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TR BE RS T EER L & A 5- 1 IR E-2,2-F & F-1,3-
ZIEkE-4,6-

FRE2* AL

(LU R AL T 25 TS 330027)

FEE  7F CePW 04 LT, J5 FWEF 2,2- )k IE-1,3- 08 ki-4,6- Wi AT &M FTEBFRES AR T 8 f 5-WiE
F-2,2-W N Fk-1,3- WK -4,6- . AL A 0 S%(BE R B0, iR 20~35 min, WK 87.6%~94.1%.
AR, EHET T CePW 1504 I T REMEALHLEL. 77 HAT RN, S DI ) FLCR B 1AL 5. AL 77 CePW 1,040 X
R BTSRRI .

KPR 2,2-WRHE-1,3-“WEKe-4.6- W BEESIRGN I AME A RV

Solvent-Free Synthesis of 5-Alkenyl-2,2-pentamethylene-
1,3-dioxane-4,6-diones under Ultrasonic Irradiation with
CePW,,04, as Catalyst

Xu, Zhaohui* Lin, Chunhua
(Department of Chemistry and Chemical Engineering, Jiangxi Normal University, Nanchang 330027)

Abstract Eight kinds of 5-alkenyl-2,2-pentamethylene-1,3-dioxane-4,6-diones were synthesized by the Knoevenagel con-
densation reaction of aromatic aldehydes with 2,2-pentamethylene-1,3-dioxane-4,6-dione using CePW,04 as catalyst, with-
out solvent under ultrasonic irradiation. The results indicate that the yields ranged from 87.6% to 94.1% when using 5% (molar
fraction) CePW ;049 and reacting at room temperature for 20~35 min. Furthermore, a proposed reaction mechanism for the
reaction catalyzed by CePW ;049 was speculated. Compared to the classical Knoevenagel condensation reaction, the main
advantages of the present procedure were milder conditions, shorter reaction time and higher yields, which afforded an effec-
tive method to synthesize 5-alkenyl-isopropylidene malonate derivatines. Further study showed that CePW,,04 was environ-

mentally friendly and reused for four times without any noticeable decrease in the catalytic activity.
Keywords 2,2-pentamethylene-1,3-dioxane-4,6-dione; CePW1,04; aromatic aldehydes; condensation reaction
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X Resr AL, FATEREA W F RS IR B A T
TR RN, BB R AT B AT T H B R A
MITERE R, FETIE, 2EHAE T LL CePW 1,04 ML
A, AR, 07 &R 2,2-T0 8 3k-1,3-
T -4,6- W SN A RS- HE T IR S R AT
PEIITR R AL T, AR I Eq. 1.

O (6] fo) 0
0 0 CePW12040 (5 moI%) 0 0 (1)

+ RCHO -
ultrasonic solvent-free, r.t.
2a~2h

1 3a~3h

1 XIS
1.1 NE5RF

Hii - BuchiB-540 AWl AN (L BETH R & IE);
KQ-250E 8 75 ¢ ¥ Ye ML (B Ll 8 A5 A 4% A B A ),
Bruker 400 MHZ BUiZHEILHR{(CDCL; B, TMS A
PFE), 'H NMR (KR40l 400 MHz, °C NMR [fJ#
% K 100 MHz; 59 FT-IR-8400 %41 #MY(KBr [k
J1); B SPD-6AV AR (AL

2,2- 3V % HE-1,3- e -4, 6- i 42 SCRR[19] 7 %
IR 2-THFER . A-THSEIR R . 4-FR LR R
A-HR SR 4-0OR . 4- SRR, 4-
SR N A al; SLe o fhagal.

1.2 PRSI

i FH 513 SPD-6AV AR (A /b, MRS Cy
AR GE S HTAE, 50 mX 3.2 mm, A4 40 'C, 4MEK
Mg, KA K 254 nm; FEAM: VFEE) @ VOK)=
80 : 20; Sy =1 mL/min; FESARI LM, BEFEE, 1
ul; Jivk: AR —A; R ARFE: Sepu3000 ik T4F
vl
1.3 FESSEREH ML TIRYHI &

H— 5 B ARSI (PWA), TN —5E KT 2 g 1
WA, TERRETEIERER. T 60~80 CHIBIEE FIMA
— 3 it A R A 45 K S, DRFEIRIACIR S N 120
min Jii, HEZEIEG LB K, BEE, 45
th, &ibig, 173 CePW,04°nH0. ¥4T 150 C1k
2.0 h JEMFEAIRFELE 300 CHLE FERE 3.0 h, I3
CePW 1,04 AL FIRE S 17,

1.4 5-T1RE-2,2-T % H-1,3- ~Ekz-4,6- — i (3a~
3h)HIE A

£ 50 mL —#EEH AT EF/E(S mmol). 2,2-1F

W HE -1,3- B8 e -4,6- i (5 mmol) AR Y R A

Chin. J. Org. Chem. 2013, 33, 1540~ 1544

© 2013 Chinese Chemical Society & SIOC, CAS

(CeP1;WOu) (5%, FEI/R5THD), 1R RS T T =
F20~35 min, MW 5EEE, AN 10 mL &0 Reks [ 14
TR S R, VEWE AR BB A, TSN EY
3a~3 h 4lifh. BEUFH SRR, TG AR
HEM T IR NAE. 85557 5 o b i F

S-(R KL FH JE)-2,2- W0 36 2 -1,3- W 4 -4,6- - i
(3a): WA 4K, "TH NMR d: 8.38 (s, 1H), 8.03 (d, J=
7.38 Hz, 2H), 7.62~7.49 (m, 2H), 2.03~1.99 (m, 4H),
1.63 (s, 4H). 1.49~1.46 (m, 2H); °C NMR ¢: 162.23,
159.21, 156.37, 132.95, 132.83, 131.78, 128.39, 115.86,
115.94, 104.85, 35.66, 23.39, 21.97; IR (KBr) v: 2952,
1763, 1731, 1624, 1572, 740, 694 cm .

5-(4-F2 FL IR LY FE)-2,2- 3V [ i -1,3- T IR ke -4,6-
“J(3b): HE{A 'TH NMR §: 8.38 (s, 1H), 8.13 (d,
J=8.79 Hz, 2H), 6.96 (d, J=8.76 Hz, 2H), 2.04~2.00 (m,
4H), 1.74~1.71 (m, 4H), 1.51~1.50 (m, 2H); °C NMR §:
164.46, 162.35, 161.27, 158.50, 137.98, 124.41, 116.24,
110.45, 105.37, 36.35, 24.14, 22.20; IR (KBr) v: 2965,
2957, 1750, 1700, 1638, 1537, 1400, 1170, 800 cm .

5-(4- FAR Rk DR R W0 P L )-2,2- W0 13 3 -1,3- I -
4,6-fi(3c): FH[EIA. 'TH NMR 0: 8.26 (s, 1H), 8.13
(d, J=8.85 Hz, 2H), 6.89 (d, J=8.88 Hz, 2H), 3.82 (s,
3H), 1.95~1.91 (m, 4H), 1.69~1.61 (m, 4H), 1.45~1.42
(m, 2H); °C NMR o: 164.50, 163.97, 160.41, 157.36,
137.49, 124.79, 114.32, 113.46, 104.88, 55.66, 36.39,
24.19, 22.21; IR (KBr) v: 2973, 2900, 1752, 1714, 1620,
1575, 1457, 1380, 1180, 800 cm .

S-(4-Aig KL IR LW A -2, 2- WP R 3k -1,3- e -4, 6-
T 3d): EHFGER. 'TH NMR o: 8.44 (s, 1H), 8.31 (d,
J=8.70 Hz, 2H), 8.07 (d, J=9.00 Hz, 2H), 2.08~2.04 (m,
4H), 1.82~1.74 (m, 4H), 1.56~1.52 (m, 2H); *C NMR ¢:
161.70, 158.62, 153.60, 149.13, 137.27, 132.68, 123.20,
118.75, 105.76, 36.45, 23.67, 21.84; IR (KBr) v: 2975,
2900, 1761, 1734, 1625, 1600, 522, 1351, 800 cm .

5-(2- i L R L Y T RE)-2,2- 3V [ i -1,3- T I ke -4,6-
i 3e): F K "TH NMR 6: 8.75 (s, 1H), 8.27 (d,
J=8.31Hz, 1H), 7.76~7.61 (m, 2H), 7.47 (d, J=7.56 Hz,
1H), 2.05~1.97 (m, 4H), 1.75~1.72 (m, 4H), 1.53~1.47
(m, 2H); *C NMR ¢: 161.00, 158.53, 154.83, 145.94,
133.39, 130.41, 129.85, 129.57, 124.36, 117.74, 105.76,
36.31, 23.58, 21.72; IR (KBr) v: 2965, 2900, 1761, 1737,
1625, 1604, 1524, 1349, 800 cm .

5-(4-F IR LY H L )-2,2- IV I} k- 1,3- g -4.6-
i(3f): FE 1A 'TH NMR o: 8.28 (s, 1H), 8.07 (dd, J=
5.52, 8.70 Hz, 2H), 7.08 (t, J=8.55 Hz, 1H), 1.96~1.92
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(m, 4H), 1.70~1.61 (m, 4H). 1.44~1.41 (m, 2H); "°C
NMR 6: 167.40, 163.97, 163.21, 159.81, 156.16, 136.78,
136.65, 128.07, 128.17, 128.13, 116.23, 115.94, 114.64,
105.36, 36.52, 24.10, 22.18; IR (KBr) v: 2957, 2940, 1757,
1726, 1598, 1604, 1508, 1364, 1081, 840, 804 cm .

2 #R54He
21 EUFIRLDINKIERAE

PW 1, (%% [ 51 LL PO, PUTH A K Hhots, 4% 12 4>
WO\, 44 W30 454, J8T Keggin &5
F4J. Keggin R RL A 4E 1100~750 ecm™" Py 5 AR
2 Keggin 5422 BH 21 1) 4 ANRFHETROBCOIG RN 15 A
SV P-Og [P 47 4 50 W Wi 06 s <6 g i 28U B W = O IRV 4
PB4 B W—O,—W %R K 4
JE S W—O—W I 4adi sl Wit HyPW,,04,
CePW,04 MLLAMGMI G R 1. WK 1 &2,
CePW 1,04 7£ 750~1100 cm ™' A3 4 N R W g e,
Bl Keggin &5 2% 2 M1 85 7 (45 fE W e . 3 i3 1
CePW 1,04 15 {#-FF Keggin 45#4, {H 982, 897, 804 cm '
AL AEWR WO A7 A T B AR K. 447 em ™' ) Ce—O
BRSNS, IX 16 B Bronsted IR 2 THE 15
MR Ce’ B 2 A EAE B Ce—O—W %
ZRILEY, XMEAEKE RN E TS
[P0s]’ 42 B 145 &1 W—0,—W, W—O—W 4t

S SE MG K, X RORH B R A A S 43 AR A U e AR
.
21 HiPW 2040 Al CePW 1,040 FILLAME MG
Table 1 FT-IR spectra of H;PW ;049 and CePW,04¢

FT-IR v/em
Catalyst
P—O0, W=04 W—O,—W W—0O,—W Ce—O
H;PW,04 1080 981 890 798
CePW ;04 1080 982 897 804 850

22 mERNERHBFIE

DL FEEAT 2,2-30 SR E-1,3- I e-4,6- ik S
RN = Yk A NI A i N5 N R A
TSNS TR S N it PR S S N R s, LAt L 2.
A LLEH, 154 Lewis FRUN FeCly JEANRETS B it
R 2 T Entry 1), 7€ CeCly, HsPW,,040 1
CePW ;040 3 FHELLFIF, CeP WO, HIAELL R A B 1T,
R IEF 85.3%(FK 2 7 Entries 2~4). I N AEMPER
FUH ISR = T AR ) R, (HAE CH RIS A
e S (E 2 T Entries 4~11). FRA1E5ET AL
T FH A NV P RE (R 2 H Entries 11~14), KILEE
A S 3s 0, W s B3, UMk FI I Eh
5%(FEIR P HO IS, WCRIES] 90.1%, AREEI L7
HIAF] 8%(BE/R A EO I, WeRAE R 0.1%. Mok
FIEE, FEAHF R AR, R 35.2%(K 2
Entries 15). o Wil B0 s WIS TRD0 7= AW 2 5% i (1) &5

2 5B H-22- W HE-1,3- LT -4,6- — W (3a) K AE [ N 4 A ) i @

Table 2 Optimization of reaction conditions for synthesizing of 5-alkenyl-2,2-pentamethylene-1,3-dioxane-4,6-diones (3a)

Entry  Solvent Catalyst

Molar fraction of catalyst/%

Temperature/’C  Time/min  Yield”/%  Experiment method

1 C,HsOH ZnCl, 5 Reflux 120 42.1 Ultrasonic radiation
2 C,HsOH  CeCly 5 Reflux 120 76.4  Ultrasonic radiation
3 C,HsOH  H3;PW,,04 5 Reflux 120 80.6  Ultrasonic radiation
4 C,HsOH  CePW,04 5 Reflux 120 85.3  Ultrasonic radiation
5 CH;OH CePW ,04 5 Reflux 120 84.4  Ultrasonic radiation
6 CH;CN CePW ,04 5 Reflux 150 72.3  Ultrasonic radiation
7 THF CePW 1,04 5 Reflux 150 72.6  Ultrasonic radiation
8 CH,Cl, CePW ,04 5 Reflux 180 68.0  Ultrasonic radiation
9 CesHg CePW ,04 5 Reflux 210 68.1 Ultrasonic radiation
10  H,O CePW 1,04 5 Reflux 210 73.6  Ultrasonic radiation
11 None CePW 1,04 5 60 90 90.1  Ultrasonic radiation
12 None CePW 1,04 8 60 90 90.2  Ultrasonic radiation
13 None CePW 1,04 3 60 90 89.9  Ultrasonic radiation
14 None CePW 1,04 1 60 90 73.8  Ultrasonic radiation
15 None None 0 60 90 35.2  Ultrasonic radiation
16  None None 0 60 90 24.8  Mechanical agitation
17 None CePW 1,04 5 40 90 89.6  Ultrasonic radiation
18  None CePW 1,04 5 30 60 90.4  Ultrasonic radiation
19  None CePW 1,04 5 30 40 91.1  Ultrasonic radiation
20  None CePW 1,04 5 30 30 91.4  Ultrasonic radiation
21 None CePW 1,04 5 30 120 79.8  Mechanical agitation

“ Reaction conditions: benzaldhyde (5 mmol), 2,2-pentamethylene-1,3-dioxane-4,6-dione (5 mmol), solvent (10 mL) or solvent-free conditions (power ultrasonicir
radiation 250 W, irradiation frequency 40 kHz); ® isolated yield; ¢ the catalyst reusedly for 4 times.
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RN, AR NIRE N 30 C, IR, Btk RN
BFAISA 30 min. 355 25 5% 7 R 75 YR SR 0T RN 1D 52 ),
MF 2 il LA, ENUBRBERE IR T, PRl
79.8%, TAEME PRS2 2F R = IR AT R K I
(e, IS 2 91.4%, 31X 1 B P et i s B BAT k2
HEAVEH. 8 75 PO 12 S N R A BB FH — MBI A 7 e 7
TG GRS 1), RIEARAAA T A 1) T8 R 24 K
FEBERER RS2 BTk, LA N 4R TRk S
RS TCVEFIR, LA 5 mol% CeP WOy fE M HEALH, [N
JERM R LE R 101, ONIEEEA 30 °C, fefl &N
)24 30 min.
2.3 fEFIAEFH B

FERAII RN ZAT T, AR 2,2- 30 % 3-1,3-
TNELGE-4,6- 6 A S AR 5 52T Ak ) AR PR A
PERE, LA EEA AR ILE 1. HE e E, FOE
(PR AR ER AT ] 4 vk, HILAEA S AT 3 1%
%, HWCRAK IR A 91.4%, 91.0%, 90.0%, 88.6%.

100

80
60
40
20 A
0 4
1 2 3 4
Run

Bl AR P fE
Figure 1 Reusabilities of the catalysis
2.4 WEEEREH AR KT E
N TRV CeP WO %S W S TGV, fER R
PAATT, W S F 57 B 2,2-0 8 HE-1,3-
Weke-4,6- —WHHEAT N, AT 8 B 5-WE e dk-2,2- )%

Yield/%

Fe1,3-WEEE-4,6- —WI(WLER 2). WK 2 BT A H,
CePW ;04 HEALEAE T, TR A LTI S 1
T 0 B WS N ] DUBFEAT, JFLL 87.6%~
94 1% SCRAG BIFN (1) 5-T k-2, 2- 0 JR 3k-1,3-
WELE-4,6- —Wil. FIAMESEE T, #AHTHE] Michael JK
A e, BRI A T, RNIE R &
2.5 HEEEHA RERYIELANIE

EFVIRFEEFD 2,2-W0 )% 3-1,3- W& -4,6- 1)
SN A 451156 Knoevenagel S W 1] BEFIHLEE. CePW 5,040
1k Knoevenagel SN HAT G MEORHXEER, =
Yl 5 e R o7 98 B B 1) A HL P, T A AR T
MR ISR T B S 2 2 1 B LA S I e e 2 A
JRF, ERE NG R R TE R, AR5 =) i T
B R B P IR AE, B4 1 HoO I TR 4 &7
%), 4N Scheme 1 Fr7n.

CePW 12049 9y
S Q 0 -H,0
o \ - H
9500 O\)c:to
RH
\/H O
0 0
o
Scheme 1
3 it

TETCHFFB S R R CePW 1,040 fiE1L 77 A S
ERCT 8 Bl 5P AR HE-2,2- TV TR FE-1,3- R -4,6- L
EBY), GITIEAGEXT Knoevenagel S Y ) 25 35 41 g
5 22-W0 N dk-1,3- -4, 6- i SN, AE ST N AL
i H A AR R OV TR RS AR AL

K3 CePW 0y AL 5- T HE-2,2- W0 SR FE-1,3- —iEhe-4,6- i
Table 3 Synthesis of 5-Alkenyl-2,2-pentamethylene-1,3-dioxane-4,6-diones by CePW ;049

Product Ar Yield”/% Time/min m.p./C MS m/z
Found Reportded
3a CeHs 91.4 30 89~91 90~922% 99.1
3b 4-HO-C¢H,4 89.3 35 169~171 170~17282% 98.0
3¢ 4-CH;0-CgH,4 90.4 35 127~129 126~12812% 97.4
3d 4-NO,-CgH, 94.1 20 144~146 145~1462" 98.6
3e 2-NO,-C¢H, 92.1 25 152~154 152~1532% 97.6
3f 4-F-C¢H,4 91.7 15 86~88 86~882% 99.3
3g 4-C1-CeH,4 90.4 20 115~116 114~1162" 98.2
3h 4-(CH;),N-CgH, 87.6 30 180~182 180.5~1812% 97.8

¢ Reaction conditions: benzaldhyde (5 mmol), 2,2-pentamethylene-1,3-dioxane-4,6-dione (5 mmol), CePW ;040 (5 mol%), solvent-free and ultrasound irradiation
conditions (power ultrasonic radiation 250 W, radiation frequency 40 kHz), reaction temperature 30 °C; ? isolated yield.
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