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Green Synthesis of Mono- and Disubstituted Quinazolinones by
Multi-site Synergistic Catalysis of Novel Three-dimensional
Single-nuclear Zn(II) Complexes

XU Yiming, SHI Yiwei, WANG Xin, ZHU Zhihui, SONG Zhiguo’, WANG Min"
(College of Chemistry and Materials Engineering , Bohai University, Jinzhou 121013, China)

Abstract Two zinc-based complexes, [Zn (4,4’ -bipy) (H20)4]+ (4-ABS)»(1, CCDC: 2171834 ) and [Zn(4,4’'-
bipy) (H20)4] - (4-MBS).(2, CCDC: 2225758) , were obtained through solvothermal synthesis with Zn (1) salts
using p-aminobenzenesulfonate (4-ABS™) and p-methylbenzenesulfonate (4-MBS™) as the main ligands and 4, 4'-
bipyridine (4, 4’ -bipy) as the auxiliary ligand. The complexes were characterized by single-crystal X-ray diffraction
(SXRD), infrared spectroscopy (IR) , thermogravimetric analysis(TGA) , powder X-ray diffraction(PXRD), nitrogen
adsorption-desorption test and field-emission scanning electron microscopy (SEM). The performance of complexes 1
and 2 in catalyzing the synthesis of 2, 3-diphenyl-2, 3-dihydroquinazoline-4 (1H) -one was investigated, and complex 1
with better catalytic effect was chosen for substrates universality experiments. The experimental results showed that
high-yield products could be obtained using a small amount of catalyst in short time under solvent-free conditions.

This green process was applicable to a variety of raw materials amines/ammonium compounds and aromatic aldehydes
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with different substituents. In addition, density functional theory (DFT) was used to optimize the structures of

complex 1 and the three reactants. Through computational analysis of the frontier molecular orbitals (FMO), the reac-
tion sequence and the core active sites of complex 1 for the three reactants were inferred. The active sites of complex 1
and the reaction sites of the reaction substrates were further predicted in detail by analyzing the electrostatic potential
(ESP) of the molecular surface, the average local ionization energy (ALIE) and the Mulliken charges. Finally, the
reaction mechanism of multi-site synergistic catalysis of the complexes was explained in combination with DFT.

Keywords Zinc-based complex; Crystal structure; 2,3-Dihydroquinazolin-4(1H)-one; Catalytic mechanism; Density

functional theory
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1.2 SCIEFE

1.2.1 EA49[Zn(4,4 -bipy) (H,0),]+ (4-ABS),(1) 8 A& & FRELO. 06 g(0. 20 mmol ) -t 7K At R B Al
0. 09 g(0. 40 mmol ) X Z FE AR MERREH T 5. 00 mL 25 B F /K H 5 FREL0. 03 g(0. 20 mmol )4, 4" BRI IE
F5.00 mLIC/K ZEEH s B PIRNATRIR AR 4 2 25 mL W28, 1680 “CF [ 60 h R %,
FE, P JCECR AR, 2381, 3% ( HAREL A YN S, ST LK G mBR B Ei R = %),

122 44 [Zn(4,4" -bipy) (H,0),]- (4-MBS),(2) By & HK  FRELO. 06 g(0. 20 mmol )& /K & B R 55 1
0. 08 g(0. 40 mmol ) X} FH BLAL A TR EAE T 5. 00 mL 2% 5§ T /K b 5 FRIELO. 03 (0. 20 mmol )4, 4 -BR ML RE
F5. 00 mLIC/K ZEEH; K PIRNARIR A 5 8 2 25 mL I N 28, 1680 “CF I 60 h 5 kR %,
e, Prib e YRR IR, 77278, 3% ( HAREL G YIS, BT LK G MR EE it %),
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Table 1 Crystallographic parameters of complexes 1 and 2

Complex 1 2 Complex 1 2

Formula C,,HgN,0,,S,Zn C,,HyN,O,S,Zn v/(°) 90 90

Formula weight 617.81 635.99 Vinm? 1.33902(12) 1.36890(2)
Crystal system Monoclinic Monoclinic A 2 2

Space group P2 /e P2 /e D /(g-cm™) 1.532 1.543

a/nm 1.12530(5) 1.12602(9) F(000) 620 660

b/nm 0.82811(4) 0.81423(7) Reflections collected 19628 43157

¢/nm 1.43698(8) 1.49445(13) Goodness-of-fit on F? 1.051 1.127

al(*) 90 90 R, R, 0.0454, 0.1247 0.0502, 0.1141
BIC) 90.543(2) 92.426(4) R, wR,(all data)” 0.0546, 0.1328 0.0694, 0.1322

£ R, =3IF IFWEIF |, wR, = [Sw(F>~F )]/ Sw(F )]

BC 5 A AR AL DL L L ANIET 2. LG40 1) Zn (ID B 51 R a0 B 5 214,47 -bipy 1 N 1l
44K O JEF LA, EARSRIY Zn (10) & ¥l 4,4 -bipy B4 [ 1(A) 1. 2563 2 S A/ Bcs
AL, BB VIR R T 7S ECAL AW AT i A2 A /N TEHARZE AL . th B LA RTRUE Y, BOa W 1 TP AR Rl
. R AR AERCOLKAE N SRR, Hrh— A BAK P A — A H 5 4-ABS ZEHT Y ELAS O i
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Table 2 Selected bond lengths(nm) and bond angles(°) of complexes 1 and 2°

Bond 1 2 Bond 1 2
Zn1—01W 0.2147(3) 0.2149(3) Zn1—O1W#1 0.2147(3) 0.2149(3)
Zn1—02W 0.2152(3) 0.2170(3) Zn1—O02W#1 0.2152(3) 0.2170(3)
Zn1—NI1 0.2083(3) 0.2083(3) Zn1—N1#1 0.2083(3) 0.2083(3)
01W—Znl—O01W#1 180 180 01W—Znl—02W 89.46(12) 89.48(13)
01W—Znl1—02W#1 90.53(12) 90.52(13) 02W#1—7Zn1—O02W 180 180
N1—Znl—O01W 87.83(10) 93.79(11) N1—Zn1—02W 92.84(10) 92.39(11)
N1—Zn1—N1#1 180 180 N1—Zn1—O1W#1 92.17(10) 86.21(11)
N1—Zn1—O02W#1 87.16(10) 87.61(11)

* Symmetry codes for complex 1, #1: —x, —y+1, —z+1; for complex 2, #1: —x+2, —y+2, —z+1.

Table 3 Hydrogen bond lengths and bond angles of complexes 1 and 2"

Complex D—H---A D—H/nm H:-+-A/nm D:-+A/nm /DHA/(?)
1 OIW—HIWA---0(1) 0.085 0.193 0.2765(4) 165.1
O1W—HIWB---0(2)#3 0.085 0.204 0.2861(4) 160.9
02W—H2WA- - -0(3)#1 0.085 0.195 0.2792(4) 170.9
2 02W—H2WA - --0(2)#3 0.085 0.200 0.2817(5) 159.6
02W—H2WB- - -0(3)#4 0.085 0.213 0.2859(5) 142.9
OIW—HIWA---0(1) 0.085 0.214 0.2827(4) 137.8
OIW—HIWB---0(1)#3 0.085 0.220 0.2878(2) 136.6

*Symmetry codes for complex 1: #1 —x, —y+1, —z+1; #3 —x, y+1/2, —z+3/2; for complex 2: #3 —x+2, —y+1, —z+1; #4 x, —y+3/2, z+1/2.
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Fig. 1 Molecular structure(A), coordination environment of 4-ABS™(B), 2D lamellar struture(C),

and 3D spatial structure(D) of complex 1
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02W—H2WA---0(3) ]. i@ & 1(B) H 8 B FTRE i 0 o0 48 Zn (D AHE , DL AP 5 X8l
N HEERREHIE1(C) ], MG 252 S gl = 42 [RIHEZR 5/ [ 1(D) .

BCG 0 2 0 SRS N SRS R ST A9 1254, [RIFEE Zn (1D B 5 24 N JEF- 1 44 O JE£-ic
HETE AT AR N IRHARZE R, IF H S A AP s [ 51 2(A) 1. 4-MBS I ECA PREE AN 2(B) o, dE i
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Chem. J. Chinese Universities, 2026, 47(2), 20250225 20250225(10/17)



Jd B3 s Ky ¥R
Eu CHEMICAL JOURNAL OF CHINESE UNIVERSITIES

A B
®) b}_‘ . ®) ¢ et
< r” ¢ a
81 & 0* P 4
¢ I =y O;,‘Y-W—Q\
: " Hl;i ¥ “"”‘ ‘o‘
! r " °‘\WS 1WA . l
¢ e L

(© o
O O O OO S 020,
e, HeE, ST
SRS S G ol Ko Fall Na g ad
LS SOR NS SOR NS
0O OO SO OS SO0,

Fig. 2 Molecular structure(A), coordination environment of 4-MBS™(B), 2D lamellar struture(C), and

3D spatial structure(D) of complex 2
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Fig.3 FTIR spectra of the ligands and the complexes
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WU, 820 em™ &b Fy AE R XA BUF G BRME UG 5 697 em™ g C—S S (AR R B e s . b SRR AE s 1Y
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(1593 em™) KA T RS, HEDIE HFECOLAVE FH S B 5 568 em™ bk Zn—N W igide 2 0 IR FRAE I )
TEAERWIE AW 2 TP &4 4-MBS %L1 H 4,4 -bipy 5 Zn (1D Bt .
23 MBS
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gl KO 25 (SR AE 11, 17%, FRIE(E 11.67%) ; 1£263 CZ G & 2RI MY, k24,4 -bipy
4-ABS LK . FLA ) 2 7E 30~147 CHE — AR B, X0 FECA 9 h 45 ok i 2k 25 (Ll
12.24%, BREAH 12. 33%) 5 7F 196~303 “CIX [A] M55 — AN KB B, X T 4,4 -bipy B A2 25 (5256
{822. 34%, FRIBAE 23. 36%) ; 1£303 CEHIITHEYHE , 55 4-MBSTEA . 455050, BlaW 1 B9 ik
R (263 °C) HUHCA 1) 2 BRI IREE (196 °C) By, HAA AP AR e Tk .
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Fig. 4 TG-DTG curves(A) and the partially enlarged TG curves(B) of complexes 1 and 2
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Fig. 5 Powder X-ray diffraction patterns of complexes 1(A) and 2(B)
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Fig. 6 SEM images of complex 1(A, B) and complex 2(C, D)
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Fig. 7 N, adsorption-desorption isotherms and BJH pore size distributions(insets) of complexes 1(A) and 2(B)
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k-4 (LH) -BR AL RCR FT LR Y, BCE 9 1 O PERE S (Entry 2). DRIG, 42 R RATHCG490 1 301 T

T VL. SN [R] BrOR N B AN [ U RR (55 e, JE5 T 16 Rl A bm =4y, 7 5B T
80%. PITIEAAAFIAA, J5 B WETCIE Rty A7 W 7l I 73, AR RE A M HEA T

i i Complex 1 or 2 i zRIH
@i + RINH/NHOAc + po @)\H S lomp s ©:‘LN (1)
g o P olvent-free, 60 °C g | \—R2
=
Table 4 Investigation of the universality of the catalysts
Entry R' R? Catalyst Time/min ~ Yield(%) m.p/ €
Found Repored

I 262 46.2

2 CH, CH, Complex 1 20 92.3 214—215 214—21516
3 CH, CH, Complex 2 35 88.2 214—215 214—21516
4 CH, 2-C1—C,H, Complex 1 35 87.1 217218 214—2171
5 CH, 4-Cl—CH, Complex 1 34 85.8 219—220 219—2201%
6 CH, 4-CH,0—C,H, Complex 1 40 89.1 204—205 204—2051%!
7 4-Cl—CgH, CH; Complex 1 32 84.1 211—212 210—2121%
8 4-CH,—C.H, CH, Complex 1 37 82.6 197—198 196—1991%!
9 4-CH,—CH, 4-NO,—CH, Complex 1 31 90.3 213—214 210—2121%
10 Et CH, Complex 1 67 82.3 135—136 134—137"
11 Et 4-C1—CH, Complex 1 31 80.1 134—135 132—135"
12 Et 3-NO,—CH, Complex 1 19 91.5 177—178 176—178"
13 NH,0Ac¢ CH; Complex 1 28 92.1 219—220 218—219!14
14 NH,0Ac 4-Cl—C(H, Complex 1 24 86.4 206—207 205—206'1*'
15 NH,0Ac 2-NO,—CH, Complex 1 15 91.4 193—194 193—19411%
16 NH,O0Ac¢ 3-NO,—C,H, Complex 1 18 87.2 215—217 216—217"
17 NH,0Ac 4-CH,—C.H, Complex 1 23 88.7 232—233 233—2341141
18 NH,0Ac 4-CH,0—CH, Complex 1 26 90.4 192—193 192—1931*

* Catalyst-free.

2.8 ETZFEZRIBILHENRNHIE

28.1 H&STHE N LERTED THE (FMO) W, BT 2Z (81 BY S 16 5 — AN T s o5

P54 F 1B (HOMO) Fl 575 — A0 F B AR 5 3 27 FUE (LUMO ) 2Z [R] (A RE f: 22 B0 B, B HOMO

5 LUMO (22 E (AE) /N, SO0 16 Mm-Sy 2 480 G W 1 LE AL B G s s AR ) 52 107 H )

FAER, DABELLERET( 1) 28 CID) AR FECID) A, X 3 s iz JFURHRITEC &40 132547 FMO 43 BT 311

HAR A AE(E ). MEI S BTHALE R AT A, BLAY 1 SHe Ll BRI 1) S L& Mk, SRS IR
-

025 LUMO HOMO-LUMO AEleV

0k "83 o = HOMO HOMO(IIT) - LUMO(IT) 7.19
ok . % HOMO(I) - LUMO(II) 707
-1.88 9:‘6 e HOMO(I) - LUMO(III) 6.05

- 2r ”2. .4 __2'30 &'Q 124 HOMO(III) - LUMO(T) 5.06
23 . R 213 4 HOMO(III) -~ LUMO(1) 4.64
g L & 2 HOMO(1)~LUMO(II) 4.63
= 9.5 S~ HOMO(II) - LUMO(III) 463
=in .4 ' HOMO(I)~LUMO(1) 452
%L :é, -539 % HOMO(1)— LUMO(III) 3.61
Sl . P HOMO(II) -~ LUMO(I) 3.51
—6.82 ~6.94 HOMO(II) - LUMO(1) 3.09

| 1l I Complex1 HOMO(1) -LUMO() 2.50

Fig. 8 Energy map of HOMOs and LUMOs of isatoic anhydride, aniline, benzaldehyde,
complex 1 and AE(HOMO-LUMO)
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BoA9 1 520 | Besl BRI SR e A VSR S . T DAHEFE AL S D R rh e A4 1L e TE 1k
BELLTRIT AR, ELAE RS 0 SOy B BERRURATE S B W A 7, 7B R RE T =21/ TRl 48 45 T

i & 8T LUA i, FLA W0 1/ HOMO 225341 7 4-ABS FLAA b, X i 15 4-ABS FE 1R I 2B %
PE; BLAY 110 LUMO E2E0 M0 7E 4,4 -bipy . 048 Zn (1D JH I ECALK b, X S8 X I8 H 5%
HPE, BRIIEHENIBC A9 1 L0 4-ABS FEFE AL S 2L BR B ( 1) AZRHEE (D), FCA91 L 4,47 -bipy, H
U4 JE Zn (D) J HJE Bl e 2K TE AL R (TD).
2.82 VEMALAL R E N O T S AR A I A 1S L R SO A, SR
DFT H# B3LYP/6-31G (d) FELH P AL BF L7 SR A0 0 JUATA Y, 15458 T FLA 9 16 Mulliken Hi faf 43
A ($25). fi F Multiwfn 854 VMD 28, A b A2z 1 BC-&40 104313 1 i 38 (ESP) 43 A BRI
-4 R B AL BE (ALLE ) 45 (A 1) 73— 2R 11 &1 (141 9).

Table 5 Mulliken charge of part atoms of complex 1

Atom Charge/eV Atom Charge/eV Atom Charge/eV
Znl 14.56 04 -22.64 010 -17.09
S1 33.42 05 -19.35 N1 -9.09
S2 33.36 06 -16.74 N2 -12.03
01 -22.18 07 -15.81 N3 -9.28
02 -23.37 08 -17.36 N4 -11.73
03 -20.79 09 -17.52 N5 -10.62

GY) ®)

'v

ESP/(kcal mol ") ALIE/V
55.50 0.89
36.90 0.72
oﬂ:uW’ 16.12 0.54
037
-25.63 0.19
( f —46.50 0.01
© . -3642 ®) 3103 : E) .
9 ESP/(kcal-mol™") i~ - ESP/(kcal-mol-") > 7 ESP/(kcal-mol-")
! 55.60 34.84 9 W/ 19.63
(: "(‘ y 36.88 ‘P‘i{a( , 4 |1 2167 r: a9 8.54
o 9 18.87 J 840 L LW 254
( ¥ L2 055 " 468 ) V| 1363
’ -19.26 3 ’ -17.86 J v 2471

S :’ > 3798 3798 2871 p —31.03 . 35,80 M -35.80

Fig. 9 Surface electrostatic potential diagram(A), surface-averaged localised ionisation energy colour-filled
plot(B) for complex 1 and surface electrostatic potential of indirubic anhydride(C), aniline(D) and
benzaldehyde(E)

1 keal*mol™'=4. 184 kJ-mol ™.
K9(A) BIIEY 1Y ESP I, 2160 A URIE RS, O XKBARAFHRE, HhiERpAL
Ot BAE O Zn (10D M 4-ABS LA E 19 S 1M, i it #42 th BAE PO 627K 119 O Jt 5~ B
7E ALIE LA [ E19(B) [, ALIE B/ XA P AE LA 1 AP BCALK B9 O J5- A1 4,4 -bipy FAYN
JEF M. 454 ESP. ALIE Fil Mulliken H3 i 73 AT 25 R Al AT, 042 J Zn (10 F1 4-ABS 2R _F 19 S1H1S2
E R FOIK B O JE-H 02 T L3R 58 5 4,47 -bipy Y N2 B s 34eam , (A L FRC Az K i
O Ji 74555 , PRITEMEAL SO Fh BT RAE RN, B2, BEA W1 4-ABS 3] FRY S+~ 4,4 -bipy I
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PN S H042 )8 Zn (D FIFALZK Y O SR RGP0 s, RERE 200 s DRI AL S kA T
Ryt — 25T 3 RPN S, AL DFT, 78 B3LYP /K- 454 6-31G (d) FEZL X BE L BRI
RPN R A TE5 R A, Sl ad ESP AL S AV A5 . BELTERIT . 2R M AR F i) ESP 3 (18] 43
FILE9(C)~(E). Horbr, SEL1 R AR FH 5 A i Ff i i SR s e A [ BT 9 (COFI(E) |, TR e
Sk ER H R HABR ) IE RSB 9(D) |, i DEHEill, §E 21 FR B AR B ) Jik U1 AR e
FE) H TR SOV AV A
283 EAMIEENERIE 2550 ELRANTE LR, JARIE SCkIRIE ML A AL 2, 3- A
MR R4 ( LH ) -FATT A= 0 A AR DCHILER % HEBC & LA AL G % 2, 3- R 5k -2, 3- A WE -4 (1 H ) - il
AT BEAY S HLEL AN Scheme 1 FT/R . BCA 0 1B S B FAE NSO TG AL SELL BRI ( T ) Fh AR FL 4,
T 6 £ 1R T P e St J - SR F M o, (TR ) 5 R A e A iy . RIS, BG4 1 R i
A7 5 Zn (IDF1 O JEFIEARRE (1) 2 0 H R . 1 A0S I SELLR I SR M4 6, R —1>CO 0
FIa AR A ML, ZEHEE (T o AR SR e TG S S IR FIE ARG , S AR M1 740 &, K
JEAS | A A M2, Hp a4 M2 R IR ER S TR A ELAS AR AR, Az P AR M3, Hr iR M3 Y R
SR e R P B Zon (D) V6 Ak, (5 SV Jre i it~ 245 Hh Pk e, 0 T 30 o RO S etk 19 93 P S A% ik e Ak
JrhalfA M4, T, A MAE S B IE R B AR (V). Z5 R, Bl G4 1 a] 200 S bRl
AR OB IEAT , T T3 1 S I ™4

9
Dunm @ o -
*
JS @ C J‘,‘a.‘a‘a‘
g2 ?
9 H 4‘0) “‘J
° e
N/ \q’t" Complex 1 o9
fi 30 1N . IVJ 9
@ 9
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9 & 228 9
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Scheme 1 Reaction mechanism diagram for complex 1

3 &

AT PR AZ A : [Zn(4,4" -bipy) (H,0),]+ (4-ABS),(1)F[Zn(4,4 " -bipy) (H,0),] - (4-MBS),
(2), XMIEIAT T RINFRAE . DMEACREAFBCE P 1 AR, 7260 C. TCIE RIS, L =414)
C—ERTET R T 2R BN, 2, 3- T MR -4 (LH ) - . 2 AR RO i FLAE AR R
A E ARG, BRI, SN B ICTE (A # A I, Sk ( m R v e bk B2 it 1
Brigte . [FES SR DET AT T A SR B A O A9 VA0 3 B0 SO I, 3 3 FMO F0 Js2 o it 3
FEA 1 B OISR X 5 3@k ESP . ALIE F Mulliken H 7 4345 BEAN TN 1 0G40 BTG VL7 55 3l ik
ESP T 1 3 Fh S5 A B SO W ASE A, FHEI S FE 590 1 200 a5 BRI A A BB RSURUR ) 2, 3- — A s
W4 CLHD-FR /R FALEE, =E& T B AP 1L 5 s nas b i i BE S A5
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