% 4”) {h % DOI: 10.6023/cjoc201612044

Chinese Journal of Organic Chemistry

EYIN REBERE KA RS 5,5-(GRETRARE)N(2,2-—HE ZIE k-
4.6-—E)iTE VIR BEE K

waELY RERES

x| 48 A&

KEE' R

(CYLTEIMVE R =2 T2t B & 330022)
CILPEPEATRE B E 330026)

WE (A TR R KT, DA B R 2,2- " FI 1 3- b -4.6- A ERL, 40 CAR T 6 Bl 5,5-( K
PR RN (2,2- - H k-1 3- T -4, 6- ) ATAEY. 1% IR 1 (81%~92%) SRR . HRAE A B % B A A LT

SEUL . BRAh, A E R R OA AT B AL,

R AR KA TSRS 2,2- I RE-1,3- I -4,6- ; 5,5-CRE Y )W (2,2- I FE-1,3- I E-4,6-

i)

Efficient Synthesis of 5,5-(Phenylmethylene)bis(2,2-dimethyl-1,3-
dioxane-4,6-dione) Derivatives in Biobased Gluconic Acid
Aqueous Solution

Lin, Chunhua® Yuan, Jianjun“

Liu, Deyong”

Zhang, Houfu” Xu, Zhaohui™*

(“ Chemistry and Chemical Engineering Department, Jiangxi Normal University, Nanchang 330022)
(b Jiangxi Traditional Chinese Medecine Institute, Nanchang 330026)

Abstract Six kinds of 5,5-(phenylmethylene)bis(2,2-dimethyl-1,3-dioxane-4,6-dione) derivatives were synthesized by the
reaction of aromatic aldehydes and 2,2-dimethyl-1,3-dioxane-4,6-dione in biobased gluconic acid aqueous solution at 40 C.
The reaction has the advantages of high yields (81%~92%), mild conditions, simple operation and environmental friendliness.

Furthermore, GAAS can be reused for several times.

Keywords gluconic acid aqueous solution; aromatic aldehydes; 2,2-dimethyl-1,3-dioxane-4,6-dione; 5,5-(phenylmethylene)-

bis(2,2-dimethyl-1,3-dioxane-4,6-dione)

5,5-(ZEFE Y A L) XN (2,2- — I 3E-1,3- Ik -4,6-
W) J& 22 PR B AR AT AR, 31 W AF IR I T AR S A T
3, EHEA T BN 25 R 2 2 BRIk 1 e
"B H A ) 2 L = kP s R AT A ) A 2k T R
WY g A ) o e e Y45 2 A B ) 2 S ]
(R, 5,5-(CAFE Y F 36 XN (2,2- — F 3-1,3- I d-4,6- —
ERDATAEM G R — EHA NEH. Bl H2,2- =
Fe-1,3- 08 e-4,6- — T 55 55 B B AR B AE AL T S B 17 |
5, A2 AH B S NUR, X8 )y A7 R
ARG, R, JE B R S5 L. TER T
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T, AR R 5,5-(CREE I F ) X (2,2-
TR 13- TE bR -4.6- AT AE I SR iRE .
Hedge Z5P0E T oA 261 A8 N,N-2 F 3 R i
(DMF) &k — H 3£ [ A(DMSO) A & pl 5,5-(FFE Y
FEY(2,2- - HE-1,3- ZhEHE-4,6- ), (H5 A T2
2R, RIS EL. Yo SPHGE T EMTRI% 0 TK
FH 2 5,5-CRFE M H ) X (2,2- — H1JE-1,3- I )E-4,6-
R OTVE, AR R BRI %, FAEENT O B,
[AR] S A it T (50 A v 280 BV 7 v e A Al e da b).
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REEFRE NI I H ISR tafh s, R EE SRR
— 00 R TS — Rh G REREE TS YA
AR, EHEN S0%HIKIET, JFRAERYE, 252
T 2 Ma PN, UnvsER Michael Ji& A0S i 5
M51 & F) Friedel-Crafts %eJE Ak SN, 18] ik B B e HLAT
AP R 22 4153 I N A AR IR L) Yonemitsu
SOSVRI 2 BACHE g O BT, B R R T DA A b
PR 7K I L (GAAS) 9 IR BEAY T AEEAL 7, 38 Tk 5 B e A
2,2- " HIE-13- TR -4 6- (3 [IKER)HT Knoevenagel
4565 Michael HIRGHTE BE R SLA ) 5,5-(ZR 35 7 S
W(2,2- - FIE-1,3- k- 4.6- —EDATAEMRIFIR. H
R k. A U2 W Scheme 1.

1 HR510R

DLZE FRBE R 2,2- — HIE-1,3- I -4,6- iy [ N
BARY, 52T TR ZRAE T IR AEVER 35
PR SR B A S B 3 P58 6T s I PR s, Lo TR L3R
1. R IATLUE Y, 7ETCI R 26 A B0 DA LV 7 —
AH Bt FIRP AR S 3a(3E 1 Entries
1~3). IR PE XS [ N A — %€ 2, = B 7R
DMSO FHEJii T EE A R A REREEE 1+
Entries 4), {HAERME PRI N BUREEGER 1 F
Entries 6~7). #E %8¢ T ZRKIE - HEKER . 3¢
RERIKIET . GAAS MR, HH GAAS MIfiE1LRL
Bl 1 Entries 8~11). £ T, {4 4.0 mL
GAASTEEFIRN 4 h )5, &) 3a SR ITIL 84%. THE
&40 CJ i, IR a5, HICERm R,
ILE) 89%, Midt—LIHERE, IR NAK. AT
A B RS &, SRR A E R R T A

=
O>(O R— |
o * X O
0 1 © 2a~2iH
|GAas, rt, 3~5h
J R
//l
NS
fo) O
fo) (0]
faot
3a~ 3f

R = H (2a), 4-F (2b), 4-Cl (2c), 4-CHj; (2d), 4-NO, (2e), 3-Cl (2f),
4-CH30 (2g), 4-N(CH3), (2h), 2-NO, (2i)

B 1 {ha¥ 3a~3f Fl 3g~3i &R
Scheme 1 Synthesis of 3a~3f and 3g~3i

BA 4.0 mL R, SO E PE iR s
AT T EEE, SRR BN N 4 he 25 BT
B, RALRIR B GEAEA: fE T T, Lh GAAS
(50%/KIEM)NVET, GAAS FHE: 4.0 mL, [ JERCR
FHlES 2,2- ZHJE-1,3- T8 Li-4,6- —F) P &2
Eeh 1 :2, IRNEEAN 40 C, HetER M 4 h.

I, N TR GAAS ZKIEB AN [ R  3E
P, £ BRI R B SEAT TS, Il A A 5 RS
2,2- I %E-1,3-ZHEE-4,6- —HdiE{T Knoevenagel 4i%
55 Michael BT ERBRR B, SR T 6 i 5,5-(CR T
FYW(2,2-  H HE-1,3-hE b -4,6- )T A (3a~
3N(K2). WK 2EIEVTH H, LU & KB 7
MHAFIZEMT, Zx MR F AT, L 81%~

K1 ALEW) 3a G SR

Table 1 Optimization of reaction conditions for the synthesis of compound 3a

Entry Solvent (mL) Catalyst Time/h Temperature/C Yield”/%

1 None None 12 r.t. Trance
2 1,2-Dichloroethane (4.0) None 12 r.t. Trance
3 Toluene (4.0) None 8 r.t. Trance
4 CH3;COOCH,CH; (4.0) None 8 r.t. 15
5 DMSO (4.0) None 8 r.t. 58
6 CH;CH,OH (4.0) None 6 r.t. 66
7 H,0 (4.0) None 6 r.t. 73
8 H,0 (4.0) CH;COOH 5 r.t. 78
9 H,0 (4.0) Oxalic acid 5 r.t. 76
10 H,0 (4.0) Malic acid 5 r.t. 76
11 GAAS (50% aqueous solution) (4.0) None 5 r.t. 84
12 GAAS (50% aqueous solution) (4.0) None 4 40 89
13 GAAS (50% aqueous solution) (4.0) None 4 50 82
14 GAAS (50% aqueous solution) (3.0) None 6 40 84
15 GAAS (50% aqueous solution) (5.0) None 4 40 89

“ Reaction conditions: benzaldhyde (1 mmol), 2,2-dimethyl-1,3-dioxane-4,6-dione (2 mmol), solvent (4.0 mL); bisolated yield.
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92% 1AL CRAF BIAHRL A 5,5-CRHE I FH AR ) X0 (2,2-
FJE-1,3- 0@ bE-4,6- —EDATAEY). B30 &
T Js W P PR T it FE - R ) 05 A i, N T A SRk
FEHUN 4-FASER R EL 4-NN-— &I A RE
KA Knoevenagel 4a M. BAb, ZKHEE R
KL B X PSR — 5 S, FH AT 2R R A SIS B
RUFHE, BFFEAMAARK, X452 Knoevenagel
A5G R BLFEYN(3E), T 3-SR RS T BE B
TR I, DL 92% %43 5 H AR =4,

F2 1AW 3a~3f M 3g~3i K&K
Table 2 Synthesis of 3a~3f and 3g~3i

Entry Product R Time/h  Yield*/%
1 3a H 4.0 89
2 3b 4-F 3.0 83
3 3¢ 4-Cl 35 86
4 3d 4-CH, 5.0 81
5 3e 4-NO, 3.0 83
6 3f 3-Cl 4.0 92
7 3g 4-CH,0 5.0 90
8 3h 4-N(CH;), 5.0 92
9 3i 2-NO, 4.0 96

“ Reaction conditions: aromatic aldehyde (5 mmol), 2,2-dimethyl-1,3-dioxane-
4,6-diones (10 mmol), GAAS (4 mL), temperature 40 C; °
“ melting points are uncorrected.

DA FR RSN 2,2- — FR -1 3- I 54 6- i 9 S8
B, FEARALIG S B2 N O 4 oR i, FR T 2 BE R
NIRRT, LSRR YA E Y, Hitk
AT AT g i Bk 0 [ AR A B R VA V. RIS P R s

isolated yield;

BCAR, AR P21 (0 45 K R0 ROSE (R 1, 255 SCRiR[6,
1310754k, EH IR FREA 2,2- " F5E-1,3- -
4,6- ) N BB Knoevenagel 4645 Michael
0BT HR I S B AT BE R BEMLIE. 7R R MOEFEH GAAS
LR G AE Ll IR R BEMEH. AN R
GAAS il 5 2,2- — F -1, 3- W E-4,6- —FRTE A B,
WGE T 2,2- U FFE-1,3- E R -4,6- i ) B AR A AT
FROLRRICRAZ M, 107 &S S GAAS TERREBE, SR
FET 552 5, KA Knoevenagel 46 %
A 6, Fi5 2,2- T FE-1,3- I kE-4,6- 1
HAR A 5 kA Michael il BifS HARF=4) 3a. A
AERI S B FE, U0 Scheme 2 FiTw.

2 i
TE MR, LA A B IR 780 h S A IR,

IR HFiES 2,2- — HJE-1,3- K8k -4,6- —Fid K4
Knoevenagel 445 Michael ARG BN, A 805
BT 6 Bl 5,5-(CR 3P R ) A (2,2- — F E-1,3- I St -
4,6- HNATAY), FHiE TR B 405 F
5 22- I3 3- TIE S -46- YRR L
12, BIEPER T RN 4.0 mL i, 40 C /M 3.0~
5.0 h, FERICERN 81%~92%. 1% N HA [ NI A
PRAE T 5 PRI AT B 2 R R VA I e 55 FH S5 A

3 SRS

3.1 W ENE
BREAEIMER] 4 X, NIRRT 89%, 89%, -~ . e
S, 8200 & 2,2- 7 HHE-1,3- I -4, 6- R 4 SCER[ 175 %
> o R, 4-FREE I, 4R, 4R R 3-
0
OH OH ©—/< OH OH
H
O OH OH S o OH OH -H,0 )(
ous o
6
OH OH
GAAS
HO OH
O OH OH
GAAS oH
H H— OH
; OH
D % o
fe) 0 HO
HO  OH
o 07L
7
oS00 o™
3a
B2 ARdbEy 3a nlaeIIHLIE
Scheme 2 Proposed mechanism for the imformation of 3a
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FURHEE . 4R - FE A I 4-F A LK
R R i ali; Hoe b b a4t

Hiit: BuchiB-540 B RS s (R THR AL IE);
f8[E Bruker 400 MHz B ILARAL(DMSO-dg NI,
TMS NWFR); HASE FT-IR-8400 U4 AMY(KBr &
F); MS % i1 ABI A & API3200 = 5 U 2% AT i 3 A i 5.
32 55-(RETHEE)WER2-"FHE-1,3-ZI1EL-4,6-
—E)(3a~3f)EIE& K

7 20 mL & I D5 & (1 mmol). 2,2- 1 %k-
1,3- W8 HE-4,6- —BH(2 mmol)F17 % K ER 1A (4.0 mL),
T 40 CPM3.0~5.0 h, JRNFEHE, I8, JEBONHIE
WERRVEIE AT R — KB YA 10 mL Z818/K ik
2R KO EL . TS HFMLEY) 3a~3i.

5,5-(A L FF )X (2,2- — I HE-1,3- I b -4.6- —
fil)(3a): AR, &4 180~182 C (lit!'™ 180~
182 “C); '"H NMR (400 MHz, CDCl;) d: 1.68 (s, 6H), 1.81
(s, 2H), 4.60~4.69 (m, 3H), 7.26~7.37 (m, 3H), 7.52~
7.53 (m, 2H); *C NMR (100 MHz, CDCls) J: 26.59,
28.62, 40.02, 49.28, 105.41, 127.88, 128.38, 129.01,
140.57, 163.87, 165.21; ESI-MS m/z: 377.1 [M—+H]".

5,5-(4- F A% 5 P HE 3R ) A0 (2,2- — H 3Rk -1,3- T -
4,6-fil)(3b): FIREE, K 152~154 C; '"H NMR
(400 MHz, CDCLy) ¢0: 1.71 (s, 6H), 1.82 (s, 2H), 4.59~
4.66 (m, 3H), 7.00~7.06 (m, 2H), 7.51~7.55 (m, 2H);
C NMR (400 MHz, CDCl;) d: 26.56, 28.59, 36.16, 49.31,
105.52, 114.12, 115.74, 128.08, 130.34, 164.54, 167.12;
ESI-MS m/z: 395.1 [M+H]".

5,5-(4- G PR FE Y 3L ) W (2,2- R -1 3- T g
4,6-—Hi)3c): AR, A 161~163 C; 'H NMR
(400 MHz, CDCls) d: 1.72 (s, 6H), 1.82 (s, 2H), 4.58~
4.64 (m, 3H), 7.32 (d, J=8.0 Hz, 2H), 7.49 (d, J/=8.0 Hz,
2H); “C NMR (400 MHz, CDCl5) : 26.56, 28.58, 39.36,
48.66, 105.54, 121.70, 127.40, 129.14, 129.98, 163.69,
165.48; ESI-MS m/z: 411.1 [M+H]".

5,5-(4- 2R 7 HH ) R0 (2,2- - 1,3- e -
4,6- i) (3d): FIELREA, K 148~150 C; '"H NMR
(400 MHz, CDCl;) d: 1.69 (s, 6H), 1.81 (s, 6H), 2.32 (s,
3H), 4.57~4.67 (m, 3H), 7.16 (d, J=8.0 Hz, 2H), 7.42 (d,
J=8.0 Hz, 2H); *C NMR (400 MHz, CDCl;) é: 21.07,
26.57,28.63, 39.54, 49.37, 105.39, 128.25, 129.69, 134.26,
137.62, 163.97, 165.30; ESI-MS m/z: 391.1 [M+H]".

5,5-(4- T 22 2 W R ) 00(2,2- - H 21,3 I -
4,6-—fi)3e): AR, #EA 144~146 C; 'H NMR
(400 MHz, CDCls) &: 1.75 (s, 6H), 1.83 (s, 6H), 4.71~
4.74 (m, 3H), 6.75 (d, J=12.0 Hz, 2H), 8.21 (d, J=8.0

Chin. J. Org. Chem. 2017, 37, 1560~ 1564

© 2017 Chinese Chemical Society & SIOC, CAS

Hz, 2H); “C NMR (400 MHz, CDCl3) §: 26.58, 28.50,
39.88, 48.79, 105.80, 124.13, 129.74, 135.66, 147.40,
163.64, 164.75; ESI-MS m/z: 422.1 [M+H]".

5,5-(3- G 2K 2 0 R A ) X (2,2- — 2 -1,3- g -
4,6-—F)3f): AEEA, 5 152~154 C; 'H NMR
(400 MHz, CDCLy) 6: 1.73 (s, 6H), 1.83 (s, 6H), 4.57~
4.62 (m, 3H), 7.26~7.30 (m, 2H), 7.44~7.46 (m, 2H),
7.56 (s, 1H); *C NMR (400 MHz, CDCl5) 6: 26.61, 28.58,
39.65, 49.12, 105.57, 126.92, 128.16, 128.44, 130.23,
134.80, 142.78, 163.72, 165.04; ESI-MS m/z: 411.1 [M+
H]".

5-(4- FHAE 2R L 0 W 3)-2,2- — 3 -1,3- I -4, 6-
T 3g): W AE A, FS 122~123 T (it
126 ‘C); '"H NMR (400 MHz, CDCl3) : 1.79 (s, 6H), 3.91
(s, 3H), 6.98 (d, J=8.0 Hz, 2H), 8.23 (d, J=8.0 Hz, 2H),
8.38 (s, 1H); *C NMR (400 MHz, CDCl;) d: 27.53, 55.70,
104.18, 110.89, 114.39, 124.77, 137.66, 157.93, 160.49,
164.07, 164.67.

5-(4-N,N- . FF L 2R 7 H 36)-2,2- — T 31, 3-
Ji-4,6- —Fi(3h): B A, # 168~170 T (it
166~168 C); 'H NMR (400 MHz, CDCly) d: 1.77 (s,
6H), 3.15 (s, 6H), 6.70 (d, J=8.0 Hz, 2H), 8.25 (d, J=8.0
Hz, 2H), 8.30 (s, 1H); >C NMR (400 MHz, CDCl) ¢:
27.33, 40.14, 103.45, 105.13, 111.33, 120.29, 138.94,
154.50, 158.05, 161.45, 165.22.

5-(QQ-MHFE IR LW FFAL)-2,2- —FFE-1,3- T E -4, 6-
TR R E AR, A 119~120 C 13tV 120~
122 °C); "H NMR (400 MHz, CDCl;) ¢: 1.82 (s, 6H), 7.50
(d, J=17.7 Hz, 1H), 7.66 (t, J=7.8, 1H), 7.75 (t, J=17.6
Hz, 1H), 8.30 (d, J=8.2 Hz, 1H), 8.80 (s, 1H); *C NMR
(400 MHz, CDCly) o: 27.83, 105.48, 124.86, 130.32,
130.90, 133.82, 148.31, 155.80, 159.00, 161.53.

#HBh#1 Bl (Supporting Information) ¥4 H b1k &4
3a,3d, 3f ) '"HNMR. “C NMR K. X060 a) P4
i WASFI 35 (http://sioc-journal.cn/) | N %K.
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