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BEAS  BEEX*

(CYLTEIMVE R =2 T2t B & 330022)
CEERESEWERERKRE ME 330026)
CILPH NRERIMEL FEE 330006)

WE CEEREEAERT, DPERMmRENIEFEF, PR, 2,2- = H-1,3- 2R bE-4,6- —F AR 2508 J5ok], il
¥ Knoevenagel 4ii &5 Conjugate AR M2 450 B, G AU A BT 10 Fft 5-(1-8 -3 2K B AR -2-pd)-2,2- — Hf
Be-1,3- 08K -4,6- HRFTAN. % T RAWCRE(63%~86%) R BRI HRAE ] 8 IR UF SR A, AR 5-(3-
IR FE- 1R T -2 ) -2,2- - 1,3- T -4,6- AT AR IRAL T — P R T

i
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“One-Pot” Synthesis of 5-(1-Phenyl-3-phenylprop-2-ynyl)-
2,2-dimethyl-1,3-dioxane-4,6-dione
Catalyzed by Copper Acetate
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Abstract In the presence of copper acetate, ten 5-(1-phenyl-3-phenylprop-2-ynyl)-2,2-dimethyl-1,3-dioxane- 4,6-dione de-
rivatives were synthesized via the three component one-pot reaction of aldehydes with 2,2-dimethyl-1,3-dioxane-4,6-dione and
phenylacetylene by using Na-ascorbate as a reductant. The reaction has the advantages of high yields (65%~86%), mild con-
ditions, simple operation and environmental friendliness. It provides an effective method for the synthesis of 5-(1-phenyl-3-
phenylprop-2-ynyl)-2,2-dimethyl-1,3-dioxane-4,6-dione derivatives.

Keywords one-pot; copper acetate; 2,2-dimethyl-1,3-dioxane-4,6-dione; 5-(1-phenyl-3-phenylprop-2-ynyl)-2,2-dimethyl-

1,3-dioxane-4,6-dione
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HARP=(Eq. HMY. J7ik(D) QKR T HEM
NEREF] -BuMe,SiOTf #HT [ b, H G A T2 44
S K R B, T7VEQR) (4) WAFELE S S I Ta]
RNEIFE % . FREENT B A 2. Hik, &
JESRE L TR Je i A BRI v R A A e ).

:§_/ M = Li, AIEt,, ZnBr ;\Eg
O
O—<X R Zn(OTf),, NEt;
> + Ph—=
o
e}
O
o R Cu( 0Ac)2 H,0O
X = + =
o) Na ascorbate
¢}
>< RCHO >< R Cu( OAC)Z HZO
Na-ascorbate

503 B3 AT R0y T IR SR T R A B, %
Moy N HA TR ks mR B R T A G S
m, WA R BRI AR A O, B UMS AN
AR E S —, O ZR T R A A R
A MI A R A2, BATREAN
i Yonemitsu S ¥\ Biginelli-like Sl T H
FIBAE WS VER) S 0GR L WRER Bl UM PR 25 14 (1) % BA
& Wy, FET I, AR SCHRGE DL R 4R A BUOR BB A
AR, H 2,2-ZHI3-1,3- hEki-4,6- . BRI
LR RAE =5y [N B 5-(1- 2R -3 -2 25 T 2R -2- ok
Foy-2,2- T HI -1 3- R4 6- “FRAATAEY), A 2R
Il Eq. 5.

PhCCH (3) ><
20 mol% Cu(OAc)- Hy0 o o

40 mol% Na-ascorbate
>< o 0
2a~ 2i

PEG400/H20 (V:V = 1:1), rt.
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1 HERETR
1.1 RMZFHHMRK

PLZE IS . 2,2- " F 3E-1,3- ke -4, 6- i LK 4
H&%ﬁ@fiﬁ WR T AL ESRE . IR, 8557

TR R0 RIS B0 S B () s, SEER 25 LR 1. Bk
XTTI‘JLF/\)% T Tk, RILEBAE BE
B RIR, BN ) 4 Ja A 3h i A0 s P R I ORI
ZES e, DRERE . EALH . R ER R PR R AN ik
JRJGE, TSR RO, A S ARRE S K
A A [ RE. Cu(acac),~ Cu(NH3),SOy 348 J5 J5 V4 B 1A
a5 Gy AL TR R e AR B S, PR,
WRRE 2. Cul 7E A PR J TC S e PRI A e i 29 o 0 44
BT, AR R Z R, R, AR E] 5,5-(CREETE
)R (2,2- — 1 -1,3- I8 5e-4,6- —Jil)['H NMR (400
MHz, CDCL;) 6: 1.68 (s, 6H), 1.81 (s, 6H), 4.61~4.68 (m,
3H), 7.29~7.37 (m, 3H), 7.53 (d, J=7.6 Hz, 2H)]&I*4¥,
1M Cu(OAc),*(H0) AR B 47 (7% 1, Entries 1~12).
SR G 28T AN [A) IR TR )% B R R, 2408 R R A
NH,OH-HCI B AAa il 2] H AR =4, 2438 J 55 A PudR i
FRANIST 7= SR AT 3L 76% (3% 1, Entries 12~14). #3554}
TRFRBEAT T ik, I BiAE PEG400/H,0 (V: V=1 ":1)
TRE T A R SRR B A (FR 1, Entries 15~17). )5
X NI () BEAT T 5%, SRA & R W] de £ S M I []
N 6.0 h. ZEEFTIR, MRS S AR 78 B R R Ak

fERT, PAPUIR IR 8 ik JE 7], BL PEG400/H,0
Vi v=1 ) NRBER, WHRIHE 4.0 mL, MNER

CEWEE, 2,2- - HI3E-1,3- W8 kE-4,6- il 52 260 4
FRREZ AN 201 1.5, MR RNER, fRiERN
i )24 6.0 h.

1.2 RNEYIER

1E BRI B AE TN, REGHEE T ANF IR
2,2- I HE-1,3- T4, 6- 5 2K LB =44 N
(F2). WK 2AH LI NAR ZR T8 R I I A2 75 & s
SO AT IBANEAT, FHPL 63%~86%HE i i R 45 3 4 v
B H bR =, X655 F PR I EUAR I ) E AN R AR A
K, ANFEBCHITS BB 2 51% B A 3R R IR,
E&FEWM%%ﬂfﬁ&P@ﬁﬁﬂ%m%m,%w
HA 35 ) 5 A I8 S N P — MR A e T AR O
i, kT 2% Tk e R R A5 8 e 0 S N SR

1.3 RNHIBIRVT

R HE O A A SCER RGB!  TI Sz IR R AE R, X%
J MR T 40 Scheme 1 s B AT BENLEE. DL 4a K
N AT S AL ER AT IR, — 5T, AR AR T IE )
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Table 1 Optimization of reaction conditions for the synthesis of 4a

Entry Copper(Il) source Reductant Solvent (mL) Time/h Yield”/%
1 Fe(OAc), Sodium ascorbate PEG400/H,O (1 - 1) 12 6
2 Zn(OAc),(H,0), Sodium ascorbate PEG400/H,O (1 - 1) 12 0
3 Ni(OAc), Sodium ascorbate PEG400/H,O (1 - 1) 12 0
4 Mn(OAc), Sodium ascorbate PEG400/H,O (1 - 1) 12 0
5 CuSO4(H,0);s Sodium ascorbate PEG400/H,O (1 - 1) 12 49
6 CuCl,(H,0), Sodium ascorbate PEG400/H,O (1 - 1) 12 36
7 Cu,(CO3)(OH), Sodium ascorbate PEG400/H,O (1 - 1) 12 12
8 Cu(acac), Sodium ascorbate PEG400/H,O (1 - 1) 12 9
9 Cu(NH;),SO, Sodium ascorbate PEG400/H,O (1 - 1) 12 20

10¢ Cul — PEG400/H,O (1 - 1) 20 0
11¢ CuOAc — PEG400/H,0 (1 : 1) 6 48
12 Cu(OAc),(H,0) Sodium ascorbate PEG400/H,O (1 - 1) 6 76
13¢ Cu(OAc),(H,0) NH,0H-HCl PEG400/H,0 (1 : 1) 6 0
14 Cu(OAc),(H,0) Na,S0; PEG400/H,O (1 : 1) 6 42
15 Cu(OAc),(H,0) Sodium ascorbate TBA/H,O (1 : 10) 8 61
16 Cu(OAc),(H,0) Sodium ascorbate Ethanol/H,O (1 - 1) 12 55
17¢ Cu(OAc),(H,0) Sodium ascorbate H,0 12 0
18 Cu(OAc),(H,0) Sodium ascorbate PEG400/H,O (1 - 1) 8 76
19 Cu(OAc),(H,0) Sodium ascorbate PEG400/H,O (1 - 1) 5 68

“ The reaction conditions were conducted using 20 mol% Cu(Il) salt, 1.5 equiv. of PhAC=CH, and 40 mol% reductant in 4 mL of solvent at room temperature;
lated yield; © The products were 5,5-(phenylmethylene)bis(2,2-dimethyl-1,3-dioxane-4,6-dione);
20 mol% Cu(II) salt and 40 mol% reductant in 4 mL of PEG400)/H,O (V : V=1

of 2,2-dimethyl-1,3-dioxane-4,6-dione were added.

xR2 WEY 4a~4j ER
Table 2 Synthesis of compounds 4a~4j

Entry R Time/h Product Yield®/%
1 C¢Hs 6.0 4a 76
2 4-FC¢H, 4.0 4b 72
3 4-CIC¢H, 5.0 4c 75
4 4-CH5C¢Hy 8.0 4d 69
5 4-O,NCgH,4 5.0 4e 68
6 4-CH;0C¢Hy;  12.0 4f 81
7 2-Furyl 16.0 4g 80
8 PhCH=CH 20.0 4h 86
9 CH;CH, 16.0 4i 63
10 CH;(CH,), 16.0 4j 71

“The reaction conditions were conducted using 20 mol% Cu(OAc),, 1.5 equiv.
of PhC=CH, and 40 mol% sodium ascorbate in 4 mL of PEG400/H,O (V" :

V=1 1) at room temperature; ®Tsolated yield.

R 2a) 5 2,2- "W HE-1,3- 8k -4,6- —FR(1) K4
PEG400/H20 (0]
X 1? Hgee TR

Cu(OAc), + Na-ascorbate + @%H

B 1

- D,

o)

O
5

b

Iso-
“ The reaction conditions: CuOAc was synthesized from a solution of
subsequently. 1.5 equiv. of PhC=CH, 2.0 equiv. of benzaldehyde and 1 mmol

Knoevenagel 455 [ S =4 Hr a4 5; 55— 5 THI, B FRH
B PUIR M ERENIE S, P15 2K BRI BER £ 358 IV 4[]
& 6; wJa, HlEE 5 5RARIEWHF K 6 KAE
Conjugate ME S N33 H bR 4 4a.

it

7£ PEG400/H,O (V@ V=1 @ )RVEFIt, DIEERR
HAIFUR MBI R, DARE . 2,2- I JE-1,3-—
5t-4,6- M 5 7K 2 K A= Knoevenagel 4 & 5 Conjugate
IR SE I 26 20 03 ] AT 20 BT 10 Ff 5-(1-2R 23
RIEHE-2-PdE)-2,2- T HIFE-1,3- -4 6- FRATAE
W, e T BRI 20 mol% Cu(OAc),-
(H,0), 40 mol% P4 MLEREH, 4.0 mL PEG400)/H,O (V' :
=1:1), RNFEREE. 2,2- - FHE-1,3- " BEkz-4,6-

2

/l_b

Conjugate addition
e .
Or=
6 O

]

3
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Scheme 1 Proposed mechanism for the imformation of 4a
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TSR L PORIRE R EZ N 201015, iR
4.0~20.0 h, F=HICEN 63%~86%. %N A M
TN BRAE ] B A B RS R, A R 5-(3-2R 2k 1-
KB HE -2 5 )-2,2- -1 3-E-4,6- —ERATAE
WIERAL T — e 2 7.

3 XIS

3.1 X5

i BuchiB-540 BB AUE S AR REKIE);
18 [ Bruker 400 MHz B Z 3L 4RAX (CDCl; ¥ 5, TMS
NANFR); MS i H ABI A ] API3200 = 5 JY 24 FF 5 i A%
K.

2,2- — HIRE-1,3- TR ke -4,6- TR 1% SCRR[ 18] 4
R, 4R, -SRI, 4-FORH R, 2-
SRR, 4-THEETE RS, 4- W SEIE TR R . 21
M Je PR (Fa Btk TR G IR A E], /i), Heik
RIS R EE AL, R K R 20 R A B A7
3.2 kA 4a—4iIAR

7£ 20 mL {5 P\ PEG400)/H,0 (V@ V=1":1)
(VR &7 4 mL. Cu(OAc),*(H,0) 0.2 mmol. 2,2- - H
F-1,3- " MEkE-4,6- 87 1 mmol. 57 2 mmol FIHTIR
MEREN 0.4 mol, T~ =i MA I 4iHE B 4.0~20.0 h. BV
SEEE, M & e M S BB, A NE,
KEH ZEREERHR. HEIEAIE, KR
T, T E. PR R S R AR, GRS
Fed ghih . TR B &) 4a~4j.

S-(1-FRHE-3- R HE-2- e B6)-2,2- L1 3- ¢
bi-4,6- —fi(4a): AME A, mp. 160~162 C (Lit!'™
159~161 ‘C); 'H NMR (400 MHz, CDCls) d: 1.63 (s,
3H), 1.75 (s, 3H), 4.01 (d, J=2.8 Hz, 1H), 5.16 (d, J=2.8
Hz, 1H), 7.26~7.33 (m, 3H), 7.36~7.40 (m, 2H), 7.47~
7.51 (m, 2H), 7.63 (d, J=7.2 Hz, 2H); “C NMR (100
MHz, CDCls) 6: 27.82, 28.37, 37.09, 52.89, 85.55, 86.21,
105.33, 122.75, 127.87, 128.27, 128.41, 128.53, 128.73,
131.91, 137.16, 163.18, 163.86.

S-[1-(4- T 2K 5 )-3- % J T 6 -2- B 0 )]-2,2- — -
1,3- " WEe-4,6- —ff(4b): AHEA, mp. 141~143 C;
'H NMR (400 MHz, CDCl;) 6: 1.65 (s, 3H), 1.74 (s, 3H),
3.97 (d, J=2.8 Hz, 1H), 5.13 (d, J=2.8 Hz, 1H), 7.01~
7.07 (m, 2H), 7.36~7.40 (m, 2H), 7.44~7.50 (m, 2H),
7.57~7.63 (m, 2H); “C NMR (100 MHz, CDCl;) J:
27.74, 28.34, 36.33, 52.88, 85.58, 86.18, 105.34, 115.26,
115.47, 122.59, 128.29 128.51, 130.62 (d, J=8.0 Hz),
131.87, 132.81 (d, J=3.0 Hz), 161.11 (d, J=246.5 Hz),
163.19, 163.57; HRMS calcd for C,;H,7,FNaO, [M—|—Na]+

3104 http://sioc-journal.cn/

© 2018 Chinese Chemical Society & SIOC, CAS

375.1009, found 375.1002.

5-[1-(4- SR )-3- IR B P Bk -2- e 52 )]-2,2- — A k-
1,3-ZWEkE-4,6- —[i(4c): HEME A, mp. 124~126 C
(Lit.'"* 124~127 ‘C); 'H NMR (400 MHz, CDCL;) ¢:
1.66 (s, 3H), 1.73 (s, 3H), 4.01 (d, J=2.8 Hz, 1H), 5.13 (d,
J=2.8 Hz, 1H), 7.26~7.34 (m, 5H), 7.42~7.51 (m, 2H),
7.58 (d, J=8.8 Hz, 2H); *C NMR (100 MHz, CDCl;) ¢:
27.68, 28.36, 36.89, 52.77, 85.60, 85.86, 105.24, 122.38,
128.17, 128.40, 128.46, 130.11, 131.78, 135.42, 162.91,
163.31.

5-[1-(4-FH B R 0k )-3- DR B P k-2 - i) ]-2,2- — T k-
1,3- ZWEkE-4,6- —Hd(4d): A AR, mp. 129~131 C;
'H NMR (400 MHz, CDCly) &: 1.62 (s, 3H), 1.73 (s, 3H),
2.34 (s, 3H), 3.97 (d, J=2.4 Hz, 1H), 5.12 (d, J=2.4 Hz,
1H), 7.17 (d, J=8.0 Hz, 2H), 7.29~7.32 (m, 3H), 7.46~
7.51 (m, 4H); “C NMR (100 MHz, CDCl;) §: 21.10,
27.83, 28.36, 36.83, 52.94, 85.38, 85.49, 105.27, 122.84,
128.24, 128.34, 128.60, 129.24, 131.89, 134.14, 137.60,
163.21, 163.89; HRMS calcd for C,,H,)NaQ, [M—l—Na]+
371.1259, found 371.1272.

5-[(4-FiFd A5 2% 2k )-3- IR 5 T -2 ok R ))-2,2- — FP -
1,3- " WE K -4,6- [ (de): ¥k B [E AR, mp. 140 ~
142 C (Lit!" 142~145 C); 'H NMR (400 MHz,
CDCly) 0: 1.73 (s, 3H), 1.79 (s, 3H), 4.02 (d, J=2.4 Hz,
1H), 5.16 (d, J=2.4 Hz, 1H), 7.29~7.36 (m, 3H), 7.42~
7.51 (m, 2H), 7.81 (d, J=8.8 Hz, 2H), 8.24 (d, J=8.8 Hz,
2 H); *C NMR (100 MHz, CDCl;) §: 27.63, 28.41, 36.90,
52.74, 84.83, 86.47, 105.53, 121.96, 123.59, 128.30,
128.72, 129.83, 131.91, 144.32, 147.69, 162.84, 163.20.

5-[1-(4- FH AR L O 0 )-3- R i P ik -2- B ik )]-2,2- — H
He-1,3- LR -4,6- W (4f): vk O A, mp. 88~
90 ‘C (Lit."? 88~91 C); '"H NMR (400 MHz, CDCl;)
0: 1.62 (s, 3H), 1.73 (s, 3H), 3.85 (s, 3H), 4.00 (d, J=2.4
Hz, 1H), 5.11 (d, J=2.4 Hz, 1H), 6.88 (d, J=8.8 Hz, 1H),
7.29~7.33 (m, 3H), 7.46~7.51 (m, 2H), 7.57 (d, J=8.8
Hz, 2H); C NMR (100 MHz, CDCl;) §: 27.80, 28.34,
36.92, 52.97, 55.38, 85.17, 86.20, 105.13, 113.66, 122.63,
128.11, 128.29, 129.01, 129.80, 131.76, 158.69, 163.12,
163.52.

5-[1-(2- Wk R 25k )-3- 2 0 P 5 -2- ok 06 )]-2,2- — A k-
1,3- “I&kc-4,6- M (4g): K AE K, mp. 131~132 C
(1it.1"* 129~131 C); '"H NMR (400 MHz, CDCLy) §: 1.75
(s, 3H), 1.82 (s, 3H), 4.18 (d, J=2.4 Hz, 1H), 5.16 (d, J=
2.4 Hz, 1H), 6.38 (dd, J=1.9, 3.2 Hz, 1H), 6.53~6.59 (m,
1 H), 7.30~7.38 (m, 4H), 7.44~7.50 (m, 4H); *C NMR
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(100 MHz, CDCL3) 0: 27.61, 28.27, 31.53, 49.65, 83.84,
84.65, 105.37, 108.45, 110.11, 122.38, 128.23, 128.59,
131.96, 141.87, 150.00, 162.44, 163.31.

5-(1-2K L FE-3- 2R FE P JE -2 gk )-2,2- T JE- 13-
TWE R -4,6- — F (4h): 3 A [ 44, mp. 128~130 C
(1it.1"* 129~132 “C); 'H NMR (400 MHz, CDCLy) o:
1.765 (s, 3H), 1.81 (s, 3H), 3.92 (d, J=3.2 Hz, 1H), 4.56~
4.62 (m, 1H), 6.52 (dd, J=7.2, 15.6 Hz, 1H), 6.82 (d, J=
15.6 Hz, 1H), 7.24~7.38 (m, 6H), 7.42~7.51 (m, 4H);
C NMR (100 MHz, CDCly) d: 27.32, 28.44, 34.73, 52.01,
84.42, 86.23, 105.17, 122.69, 124.97, 126.56, 127.83,
128.20, 128.47, 131.76, 133.68, 136.10, 163.09, 163.22.

5-(1- £ FE-3- R B N JE-2- e i )-2,2- I E-1,3- 1
fi-4,6- B (4): AGFE A, mp. 140~142 C (Lit"
139~140 °C); '"H NMR (400 MHz, CDCl;) 6: 1.16 (t, J=
7.5 Hz, 3H), 1.68~1.82 (m, 1H), 1.76 (s, 6H), 2.06~2.17
(m, 1H), 3.48~3.57 (m, 1H), 3.65 (d, J=2.4 Hz, 1H),
7.24~7.31 (m, 3H), 7.36~7.44 (m, 2H); *C NMR (100
MHz, CDCl;) 6: 12.78, 26.22, 27.63, 28.57, 34.12, 49.80,
83.77, 87.64, 105.19, 122.86, 127.89, 128.20, 131.76,
163.51, 164.39.

5-(1-TH 2E-3- IR P 22 e S )-2,2- — -1 ,3-
bt-4,6- F(4)): [AEREA, mp. 122~124 C; 'H NMR
(400 MHz, CDCl3) d: 0.99 (t, J=7.2 Hz, 3H), 1.44~1.55
(m, 1H), 1.59~1.75 (m, 2H), 1.78 (s, 6H), 2.10~2.18 (m,
1H), 3.65~3.70 (m, 2H), 7.25~7.30 (m, 3H), 7.37~7.41
(m, 2H); *C NMR (100 MHz, CDCl3) §: 13.60, 21.22,
27.65, 28.54, 32.09, 34.76, 50.06, 83.66, 88.02, 105.22,
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122.99, 128.11, 128.17, 131.82, 163.73, 164.45; HRMS
caled for C;sHy)NaO, [M—i—Na]+ 323.1259, found
323.1276.

4 Bh# %L (Supporting Information) {454 4a, 4b, 4d,
4f, 4g, 4i ) NMR . XEeppkln] DL 9 9 A F1) 99 3
(http://sioc-journal.cn/)_E T %K.
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