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e =Hr Tinswl “—miE” &Rk 5-[(3-M|WrE)-F £]-2,2-
T H-1,3-Z1Ekk-4,6-—HNTE4)
e EEMS s

(YLTEIMVE R =2 T2t B & 330027)
¢ EFR PSR TR0 #EE 330027)

waEE B sl g

WE  EMBRME T, PSR, BRI 2,2-T T 3E-1,3- k-4, 6- —Fi N ERL, S =M THEMFEESRT 9 Fl 5-[(3-M]
W) - 5L 1-2,2- 0 T 86-1,3- e -4,6- ERATAEY). JEAFMHEN 5 mol%E, 60 CM 30~90 min, Yy

AR RN PR A b HL AT A
REEAE S RN AR G 5-[(3-MEIRIE ) - F 3 1-2,2- 30 T k- 1,3- RERE-4,6- —; BlER 1L

Solvent-Free One-Pot Three-Component Synthesis of
5-[(Indol-3-yl)-methyl]-2,2-butylidene-1,3-dioxane-4,6-dione Deriva-
tives with B(OH); as Catalyst

Lin, Chunhua“ Xu, Zhaohui™* Liao, Weilin” Qiu, Zengye” Xia, Jianhui**’
(“ Department of Chemistry and Chemical Engineering, Jiangxi Normal University, Nanchang 330027)
(® National Monosaccharides Chemical Synthesis Engineering Research Center, Nanchang 330027)

Abstract Nine kinds of 5-[(indol-3-yl)-methyl]-2,2-butylidene-1,3-dioxane-4,6-dione derivatives were synthesized by the
three-component one-pot reaction of indole with aldehydes and 2,2-butylidene-1,3-dioxane-4,6-dione in the presence of boric
acid under solvent-free. The results indicated that the yields ranged from 68.6% to 91.3%, when using 5 mol% boric acid and
reacting at 60 C for 30~90 min. Furthermore, a proposed reaction mechanism for the reaction catalyzed by boric acid was
speculated. The main advantages of the present procedure were milder conditions, shorter reaction time and higher yields.
Further study showed that boric acid was environmentally friendly and reused for six times without any noticeable decrease in

the catalytic activity.
Keywords
B(OH);-promoted

three-component reaction; one-pot synthesis; 5-[(indol-3-yl)-methyl]-2,2-butylidene-1,3-dioxane-4,6-dione;

AP E, 2 4050 N (MCRS) HL AT 8/ 47 B 20
Mt LR | Sk EREAE T A s, TR
FREEMBENAE B, KRR B TR
WA R HEESESR ARz
W5| AT AE e B S AR IR R4 S, e A
i 3-WIREAERES T R p-BUAR ) R R K B 24
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TIOR8, ZRUAB WL GG T EAM R B
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ZRER-4,6- W, BT 5 A RO ER 46 S R ——
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T B 1 Sy — ol dlEL 0 v 2 R R AR 00T, A BR B
UF. BRI S 13 R 5 THAES S, et ZHTHLE
Foft TR ) 0 2 s B A A e S iU, Bigineili®” i v
A1 Michael® Jsz b 25 FR AT 5 9 20 22 3% F B R i3k 47
Knoevenagel #i& R, I BA BT 1) AT P H
BN RL. E T, EE5RET MR L
A, FETCIRFNEAE NI &R Wl 2,230 ] %-1,3-
TWELE-4,6- = H ARG R BLE L S-[(3-MI k)T
FHJE]-2,2-WP T 5-1,3- M8 Ke-4,6- R i B s R 7
% AEEE%%%JWL Eq. 1.

é 3a~3j
@E& M

4a 4j

H3BOs(5 mol%)

Solvent free

1 GR5vHe
1.1 BERMNEHRITHE

DI RS, W5[AFN 2,2-0 T FE-1,3- N kE-4,6-
NREN L, BT REVE EE A AT =
S5 NE I TE) R 52 07 it B %o I B s, FLEE SRR 1. M

F 1T LLEH, 7E D,L-HEER, InCls, CeCls AR VU Fh
AT, TRER AL RO ey, R F] 73. 0%(%% 1,
Entry 4). I SRR AR BT 38 0L T 3 e 82 1)
A\ SEISUERIE DMF W55 ARG R SR GER 1,
Entry 4), ZJE. VOEPRIEAT 1,4- 5 NI SO RBCR K
7=, [BIETE R A TR B =i(3R 1, Entries 8~11).
PEAR T B0 s B2 R 52 d2. 3 (3R 1, Entries 11~15),
RINMEE AT P = R N, RS R, Ak
&N 5 mol%I, ik E] 75.9%, 4+4:38 hnfe 5 H
HIAE] 7 mol %, WAL HE F 0.1%. ML, 78
FAIE SO 26 AR, IR/ & (3R 1, Entries 12). N
T P R sz S BT )56 = e R R () 45 SRR, SR I B

RN 60 C, SfEMNAEN 60 min. @it L 2414
SpnG HE MM BEFIZEMET, L5 mol%

TERAE AR, RERYI R EZ A 111
PR EN 60 °C, Hefd: N A 60 min.
1.2 WA ERIREE

TERfE B ALR BT, BAT RBEPIE 79
J&, I AR AN [F S M 2,2-3F T gk -1,3- - REHE-4,6-
TERHAT A A R, AT 9 Bl S-[(3-MIMEE)-
FHE)-2,2-00 T 2-1,3- ZRE ki -4,6- —BAfiTAEY) 4a~4i(k
2). & 2 BIREATEH, fEMIRELENST, LinE
i W I SR 05 A WK % R R ¥ AT DUIRR]EAT, 5 DA
68.6%~91.3%[1) =L AF B ALY 5-[(3-P5] Wk )5 F
F1-2,2-W T FE-1,3- W8 Be-4 6- —FRATAEY. 55 FEEW

F1 5-[B-MIWEIE)-FFJE-2,2-T0 T 3-1,3- I8k -4,6- — Hi(de) -4 B AHA0AL ¢
Table 1 Optimization of reaction conditionds for synthesizing 5-[(indol-3-yl)-methyl]-2,2-butylidene-1,3-dioxane-4,6-dione (4¢)
Entry Solvent Catalyst Catalyst/mol% Temperature/'C Time/min Yield®/%
1 DMF D,L-Proline 5 100 150 68.6
2 DMF InCly 5 100 150 65.4
3 DMF CeCly 5 100 120 68.1
4 DMF B(OH); 5 100 120 73.0
5 DMSO B(OH); 5 100 150 71.2
6 DMAC B(OH); 5 100 150 67.8
7 NMP B(OH); 5 100 150 64.0
8 CH;CN B(OH); 5 Reflux 180 60.7
9 THF B(OH); 5 Reflux 180 60.5
10 1,4-Dioxane B(OH); 5 Reflux 180 58.7
11 None B(OH); 5 80 90 75.9
12 None None 0 80 120 Trance
13 None B(OH); 1 80 90 61.3
14 None B(OH); 3 80 90 70.8
15 None B(OH); 7 80 90 76.0
16 None B(OH); 5 70 80 80.2
17 None B(OH); 5 60 60 86.4
18 None B(OH); 5 50 70 83.3
19 None B(OH); 5 40 80 79.4

“Reaction conditions: benzaldhyde (5 mmol), indole (5 mmol), 2,2-butylidene-1,3-dioxane-4,6-dione (5 mmol), solvent (15 mL) or solvent-free conditions; b isolated

yield.
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SN S B SR i b ) H 2 B R AN S BRI )
PEA R, M50 LEAW T RURIEER, T B
AT, MER SR T RURER, AR T RN T, A
e FE S SEOZ RN ARER A, FIanX RIS, X
AR R AR AR BL. A0SR I b i AR IR A
VARAL, BIBRIK, BIan4RaE ROk R | 2,4- R oK
1%, ZRNWARERAE, INAEFSE] Knoevenagel 45& =
Y. B b SE AR A AR WA 1% ) B2k A N BT
HAEALBRE S, HA R .

R 2 MBS R S-[(3-IWEE) - I E]-2,2-7 T 2-1,3- 18
it-4,6- . FRATAEY)

Table 2 Synthesis of 5-[(indol-3-yl)-methyl]-2,2-butylidene-
1,3-dioxane-4,6-dione derivatives catalyzed by B(OH),

Product R Yield”/% Time/min m.p.%/°C
4a CH; 87.3 80 Brown oil
4b CH;CH,CH, 82.0 90 123~126
4c (CH;),CH 68.6 90 Green oil
4d CH;CH,CH,CH, 80.5 90 107~109
4e  CgHs 86.4 60 140~142
4f  4-NO,C¢H, 91.3 30 122~124
4g 4-FC¢H, 75.2 45 126~128
4h  3-CIC¢H, 88.5 60 133~135
4i  3,5-(CF;),C¢H; 90.0 75 142~144

¢ Reaction conditions: benzaldhyde (5 mmol), indole (5 mmol), 2,2-butyl-
idene-1,3-dioxane-4,6-dione (5 mmol), H;BOs (5 mol%), solvent-free condi-
tions; * isolated yield; ¢ melting points are uncorrected.

1.3 fELFIBIEISF A

TERA RN AAE T, DORFEE. WAl 2,2-0 ]
He-1,3- 08 e -4,6- i [ MBS, B ST AR
SAE AR, PSS RHEGTIT DUEMEA 6 ik, HEL
MEALVE PR A B FRAK. FUCRIK IR 86.4%, 86.0%,
85.4%, 84.4%, 82.3%A1 80.1%.
1.4 WRER T RERYE AR

LEHDIZE . WIWERT 2,2-TF ] FE-1,3- IEkE-4,6-
R P s N A A8 R =2 o 4 A R T RE N HL
R34 2 2 W T HE-1,3- T E R -4,6- —H(2) 5 75 FE 3 1E
g A N S T s Nl Y O M 11 5% s et /L e I
& 5. WINER) C-3 MR EFIHE T %, "EREER
A% B R a4 5 586 IEFAR ) a-C, 4053
AW FEUREEN, H o-C IR AR N, S kgl
BEBUR AL SR A BRI B, (RIS .45 ) T R e [l g L 5
ANE HL T IRGIMESE A 2,230 T HE-1,3- i -4,6- i)
s, MR, 45 H T R B s B TE PR AR, 724 4
(IFa S M PR, DABCR SIS 45 d 3L A e R A
SN 2RI 1 2 ()AL BN R A, ASF) 15w
PIREBL, A RIS FEARE AN R R 2. VT REIY ) Rt 7,
41 Scheme 1 fli7s.
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o B(OH)3
b B(OH), 5
R™ "H ’ J\ CHR
3 R” ~H B(OH), © o
o OH -H,0 o.__0O
0 0
E>< =E>< \ é
(0] e} 5
2 O 0]
R O
o~ H CHR o}
LYY X
" R A (@)
o.__0O N O
O \
1 H
5 4

B 1 IR AR 5-[(3-5IMdE)- 1K ]-2,2- Y0 T 4k-1,3-—
W fe-4,6- — W ) ] BEALEE

Scheme 1 Proposed reaction mechanism of synthesizing for
5-[(indol-3-yl)-methyl]-2,2-butylidene-1,3-dioxane-4,6-dione
derivatives catalyzed by boric acid

2 i

TE TGV AR T R PR A A [ 1 S5 05 e R 2,2-
W T 3E-1,3- T EbE-4,6- R AR = A MR A RO, AR
HRCT 9 B S-[(3-Mgl btk )— 5k ]-2,2- M T 2k-1,3- @S-
4,6- —FRALAEY). LIS 5 mol%HT, 60 C M
30~90 min, YFE N 68.6%~91.3%. ZHTVEAEXT =
Hordaa RN EERRE, mHEAEER S R
L WS mr s AN R A WLV ) A58 A S5 AR A

3 SRS
31 RAFISEE

2,2-30 T Fe-1,3- E ke -4,6- — Fil ¥ SCER[25, 261
%y QML IETEE. BT, IEREE. KHEE. 4-fi3E
R, 3-FORHEE ., 4-FOR R, 4R IEOKH N
Mrafi, e hfeia,

i BuchiB-540 A WA RAX R ETHR AR IE);
Bruker 300 MHz B Z i 3LHR (U (CDCL A 7, TMS AN
Fr); S FT-IR-8400 %47 AMY(KBr JE }); Finnigan
MAT-8430 4 = 23 4R RE A
3.2 5-[(3-MIRrE)-FE]-2,2-T T £-1,3-ZFEkt-4,6-
ZEAGTEY da~4i IE R

76 50 mL =S I EE (S mmol). W] (5
mmol). 2,2-3F T 3&-1,3- Lz -4,6- (S mmol) AR
AT mol%, LAMIMERIPIE & i), T 60 CHi
F£ 30~90 min, RMFEEE, MO 20 mL & A ek [ 44
TSRS I IE, DR LR R, oK CREE S,
TIRIGACED) da~ai 45, JEUFFH & P keiik, T

Chin. J. Org. Chem. 2015, 35, 212~216



Chinese Journal of Organic Chemistry

JEAFHEA T B T OS2 A B
.

5-[(3-M5 W)~ 2,36 1-2,2- . ] F-1,3- M d5e-4,6-
fifl(4a): "H NMR (300 MHz, CDCl;) J: 1.64 (d, J=7.8 Hz,
3H), 1.72~1.85 (m, 4H), 1.98~2.11 (m, 4H), 3.80 (d, J=
2.7 Hz, 1H), 4.30 (dq, J=7.8, 2.7 Hz, 1H), 7.11~7.22 (m,
3H), 7.27 (dd, J=7.8, 1.1 Hz, 1H), 7.63 (dd, J=7.8, 1.1
Hz, 1H), 8.1 (brs, 1H, NH); *C NMR (75 MHz, CDCl;) ¢:
165.86, 164.64, 135.77, 126.38, 123.81, 122.04, 119.66,
118.25, 116.63, 114.00, 111.46, 52.19, 38.85, 38.26, 29.09,
24.13, 22.59, 17.05; HRMS (ESI) calcd for C,sH,0NO,
(IM~+H]"): 314.1387, found 314.1380.

5-[(3-MgI P )-2- H L P 25 0-2,2- 30 T 2-1,3- k-
4,6-"_fif(4b): "H NMR (300 MHz, CDCl;) J: 0.87 (d, J=
6.4 Hz, 3H), 1.15 (d, J=6.4 Hz, 3H), 1.79~1.83 (m, 4H),
2.03~2.08 (m, 4H), 2.79~2.82 (m, 1H), 3.79 (d, J=2.7
Hz, 1H), 3.92 (dq, J=8.8, 2.7 Hz, 1H), 7.15~7.23 (m,
3H), 7.28 (dd, J=8.0, 2.4 Hz, 1H), 7.62 (dd, J=8.0, 2.4
Hz, 1H), 8.13 (brs, 1H, NH); °C NMR (75 MHz, CDCl,)
J: 166.48, 166.30, 135.48, 127.55, 123.31, 121.96, 119.54,
119.21, 115.71, 114.15, 111.06, 49.90, 43.24, 38.67, 38.36,
30.90, 23.63, 22.67, 21.89, 21.52; IR (KBr) v: 3415, 3057,
1783, 1745, 742 cm™'; HRMS (ESI) calcd for Cy0H24NO,
(IM+H]"): 34.1699, found 314.1690.

5-[(3-M5] W) —1E T 3£1-2,2-3F ] FE-1,3- Mg Li-4.6-
—f(4c): '"H NMR (300 MHz, CDCl5) 6: 0.91 (t, J=7.2
Hz, 3H), 1.25~1.36 (m, 2H), 1.82~1.84 (m, 4H), 2.01~
2.07 (m, 4H), 2.19~2.21 (m, 2H), 3.78 (d, J=2.9 Hz,
1H), 3.92 (dq, J=7.2, 2.9 Hz, 1H), 7.15~7.21 (m, 2H),
7.28~7.36 (m, 2H), 7.66~7.86 (m, 1H), 8.16 (brs, 1H,
NH); “C NMR (75 MHz, CDCly) 6: 165.95, 166.45,
135.65, 127.32, 123.92, 122.02, 119.63, 118.67, 115.12,
114.07, 111.24, 52.06, 38.70, 38.49, 34.70, 29.72, 23.95,
22.67, 21.43, 14.01; IR (film) v: 3340, 3057, 1788, 1747,
739 ¢cm”'; HRMS (ESI) caled for C,0HyuNO4 (IM+H]Y):
34.1699, found 314.1690.

5-[(3-M5] W) 1E ] 3 1-2,2-3F ] 3-1,3- M fi-4.6-
—f(4d): "H NMR (300 MHz, CDCl;) J: 0.86 (t, J=7.2
Hz, 3H), 1.26~1.29 (m, 2H), 1.31~1.33 (m, 2H), 1.79~
1.92 (m, 4H), 2.04~2.18 (m, 4H), 2.04~2.22 (m, 2H),
3.80 (d, J=2.4 Hz, 1H), 4.02 (dq, J=7.6, 2.4 Hz, 1H),
7.13~7.19 (m, 2H), 7.26~7.34 (m, 2H), 7.65~7.78 (m,
1H), 8.21 (brs, 1H, NH); *C NMR (75 MHz, CDCl;) ¢:
166.11, 165.66, 135.76, 127.32, 124.04, 121.99, 119.61,
118.72,115.02, 114.16, 111.41, 52.14, 38.71, 38.42, 35.09,
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32.69, 30.54, 23.96 ,23.40, 22.68, 14.07; IR (KBr) v: 3426,
3055, 1776, 1748, 742 cm ™ '; HRMS (ESI) caled for
C,1Ho6NO, (IM+H]"): 356.1855, found 356.1872.
5-[(3-M| W 22 )~ 2R 2 H 26 1-2,2- 0 ] 2 -1,3- g e -
4,6-—fifl(4e): '"H NMR (300 MHz, CDCl;) 6: 1.76~2.06
(m, 4H), 2.00~2.07 (m, 2H), 2.24~2.37 (m, 2H), 5.16 (d,
J=3.0 Hz, 1H), 5.36 (d, J=3.0 Hz, 1H), 6.88 (t, J=7.2
Hz, 1H), 7.05 (t, J=7.2 Hz, 1H), 7.13~7.24 (m, 5H),
7.32~7.37 (m, 3H), 10.98 (brs, 1H, NH); >C NMR (75
MHz, CDCl;) 0: 165.51, 164.97, 141.27, 135.82, 128.98,
127.66, 126.20, 123.87, 121.09, 118.57, 118.47, 113.61,
113.39, 52.74, 38.67, 38.17, 37.36, 23.51, 21.93; IR (KBr)
v: 3471, 1787, 1752,749 cm™'; HRMS (ESI) calcd for
Ca3Hy,NO, (IM+H]1): 376.4359, found 376.4345.

5-[(3-Mg] P Jik )-4- i J R 0k R 3 12,200 T 2-1,3-
I 452 -4,6- — il (4f): '"H NMR (300 MHz, CDCl;) o:
1.65~1.91 (m, 4H), 1.98~2.18 (m, 4H), 5.20 (d, J=3.2
Hz, 1H), 5.51 (d, J=3.2 Hz, 1H), 7.26~7.30 (t, J=8.0
Hz, 1H, indole-CH), 8.06~8.51 (m, 8H), 10.98 (brs, 1H,
NH); *C NMR (75 MHz, CDCly) o: 168.61, 165.76,
151.21, 145.78, 145.01, 135.94, 129.41, 127.28, 126.17,
12428, 123.19, 122.08, 121.18, 118.54, 118.31, 114.95,
111.26, 58.90, 38.86, 38.58, 37.19, 24.52, 21.67; IR (KBr)
v: 3391, 3045, 1791, 1728, 1516, 1349, 740 cm™'; HRMS
(ESI) caled for Cy3HyN,Og ([M+H]"): 421.1400, found
421.1412.

5-[(3- M5 Pope I )-4- G A< 35k HH 36 1-2,2- 30 T 2k -1,3-
$i-4,6- —Hi(4g): '"H NMR (300 MHz, CDCl;) J: 1.71~
1.81 (m, 4H), 2.03~2.37 (m, 4H), 5.18 (d, J=3.0 Hz,
1H), 5.35 (d, J=3.0 Hz, 1H), 6.88~6.93 (m, 1H), 7.01~
7.12 (m, 3H), 7.16~7.20 (m, H), 7.35 (s, 1H), 7.34~7.39
(m, 3H), 11.01 (brs, 1H, NH); *C NMR (75 MHz, CDCl5)
5: 165.43, 164.83, 159.16 (d, J=245.3 Hz, 1C), 151.21,
145.78, 137.29, 135.83, 131.03, 130.92, 126.99, 123.66,
121.12, 118.48, 1114.37, 114.09, 113.63, 113.20, 111.41,
54.85,39.46, 38.63, 37.25, 23.51, 21.89; IR (KBr) v: 3431,
3072, 1789, 1752, 739 cm™'; HRMS (ESI) caled for
Ca3Hy NFO, (IM+H]"): 394.1449, found: 394.1456.

5-[(3-Mg] e Jik )-3- G 35k HH 3 1-2,2- 30 T 2k -1,3-
$i-4,6- —Fi(4h): "H NMR (300 MHz, CDCl;) J: 1.76~
2.00 (m, 4H), 2.05~2.10 (m, 2H), 2.12~2.37 (m, 2H),
5.29 (d, J=3.2 Hz, 1H), 5.44 (d, J=3.2 Hz, 1H), 6.96 (s,
1H), 7.11 (s, 1H), 7.28~7.36 (m, 4H), 7.42~7.48 (m,
3H), 11.10 (brs, 1H, NH); *C NMR (75 MHz, CDCl;) ¢:
165.35, 164.82, 143.99, 135.82, 132.42, 129.38, 128.91,
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127.73,126.21, 123.69, 121.25, 118.61, 118.46, 113.75,
112.58, 111.49, 52.68, 38.66, 38.18, 37.27, 23.54, 21.89;
IR (KBr) v: 3466, 3062, 1784, 1749, 751 cm™'; HRMS
(ESI) caled for Co3H, NCIO,4 ([M+H]"): 410.1153, found:
410.1147.

5-[(3- M5 e 55 )-2,4- X (3- 9, Y 6 ) O ik A 0 1-2,2- I,
T H-1,3- BE LR -4,6- i (4)): 'H NMR (300 MHz,
CDCl;) 0: 1.80~1.96 (m, 4H), 2.00~2.20 (m, 4H), 5.29
(d, J=2.4 Hz, 1H), 5.44 (d, J=2.4 Hz, 1H), 7.08~7.13
(m, 1H), 7.19~7.26 (m, 2H), 7.40~7.45 (m, 3H), 7.72 (s,
1H), 7.97 (s, 1H), 8.26 (brs, 1H, NH); *C NMR (75 MHz,
CDCly) d: 165.03, 164.19, 142.49, 135.75, 132.42, 131.42,
130.98, 129.95, 126.67, 125.16 (q, J=274.3 Hz, 1C),
124.05 (q, J=276.1 Hz, 1C), 122.75, 121.54, 121.15,
120.11, 118.39, 114.45, 113.27, 111.41, 53.15, 38.85,
38.79, 38.40, 22.53, 21.05; IR (KBr) v: 3421, 3058, 1789,
1749, 744 cm l; HRMS (ESI) calcd for CyyHpoNF4O4
(IM~+H]"): 500.1295, found: 500.1312.

4 Bh#1 K (Supporting Information) 144 ¥J4ef14hi
R PR X e AT DL 4 9% A AS I 3 (http://sioc-
journal.cn/) . T #,
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