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Table S1. Optimization of the Benzyl-deprotection Conditions

(0]
HNT =N
)\\ N- é,C \ R, Benzyl deprotection
HN™ N ( —_— deprotected compounds
\ !
R Rs
=
Entry R1 R2 R3 Condition Deprotected compounds Yield
1 H H t-butyl 10% Pd/C, H, (balloon), MeOH, r.t., overnight ND
2 H H t-butyl 10% Pd/C, H; (balloon), MeOH, 55 °C, 4 h, ND
10%TFA/DCE, 100 °C, microwave 10 min; EA,
3 H H t-butyl ND
IN NaOH
o
4 H H tb o e 0
-butyl TfOH, 55 °C, 4 h ) 41%
H,NT N7
NH,
o]
"
5 H H t-butyl 0.1 M TFA, 1,t, 10 min; 80 °C reflux overnight o W 45%
O:
o
HNkr/N
6 H Cl t-butyl 10% Pd/C, Hy(balloon), MeOH, r.t., overnight @ANJ\\NN 7 52%
H 7<NH
10%TFA/DCE, 100 °C, microwave 10 min; EA,
7 H Cl t-butyl ND
IN NaOH
8 H Cl t-butyl 10% Pd/C, Hy(balloon), MeOH, 55 °C, 4 h, ND
9 4-OMe H t-butyl 10% Pd/C, Hy(balloon), MeOH, r.t., overnight ND
10%TFA/DCE, 100 °C, microwave 10 min;
10 4-OMe H t-butyl ND
EA, IN NaOH
11 4-OMe H t-butyl 10% Pd/C, H,(balloon), MeOH, 55 °C, 4 h, ND
2.4- 0.1 M TFA, rt, 10 min; 80 °C reflux overnight;
12 H t-butyl ND
dimethoxy EA, aq. NaHCO;
3,4,5- 0.1 M TFA, tt, 10 min; 80 °C reflux
13 H t-butyl ND
trimethoxy overnight;EA, aq. NaHCO;
(o]
2,4- 0.1 M TFA, tt, 10 min; 80 °C reflux overnight; 'ﬁ'\k:“%@
14 H Cyclohexyl NN 2%
dimethoxy EA, aq. NaHCO; QNH
o
2’4' O
15 H  Cyclohexyl 0.1 M TFA, 1.1, overnight S 2%
dimethoxy NH
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3,4,5- AN \
17 H Cyclohexyl 0.1 M TFA, 1, overnight HZN)\\,«NJ(L 7 54%

trimethoxy o~
./
3,4,5-
18 H Cyclohexyl 20% TFA/DCM, rt, 24 h ND
trimethoxy
3,4,5-
19 H Cyclohexyl 50% TFA/DCM, rt, 24 h ND
trimethoxy

3,4,5- N
20 H  Cyclohexyl TfOH, 55 °C, 4 h *ﬂfk@—@ 72%
trimethoxy HNT N

ND: not detected.

Crystal sample preparation:

recrystallization in EtOH
20-30 mg sample powder was added into the 3 mL vial with around 1 mL EtOH, sealed the vial and
heated at 70 °C for several minutes, filtered the solution and removed undissolved material, then transfer

the filtrate to a new 3 mL glass vial , cap the vial, and kept still for 2-4 weeks in a dark environment.

Crystal structure determination

X-ray diffraction data for single crystals of compounds 4d and 51 were collected using XtalLAB Synergy-
S four-circle diffractometer with a mirror monochromator and a microfocus CuKa radiation source
(L=1.5418 A). The CryoStream cryostat system was used to allow low-temperature experiments,
performed at 100(2) K. The obtained data sets were processed with CrysAlisPro software.[1 The phase
problem was solved with direct methods using SIR2014.121 Parameters of the obtained model were refined
by full-matrix least-squares on F2 using SHELXL-2014/6.13 Calculations were performed using WinGX
integrated system (ver. 2014.1).[4 Figures were prepared with Mercury 4.0 software.[!

All non-hydrogen atoms were refined anisotropically. All hydrogen atoms attached to carbon atoms were
positioned with the idealized geometry and refined using the riding model with the isotropic displacement
parameter Uiso[H] = 1.2 Ueq[C] for all but the methyl group, for which Uiso[H] = 1.5 Ueq[C] was
applied. Hydrogen atoms bound to nitrogen atoms were located on the Fourier difference map and refined
with no restraints on Uiso parameter. The disordered fragments were modeled based on the Fourier
difference map inspection and the site occupancies were determined during the refinement procedure.
Crystal data and refinement results are shown in Table 1.

Crystallographic data have been deposited with the Cambridge Crystallographic Data Centre (CCDC) as
supplementary publication no. CCDC 2192632 (4d) and no. CCDC 2190420 (51). Copies of the data can
be obtained, free of charge, on application to CCDC , 12 Union Road, Cambridge CB2 1EZ, UK, (fax:
+44-(0)1223-336033 or e-mail: deposit@ccdc.cam.ac.uk).

Crystal structure description

Compound S5l crystallizes in the centrosymmetric space group P2/n. The asymmetric unit
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(Figure S2A) consists of two molecules with a very close conformation of the main structural core
(RMSD ~ 0.7 A). For both molecules, a positional disorder is observed. The first molecule exhibits
alternative spatial orientations of the cyclohexyl group, with refined site occupancies of 77% and 23%.
In the second, one of the methyls of the tri-methoxy benzyl fragment with nearly equal occupancies, 51%
and 49% (the less abundant conformers are shown in Figure S1A with carbon atoms in green). These
two disordered fragments are located in proximity in the crystal lattice.

The molecule of 51 adopts a hairpin-like conformation (Figure S2B) with exposure of N-H
donors of the hydrogen bonds. This leads to tetramer formation through N-H...O and N-H...N H-bond
system (Figure S2C). A large number of C-H...O and C-H...n contacts additionally stabilize the crystal.
Acknowledgments
The crystal structure analysis was performed on the equipment purchased thanks to the financial support
of the Ministry of Science and Higher Education, Warsaw, Poland [grant number 6903/IA/SP/2018].
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Table S2. Crystal data and final refinement results for structures 51 and 4d.

51 4d
Empirical moiety formula 2 x Cy7 H3p N Oy Ci;3His N5 Oy
Formula weight [g/mol] 1009.17 308.32
Crystal system Monoclinic orthorhombic
Space group P2/n Pbca

Unite cell dimensions

a=18.2386(1) A
b=9.4353(1) A
¢=30.2359(2) A

a=12.59332(16)A
b= 10.19994(14)A
c=22.0119(2) A

a=90° a=90°
B=107.096(1)° b=90°
v=90° 2=90°
Volume [A3] 4973.28(7) 2827.44(4)
Z 4 8
Deatc [Mg/m?] 1.348 1.449
p [mm] 0.756 0.923
F(000) 2144 1304
Crystal size [mm?] 0.5x0.15x0.02 0.15x0.15x 0.1
©® range 2.55°to 75.33° 4.78° to 74.97°
Index ranges -22<h<22, -15<h <216,
-11<k<10, -12<k<1l1,
-37<1<37 -27<1<27
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Refl. collected 151527 32354
Independent reflections 10196 3072
[R(int) = 0.0543] [R(int) = 0.0424]
Completeness [%] to ® 99.1 (® 75.3°) 99.8 (® 67.68°)
Absorption correction Multi-scan Multi-scan
Tmin. and Tmax. 0.328 and 1.000 0.426 and 1.000
Data/ restraints/parameters 10196 /0 /767 3072/0/203
GooF on F2 1.059 1.079
Final R indices R1=10.0384, R1=10.0769,
[[>2sigma(])] wR2=0.0903 wR2=10.2110
R indices (all data) R1=10.0415, R1=10.0778,
wR2=0.0922 wR2=10.2118
APmaxs APmin [€°A3] 0.200 and -0.237 0.53 and -0.42

Figure S1. Molecular geometry observed in the crystal structure of compound 4d showing the atom
labelling scheme. The positional disorder within the benzene ring is observed with equal site occupancy
(50:50). Displacement ellipsoids of non-hydrogen atoms are drawn at the 30% probability level. H atoms
are presented as small spheres with an arbitrary radius.
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Figure S2. Two molecules in the symmetric unit (A) of 51 crystal structure with the atom labeling scheme.
Both molecules exhibit a positional disorder (the less abundant conformation is marked with C-atoms in
green). A single molecule adopts the hairpin-like conformation (B). Strong H-bonds motives lead to the
formation of tetramers in the crystal lattice (C). Displacement ellipsoids of non-hydrogen atoms are

drawn at the 30% probability level. H atoms are presented as small spheres with an arbitrary radius.

The pK predication by ChemAxon software.
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'TH-NMR spectrum of 6a (B, DMSO-dj)
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Proposed Mechanism:

= o
R Il H (4 +1] N
x N _N- Sc(0Ts HN J& ' AN TP Re 3 shift =
\(/ ‘N + )k <:>_/ 4<\ \>-R cycloaddtion HN)\\N’N\C2<H )\\ 4 />*Rz
A, > — w HW
5 2 O R3 NH
(—/,, R R N R
A N* Z E T F
RS

D

First, 2-aminopyridine (A) reacts with aldehyde (B) in the presence of Sc(OTf); to form imine intermediate C

then C reacts with isocyanide (D) though [4 +1] cycloaddition to give E, finally, then aromatization of E via
double 1,3-H shift to form the imidazole-fused heterocycle F.
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'H NMR spectrum of 4a (500 MHz, DMSO-d)
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'H NMR spectrum of 4b (500 MHz, DMSO-dy)
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'H NMR spectrum of 4¢ (500 MHz, DMSO-dy)

<
=l
n
=l
<
e
n
Fe
o
A e
) o
05— — b
<
e
9gE— 'h, n
M e
€2 5
. — [an
08'€ " e )
r<
o~ ;
A = "
r<
o
—4 L2
I
n
v
B -
ws— & \J 28T £
z o le &
S
bl
1v'9 .
AN i —— Mmmmw o
mm.e\ ——=|  Rog
£9'9 /N / 3
0 T N
~ T _ 0 TN
80" z — Fse0
n
.~
<
o] [T oo
o N
= Fo
o
o o
nmd o
n
o
<
Fe
B
n
Fe
B
. g [=}
0601 — -=] Tmo L2
b=]
n
L
b=]
<
bl
]

BC{'H} NMR spectrum of 4¢ (126 MHz, DMSO-d)

= Lo
2 o
=1
- o
= R
o
6v'8€ 3 e
20°'6€ 3
61°6€ E
SE'6E = o
T5°6E = rs
69'6E W
S8'6€ =
200p W Lg
8T'SS
6755 W
8E'5S =
15'5S L3
FR
E - [=}
F®
3
' -
z o =}
E o
786, NV\|AN — o
. LS~
7’86 Y St
9THOL _ g
ZEb0T I . =
T oz
BT — v|/ L
= S
° m
58T o
98T g —x = Eo
o =
- o
o S
r W
95°9pT — ————F
ra
TIPST~ _
6L°LST
LresT Z L8
S8'65T W —
=
= LR
W )
W j=3
|- oo
W :
o
2
=
= o
o
S
W R
3 L=
N

S11



'H NMR spectrum of 4d (500 MHz, DMSO-dy)
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'H NMR spectrum of 5a (500 MHz, DMSO-dg)
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'H NMR spectrum of 5b (500 MHz, DMSO-dy)
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'H NMR spectrum of 5¢ (500 MHz, DMSO-dg)
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'H NMR spectrum of 5d (500 MHz, DMSO-dy)
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'H NMR spectrum of 5¢(500 MHz, DMSO-dy)
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'"H NMR spectrum of 5f (500 MHz, DMSO-dg)
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'H NMR spectrum of 5g (500 MHz, DMSO-d)
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'H NMR spectrum of 5i (500 MHz, DMSO-dy)
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'H NMR spectrum of 5§ (500 MHz, DMSO-dg)
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'H NMR spectrum of 5k (500 MHz, DMSO-dy)
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'H NMR spectrum of 51 (500 MHz, DMSO-dy)
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'H NMR spectrum of 5m (500 MHz, DMSO-dy)
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'H NMR spectrum of 5n (500 MHz, DMSO-dy)

<
=l
\n
e
960
mm.o/ 4
00T ~& = TN.m LS
10T %
So'T
I~
05T~ - Bpo1 | 1
15T - o1 [
$9T— = 26T
991"
_— <
ey
OSWa 05 n
OSWa 05 W - 4 L
OSWa 05 g
<
e
€ze
vTE W = Frot
seel, E
OZH 9€°E n
£9°€ [
SN 3 =66t
N — o
oge E86'S £
o
- Fs S
p
ST~ =  E60
1y o
[}
~o n
r<
=
5 3
~o .
s — — 61
z
27N n
\ ru
o /N —
\ o
I ro
I
85'9 ‘NIV‘
om.w% \ / n
19'9 o} v Fa
. _ P 81 [0
s % . S .
bl 3 6T
v9'9
so'9 ° o
199 /Mv % S
8EU~ - .
6L ——  E560 in
~
<
[T

BC{'H} NMR spectrum of 5n (126 MHz, DMSO-dg)

0EbZ ~
ozse ="

LTEE —
T0°6€
81°6€ Mr

25°6€ 7
69'6e I

986
£0°0F

125

02'SS 7

€55
ogss
5855
5655 1
er'9s |
1009

cl
/ Hy

TN
:

},

07'ss
1855
95°55 —
S8'S5~\_

|

|

l
T

f1 (ppm)
Y

b

S6'5S

T
§.0 55.5 [55.0 54.5 B4.
4

PE'BE —

{\/L

£p'9S —

|
\

SLP0T
£8'H0T

Iy

\(
/]

f1 (ppm)

TESOT
9p'S0T

LE°9TT —

(

o e
7

1TveT —
§§'92T —

PLTET =

A
I

X
F

120

T
130

UTTET
€8'9€T —

HC/Cj
HC\O

T
140

8E6¥T
S0'2ST —+
06'2ST 7

T
150

SUZST—
2T09T ~

T
160

etk

T T T
190 180 170

T
200

S26



\

By

70°€
M/mﬁ.m
M\,vo.ﬁ
01T

—~
\O
7
O
=
A
o 899
N =
M v~
[
=
w S6'L~N
N~— 6t
=
w
(A
o
g
=
Q
(D]
o
wn
=
M ST —

sTIr—

Fo0'1

=0T'€E
=009

8'0
€T

L0
0T

=o1'e

01T

f1 (ppm)

BC{'H} NMR spectrum of 50 (126 MHz, DMSO-dy)

SEPT~
wse

b —

20'6€
61°6€

SE'6€ ]
25°6€ 7]

69°6€

40

No.ov\\
8b b

97'SS —
8557

f1 (ppm)

FHOT—

130

Z8'vEL \

LE9ET

19°8bT —
05°ZST ~\

140

150

170 160

180

190

200

S27



'H NMR spectrum of 5p (500 MHz, DMSO-dy)
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'H NMR spectrum of 5r (500 MHz, DMSO-dy)
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'H NMR spectrum of 5s (500 MHz, DMSO-dy)
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'"H NMR spectrum of 5u(500 MHz, DMSO-dy)
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'H NMR spectrum of 5v (500 MHz, DMSO-d)
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'H NMR spectrum of 5w (500 MHz, DMSO-dy)
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'H NMR spectrum of 6a (500 MHz, DMSO-dg)
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'H NMR spectrum of 6¢ (500 MHz, DMSO-dg)
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'H NMR spectrum of 6d (6q) (500 MHz, DMSO-dy)

1 ORI T Vv TT S SN
CHf!
o) o
HN/LK]%N
0
)\ N / N
S CH,
GNH
II \ ‘ 1 “
| i “ | 1 | ﬁlﬂ“ "“q
RS I Lk_/l\_,_k__ 7'_,qur\ bl ,JUV‘IK,JUH '
Pl i o T orn

T T T T T
i1.5  11.0 105 10.0 9.5 2.0 8.5 8.0 7.3 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

BC{!H} NMR spectrum of 6d (126 MHz, DMSO-dg)

o o h ¥ < B3 Q=

2 || & £y & AN v ogNmeNELENMO NN~
=Y[N -] i K © wuy TN NNCQO®OINMMEOT N M=M=
2 g & = 83 wis BNSAGRARERME (B8 T T
= {1 3 g B = |2 &R AEUEE E R RS RCR: R RE R [N

.
g

T
[ —0
S V4
Ho K
\\)/ NH
\Y4 \ e bda
\ N
I »\‘l | I
T : ) T T T
11 105 0o 95 35 30 5
1/ (pgm f1|(ppm)

T T T T T T T T T T T T T T T T
200 190 180 170 L6} 150 40 130 1p0 10\1i0 90 80 70 60 50 40 30 20 10

S38



'H NMR spectrum of 6e (500 MHz, DMSO-dy)
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'H NMR spectrum of 6f (500 MHz, DMSO-dg)
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'H NMR spectrum of 6b (500 MHz, DMSO-dy)
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'H NMR spectrum of 6i (500 MHz, DMSO-dy)
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'"H NMR spectrum of 6j(500 MHz, DMSO-dg)
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'H NMR spectrum of 61 (500 MHz, DMSO-dy)
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'H NMR spectrum of 6m (500 MHz, DMSO-dy)
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'H NMR spectrum of 6n (500 MHz, DMSO-dy)
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'"H NMR spectrum of 60 (500 MHz, DMSO-dy)
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'H NMR spectrum of 6p (500 MHz, DMSO-dy)
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