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Synthesis of 5,5-(Phenylmethylene)bis(2,2-butylidene-1,3-
dioxane-4,6-dione) Derivatives without Catalyst in Water

Zhang, Wenfeng* Xu, Zhaohui™* Tu, Yuanhong” Liao, Chuanwen*"
(“ Department of Chemistry and Chemical Engineering, Jiangxi Normal University, Nanchang 330022)
(® Department of General Surgery, Jiangxi Province People's Hospital, Nanchang 330006)

Abstract A new simple and efficient synthesis of 5,5-(phenylmethylene)bis(2,2-butylidene-1,3-dioxane-4,6-dione) deriva-
tives, based on aromatic aldehydes and 2,2-butylidene-1,3-dioxane-4,6-dione, via Tandem reaction of Knoevenagel condensa-
tion and Michael addition is described using water as solvent without catalyst. A variety of aromatic aldehydes were engaged
in study and afforded respective products in high yields (63%~83%). The reaction has the advantages of mild conditions,

simple operation and environmental friendliness.

Keywords aromatic aldehydes; tandem reaction; synthesis in water; catalyst-free

5,5-(AFHE P FHFE )XW (2,2-T T F-1,3- W fE-4.6-
P ) S 407 A 40 IR 5 A0 R el AR AR MR AT AR R 1) 248 S R g 4T
FIrEREN, YA MES TR AT ZHNA. ©
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AR, B PSERE 2,2-0 ] Fe-1,3- @ kE-4,6-
% Knoevenagel 4 €55 Michael JI1 R H( H B 2 87 & il
5,5-(CR R0 FH ) WL(2,2- 0 T 8 e e -4,6- ) AT A4
ITRIEL . B R k. & ek WL Scheme 1.
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| |
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C/\O o0 O/D 0
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R = CgHs, 4-FCgHg, 4-CICqH,, 4-CH3CgHa, 4-NO,CgHg, 3-CICqHa,
2-NO,CgHj, 4-HOCgHg, 4-CHz0CgHj, 4-(CH3),NCgHy, 2-furyl

B 1 &Y 3a~3g M1 3h~3k (M4
Scheme 1 Synthesis of 3a~3g and 3h~3k
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P IS R RITfsg I ik 58 ot S5 87 () S, SIZ 6 45 T W,
£ 1. NR 1 ATLLEH, TRV R WA HLIE
A FR AR B4k &4 3a #/0(3R 1, Entries
1~3). AR MR R N AT — 2 R, 1k R N 7R
DMSO FEJi TR PR iR & 5Em(E 1, En-
tries 5~~6), {HLEARME I T H SN B BE 47, 17 BAK
KR EAY AR A, BCRIR T 83%(F% 1, Entries 7~
11). BB 57 ik S0 ROV 52, 247K FH &

9 5.0 mL ISR EAR. SR FE AT s SN TA] = i
R )55 TR, Bk NN SR, A RN
BN 6.0 h. 2 ERTIR, PRALI N 2 PF 2 7ETC AL
AR, DA R BT, diKAHE 5.0 mL, RBJE
BRI S 220 T HE-1,3- Ik -4,6- i (K14 5 (1) &
Z W2, RN ER, HSAERMNE R 6.0 h.

W) 3a IZEFI4 'TH NMR. °C NMR 2> k.
LR AR, 76 0 1.77~1.84. 1.77~1.84. 1.86~
1.93 LML T B, £ 5 4.60~4.68 HIL
CHbenzytic 1 2CHpelarums acia 12 HIE, 7£ 5 7.29 (d,J=7.2
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Table 1 Optimization of reaction conditions for the synthesis of 3a

Entry Solvent (mL) Catalyst Time/h Temperature/ C Yield/%
1 None None 10 r.t. 36
2 1,2-Dichloroethane (5.0) None 10 r.t. 42
3 Toluene (5.0) None 10 r.t. 44
4 CH;COOCH,CH; (5.0) None 8 r.t. 60
5 DMSO (5.0) None 8 r.t. 65
6 CH;CH,0H (5.0) None 6 r.t. 70
7 Ethylene glycol (5.0) None 6 r.t. 66
8 Glycerol (5.0) None 6 r.t. 61
9 H,0 (5.0) None 6 r.t. 81
10 H,O (5.0) None 6 40 78
11 H,0O (5.0) None 8 r.t. 81
12 CH;CH,OH/H,O (V : V=1 :1)" None 6 r.t. 80

“ Reaction conditions: benzaldhyde (1 mmol), 2,2-butylidene-1,3-dioxane-4,6-dione (2 mmol), solvent (5.0 mL); baqueous solution of ethanol/ethanol (2.5 mL) and

water (2.5 mL); ¢ isolated yield.

2450

http://sioc-journal.cn/

© 2017 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2017, 37, 2449~2453



Chinese Journal of Organic Chemistry

NOTE

£2 LAY 3a~3g Al 3h~3k AR “
Table 2 Synthesis of 3a~3g and 3h~3k

Entry  Product R Time/h  Yield"/%
1 3a CeHs 6.0 81
2 3b 4-FCgH, 5.0 72
3 3¢ 4-CIC¢H, 6.0 78
4 3d 4-CH;CH, 8.0 63
5 3e 4-0,NC¢H, 5.0 74
6 3f 3-CIC¢H, 6.0 83
7 3g 2-0,NC¢H, 4.0 76
8 3h° 4-HOC¢H, 5.0 88
9 3i 4-CH;0C¢H, 5.0 68
10 3¢ 4-(CH;),NCgH, 5.0 73
11 3K° 2-Furyl 6.0 80

“ Reaction conditions: aromatic aldhydes (1 mmol), 2,2-butylidene-1,3-
dioxane-4,6-diones (2 mmol), water (5 mL), r.t.; b isolated yield; ¢ observed
Knoevenagel reaction product.

B2 R E 3 el
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TBAF W R LA MR PR R FEE 2,2-T T %-
1,3-ZHEke-4,6- IV g2 b 112, 4UKHE
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\\\\\

3 IERST
3.1 R 5EH

2,2-3V T F-1,3- W 5 -4, 6- — i 45 SC HR[19] 91 4%
AR, A-HEOEHEE, 4-F0RH . 4-FUORHEE. 3-
FUORHEE . 4-THEEIEPRE . 2-THEE IR P e 4-H AR OR
(AR TR A IR AR, Zraral);, Heiliigh
g, RETT K A A A R A 7] AR 7=

Hiit: BuchiB-540 A RAHUE R R EE TR AL IE);
18 [ Bruker 400 MHz B! #1424k {X (CDCl; 935, TMS
NPIAR); MS 1% B ABI A &) API3200 = PU S FF i 4%
%,

3.2 k&Y 3a~3k HIAKRL

7£ 20 mL B IIAT &/ 1 mmol. 2,2-W7 T -
1,3- W fE-4,6- i 2 mmol ALK 5.0 mL, T iR/
HE RN 4.0~8.0 h, KV FEHE, oLJE, JEPEH 10 mL 7%
TRAKBER 2 Ik, 175, FHIOK OB E LS. TR
3 Hhrf &%) 3a~3i.

5,5-(CA L FH L)XW (2,2-0 T J-1,3- B bi-4.6-
ii)P%3a): A @GEA, mp. 156~158 C (1it.”?” 157~
159 “C); '"H NMR (400 MHz, CDCl3) 6: 1.77~1.84 (m,
4H), 1.86~1.91 (m, 4H), 2.16~2.30 (m, 8H), 4.59~4.69
(m, 3H), 7.29 (d, J=7.2 Hz, 1H), 7.34 (t, J=7.2, 7.6 Hz,
2H), 7.55 (d, J=7.6 Hz, 2H); >C NMR (100 MHz, CDCls)
5: 22.60, 24.44, 38.16, 39.12, 39.15, 50.47, 114.48, 127.89,
128.57, 128.99, 140.63, 164.50, 165.87; ESI-MS m/z: 429.
2 [M+H]".

5,5-(4- 5 2R J 3 FH 2 ) O (2,2- W T 2 -1,3- S HE g -
4,6- —fi)3b): AE L, mp. 141~143 C; 'H NMR
(400 MHz, CDCls) §: 1.78~1.85 (m, 4H), 1.87~1.94 (m,
4H), 2.17~2.31 (m, 8H), 4.56~4.71 (m, 3H), 6.99~7.04
(m, 2H), 7.53~7.55 (m, 2H); *C NMR (400 MHz,
CDCly) 0: 22.59, 24.46, 38.15, 38.51, 39.14, 50.49, 114.56,
115.66, 115.87, 130.53, 130.60, 136.14, 164.47, 165.71;
HRMS (ESI) caled for C,3HpOsF [M+-H]" 447.1455,
found 447.1447.

5,5-(4- G 2R FE P FE) W (2,2-T0 T FE-1,3-FE e -4,6-
“H)3e): EMGEA, mp. 143~145 ‘C; '"H NMR (400
MHz, CDCl3) d: 1.78~1.85 (m, 4H), 1.87~1.94 (m, 4H),
2.16~2.30 (m, 8H), 4.54~4.70 (m, 3H), 7.30 (d, J=8.4

http://sioc-journal.cn/ 2451
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Hz, 2H), 7.50 (d, J=8.4 Hz, 2H); C NMR (400 MHz,
CDCly) 0: 22.58, 24.47, 38.15, 38.65, 39.12, 50.33, 114.60,
129.07, 130.23, 133.84, 138.84, 164.42, 165.64; HRMS
(ESI) caled for Cp3HyO5Cl [M+H]" 463.1160, found
463.1168.

5,5-(4- FFJE R W R ) 00(2,2- 30 T 2-1,3- I -
4,6- —fil)3d): A, mp. 136~138 C; 'H NMR
(400 MHz, CDCl5) &: 1.76~1.85 (m, 4H), 1.87~1.92 (m,
4H), 2.15~2.30 (m, 8H), 2.32 (s, 3H), 4.55~4.68 (m,
3H), 7.14 (d, J=8.0 Hz, 2H), 7.43 (d, J=8.0 Hz, 2H); "°C
NMR (400 MHz, CDCl;) 0: 21.05, 22.59, 24.43, 38.14,
38.73, 39.14, 50.56, 114.42, 128.46, 129.62, 134.13,
137.59, 164.56, 165.90; HRMS (ESI) caled for C,4H,705
[M+H]" 443.1706, found 443.1798.

5,5-(4- R 2 2R 7 H ) X0 (2,2- 30 T -1,3- e -
4,6-—fd)(3e): HAE A, mp. 134~135 C; 'H NMR
(400 MHz, CDCLy) 0: 1.80~1.87 (m, 4H), 1.89~1.96 (m,
4H), 2.18~2.32 (m, 8H), 4.66~4.79 (m, 3H), 7.77 (d, J=
8.8 Hz, 2H), 8.17 (d, J=8.8 Hz, 2H); *C NMR (400 MHz,
CDCly) d: 22.57, 24.49, 38.16, 39.08, 39.14, 49.92, 114.85,
123.99, 130.07, 147.37, 147.41, 164.31, 165.35; HRMS
(ESI) caled for CpHyNOy, [M+H]" 474.1400, found
474.1406.

5,5-(3-F K 2 0 A ) 00 (2,2- . T 2 -1,3- I Je -
4,6- —Hi)3f): AEE A, mp. 144~146 ‘C; '"H NMR
(400 MHz, CDCls) &: 1.79~1.86 (m, 4H), 1.88~1.95 (m,
4 H), 2.17~2.31 (m, 8H), 4.57~4.60 (m, 3H), 7.25~7.31
(m, 2H), 7.45~7.49 (m, 2H), 7.57 (s, 1H); *C NMR (400
MHz, CDCl;) 0: 22.60, 24.49, 38.20, 38.85, 39.14, 50.30,
114.64, 127.20, 128.21, 128.60, 130.22, 134.74, 164.37,
165.70; HRMS (ESI) caled for CpH,,05Cl [M+H]"
463.1160, found 463.1168.

5,5-(2-H 2 2R 7 H ) X(2,2- 30 T -1,3- e -
4,6-—f)3g): HHFH O, mp. 158~160 C; 'H NMR
(400 MHz, CDCL3) 0: 1.80~1.87 (m, 4H), 1.89~1.94 (m,
4H), 2.20~2.28 (m, 8H), 4.52~5.23 (m, 3H), 7.45 (t, J=
7.2 Hz, 2H), 7.61 (t, J=7.6 Hz, 2H), 7.78 (t, J=7.6 Hz,
2H), 7.45 (t, J=7.6 Hz, 2H); *C NMR (400 MHz, CDCl5)
5:22.59, 24.45,33.24, 38.19, 39.13, 50.26, 114.56, 124.95,
128.60, 128.69, 133.16, 135.29, 150.12, 163.75, 165.66;
HRMS (ESI) caled for C,3HouNOjo [M+H]" 474.1400,
found 474.1406.

5-(4-F2FE R FE Y 1 HE)-2,2- 300 T FE-1,3- IRk -4,6-
“Hd3h): HEAEE, mp. 173~175 C (it 169~
171 °C); '"H NMR (400 MHz, CDCl;) &: 1.86~1.90 (m,

2452 http://sioc-journal.cn/
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4H), 2.20~2.23 (m, 4H), 6.74 (s, 1H), 6.94 (d, J=8.4 Hz,
2H), 8.13 (d, J=8.4 Hz, 2H), 8.35 (s, 1H); *C NMR (400
MHz, CDCly) 6: 23.28, 38.44, 111.21, 113.64, 116.17
124.58, 137.84, 158.17, 161.78, 161.82, 164.84.

5-(4- F AR R L Y P 6 )-2,2- 310 T FE-1,3- IR kR -4,6-
WA 3i): B AE AR, mp. 83~85 C (lit*V 83~
85 ‘C); '"H NMR (400 MHz, CDCl3) d: 1.86~1.91 (m,
4H), 2.19~2.23 (m, 4H), 3.92 (s, 1H), 6.98 (d, J=8.9 Hz,
2H), 8.20 (d, J=8.9 Hz, 2H), 8.33 (s, 1H); *C NMR (400
MHz, CDCly) d: 23.26, 38.41, 55.68, 111.65, 113.37,
114.38, 124.71, 137.48, 157.65, 161.19, 164.62.

5-(4-N,N-— HH L DR BRI H J56)-2,2- WP T 4k-1,3- 1
bi-4,6- W (3j): B EEAEK, mp. 174~175 C (it
180~182 °C); 'H NMR (400 MHz, CDCl3) 6: 1.83~1.87
(m, 4H), 2.17~2.21 (m, 4H), 3.15(s, 6H), 6.68 (t, J=8.8
Hz, 2H), 8.21 (t, J=8.8 Hz, 2H), 8.26 (s, 1H); *C NMR
(400 MHz, CDCL3) 6: 23.29, 38.25, 40.10, 105.62, 111.27,
112.75, 120.11, 138.86, 154.56, 157.89, 162.23, 165.87.

5-(2-PR IR I F 36 )-2,2- WP T 3 -1,3- I d-4,6- il
(3K): EFHOEA, mp. 93~95 ‘C; 'H NMR (400 MHz,
CDCly) d: 1.83~1.92 (m, 4H), 2.13~2.24 (m, 4H),
6.75~6.76 (m, 1H), 7.85 (d, J=1.2 Hz, 1H), 8.32 (s, 1H),
8.43 (d, J=4.0 Hz, 1H); °C NMR (400 MHz, CDCl;) ¢:
23.23, 38.40, 108.26, 113.73, 11528, 128.02, 141.08,
150.16, 150.40, 160.87, 163.87; HRMS (ESI) calcd for
C3H,305 [M+H]" 249.0763, found 249.0752.

$#H BI#1 kL (Supporting Information) {k&4) 3a, 3b, 3c,
3d, 3h, 3k ff) NMR i &, JXEERPREAT DL A 2 AT R
(http: //sioc-journal. cn/) I F#X.

References

[1] Khan, K. M.; Maharvi, G. M.; Khan, M. T.; Shaikh, A. J. Bioorg.
Med. Chem. 2000, 14, 344.

[2] Lipson, V. V.; Desenko, S. M.; Borodina, V. V.; Shirobokova, M. G.;
Karnozhitskaya, T. M.; Musatov, V. 1.; Kravchenko, S. V. Chem.
Heterocycl. Compd. 2005, 41, 216.

[3] Lipson, V. V.; Svetlichnaya, N. V.; Shishkina, S. V.; Shishkin, O. V.
Mendeleev Commun. 8, 18, 141.

[4] Lipson, V. V.; Borodina, V. V.; Shirobokova, M. G. Ukr. Khim. Zh.

2005, 71, 95.

Strods, J.; Lielbriedis, I.; Neilands, O. Latv. PSR Zinatnu Akademi-

Jjas Vestis, Kimijas Serija 1978, 2, 225.

[6] Trost, B. M.; Morris, P. J.; Sprague, S. J. J. Am. Chem. Soc. 2012,
134, 17823.
[7]1 King, F. E.; Felton, D. G. L. J. Chem. Soc. 1948, 13, 1371.
[8] Ramachary, D. B.; Kishor, M. J. Org. Chem. 2007, 12, 5056.
[9] Marco, B. A.; Manuel, T. A.; Itzia, P. M.; Francisco, M. M.; Geor-
gina, E.; Elies, M.; Enrique, E. J. Chem. Crystallogr. 1999, 29, 759.
[10] Cravotto, G.; Demetri, A.; Nano, G. M.; Palmmisano, G.; Penoni,
A.; Tagliapietra, S. Eur. J. Org. Chem. 2003, 2003, 4438.
[11] Hedge, J. W.; Kruse, C. W.; Snyder, H. R. J. Org. Chem. 1961, 26,

[5

—_

Chin. J. Org. Chem. 2017, 37, 2449~2453



Chinese Journal of Organic Chemistry

992.

[12] Shi, D.-Q.; Ni, S.-N.; Dou, G.-L. Chin. J. Org. Chem. 2009, 29, 788
(in Chinese).
(LI, (35, EE%, Ak, 2009, 29, 788.)

13] Finguelli, F.; Pizzo, F.; Vaccaro, L. Synthesis 2000, 646.

14] Labinger, J. A.; Herring, A. M.; Nercaw, J. E. J. Am. Chem. Soc.
1990, /12, 5628.

[15] Podgorsek, A.; Stavber, S.; Zupan, M.; Iskra, J. Green Chem. 2007,
11,1212,

[16] Narayan, S.; Muldoon, J.; Finn, M. G.; Fokin, V. V.; Kolb, H. C.;
Sharpless, K. B. B. Angew. Chem., Int. Ed. 2005, 44, 257.

[17] Mori, Y.; Manabe, K.; Kobayashi, S. Angew Chem., Int. Ed. 2001,

(18]
[19]

[20]

[21]

NOTE
40, 2815.

Churruca, F.; SanMartin, R.; Dominguez, E. Synlett 2005, 3116.
Yan, N.; Xiong, B.; Liao, W.-L.; Xu, Z.-H. Chin. J. Org. Chem.
2010, 30, 1391 (in Chinese).

(™H8, BE, B4R, i<, A ML, 2010, 30, 1391.)

Yu, J. J.; Wang, L. M.; Liu, J. Q.; Guo, F. L.; Liu, Y.; Jiao, N. Green
Chem. 2010, 12, 216.

Xu, Z.-H; Yan, N.; Liao, W.-L. J. Jiangxi Norm. Univ. (Nat. Sci.)
2012, 36, 524 (in Chinese).

(&, o6, BYEik, /IR KF 5| (8 R4F0R),
2012, 36, 524.)

(Cheng, F.)

Chin. J. Org. Chem. 2017, 37, 2449~2453 © 2017 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 2453



