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1,4- "8 E-3,6- ZHEM M [4,3-c]FEML M B S R . P BE
s THERR

TR B B O F OB B O R ITAREC
& e KIERC  FEAM
(T IEAULEEF ST PE%E 710065)
C P ESBGEA L T AR IR THEA W T2 710077)

WE  LLASIN 3,5- 2 420 Uk, Smaith. SR1b. itk b RS LA N-Jetb 2 R A R T 1,4-
T FE-3,6- CAHBEIEIR[4,3-c]HEIEIM(LLM-119), SRS IR S TR T BERAE T A & H
PRI GERE; X 4-FEIE-3,5- LI P B 0 5 AR TR VAT T ik, SR VR G A AR I, Bt e
AP, FiERERE, Rt 77.0%5E =3 86.1%; WIGHRTT T N-Fefb s N ALEE, IS Bor#r T 0 m % 1 IR
Bl FIH DSC, TG St FBAST T LLM-119 (M3 gE, HA s 232.05 °C, £ LLM-119 BA KU1
etk WUCRH B3LYP A%, 1E 6-31G(d,p)FEE4 /KT 16 LLM-119 4T T &S 8, S5 a8 i Lk
RUFIEE LR, eI M ISR LR A R AIRSIIR . IR 3% BRI T B, I8 T IR 2 g
R ZR; T Monte-Carlo J7vE NFEE L4 LLM-119 (15355 5 1.85 g/lem?®, 5 SeB{t#:T, 181 Kamlet 22X T
JRIH 8733.94 mys.

REEE  1,4-5KE-3,6- A FEIE M 4,3-c] IR IEMA(LLM-119); ARk BVkRE; BAbTTE, Bl ek R

Synthesis, Thermal Performance and Quantum Chemistry Study on
1,4-Diamino-3,6-dinitropyrazolo[4,3-c]pyrazole

Li, Yanan’ Tang, Ting” Lian, Peng” Luo, Yifen“ Yang, Wei* Wang, Youbing”
Li, Hui” Zhang, Zhizhong* Wang, Bozhou™*

“ Xi'an Modern Chemistry Research Instritute, Xi'an 710065
Ty
(® Xi'an Ruilian Modern Electronic Chemicals Co., Ltd, Xi'an 710077)

Abstract  Using 3,5-dimethyl-4-aminopyrazole as primary substance, 1,4-diamino-3,6-dinitropyrazolo[4,3-c]pyrazole
(LLM-119) was synthesized by six steps of diazotisation, intramolecular cyclic condensation, nitration, oxidation, decarboxy-
lation nitration and N-amination. The structures of intermediates and target compound were confirmed by means of IR, 'H
NMR, *C NMR and elemental analysis. The post-treatment method of 4-diazonium-3,5-dimethylpyrazole salt was improved,
the yield was increased from 77.0% to 86.1% because of using the freezing crystallization method instead of extractive
method, which could avoid the use of organic reagent and shorten operation process. The mechanism of N-amination reaction
was discussed in order to analyze the reason of low-yield theoretically. Using differential scanning calorimetry (DSC) and
thermogravimetric (TG) as thermal analysis methods, the thermal performance of LLM-119 was studied with thermal decom-
position peak temperature of 232.05 ‘C and the results showed that LLM-119 had preferable thermal stability. The structure
of LLM-119 was also estimated by a B3LYP method on 6-31G(d,p) basis set in order that its steady geometric configuration
and bond order were obtained. The vibrational frequencies, IR spectra and thermodynamics properties in different tempera-
tures of the system were obtained on the basis of vibrational analysis, the relations of the effects of temperatures on
thermodynamics properties were also obtained. The density of LLM-119 calculated through the Monte-Carlo method was 1.85
g/cm3, which approached with the experiment value, and the predicted detonation velocity was 8733.94 m/s by the formula of
Kamlet.
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HHT, & 2SR WAL AT w2 e e 1
AT, AR RE Y T RSO AR R R REAL

YT HREE KRR N—N fl C—N 8, 5 fifnf
BB ESR, FARmmees, ol AR AR, K
FEAEAS S HEER, MK 2 R0 = RE AR E 2556, B Tt
R VT A B AR, 14- a3, 6- At
[4,3-c]JFHEME(LLM-119) & — itk 28 s 24k 54,
WREh 1.845 glem’, H A ELIE 49.12%, T AE RN
HMX ] 104%, XFEEEE. K AL RN BUR, & — ik
AE RS BEAT R, SCHR[3, 415 4R0E T LLM-119 1)
Iy T AR, AHAR L L AR S0 4% 1 R PE AN B E D BRI
25, WERAMKM LRSS, B PR WA AT
A,

ACLL 3,5- - 4- G EE Mok J5ok], S E A AL
RISl ORISR S NA B 1H4H-3,6-
THHENLE I [4,3-c] HF ML (DNPP) (Scheme 1); HAT® T T
DNPP 1) N-Jlfb e BV S 596 4548, 7R N k& s T
LLM-119 (Scheme 1), JF3R15 e #1045 M R AEEH; 4
HET OB R () ——4- TR E-3,5- SR ey R 11 5
WEFETTVE, TR T8, e Ab BRI, S TR
BIT T N-JAb N HLEE K. LLM-119 (3o g F;
(i) BN 30 A 2 R 7 VAT B T LLM-119 LA R 28
B PR . IR i T2 i, I — DR

RIS
= 1 +
N N, (1) NaNO, HY = \¢  CHaCOOCH;CHy
(2)NHz-H,0 N/ 2 CH3COOH
H
S\ _HNOs N NayCry07
H F2CCOOH NS THSO,

H COOH H NO,
N,N‘ SN HNO; N,N‘ §y  HeNOSOsH
N NS NaOH
ON " oN H

DNPP

HQN\ N02
/N \
No LN
N
N\

O,N NH,
LLM-119

Scheme 1
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1 XIS
1.1 RFIRALES

3,5- B4R Me, [ OKESER, rbral, R
AR WASEREN, Hral, RETTHRN T
AHWAF, LR EEMLH, oiral, mEmE e
W TARA) ", =W O, mhrel, W HREki T,
HEARIREN, faeal, Rz ulon =), BRI,
T gk, b AL R B A | B R (95~
98%)~ WRIHI(98%), T Mg, Vo RIARAFARA
iR

NEXUS 870 U7 AR 21 AR, 56 [H el
JRmi 1A T, AV 500 %(500 MHz)8 SRR, Fi
-+ BRUKER A A]; GCMS-QP2010 i, H A it
A7, VARIO-EL-3 BT E 411X, #5E EXEMENTAR
A, LC-2010A B SRl (i A (H—4ki%), HAE
HAT] Q-200 B ZE/ R EHL, £HE TA AF]); X-6
TR A, bRt 28 e AR A PR A 7] ZF-11 1 =
MM, Bilg T i
1.2 ERPA#HEH(DSC)IL &4

FH TA A#] Q-200 B ZE /R RN, HEASA
KA, K10 0.1 MPa, JTHEIEAA 10 C/min; 5 &
0.5~1.0 mg, WFEILAEEAL.

1.3 ME(TG)LIE KM

Z [H Nicolet 227 TA 2950 #EAY, BHAR TN
M EEVEH]: 30~440 C; FHEIEZ: 10 C/min; A EZ
1.0 mg, AFENLN AR
1.4 AR
1.4.1 4-F fAE-3,5-= 9 Hoetkrd 1 25 (2) 49425,

N, 5 1(45.0 g, 0.41 mol) 55 417K (128.0 mL)
RABEE, 2R INKER(71.0 mL), fRaE, vk
WA 0~5 C, HEEHN NaNO, (28.4 g, 0.41
mo1) 5 ZE1H7K(128.0 mL)[1I¥# K, NaNO, %l I i
P BE R HIE 0~5 °C, IFAESIEE N RV 4.5 h, 1k
RN, TR/ PRI E pH=8 J&, RN IKFEA ik
B, AR U8, BB B AR 42.6 g, UE
86.1%. m.p. 63.1~652 C(CCHRMEY 62~64 C); 'H
NMR (DMSO-ds, 500 MHz) &: 2.376 (s, 6H); *C NMR
(DMSO-ds, 500 MHz) J: 12.51 (d), 76.18 (d), 154.70 (s);
IR (KB) v: 3457 (NH), 2168 (N3 ), 1411, 1365, 1015t
MEEREF4) cm ™' Anal. caled for CsHgNy: C 48.78, H
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5.691, N 45.53; found C 48.08, H 5.420, N 45.02.
142  1HAH-3-F Fottmk [4,3-c]FFobok (3) 49 A Ak

FEIL R, K2 (30.0 g, 0.24 mol) 5 2 Z.18(2550.0
mL) WA B, R AR A R, o AN D &
CH;COOH, HZ&M a2, FlmKRMN 5.5 h, 51k
INFA, gk S P A A s i, DR R LU iE R,
TRRE, KuE. TR EAREA 23.9 g, I 79.7%,
m.p. 224.1~226.7 CCLHRE" 236~237 C); 'H NMR
(DMSO-d,, 500 MHz) &: 2.353 (s, 3H), 7.429 (s, 1H),
11.895 (s, 1H), 12.309 (s, 1H); >C NMR (DMSO-d;, 500
MHz) d: 12.09 (s), 117.96 (s), 126.15 (s), 137.51 (s),
138.89 (s); IR (KBr) v: 3150 (NH), 3083 (CH), 2989, 2915
(CHs), 1263, 1188, 1063(MEMeH-IE IR 4E) cm ™. Anal.
caled for CsHgN,: C 49.18, H 4.918, N 45.90; found C
48.94, H 4.921, N 45.22.

143  1HA4H-3-F 3 -6-#5 F ot [4,3-c] FF vtk =k (4) 49
LA,

FIPFET, W =5 4FR(195.0 mL, 99%) 44tk
A3 (22.0 g, 0.18 mol), FrffiEtia, VKKK R
JE 20 CAida, T n) s b Z2 4% 0 A AT 2 (40.0 mL),
1530 CAAT N 9 h, 4511 WY, K SN IE Ak,
g, KPE. TSP EAE A 20.3 g, W 67.4%. mup.
264.0~265.9 CCCHRE" 266 ‘C); 'TH NMR (DMSO-d,
500 MHz) &: 2.413 (s, 3H), 13.952 (s, 1H); *C NMR
(DMSO-ds, 500 MHz) 6: 11.54 (s), 128.73 (s), 130.26 (s),
136.73 (s), 139.94 (s); IR (KBr) v: 3582 (NH), 2918, 2853
(CHs), 1504, 1374 (NO,), 1264, 1188, 1051 (M H-ntkme
%) em™'. Anal. caled for CsHsNsO,: C 35.93, H
2.994, N 41.92; found C 35.67, H 2.687, N 41.53.

1.4.4  1HAH-6-F8 3 otwk [4,3-c] FFvibod -3- 22 B2 (5) 49
LR

UK HE T, 10 AR (220 mL) T 7- A 4
(20.0 g, 0.12 mol), 73k %47 Na,Cr,07+2H,0
(42.0 g, 0.14 mol), F=HIIENESE 20 CAtr, {E25~30
CRIN 4 h, SRR RNIBEIAKKS, g, Kok T
B O EA 17.5 g, % 74.2%. mp. 262.1~263.9
CECikE™ 260 C); '"H NMR (DMSO-ds, 500 MHz) 6:
14271 (s, 1H); “C NMR (DMSO-ds, 500 MHz) o:
1125.48 (s), 131.07 (s), 137.61 (s), 139.28 (s), 161.83 (s);
IR (KBr) v: 3596 (OH), 3552, 3236 (NH), 1699 (C=0),
1506, 1378 (NO,), 1234, 1131, 1042(AHL M I L 2R 49)
cm . Anal. caled for CsH3NsO,: C 30.46, H 1.523, N
35.53; found C 30.83, H 1.452, N 35.13.

582 http://sioc-journal.cn/
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1.4.5 1HAH-3,6-—#K 3k otbed[4,3-c] FF b ok (DNPP) 49
B,

VKAGHBREEE TS, #5 (17.0 g, 0.086 mol) 7N A Z)
WAHIR(100.0 mL)H, fnsefata e HidE 20 min, oK
K, GBTHEE 45 C, MR kR, RITHIA
V(ZIR TR © VA HEE) =1 : 1, KA B AR E R Y
FRL S, B RN EIAUOK, TE. KYE. TERA
IO FE AN R 13.2 g, WK 77.3%. m.p. 293.9~295.4
‘COECBMED™ 295 C); 'H NMR (DMSO-ds, 500 MHz) §:
15.058 (s, 2H); *C NMR (DMSO-dq, 500 MHz) §: 131.58
(d), 137.89 (d); IR (KBr) v: 3266 (NH), 1548, 1521, 1373,
1348 (NO,), 1244, 1145, 1038(1HLMeIFu MR 22) cm .
Anal. caled for C4H;NgO4: C 24.24, H 1.010, N 42.42;
found C 24.38, H 1.167, N 42.71.

1.46 1,4- = & -3,6- = FH 2k vtk 4 [4,3-c] FF otk
(LLM-119)#4 4~ 5%,

FEIPE T, ¥ NaOH (1.0 g, 0.025 mol)InAZ&M
7K(25.0 molyH, Rl fEARIE G, -t 6 (0.5 g, 2.5 X
107 mol), RJE LI H,NOSO;H (1.71 g, 0.015
mol), M5E/GZ R THRE 55 C, fRFF RN 6 h, 11k
N, W SO IRV R, AT A, R, K BE TR
M ELR 0.06 g, E 10.4%. m.p. 232.05 C (DSC);
'H NMR (DMSO-d, 500 MHz) 6: 7.221 (s, 4H); *C NMR
(DMSO-d, 500 MHz) d: 128.49 (d), 131.94 (d); IR (KBr)
v: 3319, 3272, 1638 (NH,), 1532, 1395 (NO,), 1229, 1112,
1019(HE P FFIEEER) cm™"; MS (ED) m/z (%): 228 (M™,
56.21) cm . Anal. caled for C4H4NgOy4: C 21.05, H 1.753,
N 49.12; found C 21.09, H 1.979, N 48.57; DSC (10
C/min): 232.05 °C (7).

2 HER511E
21 EHES
2.1.1 DNPP #§ N-JAb B R #LEE

DNPP 24 3,6- FHSEHUARXUIE RSB 254, T
AHFE S fE TR, 20 DNPP HAT — 2 IR, 78
Bk 251, DNPP 56 5 &S A0 B R A v R s A
DNPP [FJ 4k, 4R 5 DNPP [ g h 5 RSl & A
RIS, R DNPP 471 125 i3k BUR 2 i R 28 5 (1)
ST, Wi SOY Aplk LLM-119, e 52 3 A1 EE 0
F(Scheme 2).

DNPP (1) N-Jétb g WA ER 45 1F T, fEtsk
K, DNPP ) N-fleAb 5N Rl 77— AR 1 7K it
RN FIRAEAE, BT 3545/, BT DNPP 4747
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H NO, Nat  NO2
N~ NaoH N« HN'O'SO;Na
Ne Il N Nl 27 OesE
N NN
H +
O2N o,N Na
DNPP
H,NOSO3Na HaN NO,
Naﬁ NO, N N
N= -2Na2804 N ‘ N
; N\ - 3 \ ;
No Il N N
N O2N 'NH
ON N;*) 2
2 H,NOSO3Na LLM-119
Scheme 2

TERHAE, AL TR TR, NIRRT 20 7 s
BN MBI, Iy TR NH,
(FISEA%RE T, 1175 DNPP [ N-J5 4k 5 N 8RR 1 Uik
PRI 7K i SN R DR, i B2l I B AR ISR AT
2.1.2 LLM-119 ¢ mHr

LLM-119 [ HL S JEED BT B il 1 s,
Ji i & ) miz 228 Jy LLM-119 )20 75 1%, X5
W5y 7o 228 AHMIE, oA, ST
THMBANEE T8 miz 182 BB B FIEN
LLM-119 2 F3# K2 —r 7 NO, IR, dE—2
RKE—4T OH HHIKE, B3 m/z 165 MR T m/z
165 (B Fib— 2%, /3 alkE—7F HN;, Ny,
NO Wi m/z 122, 137, 135 W B3 FU6; miz 135 5 THE
B> T Ny 138 m/z 107 BEF, miz 107 B F 533l 2k 2
— ¥ NoH,, HCN JE /NI - m/z=77. 80, L4
4 ie 4% W, Scheme 3 7.
213 4-FRA-3,5- = FAhobek g 2h 5 4 g kiR
it

JE T RN, YRR, STk T eEw
2 TN, B PN oo AR,
PrULEA — @ RVELE, BT & EEIE, A=
WA N SRR S WA 2 B E TR, A7)
IS IR, 70 A AR R ™ B A SRR SE 28 T S N,
FEAHURRRGE 2, TR L =, A5
SPELL IR 70 o AR i, AT 7 5 WA AN A
FE. Pk, S8t bR b AR R (T CHLCL,
SE)JCREAT A, AR5 R IR 2% BR A ORI, i R AS
7.

pH [RI5EM: &) 2 200 T EE, L0 7454
Hh IR B A 8 30, BT LA S B4R AR (R ik
JEXALE PR AT — € o, W R AR Ak T o
ARSI E S B8, 12 H MmN
Tl g, M T c HRREE T (W
CH;COO F8)&i#r, TR T 701 Wk JsUf (11 i 4 4y,
MR T A S LK B AR L IR R Ab T ot
BPERZS (R & OH 8 7), 21 OH S ATA R Y
B 7o g, i B 1 8 0 & 9 < s B 1 (i
Na'89) 855, [FIFESHTHIRA I T W s P ai e, 1Y
KA YHEK PRI, PR DU G AL 54 2
B b DRI, DAL, S NG R A 2R I 2 47 A 55 1R 355 Tk
WRE. LR HE T VARR pH N 6~9, ZHIKECN 3
I, a2 WAl s, 9 R WK 1.

MR ISR S R AT LUA H, ROV AR R K pH {EM 6
B 8, WORZHIE K, SUEHAAZL, G pH HI,
WeR THIG IS, DR, AR S pH (B 8.

AMOH N POMEEY) 2 REAN R, HAE
IR IR AR R, P DAZERCCEON AL A I IR 3

2.1.3.1 FIk AR, DAL, S v 2 42 7 AN [) A5 BB Ak & i
e 4-TERE-3,5- kM dh2)  RAELEIEEN, SR 2.
1000 3 30
] 77
] 52
75.0 7 28 182
3 68 228
50.0 3
25.0 ‘ 44 1 165
] 96 153
0.0 1, ll‘h ,.||!||||'| :l‘l: ~alllle |I‘ . !9|3|| : III(I)S ' || ol | —ss  BY
25.0 50.0 75.0 100.0 125.0 150.0 175.0 200.0 225.0
MS m/z
B 1 LLM-119 [RRiE K
Figure 1 Mass spectrogram of LLM-119
F1 pH I
Table 1 Effect of pH value
pH 6 7 8 9
Yield/% 35.7 37.1 39.0 354
Purity/% 98.5 98.7 98.6 98.4
Chin. J. Org. Chem. 2012, 32, XXXX—XXXX © 2012 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 583
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I+
. +
H2N N02 H2N\ + HZN\ 1
\ N N SN N SN
N N -NO coA \, /. _-OH
/ \ ) 2 N N N N St N
N« N\ \N/H \
NH, o=N" U/ o=N" N
02N \ - H \OH
miz 228 C{\\4/)
miz 182 ml/z 182
HoN H2N
\ N N\ +
NN e N
N 3+ N- N -
N N\\\ Q
O=—N N O=N
+ +
miz 165 & HaN, miz 122
N N-
N O,
-NO- O:L\!
mlz 137
H
HoN HoN H-N" >j>
N\, \ - \ -N
N \ \N) -Ny !\] \ \N7 H—CN, Q' N \ _2> HN&\
N +’< N 3, N\h *
+ \\N + + mlz 52
miz 135 miz 107 miz 80
l -NaoHa
N -
gl
miz 77
Scheme 3
2 AR R
Table 2 Effect of extraction times
Extraction times 3 5 7 9 10
Yield/% 37.4 52.3 74.1 81.9 82.2
Purity/% 98.5 98.4 98.6 98.5 98.6

x 2 BISEER S ARW], FFAh e AE A I A,
R ISCEE IO, UARRECC T 9 IR, Y
INAIREL, PR AR AR ], AR Al AR EF AR,
DAL, SEEG TP R A HGIR B 9 K.
2.1.3.2 Ak dik

EIXE 4-FEE-3,5- 2 U EILE My R 4% 4 (1) )5 A 21
T iE——AEAE, A7 Ja A TR K L AR GRS A K
PRI R B AR AL AR SCR VBN 5 A 5 ——%
URgh ik, W E SR NG R N, 2K R A
pH=28, MM ANIKFE T, ARk, Hri KiEit
AR, REFRIELIRAS MRS I8, B TR b 4,
WRIE 86.1%, BAEG 7k L EMALIG CR &, A%
sh A HAERE R . 5 AR (AR L B A K
HIRAA OIS, EEAEB T ET
MR
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2.1.4 LLM-119 ##5#r

LLM-119 () DSC - #Hr Bl an e 3 pror, 7 LAE H,
TE AL B S LLRT, R AR, LLM-119 FIHIEHTK
PR A 212.46 °C, JRARIE TR B2 A7 T 232.05 C, Jl#A
HOH 1625 J/g. LLM-119 [# i id BRI s 1k
PIARAR SRR, Tt [ A B4 o i, ESCAME R S BE, i
BEWS BEREN, AR R, BRI S, Fon LLM-119
75 212~232 “CilLEE o Rl A 2R T TR B P TR A3 iRt I,
U b B AT W R AR 2 TECRRAE, v Tk
7.

LLM-119 ) TG-DTG Zr#fr i an €] 3 i, M
nfLLE L, IREE 3o il 25 D oy AP B IR
212 CUAHTHE RS E, RN R EIEHIITE 243.48 C, 4
W EERF] 250.32 CIF, P Rk R BN 77.82%:; 1
252.61 CH, #FUEAFAE—A/N KT, i)EIA

Chin. J. Org. Chem. 2012, 32, 580~588
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25
J 10 ‘C/min
20 232.05C
~ 15 1625 J/g
gh
2
ERUE
[=}
= ]
5 5 212,46 C
jan
04 *~
-5 T T T T T T T T T
0 100 200 300 400 500
Temperature/°C

B2 LLM-119 [f) DSC #hk
Figure 2 DSC curve of LLM-119

260.45 CH, B iR kT 83.13%; MiE R LT
=, Yt R, WIETEE] 497.99 C, WA
IfRseds, A4 1.585%I B “hkil” .

120 300
24348 °C
10 C/min | [
100 L
| \ | 200 _.A
.8
80 L g
| | X
% <
= 60 L1005
B g
5 | L
= 40 252.61 C L E
] 0o A
30 250.32°C 26045 °C 49799 |
22.18% 16.87% | 585%
0 —— 100
0 100 200 300 400 500
Temperature/C

B3 LLM-119 [¥) TG-DTG ik
Figure 3 TG-DTG curve of LLM-119

2.1.5 LLM-119 % DNPP #4148

LLM-119 & —Ffr i g ¢ [l 44, m] 351 A2 M
(DMSO). — HIE I E(DMF) I h, A T/K. 4
k4%, SRR E A 232.05 'C; DNPP & — ks
Wl AR, ¥ 5 293.5~295.3 °C. %/ Gaussian 09 F4 5141
Blepi ) B3LYP/6-31G(d,p) /714 [ Kamlet 2 U0 fig ik
1T Fifl: LLM-119 % % 1.85 g/em®, 4 ik 431.47
kJ/mol, 5 8733.94 m/s, s 33.70 GPa, J&#5739.44
kl/kg, MEIE 4726.84 K; DNPP %)% 1.87 g/em’, A2t
244.79 kJ/mol, BEiE 8507.36 m/s, BE/E 32.30 GPa,
5439.12 kl/kg, Hi 4726.45 K.

22 ETFHFEHS
HI T B3LYP iKE B IS THIR, DREF T Mk
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FREEE 2, XA, BHAE 6-31G(d,p)/K-F
SR> S AN R S SRR TS, TR RE
RIS 258 47U B s WAL ER AR 4
SRR O AT T2 N ). AR Gaussian 09 5, %)
LLM-119 £ DFT-B3LYP/6-31G(d,p) /L1 4= % ¥k,
SRAFAREI A ME, RS To A, B — 19 BR
FIFRL IR i K 273~1000 K [ A 48 24 P .
22.1 JUfTAAY

LLM-119 {EJLfTILAb e R L R 14 5 WL 4,
B B, CmAEEE R 3, XL R
BATIRBINRAL S, TP MR 1B, RIS
TR eI BB/, BT ARE 2544

B 4 LLM-119 7£ B3LYP/6-31G(d,p)FE2H /KF_ A4k (ry4e 2
Figure 4 Geometric configuration of LLM-119 after optimiza-
tion at B3LYP/6-31G(d,p) lever

M 4 F12E 3 o] LA H: LLM-119 40465 18 LT #)
FiL I RO B A L2 N o S B o NG i et e 1T ot
AN — N IEHR R, 7 ER) C-AifE 5tk me g
NEE PR IR L T-£E [l — 1 (1.603°~1.710°). H T FLHitk &
IR, i) C—C il C—N #1:(0.1330~0.1412 nm)
EEARYE () XU (0.122 nm) K, LEFRAEM) L4 (0.146 nm)
W, BT N C—N—O BMAA 115.230°F
119.623°2 43 LA K25 N—O KA 78 4 4H25(0.1222
F10.1247 nm), ULH NO, (A N—O HEAREN 1.
T4, NHy ERIIAS H R, —A LTStk Jf it 2
P11 (1.802°), 53 — AN H B2 — @ M B (—
66.804°), UL H(13)JET5 O(19)J5 T 1T REA TS A
HAEH.
222 RTEA

LLM-119 % J5 7 v 41 138 4. H13k 4 A& 4
A LAE H IR AR | 5 NO, HHIERT C() IR T
2 I HLA, X T NO, R HL 718 BT R
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Table 3 Geometric parameters of LLM-119 after optimization at B3LYP/6-31G(d,p)level
Bond length/nm Bond angle/(°) Dihedral angle/(°)
C(H—C®) 0.1412 C(H—C2)—C@3) 104.792 C(H)—C@2)y—C@B)—N 0.753
C2)—C@3) 0.1394 C2)—C@B)—N(7) 106.228 C(2)—C@B)—N(7)—N(®) 0.089
C3)—C( 0.1368 C(3)—N(7)—N(8) 112.109 C3)—N(7)—N@®&)—C(1) —0.944
N(7)—N(8) 0.1330 C(1)—N(8)—N(7) 106.397 N(7)—N(@®)—C(1)—C(2) 1.431
C(1)—/N(8) 0.1339 C(3)—N(7)—N(12) 127.893 N(@&)—C(1)—C(2)—C(3) —1.372
N(7)—N(12) 0.1399 N(8)—N(7)—N(12) 119.818 N(8)—C(1)—N(15)—0(17) 1.710
C(1)—N(15) 0.1428 N(8)—C(1)—N(15) 122.202 C(2)—C(1)—N(15)—0(16) 1.603
N(15)—0(16) 0.1247 C(1)—N(15)—0(16) 115.230 C(3)—N(7)—N(12)—H(13) 1.802
N(15)—0(17) 0.1222 C(1)—N(15)—0(17) 119.623 N(8)—N(7)—N(12)—H(14) —66.804
£ 4 LLM-119 78 B3LYP/6-31G(d,p) ALK _LARAK (4 R 1 FiL g
Table 4 Atomic charges of LLM-119 after optimization at B3LYP/6-31G(d,p) level

Atom Charge Atom Charge Atom Charge Atom Charge

C() 0.505¢ C(2) 0.385¢ C(3) 0.385¢ N() —0.35%

N(8) —0.283¢ N(12) —0.412¢ H(13) 0.307e H(14) 0.293e

N(15) 0.374e 0O(16) —0.441e O(17) —0.36%¢

223 HA S AR KRR A PER T

Bt 2R 1R /NS T ) 0T 43 B 1 i 5 b o AR TR
SR, LLM-119 76 B3LYP/6-31G(d,p) LA AL 5 11
AR BEIIE (NBO) /- M T A3 B 2 W3R SO MRl —
M E ). MRS nTLLA H: LLM-119 £5#4H, NH, (1)
N—H 8, Ui s T, JIF H H(13) )5+
L H(14)J5 752850 I\ N—H FitAb 24, X 7 UIE W
H(13) 75 O(19) )5 711 55 I 2L Bk 1.

224 kG LI

LLM-119 #RZ)4% 5o )k B 45 (L i IE,
BIEZRECH 0.96) WL 5. HiE 5 AL, LLM-119 247
DL LA SRR 4 3312.15 em ' J& T NH, | N—H ¥
SRR 4EdRE . 341430 em ™' B T° NH, | N—H #f Ik
WG IRSN; 1564.75 cm ' J& T NO, _E N—O #1)3k
ST RRARAE PR B A NH, 56 N—H 4 (1 3R BRI N 25 iR
f1; 1325.07, 1393.86 cm ' J& T C—NO, % |- N—C (1)
TARIR B B T 5 | Rt A () 25 i 9= 305 1347.94 cm !
J& TR | C—N . C—C BRI NS thiRsh ey
PIRS; 1175.66 cm ™' J& T MR N—N g fry i Py fe
AR5l KT 5 R RIS PR 305 970.38 em ™' J& T NH,
FEMTH A S 4R B BT DI PR, B AR
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Bl 5 LLM-119 £ B3LYP/6-31G(d,p) 4K EARALI 5
AR/ 7

Figure 5 Calculated IR spectrum of LLM-119 after optimiza-
tion at B3LYP/6-31G(d, p) level

225 MAFHR

LLM-119 7 B3LYP/6-31G(d,p)/LITHAL )5 SRIF )
273~~1000 K it & o [l bR 407 2% pR B S L BE DG & ot
LK 6.

£ 5 LLM-119 7F B3LYP/6-31G(d,p) &2 /K1 EARAK 5 2%
Table 5 Bond order of LLM-119 after optimization at B3LYP/6-31G(d,p) level

Bond Bond order Bond Bond order Bond Bond order
C(1H)—C(2) 1.1226 C(2)—C@3) 1.270 C(3)—N(7) 1.142
N(7)—N(8) 1.277 N(@®&)—C(1) 1.423 N(7)—N(12) 1.026
N(12)—H(13) 0.781 N(12)—H(14) 0.814 C(1)—N(15) 0.975
N(15)—0(16) 1.410 N(15)—0(17) 1.525
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Figure 6 Relationships of thermodynamics properties of

LLM-119 with temperature
(a) Thermal energy, (b) thermal capacity, (c) entropy
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