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1. Computation data

Calculations were performed by using the Gaussian 09 suite of programs. The
geometric optimization of all the structures and frequency analyses for calculation of
heats of formation was carried out by using B3-LYP functional(!! with 6-311+G**
basis set,l?] All of the optimized structures were characterized to be local energy
minima on the potential surface without any imaginary frequencies. The heats of
formation (HOF) of the title compounds were computed through appropriate
isodesmic reactions (Scheme S1 and S2). The isodesmic reaction processes, i.c., 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
AH jo0 5 =ZAAfHP_ZAfHP (1)

where AHp and AHp are the HOF of reactants and products at 298 K,

respectively, and AH,ggx can be calculated using the following expression:
AH gy = AE o + A(PV )= AE, + AZPE + AH  + AnRT @)

where Ej 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; AHT is thermal correction from 0 to 298 K. The A(PV) value in
eq (2) is the PV work term. It equals AnRT for the reactions of ideal gas. For the
isodesmic reactions, 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 are available either from the experiments 3-lor from the high
level computing like CBS-4M.
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Scheme S1. Isodesmic and tautomeric reactions for 1-4 to calculate the HOF.
For energetic salts, the solid-phase heat of formation is calculated on the basis of

a Born-Haber energy cycle [¢(Scheme S3). The number is simplified by equation 3:
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Scheme S2. Born—Haber Cycle for the Formation of energetic salts
AH ,°(salt,298K )= AH ,° (cation,298K )+ AH " (anion,298K )— AH G)

in which AH; can be predicted by using the formula suggested by Jenkins, et
al.(equation 4)

AH | =Upor + [p(nM /2- 2)+ Q(nx /2- 2)]RT (4)

In this equation, ny, and ny depend on the nature of the ions Mp+ and Xq-, respectively.

The equation for lattice potential energy U,,(equation 5) has the form:!®

Uror IZcI.mol’1 ]= 7(p,, /Mm)‘/3 +0 6)

where p,, [g cm™3] is the density of the salt, M, is the chemical formula mass of the
ionic material, and values for g and the coefficients y (kJ mol™' cm) and & (kJ mol™!)
are assigned literature values.’]

Table S1 Ab initio computational values of small molecules used in isodesmic and tautomeric

reactions



Compound Ey? ZPEP H:¢ HOF4

5 -1023.797084 472.12 47.78 555.0
6 -0.03116268 45.38 -25.36 737.6
7 -1432.862745 486.27 59.11 791.8
Anion -1431.702776 413.66 59.39 699.37¢
NH,NO, -261.1248168 98.79 12.39 -3.9
CH3NO, -245.0915559 124.93 11.6 -80.8
CH;NH, -95.8938402 160.78 11.64 -22.5
"NHNO, -259.936099 65.95 11.23 -84.0

|4N -242.3203873 150.39 12.06 192.7
HN=

N

ﬁ -226.2603313 179.2 12.57 177.4

7

HN~

aTotal 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!). “HOF(s) = HOF(g)
(543.2)+ BH1(156.17)
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3. Crystallographic data for compounds 6-2H,0 and 7-H,O

Table S2.Crystallographic data for the compounds 6:2H,0 and 7-H,O

Empirical formula C;H;N;;Og C;H;N 504
Formula weight 373.24 385.26
Temperature [K] 173 173
Crystal system monoclinic triclinic
Space group P2/c P-1(2)
a[A] 5.0463(5) 8.6518(13)
b[A] 14.9379(12) 8.7863(13)
c[A] 18.6918(18) 9.9600(14)
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4. X-ray Diffraction

Table S3. Selected bond lengths [A] for compound 6-2H,0

Parameter Bond length(A) Parameter Bond length(A)
01-N6 1.21503) N5-C5 133203)
02-N6 121203) N6-C4 1.45103)
03-N7 1.22703) N7-C2 1.41903)
04-N7 1.22103) N8-C7 1.34103)
05-NI11 121503) N8-N9 1.346(3)
06-N11 1213(3) N9-C6 1.308(3)
O7-H7A 0.85(3) N10-C7 1.33003)
07-H7B 0.83(3) N10-C6 133303)
08-H8A 0.81(2) N11-C6 1.456(3)
08-HSB 0.80(2) NI-HI 0.88(2)
NI1-N2 1.342(3) N3-H3 0.86(2)
N1-C3 1.33903) N8-HS 0.86(2)
N2-Cl 133303) Cl-C2 1.41103)
N3-N4 135203) CI1-C5 1.462(3)
N3-C5 133303) C2-C3 1.394(3)
N4-C4 1.306(3) C3-C7 1.460(3)
N5-C4 133203)




Table S4 Selected bond angles [°] for compound 6-2H,0

Parameter Bond Angles(®) Parameter Bond Angles(°)
H7A-O7-H7B 105(3) N9-N8-H8 118.0(17)
H8A-O8-H8B 104(4) C7-N8-H8 132.1(17)
N2-N1-C3 113.89(18) N2-C1-C5 115.98(18)
NI1-N2-Cl 105.63(18) C2-C1-C5 134.45(19)
N4-N3-C5 111.02(19) N2-C1-C2 109.44(18)
N3-N4-C4 100.14(19) N7-C2-C3 125.8(2)
C4-N5-C5 101.30(19) C1-C2-C3 106.29(18)
01-N6-02 125.6(2) N7-C2-C1 127.95(19)
02-N6-C4 117.7(2) N1-C3-C2 104.73(18)
O1-N6-C4 116.7(2) N1-C3-C7 117.61(18)
03-N7-C2 119.68(19) C2-C3-C7 137.6(2)
03-N7-04 123.1(2) N4-C4-N5 118.1(2)
04-N7-C2 117.24(19) N4-C4-N6 120.1(2)
N9-N8-C7 109.95(19) N5-C4-N6 121.8(2)
N8-N9-C6 101.26(19) N3-C5-N5 109.48(19)
C6-N10-C7 101.29(19) N5-C5-C1 121.99(19)
06-N11-C6 117.7(2) N3-C5-C1 128.5(2)
05-N11-06 124.5(2) N9-C6-N11 121.2(2)
0O5-N11-C6 117.9(2) N10-C6-N11 121.4(2)
N2-N1-H1 118.0(15) N9-C6-N10 117.4(2)
C3-N1-H1 128.1(15) N8-C7-C3 129.9(2)
N4-N3-H3 120.6(17) N10-C7-C3 120.00(19)
C5-N3-H3 128.2(17) N8-C7-N10 110.07(19)

Table SS. Selected torsion angles [°] for compound 6-2H,0

Parameter Torsion Angles(°) Parameter Torsion Angles(®)
C3-N1-N2-C1 1.0Q2) N8-N9-C6-N10 0.1(3)
N2-N1-C3-C7 175.35(18) C7-N10-C6-N9 0.1(3)
N2-N1-C3-C2 -1.6(2) C6-N10-C7-C3 -178.4(2)
N1-N2-C1-C5 -176.41(18) C7-N10-C6-N11 -179.5(2)
N1-N2-C1-C2 0.2(2) C6-N10-C7-N8 -0.2(2)
N4-N3-C5-C1 -176.6(2) 05-N11-C6-N10 171.2(2)
C5-N3-N4-C4 -0.3(2) 06-N11-C6-N10 -8.8(3)
N4-N3-C5-N5 0.6(3) 06-N11-C6-N9 171.7(2)
N3-N4-C4-N6 176.8(2) 05-N11-C6-N9 -8.4(3)
N3-N4-C4-N5 -0.2(3) C2-C1-C5-N3 -1.5(4)
C5-N5-C4-N6 -176.4(2) N2-C1-C2-N7 178.0(2)
C5-N5-C4-N4 0.5(3) C5-C1-C2-N7 -6.3(4)
C4-N5-C5-C1 176.8(2) C5-C1-C2-C3 174.6(2)
C4-N5-C5-N3 -0.6(2) N2-C1-C5-N3 174.02)

02-N6-C4-N4 153.2(2) N2-C1-C5-N5 2.903)



O1-N6-C4-N5 148.2(2) N2-C1-C2-C3 -1.1(2)
02-N6-C4-N5 -30.1(3) C2-C1-C5-N5 -178.3(2)
O1-N6-C4-N4 -28.6(3) C1-C2-C3-C7 -174.4(2)
04-N7-C2-C3 2.7(3) N7-C2-C3-N1 -177.6(2)
03-N7-C2-C3 -178.7(2) N7-C2-C3-C7 6.4(4)
04-N7-C2-Cl1 -176.3(2) C1-C2-C3-N1 1.6(2)
03-N7-C2-Cl 2.3(3) N1-C3-C7-N8 -176.1(2)
C7-N8-N9-C6 -0.2(2) C2-C3-C7-N10 177.4(2)
NO9-N8-C7-C3 178.3(2) N1-C3-C7-N10 1.7(3)
NO9-N8-C7-N10 0.3(3) C2-C3-C7-N8 -0.5(4)
N8-N9-C6-N11 179.7(2)
Table S6. Hydrogen bonds present in compound 6-2H,0
D-H---A d(D---HyA H--—-A/A D-H---A/A <DHA/° comment
N1-H1---O7 0.88(2) 1.81(2) 2.693(3) 176(2) inter
N3-H3---03 0.86(2) 2.04(2) 2.690(3) 132(2) intra
N3-H3---06 0.86(2) 2.44(3) 3.156(3) 141(2) inter
O7-H7A---N5 0.85(3) 2.01(3) 2.850(3) 168(3) inter
O7-H7B---N10 0.83(3) 2.45(3) 2.883(3) 114(2) inter
N8-HS8---04 0.86(2) 2.15(2) 2.706(3) 123(2) intra
N8-HS8---08 0.86(2) 1.92(2) 2.722(3) 154(2) inter
O8-H8A:--N4 0.81(2) 2.33(2) 3.121(3) 167(4) inter
O8-H8B---N9 0.80(2) 2.14(3) 2.928(3) 172(3) inter
Table S7. Selected bond lengths [A] for compound 7-H,0
Parameter Bond length(A) Parameter Bond length(A)
O1-N7 1.234(6) N8-C2 1.431(8)
02-N7 1.255(6) NO9-N10 1.385(6)
O3-N8 1.244(6) N9-C7 1.305(7)
0O4-N8 1.226(6) N10-C6 1.330(6)
O5-N13 1.245(6) N11-C7 1.371(6)
06-N13 1.238(6) NI11-C6 1.353(7)
O7-H7B 0.83(5) N12-N13 1.349(6)
O7-H7A 0.83(5) N12-C6 1.346(6)
N1-C3 1.341(7) N1-H1 0.90(5)
NI1-N2 1.356(6) N4-H4 0.89(3)
N2-C1 1.333(7) NS-HS 0.90(4)
N3-C5 1.300(7) N10-H10 0.90(4)
N3-N4 1.369(5) N11-H11 0.90(4)
N4-C4 1.333(6) Cl-C2 1.419(8)
N5-C5 1.353(6) C1-C5 1.462(7)
N5-C4 1.358(6) C2-C3 1.381(7)
N6-N7 1.341(6) C3-C7 1.454(7)
N6-C4 1.337(6)

Table S8. Selected bond angles [°] for compound 7-H,O



Parameter Bond Angles(®) Parameter Bond Angles(®)
H7A-O7-H7B 96(5) N9-N10-H10 121(3)
N2-N1-C3 113.5(5) C6-N10-H10 127(4)
N1-N2-C1 105.0(4) C7-N11-H11 131(3)
N4-N3-C5 103.5(4) C6-N11-H11 122(3)
N3-N4-C4 112.3(4) C2-C1-C5 132.6(5)
C4-N5-C5 107.0(4) N2-C1-C5 117.4(5)
N7-N6-C4 116.7(4) N2-C1-C2 110.0(4)
O1-N7-N6 116.6(4) N8-C2-C3 128.2(5)
02-N7-N6 121.4(4) C1-C2-C3 105.9(5)
0O1-N7-02 122.0(4) N8-C2-Cl1 125.6(5)
03-N8-C2 117.5(4) C2-C3-C7 133.8(5)
04-N8-C2 118.6(4) N1-C3-C2 105.7(5)
03-N8-04 123.8(5) N1-C3-C7 120.5(5)
N10-N9-C7 103.7(4) N4-C4-N5 104.9(4)
N9-N10-C6 111.7(4) N4-C4-N6 135.0(4)
C6-N11-C7 106.9(4) N5-C4-N6 120.1(4)
N13-N12-C6 115.2(4) N3-C5-N5 112.2(4)
0O5-N13-N12 116.1(4) N3-C5-Cl1 122.3(4)
06-N13-N12 121.8(4) N5-C5-Cl1 125.4(5)
05-N13-06 122.2(4) N11-C6-N12 119.5(4)
C3-N1-H1 134(4) N10-C6-N11 106.0(4)
N2-N1-H1 112(4) N10-C6-N12 134.5(5)
C4-N4-H4 126(4) N9-C7-C3 125.0(4)
N3-N4-H4 121(4) N11-C7-C3 123.1(4)
C4-N5-H5 124(3) N9-C7-N11 111.7(4)
C5-N5-H5 128(3)

Table S9 Selected torsion angles [°] for compound 7-H,O
Parameter Torsion Angles(®) Parameter Torsion Angles(®)
C3-N1-N2-C1 0.8(7) N9-N10-C6-N11 1.4(7)
N2-N1-C3-C7 178.0(5) C6-N11-C7-C3 -175.2(6)
N2-N1-C3-C2 -1.0(7) C6-N11-C7-N9 0.9(8)
N1-N2-C1-C5 179.1(5) C7-N11-C6-N12 177.9(6)
N1-N2-C1-C2 -0.2(6) C7-N11-C6-N10 -1.3(7)
N4-N3-C5-C1 176.9(6) N13-N12-C6-N11 -169.3(6)
C5-N3-N4-C4 -0.8(7) C6-N12-N13-06 -1.2(9)
N4-N3-C5-N5 0.7(7) N13-N12-C6-N10 9.6(11)
N3-N4-C4-N6 -179.4(7) C6-N12-N13-05 176.4(6)
N3-N4-C4-N5 0.6(7) N2-C1-C5-N5 130.8(6)
C5-N5-C4-N4 -0.1(7) N2-C1-C5-N3 -44.8(9)
C4-N5-C5-C1 -176.5(6) N2-C1-C2-N8 173.1(5)
C4-N5-C5-N3 -0.4(8) C5-C1-C2-N8 -6.0(10)
C5-N5-C4-N6 179.9(6) C2-C1-C5-N3 134.2(7)



N7-N6-C4-N5 179.3(6) C2-C1-C5-N5 -50.1(11)

C4-N6-N7-02 -0.2(9) C5-C1-C2-C3 -179.5(6)
N7-N6-C4-N4 -0.7(11) N2-C1-C2-C3 -0.4(7)
C4-N6-N7-01 -178.9(6) N8-C2-C3-C7 8.7(11)
04-N8-C2-C3 173.6(5) N8-C2-C3-N1 -172.4(5)
04-N8-C2-C1 1.6(8) C1-C2-C3-N1 0.8(6)
03-N8-C2-C3 -4.3(8) C1-C2-C3-C7 -178.0(6)
03-N8-C2-Cl -176.3(5) C2-C3-C7-N9 47.3(11)
N10-N9-C7-C3 175.9(6) C2-C3-C7-N11 -137.2(7)
C7-N9-N10-C6 -0.9(7) N1-C3-C7-N9 -131.4(7)
N10-N9-C7-N11 0.0(7) N1-C3-C7-N11 44.1(9)
N9-N10-C6-N12 -177.6(7)

Table S10. Hydrogen bonds present in compound 7-H,0O
D-H---A d(D---HyA dH---AyA d(D-H---A)/A <DHA(°) comment
N1-H1---O7 0.90(5) 1.82(5) 2.694(7) 164(4) inter
N4-H4---02 0.89(3) 2.15(5) 2.584(5) 109(4) intra
N4-H4---03 0.89(3) 1.98(4) 2.803(5) 153(5) inter
N5-H5---N6 0.90(4) 1.92(5) 2.809(6) 170(4) Inter
O7-H7A---02  0.83(5) 2.07(5) 2.884(6) 171(5) inter
O7-H7B---06  0.83(5) 2.39(5) 2.803(6) 112(4) inter
N10-H10---06  0.90(4) 2.13(5) 2.553(6) 108(4) intra
N10-H10---N2  0.90(4) 2.46(4) 3.339(6) 165(6) inter
N11-
H11--N12 0.90(4) 2.01(4) 2.894(6) 166(4) inter
5. Copies of Spectra

5.1 'H and 3C NMR spectra of the compounds 5-16
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Figure S6 3C NMR spectra (300 MHz) of 7 in DMSO-d; at 25 °C
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—4.50
—2.51

i
1
/
/
/
/
/
i
/
/
/
1
|
=
=
T T T T T T T T T T T T T T T T T T
13 12 1 10 9 8 D [ 5 4 3 2 8 ] 0 o -2 =3 -4
£1 (ppm)

Figure S11 '"H NMR spectra (300 MHz) of 10 in DMSO-d¢ at 25 °C
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Figure S15 '"H NMR spectra (300 MHz) of 12 in DMSO-dg at 25°C
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Figure S18 13C spectra (125 MHz) of 13 in DMSO-d; at 25 °C



= o -
7 N @
- <] - o
| | |
e

L~

=
-
12 1 1 3 5 7 6 T 3 2 1 0 4 2 3
£1 (ppm)
Figure S19 '"H NMR spectra (300 MHz) of 14 in DMSO-d¢ at 25 'C
o NN
W~ — NP -~ o
ool el = Sx o~ S
i<t < onlon Oy
— = = o onoonoo NN
SN e

Attt i i

MWMWWWWJWWW

T T T T
210 200 180 180

T T T
100 a0 80 70 60 50 40 30 20

£1 (ppm)

T T T T T T T
170 160 150 140 130 120 110

Figure S20 '3C spectra (125 MHz) of 14 in DMSO-d; at 25 °C



-7.99
—5.87
—2.51

T T T T T T T
7 6 E 4 3 2 1 o =L
£1 (ppm)

Figure S21 '"H NMR spectra (300 MHz) of 15 in DMSO-d¢ at 25°C

| o Sl T W o I i o |

-G K =P oo

S oS = o o) S oo o

R Saaqdoaa

R Thndgonman

1
1

|
T T T T T T T T T T T T T T T T T T T T T T
200 200 190 180 170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10 -10

£1 (ppm)

Figure S22 13C spectra (125 MHz) of 15 in DMSO-d; at 25 °C



~8.74
—5.58
~2.51

~

T

T T
8 7 6 g 4

w -
ra
o
|
i

11 10
£1 (ppm)
Figure S23 '"H NMR spectra (300 MHz) of 16 in DMSO-d¢ at 25 °C
o O o<
8§ 2= 873 sgegacs
s FF EF Soadoa s
— — = = s nonh noonoon
I
Jo JI
2‘10 2(‘)0 150 léﬂ la‘_'ﬂ léﬂ 1%0 lzllﬂ 13‘0 léﬂ l‘lﬂ 150 Qlﬂ Blﬂ T‘ﬂ i;D 5‘0 d‘ﬂ 3‘0 2‘0

£1 (ppm)

Figure S24 13C spectra (125 MHz) of 16 in DMSO-d; at 25 °C



5.2 DSC curves of the compounds 5-16
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Figure S26 DSC curve of parent compound 6
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