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Fig.1 The molecular structures and parameters of the tetrazine substituted by the single six-membered C—N heterocycle
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Fig.2 The molecular structures and parameters of the tetrazine substituted by the double six-membered C—N heterocycles
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Table 2 The atom NBO charge distribution of the tetrazine ring

and the total charge of two rings for the most stable structrues

the total charge the total charge

€3 of tetrazine of substitute

T 0.215 -0.196 0.194
T1-b 0.372 -0.063 0.063
T2j-b 0.367 -0.049 0.050
T3 0.332 -0.012 0.010
TT 0.329 -0.001 0.001
T 0.215 -0.390 0.388
T11-b 0.361 -0.116 0.118
T22j-b 0.359 -0.102 0.104
T33 0.336 -0.028 0.026
TTT 0.335 -0.014 0.014
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Table 3 The part stabilization interaction energies (E) of

the most stable tetrazine structures substituted by

C—N heterocycle kJ + mol ™'
donor acceplor E donor acceplor E
TI-b BD NI—C6 BD* N4—N5 89.45||T11-b BD NI—N2  LP* (3 157.74
BD N2—C3 BD* NI—C6 86.57 BD NMd—N5 1P" (3 157.36
BD N2—C3 BD* N4—N5 80.37 LP C6 BD* NI—N2 494.38
BD N4—N5 BD* N2—(C3 100.04 LpP C6 BD" N4—N5  492.08
BD N&—N5 BD* NI—C6 95.10 LpP C6 BD" C8'—C9" 135.35

BD C7—CI2 BD* N2—(C3 103.72 BD C8—C9 LP* C3 242.63

T2j-bBD N1—N2 BD* C3—N4 100.79|[T22j-b BD NI—N2  BD* N5—C6 93.22

BD NI—N2 BD* N5—C6 9.14
BD C3—N4 BD*N5—C6 8&.14
BD C3—N4 BD*NI—N2 80.83
BD N5—C6 BD* C3—N4 79.91
BD N5s—C6 BD" NI—N2 89.79
BD C7—CI2 BD* C3—N4 91.55

BD NI—N2  BD* C3—N4 93.22
BD C3—N4  BD* N5—C6 8.7
BD C3—N4  BD* NI—N\2 #4.64
BD N5—C6 BD* C3—N4  8.77
BD N5—C6 BD* NI—N2 8&4.64
BD CI0—CIl BD* C3—N4 92.76
BD C10'—CIl' BD* N5—C6 92.76

T3 BD NI—C6 BD*N2—C3 81.67|| T3 BD NI—N2 [P C3 178.57
BD NI—C6 BD"N4—N5 8&5.14 BD NMd—N5 1P" (3 178.49
BD N2—C3 BD*NI—C6 78.95 LP Co BD" NI—N2 461.41
BD N2—C3 BD*N4—N5 87.53 LpP C6 BD* N4—N5 461.16
BD N4—N5 BD* N2—(C3 101.75 LP C6 BD* N7'—(C8' 134.43
BD N4—N5 BD " NI—C6 103.55 BD N7—C8 IP" C3 61.92
TT BD NI—C6 BD*N2—C3 8.26|| TIT BD NI—N2 LP* C3 179.87
BD NI—C6 BD* N4—N5 8&5.81 BD N4—N5 [P (3 179.83
BD N2—C3 BD* NI—C6 77.70 LpP C6 BD* NI—N2 451.04
BD N2—C3 BD" N4—N5 86.82 LpP C6 BD® N4—N5 450.91
BD N4—N5 BD* N2—(3 102.42 LP C6 BD* N7'—CI12'114.14
BD N4—N5 BD* NI—C6 102.91 BD N11—C12 LP* C3 62.68
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Table 4 HOMO and LUMO orbitals energies of
the most stable tetrazine structures substituted by

the C—N heterocycle ev

T Ti-b T2j-b T3 TT  T1l-b T22j-b T33  TTT

-6.94 -6.77 -6.97 -6.94 -7.05 -6.69 -7.02 -6.91 -7.13
Eivmo  —3.29 -3.24 -3.46 -3.35 -3.56 -3.24 -3.62 -3.37 -3.76
AE ymomowo 365 3.53  3.51 3.59 3.49 3.45 3.40 3.54 3.37
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Table 5 The heat of formation and density of the most stable

tetrazine structures substituted by the C—N heterocycle

T1-b  T2j-b T3 TT Ti1-b  T22j-b  T33 TTT

AH!/K) - mol 7' 631.1  667.8 712.9 960.1 806.6 880.0 970.4 1465.6

p/g-em™ 1.433 1.503 1.531 1.608 1.404 1.513 1.579 1.661
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DFT Studies on the Tetrazine Substituted by Six-membered C—N Heterocyclic Derivatives

ZHOU Yang', LONG Xin-ping', SHU Yuan-jie' , WANG Xin®, TIAN An-min’
(1. Institute of Chemical Materials, CAEP, Mianyang 621900, China;
2. Department of chemistry, Sichuan University, Chengdu 610064, China)

Abstract . 22 Tetrazine substituted by six-membered C—N heterocyclic derivatives have been investigated by density functional the-
ory. Their optimized geometry structures, electronic structures, conjugation, molecular energies, heats of formation ( HOF) and
density (p) were calculated at the BALYP/6-311G(d,p) level. The results show that most of the species keep a planar structure
and exit considerable conjugation over the whole molecule, which enhances the stability of these derivatives. There is a good linear
relationship between the molecular energies, density and N atoms in these species. The studies show most of the species have high
HOF's and relative stabilities. The HOFs of these compounds are between 631.1 kJ - mol ™' and 1465.6 kJ + mol ~'.

Key words: applied chemistry; tetrazine; C—N heterocycle; theoretical study; heat of formation
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HMPHEE: HUREEHFEE—(HBMAEFEIR)

WHFREIXFRIABRK A FHEALHRBEEN L Z(HBRMEE TER)—F, T
2006 49 A E%E T hiRAAEXE R, B OREBEM) BB LIT.

BASHRSFANFAUREEERLEAERGET B FAFE T, 2h 7R
IRFHIEHR-BREHTIALALFARAETEFHTEAARBESARF LA E R,
FH BRARETROTFFER., ABKABRARRT = 5L BEHABEAN=F%,
HEMPRETHTLF 2R AR EA 18, hir+ X HM 173, 3 ALHITEE T ILF WA
WA A AR5 ML A WA FLEA TR AR, AR KR FEHL G E
FEALSE BB B F 5B A A B (HNO™ ) fe ALy ¢y 25 & A2 45 A & 5 e 5 A BE K 09 R,
A SR A B A X AR B T AT AT ST AR R 69 A R B R R A R

(FEBETE S T E46) G367 AR & F 226 09 L R N A, 3 do A 7K 1L 2 09 A5 A0 45 4E | ﬁh@ﬁstl‘arfv
FaME g ERE R KB ARSEAE BRI R BB S R AR, K E A
FRRIBEBE(E @) HALARGFEHEE SRR, ZHAMBRE T AL, ;\ﬂzﬁhﬂzﬂa%
T &M B E ARAL SANYBEIERRIN R L, R R FERNZT BRI R R
FHH e G FRE, AR LA E R,

BAGHRAEBRG(HMBME FTREL)— IR FETLZ BN FHAE LR AARA
FRME, HAEHBCER T @, B M E P T s AL ARBER TEERN LS
BT FIBREMFN BT AR GHEAR, A —KAEBEM B T A LR 2R EL BB
TR RS B EE EB NS EE RE R,

ZETHEAZFRRA X T LGEM , ESRFA R ERRIF G, TR FEH RS
B ki A ERRAETRGIEZRKARLAE,
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