic ring), 8.004 and 8.349 (NH, of
amino) as shown in Fig $10. *C{*H} NMR (400 MHz, D,0) & (ppm): 15.556 (CHs of N-methyl), 56.787
(CH; of N-methyl), 115.984-141.779 (C of aromatic ring) as shown in Fig S11. HRMS (ESI): C1*H13N,*,
caled m/z : 173.1079, found m/z: 173.1075.

4-amino-2-propylisoquinolin-2-ium bromide (3)

Yield: 65.3% in the mmol scale. 'H NMR (400 MHz, D,0) 6 (ppm): 0.924-0.954 (CH; of N-
methyl), 1.978-1.995 (CH, of N-methyl), 4.369-4.382 (CH, of N-methyl), 7.550-7.881 (H of aromatic
ring), 8.553 (NH, of amino) as shown in Fig S12. **C{*H} NMR (400 MHz, D,0) 6 (ppm): 9.837 (CHs of
N-methyl), 24.014 (CH; of N-methyl), 62.980 (CH, of N-methyl), 116.305-143.788 (C of aromatic ring)
as shown in Fig S13. HRMS (ESI): C12H1sN>", caled m/z : 187.1235, found m/z: 187.1221.
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4-amino-2-buthylisoquinolin-2-ium bromide (4)

Yield: 87.3% in the mmol scale. 'H NMR (400 MHz, D,0) 6 (ppm): 0.938-0.975 (CHs of N-
methyl), 1.311-1.404 (CH; of N-methyl), 1.942-2.016 (CH; of N-methyl), 4.445-4.482 (CH, of N-
methyl), 7.666-8.019 (H of aromatic ring), 8.685 (NH; of amino) as shown in Fig S14. 3C{*H} NMR
(400 MHz, D20) 6 (ppm): 12.669 (CH3 of N-methyl), 18.790 (CH, of N-methyl), 65.369 (CH, of N-
methyl), 61.390 (CH; of N-methyl), 116.635-143.932 (C of aromatic ring) as shown in Fig S15. HRMS
(ESI): C13H17Ny*, caled m/z : 201.1392, found m/z: 201.1384.

6-amino-1-methylquinolin-1-ium iodide (5)

Yield: 72.0 %. 'H NMR (400 MHz, MeOH-d4) § (ppm): 4.558 (CHs of N-methyl), 7.208-7.215
(NH; of amino), 7.657-8.878 (H of aromatic ring) as shown in Fig S16. 3C{*H} NMR (400 MHz, MeOH-
d4) 6 (ppm): 44.611 (CHs of N-methyl), 105.844-150.292 (C of aromatic ring) as shown in Fig S17.
HRMS (ESI): C1oH1:N>*, caled m/z : 159.0922, found m/z: 159.0928.

6-amino-1-buthylquinolin-1-ium bromide (6)

Yield: 9.2%. 'H NMR (400 MHz, CHCl3-d) 6 (ppm): 0.825-0.906, (CH; of N-methyl), 0.965-
1.002 (CH3; of N-methyl), 1.446-1.503 (CH, of N-methyl), 1.638-1.711 (CH, of N-methyl), 3.189-3.225
(NH; of amino), 6.672-8.590 (H of aromatic ring) as shown in Fig S18. 3C{*H} NMR (400 MHz, CHCls-
d) 6 (ppm): 13.904-43.631 (alkyl group of N-methyl), 102.572-146.518 (C of aromatic ring) as shown
in Fig S19, noted that this NMR spectrum contains a small amount Ethyl Acetate. HRMS (ESI):
Ci3H17N>", caled m/z : 201.1392, found m/z: 201.1390.

1-methylpyrazin-1-ium iodide (7)

Yield: 97.1%. *H NMR (400 MHz, DMSO-d6) & (ppm): 4.566 (CH3 of N-methyl), 9.054, and
9.491 (H of aromatic ring) as shown in Fig S20. 3C{*H} NMR (400 MHz, DMSO-d6) 6 (ppm): 137.750-
150.612 (C of aromatic ring) as shown in Fig S21, noted that the structure was also confirmed by the
crystal structure. HRMS (ESI): CsH7N,*, calcd m/z : 95.0609, found m/z: 95.0608.

5-amino-2-bromo-1-methylpyrazin-1-ium iodide (8)

Yield: 56.0%. *H NMR (400 MHz, DMSO-d6) & (ppm): 3.740 (CHs of N-methyl), 8.098, and
8.382 (H of aromatic ring) as shown in Fig $22. 3C{*H} NMR (400 MHz, DMSO-d6) 6 (ppm): 41.376
(CHs of N-methyl), 121.208-141.843 (C of aromatic ring) as shown in Fig S23. HRMS (ESI): CsH7BrNs*,
caled m/z: 187.9823, found m/z: 187.9817.

3-amino-1-methylpyridin-1-ium iodide (9)

Yield: 94.0%. *H NMR (400 MHz, DMSO-d6) & (ppm): 4.179 (CHs of N-methyl), 6.586 (NH, of
amino), 7.554-8.056 (H of aromatic ring) as shown in Fig S24. 3*C{*H} NMR (400 MHz, DMSO-d6) §
(ppm): 48.346 (CH; of N-methyl), 127.291-148.626 (C of aromatic ring) as shown in Fig S25. HRMS
(ESI): CsH7BrNs*, calcd m/z : 109.0766, found m/z: 109.0768.

3-hydroxy-2-iodo-1-methylpyridin-1-ium iodide (10)

Yield: 89.8%. *H NMR (400 MHz, DMSO-d6) & (ppm): broad peak at 3.678 (proton transferred
species of -OH of aromatic ring),4.406 (CHs of N-methyl), 7.682-7.813 (H of aromatic ring), 8.750 and
8.764 (NH; of amino), as shown in Fig 526. 1*C{*H} NMR (400 MHz, DMSO-d6) & (ppm): 56.030 (CHs of
N-methyl), 117.258-159.607 (C of aromatic ring) as shown in Fig S27. HRMS (ESI): C¢H7INO*, calcd
m/z : 235.9572, found m/z: 235.9565.



3-carboxy-1-methylpyridin-1-ium iodide (11)

Yield: 42.0%. *H NMR (400 MHz, DMSO-d6) & (ppm): broad peak at 3.990 (proton transferred
species of -COOH of aromatic ring), 4.417 (CH; of N-methyl), 8.207-9.468 (H of the aromatic ring as
shown in Fig $28. *C{*H} NMR (400 MHz, DMSO-d6) & (ppm): 48.713 (CH; of N-methyl), 128.275-
148.831 (C of aromatic ring), 163.584 (-COOH of aromatic ring), as shown in Fig S29. HRMS (ESI):
C;HsNO;", caled m/z : 138.0555, found m/z: 138.0558.

3-methylbenzo[d]thiazol-3-ium iodide (12)

Yield: 21.2 %. *H NMR (400 MHz, DMSO-d6) & (ppm): 4.396 (CHs of N-methyl), 7.841-8.516,
and 10.516 (H of aromatic ring) as shown in Fig $30. 3C{*H} NMR (400 MHz, DMSO-d6) & (ppm):
117.599-131.574 and 165.302 (C of aromatic ring), 163.584 (-COOH of aromatic ring), as shown in Fig
S31. HRMS (ESI): CsHsNS*, calcd m/z : 150.0377, found m/z: 150.0380.

2-(methylthio)pyridine (13”)

Yield: 99.1%. *H NMR (400 MHz, DMSO-d6) & (ppm): 2.654 (S-CHs), 7.443-8.582 (H of
aromatic ring) as shown in Fig $32. 3C{*H} NMR (400 MHz, DMSO-d6) 6 (ppm): 14.214 (S-CHs),
121.431-158.682 (C of aromatic ring), as shown in Fig S33, noted that the structure was also
confirmed by the crystal structure.



Table S1. General and X-ray crystallographic data for obtainable products

Name 1 3 5
Molecular Formula CioH11IN> C12H15.25 BrN2Oo.125 C10H13IN,O
M; 286.11 269.42 304.12
Crystal System orthorhombic monoclinic monoclinic
Space group Fddd P2./c P121/c1
Unit cell dimensions (A,°)
a 6.7210(3) 15.3346(6) 7.3757(6)
b 19.9988(11) 15.1704(6) 19.8901(17)
c 32.6212(19) 10.1934(5) 8.6493(7)
o] 90 90 90
B 90 91.8457(16) 114.402(3)
v 90 90 90
Volume (As) 4384.7(4) 2370.08(18) 1155.53(17)
VA 16 8 4
Temperature (K) 100.(2) 100.(2) 100.(2)
Crystal Colour yellow yellow orange
Dealc (8 cm™) 1.734 1.51 1.748
F(000) 2208 1098 592
i (mm™) 2.88 3.44 2.743
R [gt] 0.0965 0.0467 0.0323
Goodness-of-fit on F? 1.138 1.016 1.048
CCDC code 2128396 2128397 2142749




Name 7 8 10
Molecular Formula CsHsIN> CsH7I12N3 C12H1313N20;
Mr 220.01 362.94 597.94
Crystal System tetragonal hexagonal orthorhombic
Space group 14/mmm P6, P212124
Unit cell dimensions (A,°)
a 10.3872(3) 7.0916(2) 8.2027(3)
b 10.3872(3) 7.0916(2) 13.5124(4)
C 13.2209(6) 31.4164(13) 14.3668(5)
a 90 90 90
B 90 90 90
y 90 120 90
Volume (A3) 1426.45(10) 1368.28(10) 1592.39(9)
YA 8 6 4
Temperature (K) 100.(2) 100.(2) 100.(2)
Crystal Colour yellow yellow yellow
Dcalc (g cm™) 2.049 2.643 2.494
F(000) 816 984 1096
i (mm™) 4.391 6.832 5.888
R [gt] 0.0359 0.0397 0.039
Goodness-of-fit on F? 1.021 1.033 0.994
CCDC code 2128398 2128399 2128400




Name

13"

Molecular Formula
Mr
Crystal System
Space group
Unit cell dimensions (A,°)

W™ QR o T w

\
Volume (A3)

YA
Temperature (K)
Crystal Colour
Dcalc (g cm™)
F(000)

i (mm™)

R [gt]
Goodness-of-fit on F?
CCDC code

CeHsINS
253.09
monoclinic
P2i/c

6.9824(9)
15.4554(19)
7.8105(11)
90
91.042(7)
90
842.74(19)
4
100.(2)
yellow
1.995
480
3.966
0.0415
0.978
2128401

*R=3||Fo|-|Fc| |/2Fo,w = 1/[02(Fo?)+(g1P)?+ g2P] where P = (Fo2+2Fc2)/3, S = Z[w(Fo2 — Fc2)2/(Nobs —

Nparam)]*2,
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Figure S1. The asymmetric units in the crystal structures of (a) 1, (b) 3, (c) 5, (d) 7, (e) 8, (f) 10, and (g)
13”7,
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5. The Gibbs free energy of N-alkylated and alkylated products in comparison to their

starting materials

Table S2. The Gibbs free energy of N-alkylated and alkylated products in comparison to their starting

materials
Total Gibbs free Total Gibbs free
Product .
energy of starting energy of products AG (kcal/mol)
name .
materials (kcal/mol) (kcal/mol)

2 -522928.83 -522940.74 -11.91
2 -522928.83 -522926.78 2.05
3 -547550.64 -547560.97 -10.33
3’ -547550.64 -547548.74 1.90
4 -572172.29 -572183.73 -11.44
q -572172.29 -572170.36 1.93
5 -498307.81 -498316.45 -8.63
5’ -498307.81 -498306.00 1.81
6 -572174.42 -572181.46 -7.04
6’ -572174.42 -572172.01 2.42

Figure S2. Optimized geometry of the starting material to form 8. The inset shows the distances

between the N atoms to their neighboring substituents (including -NH, and -Br).
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6. Full IRC calculations of transition states
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Figure S3. Full IRC calculations from the transition state of 1.
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Figure S4. Full IRC calculations from the transition state of 1'.
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Figure S5. Full IRC calculations from the transition state of 13.
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Figure S6. Full IRC calculations from the transition state of 13’.
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7. NMR characterizations (*H and 3C)

S67 ¢
667"
F0S¢

S0%°

Pz’

096"

Peo”

ppm

|

~

~

\N+/
NH,

00 0D 00 @) 90 00 0D 0 o)

Figure S8. 'H NMR of compound 1 in DMSO-ds.
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Figure S9. 3C NMR of compound 1 in DMSO-ds.



(=]
Ly

=

o o~
)

w) -

< N )
o)
MMM

=

<t

W3Oy ) 0O OY GO T WO

L8]

o Oh OV - L0

g)

I AR R U Wy B B e B R o

- 10

<t

o

WD MO D D LD L) L) L

=
oy
o
L 956" GT—
T
N I ETRNE
e
—
[~
. L8L7 95—
o -
B Z18° 1
i __¢cte’t
L
L
‘L4 J -
A
"
s
L .
L Lo o
. DZ
.,\L v n
3 £
. N
. ©
L Fe c .
"L A S 786 CTT
. "~ © £69°5T1T
. +Z o £o0°s o £1L°071L
L 7\ W — m 0r9°STT
L Fo 1380 (=] 700 mmﬁ/
. — 162°L2T
i 008 0 M SEF \Nﬁw
L £09°L2T
L = M@ﬂ.mmﬁ.\
4 = £89°62T
{ o
N T 196" 0T
-
o S 098 €€T
L S Em.wmﬁ\
L n GLLTTET
1)
— —
S
.20
(N

ppm

10

30

40

50

60

130 120 110 100 90 70

140

Figure S11.%3C NMR of compound 2 in D,0.



=
[oN)
o,
LER 6 —
FZ6 0
05670 A e
=
pee 0 —
PT0" B2 —
- TN
pee i < b 9T
G66°T iy
= o)
= 086°29—
fo¥ oy [ S
9L I I
z8e" o
=]
Lo @]
o
[a)]
£
%)
- gl
iy M c
0ss L =1
mE.h/ o)
mmh.h/. = o N m. SOET9TT—
P08 L= N\ I 0c0° 9 )
Lt Lof ’ = te /S8 7087021 —
987l S 5677 LET
188" ¢ oo LOn
ot i > S22 6E T~
E55T8— 'l s L69°0ET—
S é@,mﬁ\\u
Lo £oETGeT
ES
~ 88L €FT—
i
wn
0]
— —
S
.50
(N

Ppm

10

20

120 110 100 90 80 60 50 40
18

,,
U

13

140

Figure S13.%3C NMR of compound 3 in D,0.



Ppm

69921 —

096° 1T 89€ "2 —

910"

SRRl

wuw.vV A
mmw.w\

IR I N N T R e JYe)
NN = OO WD
00 02 00 O 00 T [~ W0 AQ
y L e e il el o
+ /\/\
T
7

=000 T 5£9°91T—
z o = .

2086 7 N\ I Lo F2TD B66°07T
116" L Z 5211920
0EE"L TLG LTI~
z€6° L o 600" 62T —
676" L B — k10T 86L° 0T
ZLB L . 091" PET
866" g6L 56T
6108
5858 FE6 ERT—

Figure S14.H NMR of compound 4 in D,0.
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Figure $15.C NMR of compound 4 in D,0.
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Figure S16.*H NMR of compound 5 in MeOH-d.
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Figure S18.*H NMR of compound 6 in CDCls.
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Figure S19.13C NMR of compound 6 in CDCls.
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Figure S21.%3C NMR of compound 7 in DMSO-db.
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Figure S23.%3C NMR of compound 8 in DMSO-db.
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Figure S24.H NMR of compound 9 in DMSO-ds.
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Figure S25.13C NMR of compound 9 in DMSO-db.
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Figure S27.%3C NMR of compound 10 in DMSO-ds.
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Figure S31.13C NMR of compound 12 in DMSO-ds.
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Figure S32.'H NMR of compound 13” in DMSO-ds.
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