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TR THB S SR T URTABS — Bl B A R £ 48 10 & AR 5-[(3-M5l e &)~
FRE]-2,2- ZH£-1,3- 218 k7-4,6- ZERTE4D

LR

(LU R AL T 25 TS 330027)

WE  {EIEHI R R AT AL T, W, BERD 2,2- T IE-1,3- R4 6- CRLE YA RIS NS AR T
10 B 5-[(3-My|WI)- F 31-2,2- — FF 31, 3- 8 kE-4,6- —HafiT B4, M H &N 3%(BE /R H0T, 30 C RV 30~
60 min, $HKH 68.9%~96.7%. WAL, EHRS T BREIR — W WV R R A0 (A AL, 207 vk AT P FIRRN, S NI IA) 4
BB R AR AL ARSI R 19 T P i % PR 85 A ey L mT {34 )

OCBEI  2,2- " FIHL-1,3-TIEAT-4,6- T, BEEARR IR AGRARR B, W, =400 O

Solvent-Free Synthesis of 5-[(Indol-3-yl)-methyl]-2,2-dimethyl-1,3-
dioxane-4,6-dione Derivatives under Ultrasonic Irradiation with
Succinimide-N-sulfonic Acid Cerium as Catalyst

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

Abstract Ten kinds of 5-[(indol-3-yl)-methyl]-2,2-dimethyl-1,3-dioxane-4,6-dione derivatives were synthesized by the three
component condensation reaction of indole with aldehydes and 2,2-dimethyl-1,3-dioxane-4,6-dione using succinim-
ide-N-sulfonic acid cerium as catalyst under solvent-free and ultrasonic irradiation. The results indicated that the yields ranged
from 68.9% to 96.7%, when using 3% (molar fraction) succinimide-N-sulfonic acid cerium and reacting at 30 ‘C for 30 to 60
min. Furthermore, a proposed reaction mechanism for the reaction catalyzed by succinimide-N-sulfonic acid cerium was
speculated. The main advantages of the present procedure were milder conditions, shorter reaction time and higher yields.
Further study showed that succinimide-N-sulfonic acid cerium was environmentally friendly and reused for six times without

any noticeable decrease in the catalytic activity.

Keywords 2,2-dimethyl-1,3-dioxane-4,6-dione; succinimide-N-sulfonic acid cerium; aldehydes; three component condensa-

tion reaction

DA B2 AT HLBONE (K 45 R — EL AR AT ML 7 X
M AbRZ—, 2495 RV(MCR)Z LB H AR A 2L
ik —. ZASRNBHTRATHR w2k, skt
AT 2EPFE ISR 1L, BOA A Sl BEAR S )
JRITE. B A AT HLAL S KT S8 i AR R A
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BHLLE

T

AR, 8 A AR A LA B 0 R H CA9 21 ek
L. SRS, R AN T DL R
TR S R A T S N R T R v S N I Bl I R
PECIO g FL SN A5 PESE IR, S . A B R
Bili T A R RS, R FHRBRIY Lewis
1R, EF2mE4E 17, Knoevenagel 4 41"™ s v A e 8L
BT T A A P R R R . PR 1AL A v P B 2 R
BiEhHEAT T Knoevenagel 45 12 s v, KL HAT i
UF A PR LR S AT R R 4. BTk, B e
T LABE 3 R I IV Y it R 4l (SuS A Cee) Ay fRE AL 7, 71
WA B R R WIWRRD 2,2- - F 13-
T E-4,6- W (32 FCIR) = 40 i A IOV A - [ 3151 WA
- HFE1-2,2- I E-1,3- E L -4.6- AT AE I
B mUN T A A Eq. 1 PR,

1 ZR5i1E
1.1 BERMEHRITHIL

DLZE S . | 2,2- — 1,3 g -4, 6- i
NIRRT, e T NFE R G T
SO S TR) R S 3k B e N () s, g RLER 1. A
X1 ATLUEH, 7EXFEOREERR(TsOH) . 35 AR — Ik W fi%
T PR (SuS A)FH 3% H1R — I WV & T 1R i (SuS A Ce) — Fii i
AR, T IR I Vi R i 1 e L S R e e, W

R E R
o o
CD - U7+ rowo
Voo
\
H
1 2 3a~3j
R O

SuSACe (3 mol%)

Ultrasonic solvent-free, r.t.

N
\

H
4a ~ 4j

iLF] 87.1%(F 1 ' Entries 1~3). IS N AER 7R
PRI e T AR R i 700 b R, R E TE I I 41 N il
KA (K 1 Entries 3~9). Fedi 1255 7 AL ] B
XSRS 1 Entries 9~13), & BLBEE AL
PR3N, WoRem B2, SRS 3%(BE K
SIEON, WCRIEE] 90.6%, AkS16 hnf A6 77 F ik )
8% (/R HORT, WA = 0.1%. MEMEAL IR, 76
IR R AR, WCRAH 60.8%(% 1 1 Entries 13).
SN it FEE A2 I [R)0] P pie es m (1) 45 SRR W, de
RINREER 30 C, B MY 30 min. )Rk
ST RSO ROV R, R 1 T LUE H, 7EAL
MEFEAE R, P YICRE Ny 73.9%, 1SS R
YIS A IR KB, TR E] 95.3%, I U3 I R 7 4 At
SN AT BE R EE . &5 BRTIR, RAL I I v 451
S AELEFE RSN, LA 3 mol% SuSACe 1E M ik

R S[(3-MIWREL)- R HE]-2,2- " HIJE-1,3- I RE-4,6- (4D )G A AL @
Table 1 Optimization of reaction conditionds for synthesizing 5-[(indol-3-yl)-methyl]-2,2-dimethyl-1,3-dioxane-4,6-dione (4f)

Molar fraction of

Entry Solvent Catalyst s il Temperature/C Time/min Yield®/% Experiment method
1 C,Hs;OH TsOH 3 Reflux 150 79.3 Ultrasonic radiation
2 C,Hs;OH SuSA 3 Reflux 150 81.6 Ultrasonic radiation
3 C,H;OH SuSACe 3 Reflux 120 87.1 Ultrasonic radiation
4 CH;0H SuSACe 3 Reflux 120 85.3 Ultrasonic radiation
5 CH;CN SuSACe 3 Reflux 150 84.8 Ultrasonic radiation
6 THF SuSACe 3 Reflux 150 79.6 Ultrasonic radiation
7 CeHg SuSACe 3 Reflux 180 68.9 Ultrasonic radiation
8 CH,Cl, SuSACe 3 Reflux 180 70.4 Ultrasonic radiation
9 None SuSACe 3 80 100 90.6 Ultrasonic radiation
10 None SuSACe 8 80 100 90.7 Ultrasonic radiation
11 None SuSACe 5 80 100 90.6 Ultrasonic radiation
12 None SuSACe 1 80 120 85.1 Ultrasonic radiation
13 None None 0 80 120 60.8 Ultrasonic radiation
14 None None 0 80 120 47.0 Mechanical agitation
15 None SuSACe 3 60 80 91.4 Ultrasonic radiation
16 None SuSACe 3 40 60 93.1 Ultrasonic radiation
17 None SuSACe 3 40 40 93.7 Ultrasonic radiation
18 None SuSACe 3 30 30 95.3 Ultrasonic radiation
19 None SuSACe 3 30 80 73.9 Mechanical agitation

“Reaction conditions: benzaldhyde (5 mmol), indole (5 mmol), 2,2-dimethyl-1,3-dioxane-4,6-dione (5 mmol), solvent (10 mL) or solvent-free conditions (power

ultrasonic irradiation 250 W, irriadiation freqency 40 Hz); ® isolated yield.
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), RN ERH R 2 B 10101, RNV E A
30 °C, HefdE V(A 30 min.
1.2 IEIARR BV BRAEER $H 3T AR R A T & %

T PR B B T . e Tk R i 5o 2% s N (1) 3
PE, R RNV AT T, I MO AN A gl 2,2-
THRE-1,3- S -4,6- AT A0S RN, AR
T 10 A 5-[3-W5|WFE—F3E]- 2.2- — F3E-1,3- —IEEE-4,.6-
TR EYI(da~4j) (0K 2). WK 2 HdRETTE L, A5
HAPR — W I PR i fbe AL A5 A1, e iR g 107 i 2 O
K Z e s N T U EAT, L 68.9%~96.7%
(1) e SO 2R A B AR BY. (1) 5-[3-Pg W e F 0K ]-2,2- — I E-1,3-
TWEE-4,6- W AT AN, O A I e NI — R T
JU RS, i W HEL T SR 1 0 o e e I PR T 4 L T IR (1)
D7, AN S A T4 SR A | AT LR R
2,4- TREEE R F S RS A R 2, (AT ReE T
AR AT LR F 70 PR S B 1) J R e e DA A A= g
AT S PRI J e 0 7 e
1.3 ey EYF] A

TR R AT, DIORHEE ., IR 2,2-
HE-1,3- e -4,6- ik [ AT, 55T AR
SAFHERE, MEAGRESMHS R WA 1. B 1 a5,
(W5 AL R AT LIRS 6 ik, HIHLMEAEERE
TEBRAG. FOCRIK A 95.3%, 93.8%, 91.1%, 86.6%,
84.6%, 84.1%.
1.4 IEIARS — BE IV BRRERS S A) AEAOfR (L H 38

SEE VIR IS, WS 2,2- P JE-1,3- &gz -4,6-
TR PR e N A 1 B — 2 53 A BN T RE ) s R AL
2,2- " HIRE-13- T ELE-4.6- l(2) 5 B 3 AEBEHR
WP R R A AL N R 2 HO R4
- SuSACe IMiiJE i & = ag 5. Wk C-3 i f
B S, AR S IR B SR AZ AR b (a4

1007

Yield/%

B AR P e

Figure 1 Reusabilities of the catalysis

5P IEHLAT 1) o-C, 405 ER AR H T EORIE R, I
o-C R1IE PRGN, S Bl 05 Wk 10 B0 A S i AR
(S P S s o S iR - g R A SR S N [
2,2- L1 3-EL -4 6- W) SR MR, AT
SE A s NV PR, PR 4 AR PERRAR, DA
LA o F IR AN e R 2B IOV, Y R IR IE 1)
AR AU, BN BRI, AN Mg e FR I, Aof e IS0 [
{REAGE R A, ATRER) ) N A, 40 Scheme 1 fTR.
2 4ig

TE T 7 75 5 5 SR % 3 1 I IV it s i
PEARAS [ i 5 W) e R 2,2- - T -1, 3- g -4, 6- ]
RAE =406 RN, mE T 10 0 5-[(3-M| )
FBE]-2,2- A E-1,3- i LE-4.6- IRAT AW, %071k
AMGERS =2 o046 I N BB g, 1T B AT AR 1
B RNV . WCR R AN A L R SR R
E X7y

3 ZREH
31 RTINS
2,2- IR, 3- -4 6- 4 SCRR[2 175 4

K2 DRI VIR B AL B 5-[(3-MalM A )- FH -2, 2- — k- 1,3- I E-4,6- — AT ¢
Table 2 Synthesis of 5-[(indol-3-yl)-methyl]-2,2-dimethyl-1,3-dioxane-4,6-dione derivatives by SuSACe

Product R Yield’/% Time/min m.p./C Mass fraction/%
4a H 86.5 45 107~109 (106~108*) 99.1
4b CH; 83.0 50 131~133 (130~132") 98.0
4c (CH;),CH 78.3 60 131~132 (130~131%) 97.8
4d (CH;CH,),CH 82.1 60 127~129 (128~129")) 98.1
4e Cyclohexyl 77.4 70 Viscous oil 97.4
af CeHs 95.3 30 172~175 (175~176" 98.2
4g 4-NO,C¢H, 96.7 20 142~1444 (142~1442%) 98.8
4h 4-CH;C¢H,4 75.2 40 183~184 (182~1831*)) 97.3
4i 4-CIC¢H,4 88.5 25 132~133 (131~133124) 99.0
4j 2,5-(CH;0),CcH; 68.9 45 137~139 (138~1391*)) 97.7

*Reaction conditions: benzaldhyde (5 mmol), indole (5 mmol), 2,2-dimethyl-1,3-dioxane-4,6-dione (5 mmol), SuSACe (3 mol%), solvent-free conditions and ultra-
sound irriadiation (power ultrasonic irradiation 250 W, irriadiation freqency 40 Hz); ® isolated yield; ¢ melting points are uncorrected.
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Scheme 1
. L. FRHEE. 4-MHR2K S . 2-Af 4 g
AR | 4- LR I | 34-*:—%&]}2%@&?@@ 2,3-
TR A S Ay A Al e

Fii-+: BuchiB-540 %Y W ik ﬁfx(/mfc“* fril% 2RIE);
KQ-250E 75 % YE ML (Bt 8 A A 2% A B A #);
Bruker400 MHz Y% ILIR{U(DMSO-ds K5, TMS
N AWAR), 'H NMR [ 35 5% 400 MHz; &t
FT-IR-8400 21 /MY (KBr [ J7); &5 SPD-6AV AT (4,
AL
3.2 FEHIRYLEE R

i B SPD-6AV AR (i A AT, MRS Cy
VARG HTAE, 50 mX 3.2 mm, FEIE 40 C, 4MEK
uﬂ a5, FAMEK 254 nm; FBAH: V() © V(K)=80 :

0; S =1 mL/min; F£MEF LN, SRR, 10 uL;
73?2: HAA—4L; BAEALFE: Sepu3000 €4 1% T AF ;.
3.3 IEIAER — EF BRFEER i (SUSACe)RYHI &

3.3.1  PEIABR BRI R ARER 04 4] &

760 CF, KHEERE(11.6 g, 0.1 mol)ZE1g hn A2 5¥
IR B A%(9.9 g, 0.1 mol)ff) CH,Cl, (40 mL)% K+,
F NV 24 W JE, R ZER CHCL, FTfS A M e
BT R EEE G 3 G, IR W i
1202 17.46 g, W& 97%.

3.3.2 PR3 8E —Fh I B AR BA AT 69 ) &

IR AR B AL REIR(9 g, 0.05 mol) A — &
1 CBEAE LR, HidE2). T 60~80 CHINA—E
A R Bl 45 d K B RIK, PR FRRIARR A& W 120
min J&, AR LR K, BEIR, 45 I
th, &Lk, %Jfﬁf}ﬁiﬂE&~@ﬁ1ﬁﬂ§ﬁ;ﬁ@&’fﬂl7ﬁé%“9]. ¥
F 105 C T4 2.0 h 5 RIS HEALFIRE .
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& 50 mL =3B MmAEE (S mmol). [k (5
mmol). 2,2- - FFE-1,3- "HEEE-4 6- (5 mmol)FFEFH
iR I WV Jle it R A A AL ) (3 mol %, AN EE JRE Ay i),
T &R 30~60 min, KVIEEE, A 10 mL &
PeR [ R 78 3 Vi e a8, DBV 25 R L A, Bk &
MEdE g i, TG da~4) 25, JEDFH &k
Ve, TR AR B T R IR AR & 5
o BT A

5-[(3-M W L) - F L )-2,2- — F -1 ,3- I -4.6-
fi(4a): ¥ (Al 44, "H NMR (400 MHz, DMSO-d;) o:
1.45 (s, 3H), 1.72 (s, 3H), 3.66 (d, J=3.2 Hz, 2H), 3.77 (t,
J=3.2 Hz, 1H), 7.1~7.21 (m, 3H), 7.32 (d, J=7.8 Hz,
1H), 7.72 (d, J=7.8 Hz, CH), 8.12 (brs, 1H, NH); IR
(KBr) v: 3414, 3052, 1775, 1748 cm ™ .

5-[(3-M| ML) - 2,3 )-2,2- I -1,3- I -4.6-
fid(4b): ¥ H(O[F 4. "H NMR (400 MHz, DMSO-d;) o:
1.35 (s, 3H, CH3), 1.57 (s, 3H, CH;), 1.64 (d, J=7.8 Hz,
3H), 3.80 (d, J=2.9 Hz, 1H), 4.36 (dq, J=7.8, 2.9 Hz,
1H), 7.05~7.20 (m, 3H), 7.27 (dd, J=8.0, 1.1 Hz, 1H,
1H), 7.62 (dd, J=8.0, 1.1 Hz, 1H), 8.3 (brs, 1H, NH); IR
(KBr) v: 3416, 3052, 1778, 1748 cm .

5-[(3-M5| WL )-2- FE L P -2, 2- — F L1 3- I -
4,6-"fi(4c): FfAE{A. 'H NMR (400 MHz, DMSO-dj)
8: 0.85 (d, J=5.9 Hz, 3H), 1.08 (s, 3H), 1.20 (d, J=5.9
Hz, 3H), 1.58 (s, 3H), 2.80 (dq, J=5.9, 11.3 Hz, 1H), 3.76
(brd, J=11.3 Hz, 1H), 3.93 (brs, 1H), 7.01~7.22 (m, 3H),
7.32 (d, J=7.7 Hz, 1H), 8.23 (brs, 1H, NH); IR (KBr) v:
3415, 3029, 1738, 1766 cm "

5-[(3-M|WRFE)—2- 2,38 T HE]-2,2- = A -1, 3- e -
4,6-ii(4d): % FEEHAR. '"H NMR (400 MHz, DMSO-
dg) 0: 0.72 (t, J=17.0 Hz, 3H), 0.87 (s, 3H), 1.01 (t, J=7.0
Hz, 3H), 1.11~1.24 (m, 1H), 1.30~1.36 (m, 1H), 1.45 (s,
3H), 2.51 (dq, J=4.2, 11.1 Hz, 1H), 3.72 (d, J=3.0 Hz,
1H), 4.02 (dd, J=11.1, 3.0 Hz, 1H), 7.01~7.08 (m, 5H),
8.20 (brs, 1H, NH); IR (film) v: 3414, 1762, 1736 cm .

5-[(3-M] “ﬁe)—ﬂ VR R ]-2,2- R, 3- T
4,6- i (4e): ¥R B AW AR, '"H NMR (400 MHz,
DMSO-dg) 6: 1.08 (s, 3H), 1.12~1.43 (m, H), 1.52 (s,
3H), 1.62~2.05 (m, 5H), 2.42~2.48 (m, 1H), 3.88 (dd,
J=11.4,2.7 Hz, 1H), 4.02 (d, J=2.7 Hz, 1H), 7.08~7.22
(m, 3H), 7.36 (d, J=8.6 Hz, 1H), 7.75 (d, J=8.6 Hz, 1H),
8.17 (brs, 1H, NH); IR (film) v: 3415, 1760, 1738 cm .

5-[(3-M5] W k)~ 2 i i ]-2,2- — F k-1, 3- gz -4, 6-
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WA (4f): A E AR, 'H NMR (400 MHz, DMSO-dj) 6:
1.56 (s, 3H), 1.84 (s, 3H), 5.21 (d, J=4.2 Hz, 1H), 5.41 (d,
J=4.2Hz, 1H), 6.89~6.92 (t, J=8.0 Hz, 1H), 7.02~7.06
(t, J=12.0 Hz, 1H), 7.15~7.48 (m, 8H), 8.18 (brs, 1H,
NH); IR (KBr) v: 3406, 3046, 1780, 1751, 1300 cm .
5-[(3-M5| W )~ 0 i 2R R K ]-2,2- AR -1,3-
Fi-4,6-_ffi(4g): A K. "H NMR (400 MHz, DMSO-
de) 0: 1.65 (s, 3H), 1.88 (s, 3H), 4.48~4.52 (d, J=12.1
Hz, 1H), 4.94~4.98 (d, J=12.1 Hz, 1H), 7.26~7.30 (t,
J=8.0 Hz, 1H, indole-CH), 8.06~8.51 (m, 8H), 11.53
(brs, 1H, NH); IR (KBr) v: 3405, 3065, 1776, 1749, 1342

cm !

5-[(3-MFIWR L)% FE AR R K )-2,2- — -1 3-
Pt -4,6- [ (4h): K A [E K. "H NMR (400 MHz,
DMSO-dg) d: 1.56 (s, 6H), 2.33 (s, 3H), 5.56 (s, 1H), 6.78
(d, J=4.1 Hz, 1H), 6.91~6.93 (t, J=8.0 Hz, 1H, in-
dole-CH), 7.07~7.83 (m, 8H), 10.47 (brs, 1H, NH); IR
(KBr) v: 3435, 3075, 1760, 1748, 1550, 1490, 1367 cm .

5-[(3-M5IWRIE )~ SR H 3 ]-2,2- I JE-1,3- -
4,6- [l (4i): ¥ A 4. '"H NMR (400 MHz,
DMSO-dg) d: 1.58 (s, 3H), 1.86 (s, 3H), 5.27 (brs, 1H),
5.56 (brs, 1H), 6.91~7.48 (m, 9H), 11.12 (brs, 1H, NH);
IR (KBr) v: 3436, 3058, 1760, 1772, 1357 cm ™.

5-[(3-WIWkJ)-2,5- — AR R T O ]-2,2- - T - 1,3+
TWELE-4,6- W (4§): (K. 'TH NMR (400 MHz,
DMSO-dg) d: 1.60 (s, 3H), 1.65 (s, 3H), 3.52 (s, 3H), 3.82
(s, 3H), 4.46 (d, J=3.4 Hz, 1H), 5.76 (d, J=3.4 Hz, 1H),
6.67~6.86 (m, 3H), 7.07~7.52 (m, 5H), 8.32 (brs, 1H),
11.23 (brs, 1H, NH); IR (KBr) v: 3401, 3080, 3040, 1782,
1744, 1352 cm .
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