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RIRIR LB, 7= TR A28 KRR IR 2 &SR T X FEAH &, BEREN TR, SN
h R3, AL B HCh a=2.60524(7) nm, b=2.60524(7) nm, c=0.82579(6) nm, y=120°, V=4.8540(4) nm®, D,=1.442
g/em®, ©=0.300 mm %, F(000)=2190, Z=18, R,=0.0569, WR,=0.1424. EEFREAL SR — >G5k 5 TTAE N AT Ha R,
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Synthesis, Crystal Structure and Theoretical Calculation of
4-(1,2,4-Triazole-5-one-4-yl)-3-thiourea Carboxylic Acid Ethyl Ester

SONG, Ji-Rong**? REN, Ying-Hui® HUANG, Jie? MA, Hai-Xia®
XU, Kang-Zhen®  HU, Huai-Ming"
(* Department of Chemical Engineering, Shaanxi Key Laboratory of Physico-inorganic Chemistry,
Northwest University, Xi'an 710069)
(° Department of Chemistry, Northwest University, Xi‘an 710069)

Abstract 4-(1,2,4-Triazole-5-one-4-yl)-3-thiourea carboxylic acid ethyl ester was synthesized by mixing
4-amino-1,2,4-triazole-5-one (ATO), potassium thiocyanate and ethyl chloroformate in ethyl acetate. Single
crystals suitable for X-ray measurement were obtained by slow evaporation of the solvent dimethylforma-
mide at room temperature. The crystal belongs to rhombohedral symmetry with space group R-3 and crystal
parameters of a=2.60524(7) nm, b=2.60524(7) nm, c=0.82579(6) nm, y=120°, V=4.8540(4) nm®, D=
1.442 glem?®, x=0.300 mm %, F(000)=2190, Z=18, R;=0.0569, WR,=0.1424. A crystal unit of the title
compound was selected as the initial structure, and it was fully optimized by HF/6-311G, MP2/6-311G and
B3LYP/6-311G methods in Gaussian 03 package, and the atomic charges and natural bond orbital (NBO)
analysis were also discussed.
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natural bond orbital
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FEOR IR R A 22 R M e T J0AE A A 27 338 1)
AR B R IR T LAE B4 T A B 1T R A
BEAE Jg, i BLILACAT B8 00 AEH 5R, AME AR 5T RA
JE AT DAL 4 B AL, B AUR A A A
ERZHE DNl LU IR 7 AR T 54 RS i
B FHRRIR IR ST AR GE R, S8 B RN JCIRIRGE R, $2
TERIERIREC AP RS e k. Ab 28 5K DUBE LR JIR 1 A T
P, LA R T B R A, IR L S A g R
BEAT T E PO A SCAE T N BT S S A AR T
4-(1,2,4- = M-5-F-4-35)-3- AR IR Z. 819, SR 2218
O I R AT B i, X T4 Bruker
SMART APEX [T TS SO B 858, WlE T b ikaity, Jf
MFILHHAT T P .

1 RRS5HEAE

1.1 RELESHMEIE L ERIF&

A4-5 H-1,2,4-— -5l 42 SCHR[10] i) 4%

T4 T, 0.006 mol 150 IR LI AEfi P
G AT 0.006 mol fin FURRHH I L1 LRSI, %
I B 5 AR RN B Gk i N 2 h, 2,
B LB R KC 25 98P N 0.005 mol (1) 4-%
5E-1,2,4-—P-5-J, [RIGY 4 he VR0, hlE, FHZRTRK
ZRUEE BT A RIE AR A, H DMF B85 310
ERIR S .

77 % 63%, m.p. 209~211 C; *H NMR (CDCls, 400
MHz) 6: 1.56 (t, J=8 Hz, 3H, CH3), 3.52 (q, J=8 Hz, 2H,
CH,), 8.23 (s, 1H, NH), 12.50 (s, 1H, NH); IR (KBr) v:
3414.4, 1216.6, 1723.8 cm ™. Anal. calcd for CgHgNsO3S:
C 31.17, H 3.90, N 30.30; found C 31.22, H 3.92, N 30.29.

1.2 {TSEEERREMRIRE RN E
JFEEUR ST 24 0.43 mmX 0.09 mm X 0.08 mm [rJ 5 5,

7t Bruker SMART APEXIT 28 IR AT AN &40 555
B2 Mo Ka (A=0.071073 nm)4t 4k, L w-0 J53%
4, 75 293(2) K E T, FFIEH A 3.06°<6<25.09°,
—31<<h<{24, —28<k<{31, —9<\I<<QILU#E 7205 M7
S, o 1917 MSE AT A [Ri=0.0842]. H#ii 4 LP
MR MIRIE. ALt i EEGER W, A JEE R
TIARFR A LE LS IS 258 Fourier £ 1l it 82

BB AW PP AT L. S o A
SHELXL-97 A58 1. Saikgsib ik, (awim
AN R, FHBERN R RSN a=
2.60524(7) nm, b=2.60524(7) nm, c=0.82579(6) nm, y=
120°, ©=0.300 mm *, V=4.8540(4) nm°, D,=1.442
glem®, F(000)=2190, Z=18, mZAMmEE 7 R=
0.0569, WR,=0.1424. f5 ¢ J= {1 L1 2 % E 1) e i Uy
498 elnm?, i AKIEl — 242 elnm?®.
13 EFUFHE&RERAE

R F IR S S P A SR, JEE 1 AN AR
hAEERI T, 35 F Gaussian 03 & AL 2 FUF MY, SR
DFT-B3LYP/6-311G, HF/6-311G #1 MP2/6-311G J5i%,
X AR AL A P REAT R B ARG T 5. PR3N TR
B, DA A R B 35 %68 1 AR THD | B e d /D R (R IG
WERBNAAL), KU P A3 A A B R B e e . A
VAR AR Pentium IV 8L BREAT, THE T W SIORS
JEE SRR 7 5 () 4 1.

2 HRSWR

2.1 MIREWD R

ZAE YRR T AR RR IS Y TR L, o
K. BN TIHMY T 2, EEdES TR 3, T4
MUk 1, fAEHERanE 2.

R1 ACEWR TR KSR

Tablel Atomic coordinates (X 10% and equivalent isotropic displacement parameters (X 10 nm?) for the title compound

Atom X y z U

S(1) 3816(1) 3068(1) 11134(1) 56(1)
c) 4843(2) 3236(2) 8294(5) 47(1)
c2) 4204(2) 3439(2) 7088(5) 52(1)
oK) 3550(2) 2485(2) 9925(4) 39(1)
C(4) 2746(2) 1466(2) 9409(5) 50(1)
C(5) 1893(2) 510(2) 9518(7) 72(2)
C(6) 1419(3) 513(3) 8607(9) 106(2)
N(1) 5103(2) 3776(2) 7589(4) 50(1)

Atom X y z Ueg
N(2) 4714(2) 3906(2) 6846(4) 52(1)
N@E) 42522 3011(2) 7900(4) 43(2)
N(4) 3792(2) 2489(2) 8468(4) 45(1)
N(5) 3063(2) 1960(2) 10336(4) 45(1)
o(1) 5055(1) 2980(1) 9062(4) 58(1)
0() 2883(1) 1389(1) 8064(3) 63(1)
0o@) 2274(1) 1087(1) 10236(4) 67(1)
0(4) 6667(1) 3333(1) 9200(30) 180(11)

#Ug is defined as one third of the trace of the orthogonalized Uj; tensor.
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Table2 Selected bond lengths, angles and dihedral angles for the title compound

Bond length/(10™* nm)

S(1)—C(3) 1.652(4) N(3)—N(4) 1.370(4) C(2—N(@3) 1.361(5)
C(1)—N(1) 1.350(5) C(1)—0(1) 1.231(5) C(3)—N(4) 1.356(5)
C(2—N(2) 1.292(5) C()—N(3) 1.386(5) C(4)—0(2) 1.213(5)
C(5—0(3) 1.450(6) N(5)—C(3) 1.365(5) C(4)—N(5) 1.364(5)
C(5)—C(6) 1.447(8) O(3)—C(4) 1.320(5) N(1)—N(2) 1.364(5)
Bond angle/(°)
O(3)—C(4)—N(5) 108.3(4) C(6)—C(5—0(3) 110.5(5) C(4)—0(3—C(5) 117.6(3)
C(2—N(2—N(1) 103.8(4) C(2—N(3)—C(1) 108.0(4) C(2—N(3)—N(4) 126.1(4)
C(3—N(4)—N(3) 118.9(3) C(4)—N(5)—C(3) 128.8(3) N(4)—N(3)—C(1) 125.1(4)
C(1)—N(1)—N(2) 114.0(4)
Dihedral angle/(°)
O(1)—C(1)—N(1)—N(@) —179.6(4)  O1)—C(1)—N(3)—C(2) 178.3(4)  S(1)—C(3)—N(5)—C(4) 171.1(4)
N(3)—C(2)—N(2)—N(1) —21(5)  N(5—C(3)—N(4)—N(3) 1746(3)  N(5—C(4)—O(3)—C(5) —175.9(4)
N(2—C(2)—N(3)—N(4) 1736(3)  N(1)—C(1)—N@)—N@4) —17353)  S(1)—C(3)—N(@)—N(@3) —5.2(5)
N(3)—C(1)—N(1)—N(2) 22(4) OB —C@)—N((B)—C@B) —1733(4) N(1)—C1L)—N@B)—C(2) —3.3(4)
C(1)—N(1)—N(2)—C(2) —02(5) N(2—C(2)—N(@3)—C(1) 3.6(5)

x3 EMmERE?
Table3 Hydrogen bonds of the title compound®

D—H---A d(D—H)/nm d(H---A)/nm d(D---A)/nm ZDHA/(°)
N(1)—H(1)---O(1)#1 0.0860 0.1929 0.2788 176.50
N(4)—H(4):--O(2)#2 0.0860 0.2030 0.2673 130.84
N(5)—H(5):--N(2)#3 0.0860 0.2122 0.2969 168.26

@ Symmetry transformations used to generate equivalent atoms: #1 y+1/3, —x+y+2/3, —z+5/3; #2 —x+2/3, —y+ 13, —z+4/3; #3 —x+y+1/3, —x+2/3,
z+2/3.

B2 Ey R
Figure2 The packing diagram of the molecular in unit-cell

B1 tawikE

Figurel The crystaline structure of the title compound
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M 2 AR T LLE Y, A SRR 1 ) T A
N(B)—C(1)—N(D)—N(2), C(1)—N(1)—N(@2)—C(2),
N(2)—C(2—N(3)—C(1), N(1)—C(1)—N(3)—C(2)5 0°
TR i 22, RIS IASA L, PR 3Lk 2.
SR S K AR AR 0.1250~0.1390 nm, T AH N
N—N Hi, XK (0.1449, 0.1252 nm) Al C—N Fi, XU
+:(0.1471, 0.1273 nm) a2, 2 W] i = R B R
AR HAT 75 .

C(5)—C(6)—H(6A), C(5)—C(6)—H(6B)FI C(5)—
C(6)—H(6C)¥Jk 109.5°, % W] C(6)J5 THL sp° Z:fk, —
WEER P (1) 5 AN IR S35 sp? A4k, R T 5L 6 HLF
SEHRR, BT p? SR L sy, 1T 1R
ERTRE, BTN C—H BRI LI C6)—
H 8 [ C(2—H(2)# K24 0.093 nm, N(1)—H(1)H
0.086 nm; MM C(6)—H % K AI#E K 0.096 nm]. M
ar R AU 45 R8T LU, N(B)—C(3), N(5)—C(4)AM!
N(4)—C(3)8t K- (4354 0.1365, 0.1364 F1 0.1356 nm)4r
T N—C . XK 0], &l TIER T LA Zi.

TEFR A S PP AEAE I EVE T R, 7 N AU
oy 1 %8, EATRIAF RIS YR SR 24 1) 5 )
gh, SRR 3 R, H—2REEE N@)S 0(2)
TERCT 31 WA, 8 T RABE =3 EIINQR)V S T
— I NGBS 1 AUk, A e (=
) R (B ACIRIR LR SCHE)AHIE,; MR E N(L) -1 H1 S
— AN = MEER BRSO WMIE BT 4 1A
S (I MEER) 1 (MR ER) A IE.

2.2 gt R BARFBRS

SRR ST VR bR A D REAT LT AR AL S T A
P EE) U TSR M LK 4 HTHIETHRT
OGBS THEZ AR, i B3LYP kil S K
FHINE) HF BEKAT T, b i - (V) P £ 2% S RO
L ARV R 21, B3LY P -5 K 5 HF AW 45 3%
2 Bk,

X5 4 THAWTS 7 1) BRI oA 4, =
Rt S4B AT AR — 3. AR RE R, S,
N S O i1 J C(6) I 13471 f fLfr; 1 AT 2 224y
ifES SIRTM O JRFAER C IRt r b 7 F A H gy
M SRR, 05 T G S A BE IR
. AT LR O(2), N(B)HI O(L) 5 1K 24 &)
1) R 0.

23 SFREERIANEREN N

SFHUEIRIAR, S PUEHOMO). Ak
N (LUMO) S LB (1 43~ B R A= i 5 Tl
K, DRI 5 AT VA P 2 O T L A i e 4 e S 67 A %
PRHVE -IPLHI SR 32 fE TE 245 5. HOMO HAA T seie it f
THEEIER, LUMO H AT $:52 v 1 (1 5 2 4 1415,
% 6 % T H B3LYP M HF BRI VL5 5 BT A7)
TRBER . HUWYHIE A8 B EUIE 32 10 T R A
TR T LA SSRN, BALYP kTS s RE R b
HF fEE=1IK.

FA4 RO A AP EK(X 10 nm). (%)
Table4 Selected bond length (X 10~ nm) and bond angle (°) from three methods of the title compound

Bond length B3LYP HF Bond length B3LYP HF MP2

S(1)—C(3) 1.7022 1.7045 1.7019 N(3)—N(4) 1.3725 1.3565 1.3784
C(1)—N(2) 1.3781 1.353 1.3856 C(1)—O(1) 1.2367 1.2197 1.2502
C(2—N(2) 1.3065 1.2748 1.3288 C(1)—N(@3) 1.4266 1.3905 1.4302
C(5—0(3) 1.4917 1.4666 1.5013 C(2—N(@3) 1.3892 1.383 1.3919
N(5—C(3) 1.396 1.373 1.4053 C(3—N(4) 1.3665 1.3439 1.3771
0O(3)—C(4) 1.3607 1.3236 1.3746 C(4)—0(2) 1.2447 1.2195 1.2544
N(1)—N(2) 1.4086 1.3892 1.4187 C(4)—N(5) 1.3822 1.3699 1.3894
C(5—C(6) 1.5176 1.5125 1.524

Bond angle B3LYP HF Bond angle B3LYP HF MP2

O(3)—C(4)—N(5) 109.7217 1103089  109.1006 | C(6)—C(5)—O(3) 110.6509  110.7335 110536
C(2—N(2—N(1) 104.3316 1052222  103.6913 | C(2—N(3—C(1) 109.2535 108.9572  109.8087
C(3—N(4)—N(3) 121.3029 121.3854  119.9041 | C(1)—N(1)—N(2) 1141639 1132149 1145463
C(4)—0(3)—C(5) 117.7817 120.8079  116.2888 | N(4)—N(3)—C(1) 123.4588 123.7916 122.9719
C(2—N(3)—N(4) 127.1707 127.1322 1264437 | C(4—N(5)—C(3) 128.3667 1289323 128.4424
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Table5 Calculated results natural atomic charges of thetitle compound (€)

Atom B3LYP HF MP2 Atom B3LYP HF MP2
(1) —0.18471 —0.29112 —0.25037 0o@3) —0.55121 —0.62902 —0.64732
N(1) —0.43735 —0.49662 —0.52435 c(1) 0.73079 0.98084 0.92110
N(2) —0.26487 —0.28083 —0.29144 C(2) 0.20613 0.28985 0.30425
N(3) —0.29072 —0.35178 —0.37286 CE) 0.26917 0.44367 0.43511
N(4) —0.41717 —0.46974 —0.49063 C(4) 0.89739 1.06957 1.09176
N(5) —0.61717 —0.69936 —0.72140 C(5) 0.05318 0.05838 0.05459
o(1) —0.61094 —0.71435 —0.71921 C(6) —0.60376 —0.54664 —0.55514
0(2) —0.64721 —0.73438 —0.74573

R6 HTREAERE. ArTPUIE RS (Hartree) LG T 285 10 H 43 HhE
Table6 Total energy, frontier orbital energy (Hartree) and the percentage of orbital compositions

B3LYP HF
Eqo/Hartree —1131.61932483 —1126.60647108
Enomo/Hartree —0.24229 —0.34890
ELumo/Hartree —0.06858 0.07978
AE%/Hartree 0.17371 0.42868
HP L° H® L
Atom
S p° s p° S p° s p°
s(1) 0.024 57.46 0.009 17.66 0.0304 67.415 0.0076 15.24
N(4) 13.035 2.468 0.361 10.279 0.0509 13.032 0.2185 10.470
N(5) 10.545 2.009 0.006 0.700 0.1620 7.732 0.0138 1.8867
0(1) 0.0168 0.0204 0.0409 0.0569 0.0138 0.268 0.0305 0.028
c(1) 0.029 0.258 0.996 0.643 0.0201 0.2363 0.7459 0.4896
Cc() 0.178 11.11 0.004 35.074 0.0235 7.2803 0.0194 43.10
C(4) 0.448 0.358 0.003 14.300 0.00301 0.0428 0.0039 10.382

3 AE=E, umo— Enomo. ° H represents atomic orbital percentage in HOMO and L represents atomic orbital percentage in LUMO. s and p represent s orbit and p orbit,
respectively.

T A, RS G kB,
FEAILL HE SE4 9001, FRIIL 2 I s s B . (-
TG TRRIE b, B S TR TR B A
. IR, R S(OEFR O FF A A .
BN 5), (A R BT 0 Tk (2 @
6, 193), BIULIIE T BCRITEI. 1 COI T4 10 E o ;
i fe %, (HAE LUMO T oy 1 B EE /I (B 3b), i LUK
FEth TR I3, O T b i &, o
71 HOM O Ut (1 Ee FLAE 2R /N (151 3a), AR A #4EAIE

Bl 3 rEALSYI HOMO ()F1 LUMO (b)#iE 7= &
Figure3 HOMO (@) and LUMO (b) of the title compound

THIEA. PRS0 #Y5 o B, WO T HoAh U,

24 BARPUESR Hrh C(1)—O()F1 OQR)—C(4) i1 Hi B bk, 5 H
{E HFI6-311G AP ML apib(r 7 pkeesi 1(0.1231 A1 01213 nm) xS LEABLRAT .

(NBO)/MT, EISREERLE HiE 5 T% 7. S()—C(@3), = 8 HIH T4 A W h i 3 Hi it A (Donor) ik i Fi
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Table7 Occupancy of NBO for the title compound
Bond B3LYP HF MP2 Bond B3LYP HF MP2

S(1)—C(3) 3.95252 3.96638 3.96238 C(5)—0(3) 1.98610 1.98816 1.98751
C(1)—N(2) 1.98910 1.98946 1.99000 N(1)—N(2) 1.98142 1.98254 1.98972
C(1)—N(@3) 1.98126 1.98377 1.98405 N(3)—N(4) 1.98918 1.98956 1.98397
C(1)—0(2) 3.99119 3.99036 3.99136 LP(1)02 1.97188 1.97670 1.97628
C(2—N(2) 3.94608 3.9588 3.9569 LP(2)02 1.82793 1.89089 1.89215
C(2—N(@3) 1.98668 1.98711 1.98817 LP(1)0O1 1.97188 1.98039 1.97988
C(3)—N(4) 1.98767 1.98795 1.98859 LP(2)02 1.84640 1.87654 1.87677
C(2—N(5) 1.98481 1.98615 1.98684 LP(1)03 1.96491 1.967013 1.97411
C(4)—N(5) 1.98529 1.98603 1.98756 LP(2)03 1.80492 1.85203 1.86675
C(4)—0(2) 3.98857 3.98752 3.9786 LP()N1 1.66303 1.72944 1.73125
C(4)—0(3) 1.99018 1.99116 1.99034 LP(1)N2 1.94150 1.95455 1.96122
C(5)—C(6) 1.99052 1.99005 1.99084 LP(1)N3 1.66918 1.73793 1.73995

LP(1)Ss1 1.98601 1.98761 1.98633 LP(1)N4 1.69682 1.74623 1.76427

LP(2)S1 1.88422 1.91232 1.90335 LP(1)N5 1.64842 1.71856 1.72379

2LP(1)and LP(2) denote the first and the second lone pair electron respectively.

K8 LEWIN HF6-311G FARHUE 1T 7 45 4 2
Table8 Part of calculated results of thetitle compound at the HF/6-311G level by NBO analysis

Donor (i) Acceptor (j) E/(kJmol 7Y Donor (i) Acceptor (j) E/(kJmol %)
LP(L)N(1) BD*(1)C(1)—O(1) 42577 LP(1)N5 BD*(1)S(1)—C(3) 377.66
LP(L)N(1) BD*(2)C(2—N(2) 137.40 LP(1)N5 BD*(2)C(4)—O(2) 318.56
LP(LN(3) BD*(1)C(1)—O(1) 307.90 LP(2)02 BD* (1)N(4)—H(4) 21.96
LP(ON(3) BD*(2)C(2—N(2) 22191 LP(L)N4 BD*(1)S(1)—C(3) 483.54

2 E denotes the stabilization energy, BD denotes bonding orbital, BD* denotes antibonding orbital, L P denotes lone-pair. For LP: (1) and (2) denote the first and the

second lone pair electron respectively.

FesEALaE BE ORI T 5 | HuEAH BLAERTERSR, B0
FEALE T RO AR, H T A B AR R R,

AT BTG ST S, AE MR RS PO H
LA AR A R AR BAE, W NQ) P I 5
HANAREE N(2—C(2)F1 C(1)—O(1) [ i s et g
4391k 221.96 F1307.90 kdmol 1 N(1)J5i 1191 Fe 1 5
FCAHAREE C()—O(L)F1 N(2)—C(2) I s s e L hg
I35 425.77 F1 137.40 kdemol %, ] =M EASLRE, =
AN N(4)Js - E RO B X S(1)—C(3) A i FIAH B
YERT, H R B BE A T AE A e fh RE Sl 483.54 kd
mol % [AIFE N(5) JiT LRI B S AR B S(1)—
CQAI C(4)—O)th A7 iesimmAH B AR, L i AH
A RS AL RE S 1y 377.66 1 318.56 kdemol L. iX
Lo BB IR L L e T LR R, X 5 AR A 43
Frah R —2L

M F s T LU B, OQ) R 1 b i 6 B 7 X
N(4)—H(4) i) S BRI AR 2 AL BE 21,69 kdemol , %
W] O(2) )5t 15 N(4)—H(4) 47— A EAEH, O(2))5

TAER TR, N@—HE@EN B2k, B2
JERT N(4)—H(4)---O)& 8, X 53& 3 H i/~ &l
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