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Progress in the Synthesis of N-Fused Heterocycles Catalyzed by
Nanocrystalline Metal Oxides
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Abstract N-Fused heterocycles are an important class of organic compounds. As a basic scaffold of a wide variety of biolog-
ically active alkaloids and synthetic pharmaceuticals and agrochemicals, the construction methods of N-fused heterocycles
have attracted much attention. Significant efforts have been devoted to the application of the nanocrystalline metal oxides as
heterogeneous, efficient and environmentally friendly catalyst in organic reaction. This review provides a summary of the syn-

thesis of the different kinds of N-fused heterocycles in recent 5 years catalyzed by the nanocrystalline metal oxides.
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o S 35 DY SR IR RO i HE R B RO EE s 8L A9, X
KT 2B RIS, U ERFHED 6
W, RBTE VLK R 24 Rk AT, 58 =4, i
LHBETE HH PRI [F 9K A S AL R, R4l
K CoFe,O4 1 8 [1) B 21 B + W 1& ([CoFe,0,@SiO,-
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Scheme 1 Synthesis of N-substituted pyrroles
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Scheme 2 Possible mechanism for the formation of substituted pyrroles catalyzed by ZnO nanorods
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Scheme 3 Possible mechanism for the formation of thiazole derivatives catalyzed by MNPs@SiO,-IL
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Cat. C: Chitosan-coated Fe3O4 NPs (0.05 g), EtOH, reflux, 2 h

Cat. D: sulfated zirconia NPs (25 mg), EtOH, reflux, 75 min
Cat. E: Al,03 NPs (20 mol%), EtOH, reflux, 25 min

NH R% Nanoln,Os (5 mol%) M
e gaNano 3 (5 mol%) N/\g\
R “NHpHel T ON™ S i s R
H
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Scheme 4 The possible mechanism for the formation of substi-
tuted imidazoles catalyzed by In,O3 NPs
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Scheme 5  Synthesis of triazole derivatives catalyzed by
Cu(0)-Fe;04@Si0,/NH, NPs in water at room temperature
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Scheme 6 One-pot synthesis of benzimidazole derivatives using different nanoparticles
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_O
NH ZnO NPs (0.2 mol%)
4O s (0.2 moT,
NH * ball mill, 600 r/min
2 NO, r.t, 22 min
OH

(13)

ZnO NPs

2.1.3  RIFELEG SR

2015 4F, Heydari S5P°SR B —Floi 103848 6 R 2-
BEOR I MEMEAT AR, I FH AR IR i R R SRR R D
KBl B I90K Fes04 [Fes04@EDTA-Cu(Il)]
7, CAZKRVE R, a3 2] B AR =1, 1% B A A
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ZAF IR AN, (AL AR TR I N E Y R = 20 %
(DABCO)FEs a7 PU T 3 AL 5 (TABA), i [ N & 4%
2N AR TN 2- SR A TR e (1) — Fh L 27 VA(Eq. 14).

@NHZ ©/ N\‘c\\S Fe;0,@EDTA-Cu(ll) NPs
+
| o H,0, DABCO, TABA, 50 °C
R

7R

N — 14
O .
S

2015 4, Amoozadeh 25 E LA 7 46 N PR 1
BIGIK TiO, Ak TR AL 2-Z A 1 F1 05 7 I
KWAEYE AR FFEMEEATAEY), 5E AR T AW
FEEERNIEE S R NEE R RIFR =%, 2016 4F,
Bahrami ZPHFEFEGIAGK TiO, E AT, 5 H0,
e [] e 2 IR e A 24 S e A B SR AL 5 0 1) S (B
15). JEEMr AN EUR FIAR R G 8l 2- R K m I 5 R
IS B EY). ISR 5 8 A4E, FDOEIR 50 C
TRML, RMIEFEG G/, RS [A]HE, PR R
AN TRV B J5RE 5 B A 4 v 7= 3, HL 2 3 — 20 SR BRiE
B, 5 EANE T A AR S 2R ) F1 5 B 6 ORI
TR S ).

NH, -s N
X =S:Cat. A
@ +*Ar—CHO — = y—Ar (19)
XH X =NH, S: Cat. B X

Cat. A: n-TSA TiO, NPs, solvent free, 70 °C
Cat. B: H,O,, TiO, NPs, solvent free, 50 °C

2016 4F, Paul ZEPIERERH Cu(0)-Fes04 A —
A HE_E[Cu(0)-Fe;0,@SiO,/NH,] (Scheme 15)H 1] {8
AT G5 #40) B B AR AL TR — Bk s B i 2-BUAR I 2R 5t
WEMESRAL S ). AL ST 6 I fe A Ve 3 ]
A, RBAEAEFRI AT, XMEBROTER S BH
W& A 52 (1 N H (Eq. 16).

NH, CHO

S
| JJ\ Cu(0)-Fe;0,@SiO,/NH,
+ +
HaN™ "NHa2 - K,cO,, reflux in water
R
N
O
S

2.1.4  EEA XSG LR

A R 2 30 2 T gk E AL TORLfE ke g R 2R L
YIRIA R, JERNEF AR R 1,2- I A,
RIE T FIEALFIA Fes04@SiO,/ i B2 gk 7153,

http://sioc-journal.cn/ 561



BIHE

gk Zro, AP, e N L ER Ak Zeo, Rkl
WL (ZIOL,@SMNP)L, g2k Co ki 718, fi#k#E Sio,
T L T4 B e L gk Fe;04 ﬁ*ﬁ(FQO(;@SiOz-imid-
PMA)P4(Eq. 17).

R NH, O
[SARSIEh S SOl
NH, 07 "R’

2014 4F, Lee SR 4K CeO, AL i AU HEAL
ZHD G 2-AIEEIRMRAL G, [RBJFR AR =
. JiEME . RRERATAEY, KMBSREE, JFE
AR, RSSO R ERERNZ, HiE
LN E S 5 =00 RN, EA AT
L FIEIAG SR S, T2 3 1 FF3A B b2
MR G, BERAEGUR AR T i, 1521
12 185 5 5 7 1 e P SR A AR L A ol [ A S o 3

O

/ H /
I:::I: :I: CeOzNPs H,0 \\v

o]
NH,
CLe Clror ot
NH, N

\

CeO, NPs
8 Q

B NE, e A A A R VR IR A A . AT DU 4
YR AL T2 5 1 3k R K ER A T % 1] 44 (Scheme
8).

2015 4, Wang 250t & W — Fi A FLER 0
Fe;0,@Cuy0 PIKRLTAE N B VR IR Ak & P 1) v 2K
A RIS, IR A AL ) 9 & B R MR AL A PR A T
W&, KA ERS AR e Mim e R a9, I
SN — & JE e (DMAP) A% R 4 (Cs,CO5), 1E F
RN TN GFAT T BRSO R, AL AT R 22 vl A HLik
PRVER, A0 e B R R R B,
M=% 9% (Eq. 18).

2.1.5 ek H-BRRER R AL A4 89 A ax,

2012 4F, Azarifar ZE5 FH44 K ZnO NHEALT)E K
T — RIS B A A, Z 5k B N [E]
B, e E A EE T L S AR 5.(Bg. 19).

0 2

NH,

HRZ,
< Y
s 1
NH, CeO;NPs, H,0 v~ N H/R

P
+ —N=C

S
Nm

Ce02 NPs
N
© X I@
~
NT N
R

B8 K CeO, i HEAL & IR RS AL A L HE ]

Scheme 8 The possible mechanism for the formation of quinaxolin-2-amine derivatives catalyzed by CeO, NPs

NH Pz
? //F%m@pr%JMQSh
NH, tuluene, Cs,CO3, DMAP

/ Ph
ol
/

562

ZnO NPs,100 °C
solvent free, 14 min

CHO CN
+ +
©/ NC)
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(ji:é%m (19)
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2.1.6 Kok ateg EAL A4 09 A

2015 4, Foroumadj 25| X\ y L) Fe,05 40Kk
TEALF] y-Fe,05-Hap-(CH,)s-NHSOsH, 7 T I 77 4+
T, FIH = — s 3E BT — W ke ik g
R P A R A E (Eq. 20).

(6]
N y-Fe203-Hap-(CHp)s-
YL ok R
~
Cl N/ N NH CN T Salvent free

2 Solvent free

G (20)

2016 4§, Shrivastava 25 plTh e AT [ Y (i 54
oK ZnO fEALTT, 76 LBERERIRIR I T, ST
— 2RI IEL e A 3 1) DK A S L g R 2 IR B, XK
B RBGRRERE R B, SN A) b A7) 3 AR AL
WA PR ED, RN AFRMICEE, SRS T
IR ORI itk e A S RIRTAEI(Eq. 21).

RS

1 2

R R o »

N O o + CN-R®
~)—CooEt N7 NH,

CHO
R2

,
ZnO Nps (10 mol%) R @N,N\ COQEt
EtOH, reflux — N—R
— (21)
NN
\ 6
R* ~ R

2.1.7 el Febed KA A 4% 69 A A%

2014 4E, Das 2O F R @& 1 SnO, = F L 2
EUAR (47 ML 1 L e 18 R AR 05| WA 2R A7 A 400 1) 5 RS
TIRGFHRCR, BT R =ANEE RSFETE 100 nm L
THIZKI R, BT A BE V2R . AL
FIR b I HL = e 2, W AN A AR [ ) JE R E

AFRTESGK SnO, FEFX AL I BL AR, 45 %
B RAB) SnO, BT AL SCR . AL E & AE
R 6 I A gz HAE TG PE(Eq. 22)
22 BEZTMHNEARXTLLUEYNER

2013 4F, Majee S % i+ — R4k CuO i1k 505
WE IR R AL B A T i, IRONK IR Bk AT. K
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CO,R?
2 (6] R3 o R3
R1—NHNH; + Il’ + \©f&o + <
) % N CN

uncapped SnO, QDs (10 mol%)
H,O, RT, 25 h

S R R EAGTRSS £, 20T S Nk B 2
R TR RAE R, MR ROSOE L), MEAELR
BT, 2- FH B2 28 YRR AN SR AL B W S, G g U fre A
75 N SRR B B K 72 3, SR AR AT DL
AR Z IR, TS0 e R R 2R AL S P 2R
B OTEAE Tolk EA IR R FT AT 5¢(Eq. 23).

\( HO
ot + RNH,
|
o (0]
(0]

R = aryl, alkyl, heteroaryl (23)

Nano CuO (5 mol%)
Water, 10 h, reflux

2015 4E, Yavari 05 7 — R AL AR ARZ 5T
25K 1 9 KR AL 7 Fe;04/Si0,/(CH,);N "MesBr;
FE TG0 1R 2 A T AL S BRI T AR % POk A R 1 i 552
HRPRERMEY. BTG, KR4k T
SIS A, BT PR SR RYE R, R
PR I JE A ER TR B, RO SR B U IR E )
— T 75 (Eq. 24).

NH2 NH2 iy NH,
. Fe304/Si0,/(CHz)sNMe;Bry
Solvent-free, 80 °C

2015 4, Maleki 2R FIRE1E Fe;O4 BL T 18R AE 5
FhE LA NMEALR, EEMPN&MSTE0 C, L
RNEFN) AL 2-F IR I Ey, 2-Z ARk, —H
HIR T 5 RN 5 B B, — BTk e R A 2
VU IR B8 220 2R FE IR v s R IR 2 AL S 4. X AL
FUXSAEE TG R el [ 2 i A, 3 B4 BoriEREE
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R A, W SR g T BRI,
fai . 5 B AE, P FE(Eq. 25).

O Fe,0 @chitosan
_mesY4@chitosan |
NH; + +
/>_ 2 é y EtOH, 40 °C

=
Q o (25)
]

AR VR AR ALAE A0 K <5 S A DAL £ 3 e Pk T T
AW AT SIS — S R R, EPRR R S AL S A
FURFRR K &5 SO0 B R R R I A S R 5] T &
JRBIETEE BT 2 k. AREAE K CuO JufiEfk
A, BELLIRET. DT EEE. JTEBONERL, WA E T
2}%MQWWM@%WM%%%%,éﬁ%%ME%
W EATT TR N EIRIS, 1527 3 A7 B menpk
MG, FIAGK CeO, NIEALTA AR T R

_RINH,

Nano CuO, R2CHO

60 °C, 10 ~ 30 min
EtOH/H,O
NH4C| Ultrasound |rrad|at|on

) Ultrasonic irradiation, R'NH,
NMP 70°C, Nano CuO, 1h

(2) CSy, reflux, 1.5 h

COOH
« I
0 U CHO
d\N’ R'—NHNH,
H EtOH/H,0, reflux

Nano CeO,

Mo s s IR R 288 0 5 T8 R 3Tk e v Ak R D 4k B
WL XA A AR — 8 (BTN P
HIVEF, R A AR B 7%, TEG K S0 A {1k 2% A
NS BIBAC KRR R S, 1R E R RE Y
SR A & R RmEIE Y, R4k Tio, AL R, #E
CLFRTEF 408 PP Bt 2 2% R R 40 o) 5 IR RL R iR & 1 S R,
T A5 281 A R S PO I S 3- P e e A ik e - S5 M|
WEER AL AU, X LR & O I RS R A, A
TR, [EIIEUAS 8w ) 7 2 (Scheme 9).

3 &
2 TR, 99K 4 )8 S R Hob Rl G i % L 2 TR

RS, R AR AR T 1 AR B 5 P A0 s A
Wi F R AN 2 FhE BB M S & e, 3T
FRGK 8 A AME B BT U E AL, 87T A
G H A 5% S B AR D HEAL TR, (8 HE A 0 FEL KR S8 .
BEE NS 2RI ABIT A, A & O 72 AT IR
2R, MR DB, BEEA. K0 SO
ERITE SRS TR TR A, B ) A A
REAC TR AL A & T3 T LR B B i 5t

O - R'NH,

V(EtOH):V(H,0) = 1:1
reflux, 4 h, Nano CeO,

]
R'—CNHNH,, R2—CHO
EtOH, reflux, 5 h, Nano CeO;

COOH Oy
0 _N__R!
0 N
CHO . R'—CNHNH,

EtOH/H,0, reflux, Nano CeO,

BR 9 AVEAEHI A B AT G R R 2 5 R R S

Scheme 9 Synthesis of N-fused quinazolinones catalyzed by nanoparticles in our group
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