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Crystal Structure, Theoretical Calculation and Bioactivity of
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Abstract  1-(4-Methoxylbenzoyl)-3-(4,6-dimethylpyrimidin-2-yl)thiourea was synthesized by mixing
2-amino-4,6-dimethylpyrimidine, potassium thiocyanate and 4-methoxylbenzoyl chloride in ethyl acetate. Its
structure was characterized by X-ray diffraction analysis, which belongs to monoclinic system with space
group P2,/n and cell parameters: a=1.0134(4) nm, b=1.3172(5) nm, c=1.0988(4) nm, $=91.671(8)°, V=
1.4661(9) nm®, D.=1.433 g/cm°, x=0.234 mm*, F(000) =664, Z=4, R,=0.0571, and wR,=0.1328. The
theoretical investigation of the title compound as a structure unit was fully optimized by HF/6-31+g(d) and
B3LYP/6-31+g(d) methods in Gaussian 03 package, and the atomic charges and natural bond orbital
(NBO) were aso analyzed. This type of compound has nice effect on growth regulation of wheat in the ini-
tial experiment.
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1.1 HECEMMEREERNE &

G PRI SCRR[2] & . TR TSR, s 4- 4
FLOR FHBES(7.6 mL, 55 mmol )22 1535 i 2125 A B i R 4
(8.0 g, 82 mmol) ¥ LR LERHHH, [BIS RN 2 h 5t
JERLAE R KCL, SR PN 2-50Jk-4,6- — F LM
(5.41 g, 44 mmol), MNFAENRENY 4 h 54 E. kg, 13
BT R, KL FH ZE K DB BOR Ja SR TS 213
0 [T AR A, T A5 380 1 ] A s P e T I e 1)
W, =R 7 d SR T X SRR . e
# 80%, m.p. 195~196 C; IR (KBr) v: 3171.65 (N—H),
1180.04, 1235.62 (C=S), 1346.98 (C—N), 1604.73, 1707
cm ! (C=0). Anal. cacd for CisHigN4O.S: C 56.94, H
5.10, N 17.71; found C 56.69, H 4.35, N 17.45.

1.2 f75 8RR S AN R IR B ZE

PR S 4 0.32 mm X 0.24 mm X 0.13 mm [ i,
7t Bruker SMART APEX I X SR m#RATHX I, H 4
A1 B O 2 LA AL Mo Ko 545 (A=0.071073 nm), LL
-0 J7RAHE, VBN 2.41°<0<26.81°, —11<h<12,
—9<k<16, —13<I<X13. 7£ 293(2) K F, JLlltsEmhr
FTS s 3113 4, Hovp 1078 AN[1>20(1)] T I 1 F 45
FRRAT. SR SE It AR, T A0 M ds N — Tfe
Poxt P2 HHTRAE. BAT (0 SR AT IR SR 1% 1
FEPES B SHELXLOTMURL Bt . di ik gk o iy
EW, 2GS Y RE R RN R, TR P2y/n, db i
ZH R a=1.0134(4) nm, b=1.3172(5) nm, c= 1.0988(4)
nm, A=91.671(8)°, V=1.4661(9) nm®, D.=1.433 g/lcm®,
#=0.234 mm %, F(000)=664, Z=4, R;=0.0571, wR,=
0.1328, fe & Z= Ml i 12 % BE I dec ey 308 efnm®, fit
ik —315 elnm®. kR A4(1 CCDC 54 670820.
13 EFHFEIHE
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Table 1 Atomic coordinates (X 10) and thermal displacement
parameters (X 100 nm?) for the title compound

Atom X y z Ue

S(1)  0.07298(9) —0.04674(7)  0.14660(9) 0.0595(3)

N(1) 01186(3) 0.1528(2)  0.1341(2) 0.0614(8)
N(2) —0.0902(3) 0.1000(2)  0.1936(3) 0.0669(9)
N(3) —0.0921(3) —0.0709(2)  0.1900(2) 0.0510(7)
N(4) —0.2854(3) 00160(2)  0.2465(3) 0.0637(9)
O(l) 06363(3) 038102) —0.0341(2) 0.0845(9)
O(2) 02529(2) 0.01960(18) 0.0987(2) 0.0666(8)
C(1) 07587(4) 0.3432(3) —0.0734(3) 0.0933(14)
C(2) 05433(4) 03120(3) —0.0008(3) 0.0628(10)
C(3) 05645(4) 0.2083(3)  0.0052(3) 0.0692(11)
C(4) 04625(4)  0.1468(3)  0.0404(3) 0.0659(11)
C(5) 0.3406(4) 0.1849(3)  0.0697(3) 0.0546(10)
C(6) 03221(3) 0.2902(3)  0.0652(3) 0.0601(10)
C(7) 042404 03520(3)  0.0300(3) 0.0649(11)
C(8) 02342(4) 01149(3)  0.1024(3) 0.0556(10)
C(9 0.0309(4) 00810(3)  0.1595(3) 0.0522(9)
C(10) —0.1610(4)  00153(3)  0.2122(3) 0.0581(10)
C(11) —0.1498(4) —0.1638(3)  0.2004(3) 0.0547(10)
C(12) —0.2761(4) —0.1657(3)  0.2371(3) 0.0592(10)
C(13) —0.3423(4) —0.0749(3)  0.2598(3) 0.0612(10)
C(14) —0.4819(3) —0.0755(3)  0.3006(4) 0.0796(13)
C(15) —0.0700(3) —0.2546(2)  0.1685(3) 0.0652(11)

#Ug is defined as one third of the trace of the orthogonalized Uj; tensor.

B 1 bR S iR i
Figurel Crysta structure of the title compound
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Table2 Selected bond length, angles and dihedral angles for the title compound

A 6 MNEEK AT 0.133~0.140 nm, 11l RS s g B4 vp
6 M KA T 0.135~0.141 nm)(®* i3 2 35T 40,
AP 073 (R L A s e T 0°, st T 180°,
VEHIZ 5 HA ARG (1~ T

Bond length/(10 * nm)

Bond EXP. B3LYP HF
S(1)—C(9) 1.742(3) 1.6409 1.6295
N(1)—C(8) 1.329(4) 1.4073 1.3955
N(1)—C(9) 1.333(4) 1.4038 1.385
N(2—C(9) 1.318(4) 1.3927 1.3762
N(2)—C(10) 1.345(4) 1.4001 1.395
N(3)—C(10) 1.358(4) 1.3304 1.3104
N(3)—C(11) 1.362(4) 1.3419 1.3242
N(4)—C(10) 1.326(4) 1.3412 1.3189
N(4)—C(13) 1.339(4) 1.3416 1.3256
0(2—C(8) 1.271(4) 1.2174 1.1888
C(5—C(8) 1.471(5) 1.4954 1.4941
C(11)—C(12) 1.353(4) 1.3995 1.3887
C(12—C(13) 1.398(4) 1.3987 1.3862
C(11)—C(15) 1.492(4) 1.5044 1.5021
C(13)—C(14) 1.496(4) 1.5051 1.5028
Bond angle/(°)
C(5—C(8)—N(1) 119.2(3) 114.2586 114.2228
C(5—C(8)—0(2) 120.0(3) 122.7075 122.4315
C(8—N(1)—C(9) 112.7(3) 128.2684 128.7161
C(9—N(2—C(10) 112.9(3) 129.579 128.7973
N(1)—C(8)—0(2) 120.8(3) 122.9925 123.266
N(1)—C(9)—S(1) 120.1(3) 124.7224 124.909
N(2—C(9)—S(1) 116.1(3) 126.7215 126.6442
Dihedral angle/(°)
C(8—N(1)—C(9—S(2) —1.2(4) C(10)—N(2)—C(9)—N(2) 179.0(3)
C(9—N(1)—C(8)—C(5) 179.1(3) C(10)—N(2—C(9)—S(1) —0.2(4)
C(9—N(1)—C(8)—0O(2) —0.1(5) N(2)—C(9)—N(1)—C(8) 179.7(3)
K3 AREEYI A
Table3 Hydrogen bonds of the title compound

D—H--A d(D—H)/A d(H---A)/A d(D-+-A)A ZDHA/(°)

C(12—H(12A)---N(2) 0.93 254 3.464(5) 170.3

C(15—H(15A)--*N(4) 0.96 2.56 3.497(4) 165.3

@ Symmetry transformations used to generate atoms. —1/2—x, 1/2+y, 1/2—z
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Figure2 Packing diagram of the title compound
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Table 4 Calculated natural atomic charges of the title com-
pound

Atom B3LYP HF Atom B3LYP HF

S(1) —0.00841 —0.09967| C(3) —0.31844 —0.34555
N(1l) —0.68962 —0.78328| C(4) —0.16567 —0.12136
N(@2) —0.65271 —0.74577| C(5) —0.18591 —0.23472
N(3) —0.49058 —0.58669| C(8) 0.68991  0.85090
N(4) —052741 —0.62573| C(9) 021723 0.38138
O(1) —053198 —0.62225| C(12) —0.33095 —0.39772
0O(2) —056536 —0.64966| C(14) —0.71281 —0.66693
C(1) —0.32766 —0.23450| C(15) —0.71373 —0.66820

23 HFEREERAIENEREN

S FHEEIR Y, B PR EEHOMO). mAIk
BPIE (LUMO) S L B I 1 21~ BT X AR 03 P 5% ) B
K, RUHRHZE AT AT PUIE B4 0 mT DL A A e e PR A LA J
PRUHE LI S5t 2F B HOMO KA st et f
TREEMEH, LUMO H A 852 v 1) T 324 ] 1324,
L 5HIH T AWM INET RGN 1 S RE R JUHs
B3 e ANIE 1 EE R 1 A LA
F5 TR AN A (Hartree) ALK 1 B 43 1)
ELLAq

Table5 Total energy, frontier orbital energy (Hartree) and the
percentage of orbital compositions

B3LYP HF
Eto —1348.930465 —1342.419829
Eromo —0.20938 —0.31791
ELumo —0.07027 0.05663
AE? 0.13911 0.37454
Hb Lb Hb Lb

Atom

s p° Y p° g p° g
S1) — 2800 — 137 — 3792 328 —
N(1) 394 341 — — 420 236 — —
N2 346 319 — — 381 280 — —
N — 091 — — — 133 — —
o — 10 — — — 111 — —
coy — - — — — — 221 —
ce® — — 411 — 12 — 118 —
c4 592 — — — 274 — — 17
C(5) 1464 305 741 142 1144 358 896 7.58
C6) 502 — 2340 1016 — 192 19.94 2.80
c7) — — 2735 399 225 — 205 —
C® 229 429 — — 991 110 — —
cO® — 942 — 199 — 35 573 —
Cc(10) 279 1100 — 124 — — 332 338
cay) 161 — — 218 — — 839 631
C(12) 121 — 377 — 143 — 699 —
c13 — — 140 — — — 531 —
ciey — — — — — — 132 —
cap) — 99— 202 — — — 443 —

AAE= ELUMO—EHOMo_bH represents atomic orbital percentage in HOMO and
L represents atomic orbital percentage in LUMO. s and p represent s orbit and
p orbit, respectively.

M2 5 &1, WA N g5ie LR —3L, LA
HF THELEE R 6, AW e e o 98 0 12 22467 T
JIRFEFD C(5), C(8)Ji1 I, RIWEKE C Flb5 Wik H AN IE
AN C Jg b, SR Pl 32 A7 T R BRI g 21
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Figure 3 View of HOMO (left) and LUMO (right) for the title
compound
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24 BABYES

7t B3LYP/6-31+g(d)7KF- F X b &itdT T AR
BEPLIENBO) AT, FASRBEEE T ES TR 6. S(1)—
C(9), N(3)—C(10), N(4)—C(13), O(2)—C(8) IFi] Ay XL,
A SRS o 5 o B2 R, SRR THe R
B, Hoh O@2)—C(8) M i 45 #1(3.97265) i K, HH A
(0.127 nm) A b Ak B 40 v dp R AH K

=TI T A YA A (Donor) iE i Al
L1 52 Mk (Acceptor) {il j Z IR BRI AR 2 fhEE E.
FaE bR E ORI | 5 | PUEAH B/ERTERSR, B0 ) j
PR T A AR, FRL T B S A R RS,

1o AT &5 SR nT 4, FEMEREER T, 24N N T 1 AI06
T AH AR SR A A EAE R, W N(3) B 1 AU H
T A AR EE N(4)—C(10) J B 38 1 52 58 b g K
61.50 kJemol *. WEIEIRAME N(2)J5 7 B 5 e R L
AHASSEA BRI AH AR, 1 N(2) BRI 7 6f
WEIEFR T N(3)—C(10) S S HU AH B A e AL ek
160.93 kJmol %, XKW N(2)J5 7 Hmsne sk, X5
pi PR AL 23 AT 5 R — 3

K6 (LAWK BARRBE S
Table6 Occupancy of NBO for the title compound

Bond B3LYP HF Bond B3LYP HF
S(1)—C(9) 3.94588 3.87815 LP(1)S(1) 1.98387 1.98445
N(3)—C(10) 3.68271 3.69466 LP(2)S(1) 1.86442 1.89219
0(2)—C(8) 3.97265 3.98031 LP(1)N(L) 1.68182 1.75398
N(1)—C(8) 1.98736 1.98736 LP(L)N(2) 1.67914 1.75978
N(1)—C(9) 1.98699 1.98659 LP(L)N(3) 1.90670 1.92394
N(2)—C(9) 1.98704 1.98670 LP(1)N(4) 1.90998 1.92635
N(2)—C(10) 1.98546 1.98515 LP(1)O(2) 1.97770 1.97719

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

7 AW B3LYPI6-31+g(d) AR EE /T 45 R 2
Table7 Part of calculated results of thetitle compound at the B3LY P/6-31+g(d) level by NBO analysis

Donor (i) Acceptor (j) E/(kJmol %) Donor (i) Acceptor (j) E/(kJsmol %)
BD(2N3-C10 BD*(2)C12-C11 130.96 LP()N(2) BD*(2)S1-C9 164.58
BD(2)N4-C13 BD*(2)N3-C10 149.97 LP()N(2) BD*(2)N3-C10 165.93
BD(2)C12-C11 BD*(2)N3-C10 52.84 LP()N(3) BD*(1)N4-C10 61.50
BD(2)C12-C11 BD*(1)N4-C13 153.32 LP(1)N(4) BD*(1)N3-C10 58.70
LP(2)S(1) BD*(1)N2-C9 58.11 LP2)0(2) BD*(1)N1-C8 126.94
LP(2)S(1) BD*(1)N1-C9 59.03 LP2)0(2) BD*(1)C8-C5 81.10
LP()N(L) BD*(2)S1-C9 182.96 BD*(2)N3-C10 BD*(2)C12-C11 512.97
LP()N(L) BD*(2)02-C8 167.35 BD*(2)N4-C13 BD*(2)C12-C11 619.40

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

second lone pair electron respectively.
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AR S, SHEW 17 2 FEL, RS NGk
HE EHURIE R CoHaOCH,, 1X 1] RESG 3R T MEIE 21 15 At JIk
SRS, JF HAar AR 5 e S YsE s T — A
K FE Gk S 5 1) P T 45 8 43 1. R Th s v LR
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Table8 The number of the compound
H,C H3C HaC HaC H5CO
—N =N =N =N =N
X \ ﬁ>—NH2 \ g}—NHz \ ﬁ>—NH2 \ ﬁ>—NH2 \ ﬁ>—NH2
HsC HsC HsC HsC H1CO
Y CH3 C,Hs CeHs C¢H4OCH3 CsH,OCH3
%5 1 2 3 4 5
X FoR N _EBAIE, Y FoR Nt b IARIE,
RO BN R AE
Table9 Effectsof compounds on growth regulation of wheat
. RFHI% HEK %
TR]
Cy Co C3 Ca Cy Cy C3 Ca
1 5.6 10.3 22.2 —56 —19.8 —175 7.8 6.5
2 0 5.6 118 56 —21.8 —11.4 —23 35
3 —16.7 —5.6 —56 —16.7 —11.0 49 12.6 17.9
4 10.7 25.0 7.1 —25.0 28.7 6.0 27.0 14.3
5 —5.6 —5.6 —28 —56 6.7 11.0 25 —52
X i —5.6 9.1

C1, Cp, C3, Ca 71K 25, 20, 15, 10 mg/L 4 MANF] R
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