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M OE O EAEERG R EG T MR B 4N (pomm) () FDU-15 A 5L & W M kL. RIS
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TLAMT —FRF03,4-"FWEKE-2(1H) WA A 9. %48 T MRS (8 00 K BRI % Biginelli 52 R #4521
HHRE L BE SRR AR RAETCH A 90 CHnEA 1 h § 4 4F T RO, 3 ,4- A e -2 (1H) -Bi 977 F 54 91% .
PRUFT Biginelli AT B8 #9 KW ALBE . SE0 45 R UE M, FDU-SO, H AU E A AL I Pk 5 X BR85 A0 4 B 78 25 R AR

SE AL AR, T LT 8 U A7) B DR 10 S i A 0
LG, WKL, Biginelli SR, — 4k

KR

AR AL S VAR B A% s o T4
B, HRA MR B AL MR LA A 2
B H e L BE B AL A M 2 A
P A, ] A A o 18 i T B Ae A FLE B
FIASFAELLTE TELL 53, B s I BEAL A 7 A AL A%
ek VR A A 5 Bl B 2 B 4 s MR AR, mT LA
R AL BRR 3wl R A SN, AR AL T
PR 24 & JSCAT R i 45 A0 4 0 T LA B /ML AR Y
WA TV 2T IE W, DR A AL R
T — Se AL S 0 HH BE 45 5 AR AR B AR A AL 19 18
AR 2B OB B AT T R R R AR

3, 4- TS M E 2[R AT A2 ) ( DHPMS) J2 3 4F
KAYIHR G WU MR Z —. B EE W
2y AR BT Z B TR A A T A el
UECIEC I b I  wS  E R R IR
K'Y S AARSE U 55 , OF HAE U ST B BT
RS GAE  T RRRTRCT ERER
MAL“ERK Biginelli, 7£ 1893 4F H KA IR H I . &
Mt LR ST AR R AR R IR AL 25 1F T T 2 vp
IR 18 h & R A B T 3,4- S hE-2-F AT
AW AR R, — B 20% ~50% , H1E

SRR 450 N . B E DHPMS 52 A 1 &
WX RAA WA TR T AR K%, A
i1 T 4w Biginelli 520y 7 38, AT T K & 1Y 58
GBI 58 TA K Bl i 5 T U O Wk A ek R A
HFE AN 7 T — 2 A A R 9 2ok, ] Bronsted
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SOH'™ REREA" (B TR B IE BT
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BT A= 90 s — 02 WL ¥ AR AR i B 7S G R
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TR R W 755 80 IR 4 A AR AT i A ATTF
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I 3T FR AT ) AT AR A% S Al AL ik 2D
il TR ek A Y A fLER & ¥ (FDU-14-
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& Biginelli reaction [z Ji H ) b FH A WA IE , A Ut
FATR B R D) BEAL A TP A FL IR &%) FDU-SO,H )i
AT — k" T & W 3, 4-7 &0 g2
(1H) - B H A7 4 ¥ 1Y Biginelli reaction H7, % 2%
AT A AT
1 %S
FERF SR
Ay R NaOH R 206 Bt - 3R N I k-2 &
Wbk =i BOR B (P123, M =5800) | J7 i |
LTt SR PR R R B bk B FH 350 2 2 23 B 4
g A 24 4 AR 22 R A R 7. SR ] Bruker 23
A] D8 ADVANCE X-Iff £ ¥y AR A1 S AL ( CuKae 2y 5F
2R, A =0. 15418 nm) . H A HITACHI 2\ &) 19 S-
4800 R 414 L T BAOBE L X-5 2 M U R AR A
Bruck-400 Y #% f% 3t 3% 1 . Perkin-Elmer 2> &) (19
Perkin-Elmer series 11 2400 CHNS analyzer {¥ #§ JG
OB A 5E
1.2 FRERINEANIIBREUWHEM

FRAJE LLRT AT BT 41238 /9 & i 7 kil 45 FDU-
IS A ALAPRE 2 0 28.0 g ZRMFI 71 g Y RE I
W (38% ) 43 HIMA 728 g 0. 1 mol-L ™" NaOH /K
W, AE T2 CHEPE 15 h R IR A B OB IR 58 6 0
W, AR IR A T WS A0 3 2085 A C 1 38 S
10 5 K Tk - 50 TN s Tt - R 00 Tt = B RS WK
W(67.2 ¢,700 g 228 7 /K) b, B B0 IR 5 9
WA WS H P 64 CHEPE 120 h A1 72 C i $£48 h.
WG g, 7E 80 CF TR IRE AR,
15 350 CHAFM T XI5 6 h 1345 8 FDU-15 4p
LEEW ).

i 3 — b R AL A AR AL R T S
i FDU-SO,H. Bt 0.3 ¢ FDU-15 &£ & it A U 5
LANFE T R4 S mL 50 wt% SO,/H,S0, )%
HL7E 60 C YR BE R RN 24 h filf £k 5 AR
FDU-SO,H £, UK (> 80 C) e B pEfsift:
ity - B R 4 56 R AR T B Ba® T ARG TR B 8
WP SO, A7 7. it 9k A 4R 45 5 FDU-SOLH Ff
il -
1.3 Biginelli {& 4\ &

#4450 mmol ZEH EE 50 mmol Z B 2 B8 H g,
60 mmol JR 2 L K 0.4 g FDU-SO,H 1f# 1k 51 43 51
A = VB R, 76 90 °C R R 4 I BATE HF 18] 375
Y] R NEEE P IR 2 S L A 100 mL
VoK TR Al 8, I F UK OK 8 3% i 0 H O A AL

1.1

ditt , PR AL ™ 5 S i AR R OTC K 2 B b e P U
A AL R Ak R 2 B 2 R R B S T4, A4S
TR S DR N HEAT 45 & R ]
A5 I B G0 S0 A TR R X 7 5 3 A
M, B B A 5 SOk i (1 — 3. AR &Y
3,4-" S BENE2-FH (£ 3, Entry 1) : mp 203 ~
205 °C; IR ( KBr, v): 3245, 1725, 1641
em ';'"H-NMR (D" >d,, 8§):1.09 (t, 3H), 2.24
(s,3H), 3.95 (q, 2H), 5.15 (s,1H), 7.17 ~
7.33 (m, 5H), 7.75 (s, 1H),9.20 (s, 1H).

2 #HRE5ITR

2.1 X S1&475f (XRD) 247

BT 43 5 45 T B AL T SRR R /N f XRD
ARG . FDU-15 A 4 19 XRD ] 35 i &
WoR T 3 A fi e, B AT N B d E 5 R
7.93 4.64 4.10 nm, 4 NA)E T4 FF iS4k
¥ p6mm XFFRAERYL10] ([ 111 [20 ] & i /) £ A3
SPug (B 1 (a) ), 280 fifh Ak S i 4 31 /S BF 45 FDU-
SO, H #Efh /R TIHJE T 4N 45/ 1 3 AT
S0 BT SE N B d B4y R 7. 65 4,42 3.91 nm.
R SC R I 130 09 I O 7 e
XRD 3% [ rh Z 4 75 75 G5 F 1Y [ 10 ] 5 T8 Fir X 17 14
d{EIT5 T FDU-15 F1 FDU-SO,H & 1Y & Ml 5
B, 45 BCHE 43 5 R 9. 16 8,83 nm. AH LK T
FDU A AL G W BER it AL J5 4 b Y o B & 450
VANNY R SR T G4 S N T
il i R 2 il A ao 2 S ORI 43 B K LA HL
ZRB AR R . SR, B Ak S AR S XRD A7 5 08 475 R
FRSE T A P 09 —4E75 77 (pbmm ) 4 FL 4514 UE
WITERSE AL A FL 2R & W i #2 b, BEAK FDU-15 4
LR B W I 45 1 A WL 25+ 45 B AR 4 i) FR 55
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Fig. 1 XRD patterns of (a) FDU-15 and (b) FDU-SO;H
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2.2 FHEBE(SEM) 5

K2 44 T FDU-15 fil FDU-SOH £ & i
T W 2 B, B SR AL TS TR AR A
AR 18 e R E AR ROE UKL ZH 1, b 18 i AR
IR FL I B WA S i I 5

Fig. 2 FE-SEM images of (a) FDU-15 and (b) FDU-SO,

2.3 BMEMHSH

FDU-SO,H it 47 IR i 1Y 7€ 73 B 72 >R H]
i s b AN S 7 vk BEAT 43 A, 45 2 FDU-SO,H iR
o4 2.0 mmol/g. ¥E— X FDU-SO, H £ i £ 17
TSICEDMH,BERERKS SENTL.9 mmol/g.
Ak, FDU-15 fitfi A Hip FHA AL J5 9 204035 (&1 5 SOk
PURGE M — 20T, X F FDU-1S B iy, FDU-
SOH £ AE 1030 om ™' 4 B 8 22 Y — A 3 1 1%
Wl 18 Tl AN LR S P iR A S =
O T X PR A 4 . S 56 45 SR UE ] B 92 Ak 0 i 2 5|
AN LR G FLE D BIE R T K& Bronsted 2
PR
2.4 fEAMBEMNFAR
2.4.1  JIBHIBR X Biginelli J2 v ) 5% i

WML PR, 7 ERE RR LW LR PR &
AR TR0 B8 TS NE e AN [ 50 A 77 i 1) 77 38—
FECH A 3% 05 F R K L LB & R LT L FDU-
SO H Y ¥ i 7 F f i/ o4 91% (Entry 1) ;110
Entry 6 ~8 F=REAK 05 65% 65% F1162% , Vi,
BRI X Biginelli Sz W A AR K /4 82 . FeA]
HEM X 5 Biginelli Jz W HLERA ¢, &l 3 froR, 7E
Biginelli [z i, 2 1 i A6 700 mT 38006 55 1 b i) 2k
BE B BB 14 27 F R A S, DA AR 1 RITOR 3R K
PG R, A B T T IE B - A AR

I ER S £ e £ TR W R E— 20 N A4S H bR
). Entry 3 773045 N 88% , 1] A% i Davoodnia
3 (9 Biginelli 71 1L #7520 f B B g-1A A
I 56 & 4 Knoevenagel 45 S A i H TR ot o
Vi) AP 3 AR TR I M A 5 R 3R R A o A R I A ™
. 2= e A AL R IS i B ) (Entey 6 il
7) AFEN AR ER, T e S AR AR AL A O,
PRI SR 2 TC VA 5 56 o T A A5, A 3 RO
LY, R0 T BN TR 4 -5 A ) A A A 3 P A
Fefih, 5 BT RBEAL. BT KT, 2
ANk 4 Biginelli Jz i B9 (Entry 8) , i B & FDU-
SO, H /i fLIE R FRfE AL T Biginelli 21

Table 1 Addition sequence of the Biginelli reaction®

Substrates Yield®
Entry
1 2 3 4 (%)
1 PhCHO  (NH,),CO  C4H,,0;4 Catal. 91
2 (NH,),CO  Catal PhCHO CeHj0O; 88
3 CeH,, 0,4 PhCHO Catal. (NH,),CO 88
4 PhCHO  (NH,),CO  Catal. CeH, 0, 86
5 CeH, 0,4 Catal. (NH,),CO  PhCHO 80
6 Catal. PhCHO (NH,),CO  C4H,,0,4 65
7 Catal. CeH,( 0,4 PhCHO  (NH,),CO 65
8 PhCHO (NH,),CO CgH,,0, No catal. 0

“Reaction conditions: 40 mmol PhCHO, 40 mmol C;H,,0;, 50 mmol
(NH, ),C0, 0.5 g catal. , 90 °C, 1 h;" Catalyst: FDU-SO,H;
“Isolated yield

+
ou OH O

O ot
§ QS .V W)

H ‘\HJ\
H, NH, H*||-H,0
0 Ar
S ¢
H;C NH H.cC OC,H +
g % k= Sess 5Ar/§N)j\NH7
H;Cy O/ o | :
(X i
. ﬂ Ar o Ar
NH
CH0 NH  -H,0 Cszo/u\J% A
CH; ,& H:C7 N
g (¢} H
OH

Fig. 3 The possible mechanisms of Biginelli reaction

2.4.2  FEFIR FDU-SO,H (4 fi 10 M BE 14 5% iy

T8 22 B0A BILSZ N HH 8 5 2 06 S 7 3 38 77 A —
SE WY 08 4% 5 T 04 9 500 A A0 RT U e B R 5
A0 AT DU & R B R ARSI A T L
A LN A R 6 Biginelli [ N FR) B2 W, 45
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AN 2 P AR BTk i sn b, R KA D 550 R
eIk, F 22 T AE 90 CH, K MOA I, IR ZE A8
FKAR A i BEAR K, T 2 T8k 2 TR WP 8 B 55 7 1 7
K AR BEAR /N, B2 B ) ASTE TR] — A o SO 4
ANRE TE 3 45 fh | B R R AEL N  7E R BIR. Heh &
AR R R T WK R O X ] e S A
BLE 019 B P A O, Bk B A B R XS
Biginelli Sz i 50 A ). 76 TG 7 770 89 25 18 T B0
4 7 SR A i, R R B 0L ) =22 18] BEA T 58 03 42 fik, 4%
7R T . ARSI R R R L A A
R AT LR TR 20 0 R B O 8, k0 G I
T H ROV VA R AR KR SR AR (R
KA RN I, SR 7= R RAK . 7 3 2k (016 5 1) B
&, INBEAE 6F PRI 4 52 0 LA K JORE AR 25 25 4 [H
KB IE AT R TG A AT S

Table 2 The effect of solvents on the catalytic property of
FDU-15-SO;H*
Entry Solvent Yield" (% )

1 Free 91

2 CH,CN 60

3 C,H;0H 56

4 CoH, 38

5 PhCH, 36

6 H,0 20

“Reaction conditions: 40 mmol PhCHO, 40 mmol CH,,0;, 50 mmol
(NH, ),CO, solvent 10 mL, 0.5 g catal. , 90 C, 1 h;" Isolated

2.4.3 FDU-SO,H X} AS[a] 520 9 0 4 Ak 1 fig

WA bR 52 56 B A5 89 Rt R R 4% 1 0 AT
Biginelli JZ . i T % %% FDU-SO,H 1 Ak 571 |y
WL, FATY KT Biginelli 2 1 ) J5 7 BE IS 4
K — BT T o A T B I A
P I ) RN 2 Tk 2 TR TP i B PR 3 (SRR IR ) Biginelli
SN SLE A RN R 3 R, YT B R R L
A —OCH, \—Cl — 25 iy fit L T 5 41 B, Biginelli
FR I Sl A W R R o 9 N R f o
B b 3 EUR 1 A R T RO T A O {0y
FERBEER FA—NO, — 2By 5R % i 1 B 5k
i, Biginelli 2 i (1) 77 2 U] B A1, 3 7T B 5 W HL F
Sl T O R LR AR RN A R TR
7 AT, 30 i 7 SRR AR (O O 2,4
AR 4-H RO B 4-GUOR R 4R SRR
F i 5 55 A B AE FDU-SOL H PE AL 1 25 1 T 3
felli F HE1T Biginelli &2, BRI R 3R FJGie A T H
F 5L AT 2 i e B AR BE 2E AT Biginelli 2,
Ui B] FDU-SO,H 1 [ f4 4 1k ¥ %F Biginelli 2 i
A8

P I Nl LN . (A A i 7
Biginelli fiz Jij = 2 ¥ #-AK T H R T AE RN Y,
XAl C=0 52 NE I p-m W 25
BV S=C 5 2 ANEIEIE L p-m W T L5k
G S S 7 s S £ /Y =~ Ml £ v i [
Biginelli 2 [ 5 FE47.

yield
Table 3 FDU-15-SO; H catalyzed Biginelli reaction”
O R
% + o 0 + X Catal. R]o)j\/KNH
RN C U e B ®
R H R,0 CH, H,N NH, H,C E S'S
Substrate
Entry Time( min) Yield" (% )
R R, X

1 CeHs G, Hy 0 60 91
2 2,4-Cl,-C H, C,H, 0 30 89
3 4-Cl-C4H, C,H; 0 40 90
4 4-0OCH;-C¢H, C, H; 0 60 91
5 4-NO,-C¢H, C,H; 0 120 50
6 CgHy C, Hy S 60 86
7 2,4-Cl,-C4H, C,H; S 30 84
8 4-Cl-C4H, C,H; S 40 87
9 4-0CH,-C¢H, C,Hs S 60 90
10 4-NO,-C¢H, C, Hy S 120 47

“Reaction conditions: 40 mmol aldehyde, 40 mmol B-dicarbonyl compound, 50 mmol urea or thiourea, 0.5 g catal. , 90 °C, 1 h; " Isolated yield
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2.4.4 {96 A H
FEAE S AR A AL T A 1 50 AE B T ] R
HEEMARIEFEEN, B T L Esit
AR AT FDU-SOH (1 78 3R 115 i 0L 1 4.
o &l 4 AT, FDU-SO,H BB % 15 35 4 vk H 4 1k 1%
PR W] B AR, 76 S5 4 R AL S 0 S5 7 26 A)5 38
100

80

60 -

40 +

Isolated yield (%)

20

1 2 3 4
Reaction-regeneration cycle

Fig. 4 Cyclic use of FDU-SO;H for Biginelli reaction

#| 88% , Vi Bl 7E Biginelli reaction Jz iy 1 FDU-
SO H HA A e i AR Y A i fb v fg.

3 #ig

AL & W e F A SL AR R & W (K
Y Fy A AR LT R R A FL A ARk S T 1 R s
) BIUERL, BT LAUE A o AR AR RE S T T
I W RS AY B A [ AR A FLIR S W b B
P 32 £ L9 H A 5 i ok B AR AL R
30 DU AL A FL R & 9 (FDU-SO, H) 4 9 fiE 4k
M BERSAE TG 26 0F P LB B L LW SR T
B DR E (UK ) =470 — 853k 7 1Y Biginelli 2
17, I ELAEARSH AT UGS E ] 4 5 , 7 R AT ik 3
88% , Ui W fL A4 KL FDU-SO,H J& A2 i 2 ]
A7 A B T A TR A AL 0 3B S T 5 TR A O i AL ) 5
JB8 T ¥ A B Bk s, O Biginelli S B Tk T2 1 3%
Sl A e PR A T AT RE .
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One-pot Synthesis of 3 ,4-Dihydropyrimidin-2( 1h)-ones Catalyzed by
SO, H-Functionalized Mesopolymer under Solvent-free Conditions

Rong Xing" , Tong Zhang, Yue Zhang

( Department of Chemistry and Chemical Engineering, Yancheng Teachers College, Yancheng 224051)

Abstract The well-ordered 2D hexagonal structure FDU-15 mesoporous polymer with the P6mm space group
has been synthesized by soft template method. Novel sulfonic acid group-functionalized FDU-15 mesoporous
polymer solid acid (FDU-SO,H) catalyst was successfully prepared through vapour-phase transfer sulfonation
of FDU-15. Various techniques such as X-ray diffraction ( XRD) , scanning electron microscopy ( SEM) and
elemental analysis have been adopted to track the functionalization processes, and to characterize the
physicochemical properties of the FDU-SO,H. The FDU-SO,H catalyst was tested in the Biginelli reactions of
aromatic aldehydes, ethyl acetoacetate and urea (or thiourea) under solvent-free conditions. In order to find the
optimal reaction conditions for the FDU-SO,H catalyst, the effects of additive sequence, solvents, reaction
substrates in the Biginelli reaction have been investigated. 3, 4-Dihydropyrimidinones/thiones and their
derivatives have been synthesized under the optimum reaction conditions. A high yield of 3, 4-
dihydropyrimidin-2 ( 1H ) -ones as 91% was achieved when Biginelli reaction of benzaldehyde, ethyl
acetoacetate and urea was carried out at 90 °C for 1 h under solvent-free conditions. The FDU-SO,H catalyst
exhibited similar catalytic activity even after four cycles for Biginelli reaction of benzaldehyde, ethyl
acetoacetate and urea. The possible mechanisms of Biginelli reaction have been discussed. The experimental
results verified that the FDU-SO,H was able to act as a highly active, eco-friendly, stable and resusable
heterogeneous catalyst.

Keywords Mesopolymer, Solid acid, Biginelli reaction, One-pot
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