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1 Experimental Section

General methods

'H and '*C NMR spectra were recorded on 300 MHz (Bruker AVANCE 500) nuclear
magnetic resonance spectrometers operating at 300 and 125 MHz, respectively, by
using either DMSO-ds or acetone-ds as the solvent and locking solvent unless otherwise
stated. Chemical shifts in 'H and '*C NMR spectra are reported relative to DMSO. DSC
was performed at a heating rate of 5 °C min™! in closed Al containers with a nitrogen
flow of 30 mL min™' on an STD-Q600 instrument. Infrared (IR) spectra were recorded
on a Perkin-Elmer Spectrum BX FT-IR equipped with an ATR unit at 25 °C. Impact
sensitivity, friction sensitivity and electrostatic discharge sensitivity of samples are
measured by using the standard BAM methods.
X-ray crystallography

The data were collected with a Bruker three-circle platform diffractometer equipped
with a SMART APEX II CCD detector. A Kryo-Flex low-temperature device was used
to keep the crystals at a constant 173(2) K during the data collection. The data collection
and the initial unit cell refinement were performed by using APEX2 (v2010.3-0). Data
reduction was performed by using SAINT (v7.68A) and XPREP (v2008/2). Corrections
were applied for Lorentz, polarization, and absorption effects by using SADABS
(v2008/1). The structure was solved and refined with the aid of the programs in the
SHELXTL-plus (v2008/4) system of programs. The full-matrix least-squares
refinement on F2 included atomic coordinates and anisotropic thermal parameters for
all non-H atoms. The H atoms were included in a riding model. The structure was
solved by direct methods with SHELXS-97 and expanded by using the Fourier
technique. The nonhydrogen atoms were refined anisotropically. The hydrogen atoms

were located and refined.



2 The Crystallographic Data

The crystal of 5-:3MeOH and 4-2H,0-DMSO were performed on a Bruker Smart Apex
11 diffractometer with graphite-monochromated Mo Ka radiation (A\=0.71073 A) at 173
K, respectively. Integration and scaling of intensity data were accomplished using the
SAINT program2. The structures were solved by intrinsic using SHELXT2014 and
refinement was carried out by a full- matrix least-squares technique using
SHELXT2014. The hydrogen atoms were refined isotropically, and the heavy atoms
were refined anisotropically. N-H and O-H hydrogens were located from different
electron density maps, and C-H hydrogens were placed in calculated positions and
refined with a riding model. Data were corrected for the effects of absorption using
SADABS4 Relevant crystal data and refinement results are summarized in Table S1.
Table S1. Crystal data and structure refinement for 42H,O-DMSO and 5-:3MeOH.

Table S1. Crystal data and structure refinement for 4-2H,O-DMSO and 5-:3MeOH

Crystal 4-2H,O-DMSO 5-3MeOH
CCDC number 1949588 1949594
Empirical formula C6HaN1404 CoH/sN1407
Formula weight 564.55 530.50
Temperature 100.0K 1732) K
Crystal system triclinic monoclinic
Space group P-1 P2i/c
a[A] 6.0690(3) A 7.5426(8) A
b [A] 8.3830(6) A 7.2253(8)A
c[A] 12.2268(6)A 21.790(2)A
a[°] 83.361(2)° 90°
Bl°] 78.909(2)° 92.711(3)°
v [°] 75.168(2)° 90°
Volume 588.65(6)A* 1186.2(2)
Z 1 2
p(g cm®) 1.593 1.485
F(000) 294 560.0



Crystal size (mm?) 0.07x0.08 x 0.12 0.08 x 0.05 x 0.03

Theta range for data

5.04° to 52.882° 5.406° to 55.05°
collection
Index ranges -6<h<7, -10<k<10, -15<I<15 -9<h<9, -10<k<9, -17<I<17
Reflections collected 6546 13596
Independent
2401 2715
reflections
Goodness-of-fit on
1.06 1.057
FZ
Final R indices
R;=0.0451, wR, =0.1160 R; =0.0608, wR, =0.1585
[I>25(D)]
R indices (all data) R1=0.0564, wR,=0.1150 R1=0.1053, wR>=10.1992

3 Theoretical Study

Theoretical calculations were performed by using the Gaussian 09 (Revision D.01)
suite of programs.[!! The elementary geometric optimization and the frequency analysis
were performed at the level of the Becke three parameter, Lee-Yan-Parr (B3LYP)[9]
functional with the 6-311+G** basis set.?! All of the optimized structures were
characterized to be local energy minima on the potential surface without any imaginary
frequencies. Atomization energies were calculated by the CBS-4M.! All the optimized
structures were characterized to be true local energy minima on the potential-energy
surface without imaginary frequencies.*!

The predictions of heat of formation (HOF) adopt the hybrid DFT-B3LYP
methods with 6-311+G** basis set via designed isodesmic reactions. The isodesmic
reaction processes, i.e., the number of each kind of formal bond is conserved, are used
with application of the bond separation reaction (BSR) rules. The molecule is broken
down into a set of two heavy-atom molecules containing the same component bonds.
The isodesmic reactions used to derive the HOF of the title compounds are in Scheme
S1. The change of enthalpy for the reactions at 298 K can be expressed as

AH298 = Y AtHp — Y AtHRr (1)



Where Y AtHpr and ) AsHr are the HOF of reactants and products at 298 K,

respectively, and AH29s can be calculated using the following expression:
AH298 = AE298+A(PV) = AEo+AZPE+AHT+AnRT (2)

Where AEo is the change in total energy between the products and the reactants at
0 K; AZPE is the difference between the zero-point energies (ZPE) of the products and
the reactants at 0 K; AHr is thermal correction from 0 to 298 K. The A(PV) value in eq
(2) is the PV work term. It equals A(nRT) for the reactions of ideal gas. For the
isodesmic reaction, An = 0, so A(PV) = 0. On the left side of Eq. (1), apart from target
compound, all the others are called reference compounds. The HOF of reference

compounds is available from the experiments'
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Scheme S1. Isodesmic reactions of target compounds

Table S2 Ab initio computational values of small molecules used in isodesmic and tautomeric

reactions.

Compound Eo® ZPEP Hr® HOF!¢
CH, -40.5339263 112.26 10.04 -74.6
NH; -56.5826356 86.27 10.05 -45.9

CH;CH; --79.8565413 187.31 11.79 -84
CH3NH> -95.8938402 160.78 11.64 225
"NHNO; -259.936099 65.95 11.23 -84.0
_—N
) -242.320383 150.39 12.06 192.7
HN~\
N-N
¢ -296.398314 128.9 13.87 469.38
N=N
CHa -40.5339263 112.26 10.04 -74.6

NH; -56.5826356 86.27 10.05 -45.9



) -297.61005 186.1 13.88 484.07

“Total energy calculated by B3LYP/6-311+G**method (a.u);’zero-point correction (kJ mol™); ¢

thermal correction to enthalpy (kJ mol™); “heat of formation (kJ mol ™).
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5 TH NMR and 3C NMR Spectra of Compounds 4-14
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Figure S1. 'H NMR spectra (300 MHz) of 4
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Figure S2. *C NMR spectra (125 MHz) of 4
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Figure S3. 'H NMR spectra (300 MHz) of 5
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Figure S4. °C NMR spectra (125 MHz) of 5
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Figure S5. 'H NMR spectra (300 MHz) of 6
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Figure S6. 1°C NMR spectra (125 MHz) of 6
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Figure S7. "H NMR spectra (300 MHz) of 7
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Figure S8. °C NMR spectra (125 MHz) of 7



05—~

9EL—

ra—

£l (ppad

T

5T |

00 |

00'6E

LUGE

qm.mm#
@@  0§6E —
Gy hm.mm*
O  eed
M/ o0'op-
W ._u
S
o
N—
<
=
gy
5t |
o, 3
72} 3
m &
Z k|
N E
0]
@
S
Wb SL'EST, )
= SEUST~ !
B~ erss1 3

=10

&0

&0

o0

130

140

180

180

190

200

210

Figure S10. °C NMR spectra (125 MHz) of 8

£l (p



—6.96
3.52
—2.50

e .
13 12 11 10 g g 7 g 5 4 3 2 1 0 -1 -2 -3 -4 -5
£l (ppal

Figure S11. 'H NMR spectra (300 MHz) of 9
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Figure S12. 1*C NMR spectra (125 MHz) of 9



Figure S14. 3C NMR spectra (125 MHz) of 10
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Figure S15. "H NMR spectra (300 MHz) of 11
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Figure S16. °C NMR spectra (125 MHz) of 11
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Figure S17. '"H NMR spectra (300 MHz) of 12
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Figure S18. °C NMR spectra (125 MHz) of 12
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Figure S19. '"H NMR spectra (300 MHz) of 13
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Figure S20. '>*C NMR spectra (125 MHz) of 13
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Figure S21. '"H NMR spectra (300 MHz) of 14
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Figure S22. 3C NMR spectra (125 MHz) of 14
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6 1’N NMR Spectra of Compounds 4 and 5
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Figure S23. ’N NMR spectra of 4
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Figure S24. ’N NMR spectra of 5



7 TG-DSC Thermograms of Compounds 4-14
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Figure S26. TG-DSC thermograms of 5
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Figure S28. TG-DSC thermograms of 7
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Figure S30. TG-DSC thermograms of 9
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Figure S32. TG-DSC thermograms of 11
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Figure S34. TG-DSC thermograms of 13
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