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Studies on the Weak Interaction and Supramolecular Structure in the
Crystal of N-Ethoxycarbonyl-N'-Arylthiourea

LIN, Qi WEI, Tai-Bao YAO, Hong ZHANG, You-Ming*
(Gansu Key Laboratory of Polymer Materials, College of Chemistry and Chemical Engineering,
Northwest Normal University, Lanzhou 730070)

Abstract Three N-ethoxycarbonyl-N'-arylthioureas were synthesized and their structures were determined
by X-ray diffraction. In the crystal of these compounds, there are inter- and intramolecular hydrogen bonds,
and the intermolecular hydrogen bonds assembled the compounds 1 and 2 into 1D catenulate supramolecular
structure. The n-n interaction among the catenulate supermolecules connected the adjacent catenulate su-
permolecules together. While in the crystal of 3, the intermolecular hydrogen bonds assembled 3 into
dimers. The adjacent dimers are assembled to 1D catenulate supramolecular structure by the intermolecular
7-1 interaction among aryl-ring.
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TR A A W2l 5 o FH B4R e, TR
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WHE), %5h DMSO-de. A4 E K i NONIUS
CADA4 X SFHEEATIHMX.
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B 1 N-CAUBIE-N-2- 2536 IR (1) 1) i A 45 4
Figure 1 The crystal structure of N-ethoxycarbonyl-N'-2-
naphthylthiourea (1)

B 2 N-Z553-N-4- F 3 28R MR (2) 1 & 44 45 44

Figure 2 The crystal structure of N-ethoxycarbonyl-N'-4-
methylphenylthiourea (2)

Bl 3 N-ZEBIE-N-2- LR S R (3) (i A 444
Figure 3 The crystal structure of N-ethoxycarbonyl-N'-2-
nitrophenylthiourea (3)
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Tablel Crystal dataand structure refinement for 1~3

Compd. 1 2 3
Formula C14H14N,0O,S C11H14N,0O,S C10H11N30.S
Formulaweight 274.33 238.30 269.28
Crystal system Triclinic Triclinic Triclinic
Crystal colour Colorless Colorless Yellow
Space group P-1 P-1 P-1

alA 6.0620(10) 5.9020(10) 7.542(2)
b/A 9.753(2) 9.762(2) 7.828(2)
c/lA 12.067(2) 11.301(2) 11.834(2)
al(®) 97.28(3) 101.84(3) 99.56(3)
A% 93.68(3) 98.20(3) 98.55(3)
() 98.56(3) 98.08(3) 114.69(3)
VIA3 697.3(2) 621.0(2) 607.2(2)
Deacg/(gecm ) 1.307 1.274 1.473
ulmm™? 0.231 0.248 0.278
Total no. of reflns 2477 1202 1556

No. of unique data 1849 1035 1290

No. of params 173 146 164

R 0.0322 0.0289 0.0250
Ry 0.0788 0.0634 0.0557
Goodness of fit on F? 1.152 1.120 1.165
Largest peak/holein final diff map (esA3) 0.094, —0.111 0.055, —0.049 0.058, —0.063

£ 2 AEY) L~3 M B (nm) IR £ (%)
Table2 Selected bond length (nm) and angle (°) for 1~3

Bond length/nm

1 2 3
S(1)—C(12) 0.1671(3) S(1)—C(8) 0.1667(3)  S(1)—C(7) 0.1669(2)
0O(1)—C(12) 0.1204(3) O(2—C(9) 0.1209(4)  O(3)—C(8) 0.1197(3)
0(2—C(12) 0.1322(3) 0O(1)—C(9) 0.1319(4)  O(1)—N(1) 0.1222(4)
0(2—C(13) 0.1453(4) O(1)—C(10) 0.1440(3)  O(2—N(1) 0.1214(4)
N(1)—C(11) 0.1328(3) N(1)—C(8) 0.1326(4)  N(1)—C(6) 0.1465(4)
N(2—C(11) 0.1379(4) N(2—C(8) 0.1371(4) N(2—C(7) 0.1340(3)
N(2—C(12) 0.1363(3) N(2—C(9) 0.1376(4)  N(3)—C(7) 0.1370(3)
N(1)—C(10) 0.1435(3) N(1)—C(4) 0.1431(3)  N(3)—C(8) 0.1376(4)

Selected bond angle and torsion angle/(°)

1 2 3
N(1)—C(11)—S(1) 124.2(2) N(1)—C(8)—S(1) 124.4(2) N —C(7)—S(1) 117.07(17)
N(2—C(11)—S(1) 119.0922)  N(2—C(8)—S(1) 11864(2) N(2—C(7)—(1) 127.14(18)
N(1)—C(11)—N(2) 116.7(2) N(1)—C(8)—N(2) 117.02)  N(2—C(7)—N(@3) 115.8(2)
0(2—C(12—N(2) 108.6(2) 0(2—C(9)—N(2) 108.7(2) O(3—C(8)—N(3) 126.4(2)
0O(1)—C(12—0(2) 126.2(2) O(1)—C(9)—0(2) 1255(3) O(3)—C(8)—0(4) 125.7(2)

O(1)—C(12—N(2) 1252(2)  O(1)—C(9)—N(2) 1258(2)  O(4)—C(8)—N(3) 107.9(2)
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C(12—0(2—C(13) 117.4(2) C(10)—0(1)—C(9) 117.4(2) 0O(2—C(12—N(2) 108.6(2)
C(12—N(2)—C(11) 128.5(2) C(8)—N(2)—C(9) 128.1(2)  C(9)—O(4)—C(8) 117.1(2)
C(10—N(1)—C(11)—9S(2) 2.0(4) C(9—N(2—C(8)—9S(2) 176.6(3)  C(8)—N(3)—C(7)—S(1) 178.6(2)
C(12)—N(2)—C(11)—N(1) 4.5(4) C(9)—N(2)—C(8)—N(1) —27(5) CQ)—N@)—C@—S1)  —6.3(4)
C(11)—N(2—C(12)—0(2) 00(5)  C@O—N@2—CO—0(9  —179.33) C(1)—C(6)—ND—0(2)  16.7(3)
C(13—0(—C(12—0O(1) —27(4)  C(10—O(1)—C(9—0(2) 45(5)  N(2—C(1)—C(6)—N(2) 3.0(3)
#3 e 1~3 EEE
Table3 Dataof hydrogen bond for 1~3
D—H---A d(D—H)/nm d(H---A)/nm ZDHAI/(°) d(D---A)/nm Symmetry code
N(1)—H---0(2) 0.0900 0.2000 133.09 0.2697
1 N(2)—H:---S 0.0900 0.2455 163.65 0.3329 —X, —y+2, —z+1
N(1)—H---O(1) 0.0900 0.2576 129.71 0.3226 —x—1, —y+1, —z+1
N(1—H(2)---0O(2) 0.0900 0.2515 133.30 0.3192 —x+1, —y+2, —z+1
2 N@—H(2)--S(1) 0.0900 0.2443 167.23 0.3332 —x, —y+1, —z+1
N(1)—H(1)---O(2) 0.0900 0.2007 135.00 0.2705
N(2)—H--0(2) 0.0900 0.2153 114.81 0.2659
3 N(@—H--0(3) 0.0900 0.1985 134.66 0.2694
N(3)—H---S(1) 0.0900 0.2494 159.89 0.3353 —X, =y, —z
] AT [0 T HER, AH AR AT 25 30 W) ¥ E 25 & 0.6062

B4 ALt 1B — R > 1 S A g
Figure4 Compound 1 forming a 1D catenulate supermolecular
structure

nm, SXBEIIAEIXAN T ) 2SR AR AR oo AEFIEE. (A
SEWE 5 PR, (R, A EYIZEERAE b 5 )
REAT AT HERA, 0 HAH B PIANZEFR A S SR
(), TSR A ZEER b BRI (Y R ER 43 [C(2)—
C(3)—C(4)—C(5)—C(6)—C(7)], iXHHANAIR ] (1) Lo
(X1A-X1B) 0.3813 nm, [mJlf, —43 283k E3aE
PIEFIRIRTBAL S ) — 40 TP 2830 LI HURIE [ 2R 2R
BB I O B (X 1A-X1C) 4 0.4177 nm, XUt HI4E b
oy m b, ST ZEIAMEAE n-n EAER], XA
- A P AE A3 S04 U o T REIR 5 RITE ¢ il ) b
AT HESCHAEH.

B5 et 1P oo MEEH

Figure5 Theintermolecular n-m interaction in the compound 1
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22 N-ZEHE-N-4-FEFEFTRQ)PHISEHEEE
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mE 2 FoR, a2, BEEEERIE A S R
B EEBI T — A TNEE N(1)—H---0(2),
ZEHE S C(9), N(2), C(8) I N(L)— i Bk T — AN 1
INTCHR. ZNTCH I IR HEA A [A] P 1l b, R
SETISESAME R 0.00127 nm, %1 5 RS 0 (9 1
1o 101.2°; FhikrR, C(9)—N(2)—C(8)—S(L) 14 ik
176.6(3)°, X ULIATE AT, X —2r 1 F Wik N(2)—
C(8) B e A 2, X o) 2R 355 )y 17 A v o S i %o
PRIy 1 1A) &8 N(2)—H--- ST S - H'—N(2") (Symmetry
code: —x, —y+1, —z+1)JEK(E 6). J—J7mH, [H
— TR RREIE B NQ)—H 55— TR AR
TERCT HL OB FR AN 73 [ ) &8 N(L)—H---O'
1 O-+-H—N(1) (Symmetry code —x+1, —y+2, —z+
1), XHE, KRR ZA A0 0 T IERE R T WY b il
G B S A 7 — ZEREAR (188 43 7~ 25 A (] 6). ANt B SfE A
EI(E 6)rT WL, a2 2RI a Bl s 1)~ FAT HERR,
Uk 1) _E A AR 2R A [ R K B 35 4 0.5902 nm, 7 ¢4l

B 6 WEW 2T — g T SR A
Figure 6 Compound 2 forming a 1D catenulate supermolecular
structure

T 1) b, FHARRER A HE A AT HERL, AHAR P AR ER L
FRIEE 54 0.4997 nm, 15t W I 5 [/ ARAFAE m-m A ELAEH.
2.3 N-ZEHE-N-2-THEFEFIRG) BN FEH4

Wi 3 fow, 78 3, WEREEE AL a5 ORIk e
5 EMEIER T — A T A N@2)—H--0(3), %5
5 C(7), N(3), C(8)—HLJE M T — M e 7S ToHk, 1%
INTCI SN IR T BEATE R —F1f0 b, 57 O 25 ~F- T 1)
SFIME N 0.00225 nm, 1%V [T 5 AER - T K TN A
134.6%; [FIfF, AEFE BB S XANEER T — N T
WAL N(2—H-0(2), %% C(1), CB)FI N(1)
JERL T —ANSE 7S TOHR, XA /S T6 IR 5 2R R I 31—
BB T —FP I =R 45 0. Si4k, Wil 7 FioR, ik
H, TR RRE B NE@)—H 55— 1R IR E
T O SRR A AN 2 TR AU N(3)—H -SRI
S+-H—N(3) (Symmetry code: —x, —y, —2), XA
B ZA I o3 IR T X HR O SO FR IR SR AR,
HTF MR, ZUEMEA TR EY 1, 2 1
O TRERELE M. B, 1% AR R IR S AR
PRI ) A7 AR R ) mem LA (& 7): 72 3 [H15h
P, RN PATHERRL I, AHAB P FAT AR ER L 1)
P4 0.3629 nm, X UL s A, fEbir i b, a4
USSR IR -m A AR T HERRDE S, VAT o ERUE
¥ 3 ARG T W 7 FroR i) —4EREIR 18 41 4544,
2.4 RIEEIES

1EX 3 MR ED T, BTy T WEEE, 76
EAT TH NMR i, S50 7 EEK N—H &
TR ZUH R (%Y, e &Y 1, ZEdkait
IR BT T BRSNS, TR
e £l 6 11.68; ML 1B 1 1A ZERI B AE 6 8.44,
X5 — M P IS b 5T 1 U A AT
YLHIE DMSO i, B MIAI7AE I B 15
TR B, A 2 b, SRBIEEIE BT
A AE 6 11.38, WEaSE BT IR TE 6
8.44. e &) 3 h, HRMIEE I BT A=

B 7 o 3P ia AN on AHE AR

Figure7 The hydrogen bonds and z-n interaction in the compound 3
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¥ 6 12,52, TEaIE LI T4k 24 RS 4 6 8.52. [FlfE,
BT 7N K& T IREBER, RS IR
WP N—H ARG 8 2 0w A 5, (L4 1
h, 7F 3416, 3161 cm Ab A A N—H i shig; 2
() N—H {45 iR shid (e 3421, 3241 cm™ L 4t; 31 N—H
iR AE 3411, 3141 cm 4t

3 it

MIE = N- AL -N- AR 75 i R 1) o 1 45 44
FTULE Y, HESRIEHRERR IR AR IR 5 G 2 AR ) S B 2
W, FEE N, BB LUB RIS TN A, ]
Y0 & AT IE=R- S SO e AT N M =20} R4
AT DL IR (0 7 T AT s IR AR T4, AE
—OESME, SESRBIR P K DT AR e AHELAEH,
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