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W xlfEA

(CYLTEIMVE R =2 T2t B & 330022)
CF B T AP RE I S AT TR B B S 330029)

WE 0 THUERT, DUIOSERE. BRI 2,2- = FH-1,3- 208k -4.6- —F A FR, Wit TTHH =H0%E NE W T
6 it 3,3- I JE- T IR HE- 4-4H %8, 10- B A B [5.5]—hE-1,5- Hid-9-BRARATAEY. AL &N 10 mol%Itf, 80 C

RERWE TG ORI SR RS

Efficient One-Pot Synthesis of 3,3-Dimethyl-diphenyl-2,4-dioxa-
8,10-diazaspiro[5.5]undecane-1,5-dione-9-thione Derivatives

Xu, Zhaohui**

Zhou, Peng”

Liu, Deyong"”

(“ College of Chemistry and Chemical Engineering, Jiangxi Normal University, Nanchang 330022)

(® School of New Energy and Enviroment Engineering, Nanchang Institute of Technology, Nanchang 330029)

Abstract Six kinds of 3,3-dimethyl-diphenyl-2,4-dioxa-8,10-diazaspiro[5.5]-undecane-1,5-dione-9-thione derivatives were
sythesized by the three component one-pot reaction of aromatic aldehydes with thiourea and 2,2-dimethyl-1,3-dio-
xane-4,6-dione in the presence of molecular iodine under solvent-free conditions. The results indicated that the yields ranged
from 73% to 91% at 80 C for 3.0~6.0 h using 10 mol% iodine (relative to the substrate of 2,2-dimethyl-1,3-dioxane-4,6-
dione). Furthermore, the present procedure with high yields was milder conditions and simpler post-treatment process.

Keywords molecular iodine; solvent-free; three component condensation reaction; spiro hetrobicyclic compounds
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EIBIREE M RARM SRR o2 TR R
PUBPE . BRI . G R BRI R B |32 AR P sk 25 235
PEBA CLERR AR R . BB ATxHZSR 43R 4k
EVINRNBE RN Z N, R BRI B B A 45 i
FMI 3 G B E R A XA T A4, ERON AR Bk
R AL A VI T A ) #h . 3,3- S AR R
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G FWER—FREBR 1 Lewis ML, HA TR,

ZHTZEA T YA CEOH BA B 1 55 4
BRI FRATUR R % 4y FLEEAT T Knoevenagel
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BIKE

Wi (22 RBR) =417 46 & I M & ik 3,3- - 2R 3~
2,4-54%-8,10- & J M8 [5.5]+ —ke-1,5- —FH-O-fi B A7 4E
YIRITE B, H R S 4 1. Scheme 1.

i %o
HNT R, OMO ' :acf' :?h
1 2

Solvent-free ‘ I (10 mol%)

/CI) 0
0
Z
(e} (6] 0
R R >< —
HN. NH e} H
Y 0
S 4h
4a ~ 4f

R = CgHs, 4-FCgH,, 4-CICgH,, 4-CH3CgHg, 4-NO,CeHa,
4-CH30C6H4, 2-N02C6H4

AR 1 &Y da~af 1 4h 5K
Scheme 1 Synthesis of 4a~4f and 4h

1 ER5HR

B, DAZEFHEE BRIRAN 2,2- I 3E-1,3- I kR4, 6-
TR R AR, BT ONENAS . TR AT
T SONEH TR RN S R X S B R, g SRR 1.
M 1 FTCUE H, AR M s A — 8 15,
JNEAE AR P 75 WA 26 v T AR A v R R i, ]
FETCHEFN A FICR = (3 1, Entries 1~9). AL
FHEXT N2 (R 1, Entries 9~14), KILFEE
fEAFI =R N, R EmEE. YEAeFHER
10%H}, WCRIEF] 91%, ka8 eI 2R3 12%
B, RN 91%. STeMEALTRIRT, FEAH R R BT,
WCRAN g 54%.  J5 0k JEE ARz 7 s T e 72 A L 228 5 T
ZERERW, ERNIEE RN 80 C, etk Nl E N 4.0
hZfk ERTR, RAGH SR 26 2 FETCIE R T, LA
10 mol% A E A AL, SRR . Bk, 2,2-—
FAJL-1,3- g E-4.6- BRI EZ A 201 11,
SR ES 80 C, dfE NI E] A 4.0 h.

P 4a 44 IR, "H NMR. °C NMR 1 ESI-MS
S FTHRIE. TELLAMGHET, 3200, 3060 cm 'y NH 4HF
{RAEIRZN UG 1771 1734 cm™ 'y C=0 R 4EIREN
W cIg; 1622 cm™' O C=S (IH4EIR BN CIE. iRidt
PREVEF, 76 6 8.97 HPL NH HIHI&; 7F 5 7.18~7.39
WL R Z EIE; 7F 0 5.32 BB CH [ HE; 766 0.50
L CHs Mg, AZ IR IR BE o b 5 H &AW
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E1 LAY 4a EHEEAFRIMAL

Table 1 Optimization of reaction conditions for the synthesis of

Entry Solvent I, (mol%) Temp./C Time/h Yield®/%
1 CH;CH,0OH I, (10) Reflux 6.0 76
2 CH;OH I, (10) Reflux 6.0 75
3 CH;CO,CH,CH; L,(10) Reflux 6.0 70
4 CH;CN I, (10) Reflux 6.0 69
5 1,4-Dioxane I, (10) Reflux 6.0 62
6 THF I, (10) Reflux 6.0 64
7 CeHg I, (10) Reflux 6.0 60
8 CH,Cl, I,(10) Reflux 6.0 56
9 None I, (10) 80 4.0 91
10 None I, (10) 60 4.0 86
11 None I, (10) 90 4.0 87
12 None I, (10) 100 4.0 54
13 None L (5) 80 5.0 70
14 None L (8) 80 4.0 86
15 None I, (12) 80 5.0 91

© 2016 Chinese Chemical Society & SIOC, CAS

“Reaction conditions: benzaldhyde (10 mmol), thiourea (5 mmol), 2,2-dime-
thyl-1,3-dioxane-4,6-dione (5 mmol), solvent (15 mL) or solvent-free; * iso-
lated yield.

4. ESI-MS HiF Bl 7 83819 397.1 [M+H]EAETE. AT
RigE T 4a R RIFEHT T X SR TS, B 1N 4a
HI5r FEMEME. 7550 TR J5 & R8I
g, 52 MIERRIS O 2 HIR U 4.

/) C(7)
d .'3 14)
C(3)0(1)§
\ >,
CE)L%
W%
02 TEN @
o(@w C(16) c21)
e U S
C(20)
C(18) C(19)
O

B 1 dal5FEMENE
Figure 1 X-ray crystal structure of 4a
ok, fEUL BRI R BLEAE T, BURREE 10
mmol. K 5 mmol. 2,2- " FiJE-1,3- M8 ki-4,6- - 5
mmol. LTI 10 mol%-. MNILE N 80 C. M
INHA] A 4.0 h, %27 . HeGeW (V.04 NBS/AIBN K
o} PP T PR S (R AL R0 B il 3,3- - RS2 4- 5
H+-8,10-Z AR [5.5] 1 —Fe-1,5- i -9- B B (1 5 M), S
AR AR 2. W3R 2 /B H, HeGeW 0V,040~ X R
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12 \NBS/AIBN K ZERFMEAL R 2, P2 iR AK, 4
TR AR BT, TR RE 10 mol% s L E Akt
AL

R2 AR
Table 2 Comparison of catalytic activity of different catalyst

Entry Catalyst (mol%) Yield®/%

1 — 54

2 NBS/AIBN (10) 76
4-CH;C¢H4SO;H

3 65
(10)

4 H(,GCW 1 0V2040 ( 1 0) 80

5 Acetic acid (10) 73

6 L, (10) 91

¢ Reaction conditions: aromatic aldehyde (10 mmol), thiourea (5 mmol),
2,2-dimethyl-1,3-dioxane-4,6-diones (5 mmol), temperature 80 ‘C, reaction
time 4.0 h, solvent-free conditions; bisolated yield.

FIE, SN TR o F RO Z R B E M, 78 g
AR LT, IS SRR 5 E SR, 2,2-—
FAJE-1,3- 08 -4,6- W AT =l %GR B, GRCT
6 FRIBAXUFRATLEY) da~4af. MK 3 BRTTULE H, 7
o FRUELL AT T, 05 &K 2 Re I B8 AT LR 3
17, FFLAT3%~91% ) MR- A3 BIAH N ) 3,3- — I - —
RFHE-2, 4-5 24-8,10- B AMA[S5.5]+ — - 1,5- B -9- B il
FTEERD. iy W R R 110 0 A T e SO 5 Ry R -
(175 A, X T A st i A a0 4- F AR OR H
e LA 73% MR A B H AR =4, 7 AMESLE H R B T
25 ()7 BH B K 55 A B T 2- A 3 K H S A RE R AR
Knoevenagel 4 A V.

F3 LAY da—~4af 1 4h AL
Table 3 Synthesis of 4a~4f and 4h

Entry Product R Time/h Yield*/%
1 4a C¢Hs 4.0 91
2 4b 4-FC4H, 3.0 85
3 4c 4-CICgH, 3.5 88
4 4d 4-CH;CgH, 5.0 76
5 4e 4-NO,C4¢H, 3.0 83
6 af 4-CH;0C4H, 6.0 73
7 40’ 2-NO,CeH, 3.0 79

“ Reaction conditions: aromatic aldehyde (10 mmol), thiourea (5 mmol),
2,2-dimethyl-1,3-dioxane-4,6-diones (5 mmol), iodine 10 mol%, temperature
80 C, solvent-free conditions; b observed Knoevenagel reaction product;
“isolated yield.

BEAN, AR 7= 4 B 45 W R0 B R R s, 56 Sk
[18, 19]MI 51, 2B A 2 H (1 AR 35 R B v 4 2E
=54 A N AT BEAEAEAS [F] 1) S M AL EE (Scheme 2).
XL HURZK S 3a~3f 5k 1 760 TR AL T o5
BN PGE B 2:— 0T H,O T s & P A I 22 W0
fizrb [ 4A 5. 2,2- — HIEE-1,3- I8 EE-4,6- i S AR EE R
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Jiiz v (144 5 % A Michael iR AU N FE i[RI 6.+
AR 6 72 IE BT a-C, 475 30 A W e 1B 3
B, H o-C BIIEHPER N, {5 5 S BE AR, R (a]
1 6 P85 7 — TR R R AEMREEAR & IR B, TR
(44 7, A Michael MR B B ARF=Y) 4a~
4. 2-fiHFE K RS T R0 I Mg 4R B, 787 Tl 4L
T ifiid Knoevenagel 4 & [ SRS i 25— 73 Ho0 18 2]
HARF=4) 4h, B2 [BAZBE A 52 T AN RE SRR 132k —
WA Michael MIRBRBUR L AN, AL 7 2t
— B TERIRAIE.

2 i

TETC I 26 A T K F LA A AN [F) 5 4 I8 5 JOR R
2,2- "R 3. R -4 6- kA =W 0 dE A RN,
ARAKT 6 B 3,3-HIFE- 2K IE-2 4-5A 4%-8,10- %I
WR[5.5]F—Ke-1,5- —Bid-9-BRERFTAE Y, Frfe T 8
SN AT HRBERE S BiRE 2,2- T HHE-1,3-
CREGE-4.6- R R R 2 01 L, AR
H&E9 10 mol% K, 80 ‘C/W 3.0~6.0 h, = fIE A
73%~91%. ZJTIEAUEXT Biginelli =41 040 & M
PEERRE, mHEAEREE R RSN S
e =¥

3 LIRS
31 RKFISNEE

2,2- 1,3 4,6~ i 42 SCRR[20] 1 4%
KRS, A-HFRFEFRE . 4-FAEFEE.  4-FRFEE. 3-
SRR A-FHFEIR P . 2-RHFE R S [ 4-H R ALK
R R i al; Fe s i az4l.

it BuchiB-540 A W AUE mAX R ETFARAKIE);
[ Bruker 400 MHz B fEIEHR1U(DMSO-dg N 7,
TMS AWHR); HASE FT-IR-8400 A4L /MY (KBr &
F); MS i1 ABI A F API3200 =8 JQ AT itk iic
S B X HHRATHTE Siemens AT P4 B PO R FTHHMY
kAT
3.2 33-"HHE-—FE-24-52-8,10-FAIE[5.5]1
—k-1,5-ZBi-9-FRERATE YD 4a~4f BIERK

£ 50 mL =3 A &8 10 mmol. Fifik
(0.38 g, 5 mmol). 2,2- " F%-1,3- " BELE-46- f{ 5
mmol AT 10 mol%(AHXTF 2,2- — F JE-1,3- —FE
Ft-4,6- R 11 EE IR 7350, AT 80 'C A 3.0~6.0 h.
JRBLTEEE, IO 5% BRAREREREA/KIER 20 mL, HiHEdE
ey BLUE, JEUHH 20 mL ZRUEK P, L8R BEE AL,
T3 B LAY 4a~4f.

http://sioc-journal.cn/ 1101



BHlE iz fEik
N %o
0" o
. P
o7 2o R
R~ R a
R HN. N
HN.  NH Y
Y s
S 7
4a ~ 4f
RCHO
3a ~ 3f
\ o
0" o
RCHO- -1, s
RCH=N NH, R
A 5 HN_ NH,
S >< e
JL ., 9 o _| O,N 86
HN- N, O)\/&O l---Q
1 2 ) s 0 HON
H O O,N L o)
3h HoN™ “NH, ><o
B o - Y No reaction 5 HN/L_S
o HoN
4h 8

B2 wuffe MRS Y 4a~4f 1 4h 1T REHLIE

Scheme 2 Possible mechanisms for the formation of 4a~4f and 4h

3,3- THIB- TR0 45 24 -8,10- B AR IE[5.5] 1+ —
Bi-1,5-F-9-Bi i (4a): A4k, 1.68 g, IR 91%.
m.p. 204~206 C; 'H NMR (400 MHz, DMSO-dy) J:
0.50 (s, 6H), 5.32 (s, 2H), 7.18~7.39 (m, 10H), 8.97 (s,
2H, NH); *C NMR (100 MHz, DMSO-d;) o: 28.15, 56.84
(Cepiro)» 61.98, 106.35, 128.35, 129.22, 129.93, 134.72,
160.14, 165.74, 177.98; IR (KBr) v: 3200, 3060, 1770,
1734, 1653, 1209 cm™'; ESI-MS m/z: 397.1 [M+H]".

3,3- H - (450K 3 )-2,4- B 2 -8, 10- L 2 I8
[5.5]F—kt-1,5- —Fi-9-HifF(4b): A, 1.84 g,
# 85%. m.p. 208~210 ‘C; 'H NMR (400 MHz, DMSO-
dg) 9: 0.61 (s, 6H), 5.34 (s, 2H), 7.19~7.30 (m, 8H), 9.04
(s, 2H, NH); “C NMR (100 MHz, DMSO-d) J: 28.30,
56.88 (Cyiro)s 61.25, 106.45, 116.05, 116.27, 130.59,
130.68, 130.86, 130.89, 160.27, 161.83, 164.28, 165.67,
177.93; IR (KBr) v: 3228, 3074, 1767, 1735, 1653, 1228
cm ' ESI-MS m/z: 433.1 [M+H]".

33- " HI R - T (4- SR R )-2.4- S 24 -8,10- L 4 12
[5.51F—%¢-1,5- - Fi-9-filH(4e): EERFEE, 2.04 g &
K 88%. m.p. 208 ~209 C; 'H NMR (400 MHz,
DMSO-ds) d: 0.62 (s, 6H), 5.35 (s, 2H), 7.18 (d, J=8.0
Hz, 4H), 7.51 (d, J=8.0 Hz, 4H), 9.08 (s, 2H, NH); "*C
NMR (100 MHz, DMSO-dy) 6: 28.29, 56.62 (Cypiro), 61.26,
106.52, 129.27, 130.29, 133.57, 134.60, 160.11, 165.52,

1102 http://sioc-journal.cn/
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177.96; IR (KBr) v: 3220, 3067, 1767, 1735, 1595,1296
cm'; ESI-MS m/z: 465.0 [M+H]".

3,3- I - T (4- H R IR O )-2,4- 4 2 -8,10- & 2 1R
[5.5]F—%i-1,5- —Hd-9-Bii(4d): FAEAE, 1.61 g, ik
E 76%. mp. 222~224 C; '"H NMR (400 MHz,
DMSO-dq) 0: 0.54 (s, 6H), 2.27 (s, 6H), 5.24 (s, 2H), 7.06
(d, J=8.0 Hz, 4H), 7.20 (d, J=8.0 Hz, 4H), 8.87 (s, 2H,
NH); “C NMR (100 MHz, DMSO-dy) o: 21.16, 28.21,
56.88 (Cqpiro), 61.77, 106.30, 128.20, 129.37, 129.65,
131.72, 139.38, 160.21, 165.86, 177.89; IR (KBr) v: 3148,
3049, 1769, 1735, 1554, 1204 cm'; ESI-MS m/z: 425.1
[M+H]".

3,3- I - T (4- A B R O )-2,4- S 2R -8,10- L 2 1R
[5.5]F—%i-1,5- —Hi-9- i i (de): 7% & (o[l 4k, 2.01 g,
WHE 83%. mp. 232~234 ‘C; 'H NMR (400 MHz,
DMSO-dg) 0: 0.57 (s, 6H), 5.59 (s, 2H), 7.47 (d, J=8.0
Hz, 4H), 8.32 (d, J=8.0 Hz, 4H), 9.34 (s, 2H, NH); "°C
NMR (100 MHz, DMSO-ds) J: 27.38, 55.15 (Cqpiro), 60.17,
105.78, 122.97, 123.29, 129.07, 129.29, 140.61, 147.59,
158.84, 164.07, 176.94; IR (KBr) v: 3220, 3084, 1767,
1740, 1607, 1285 cm™ '; ESI-MS m/z: 487.1 [M+H]".

3,3- - (4- VAR R R R )-2,4- A 2 -8,10- U
WR[5.5] 1 —ke-1,5- Hd-9-Bi i (4f): IR EE A, 1.66 g,
W& 73%. mp. 188~190 ‘C; 'H NMR (400 MHz,

Chin. J. Org. Chem. 2016, 36, 1099~1103
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DMSO-dg) 0: 0.60 (s, 6H), 3.73 (s, 6H), 5.22 (s, 2H), 6.96
(d, J=8.0 Hz, 4H), 7.09 (d, J=8.0 Hz, 4H), 8.84 (s, 2H,
NH); C NMR (100 MHz, DMSO-d;) J: 27.23, 54.68,
56.00 (Cqpiro)s 60.46, 105.20, 113.13, 113.48, 125.41,
128.50, 159.34, 159.42, 164.89, 176.76; IR (KBr) v: 3205,
3060, 1766, 1734, 1653, 1247 cm™'; ESI-MS m/z: 457.1
[M+H]".

5-(2-hf FE R L W 3E)-2,2- T HIE-1,3- L4, 6-
—Jil(4h): WEOEE, 1.09 g WE 79%. mp. 116~
117 “C; '"H NMR (400 MHz, DMSO-d) d: 8.78 (s, 1H),
8.30 (d, J=8.30 Hz, 1H), 7.75 (t, J=7.48 Hz, 1H), 7.61
(d, J=7.90 Hz, 1H), 7.50 (d, J=7.50 Hz, 1H), 1.81 (s,
6H); *C NMR (100 MHz, DMSO-dg) o: 28.12, 105.69,
117.42, 124.33, 129.60, 129.88, 130.46, 133.47, 145.96,
154.85, 161.02; IR (KBr) v: 2965, 2925, 1762, 1737, 1640,
1604, 1524, 1380, 1350, 725 cm .
3.3 XEHHLITHER

SR AR ZE R I E AE Siemens P4 FY U [ A7 5% _E 33k
7. # 0.56 mm < 0.54 mm X 0.42 mm A OGS E T
PR b, AASRAZRROil Mo Ko (1=
0.071073 nm)#&E 5, DL w/20 AT RAE 1.71°<0<
26.00° 7 [l N UREE S 4079 T 5F A, R Bl ST AT I S
3279 M(Rin=0.0137), AT WIMATES 5 1633 NI>20(D)].

¥ Bh#1%L(Supporting Information) Hirb &4 4a~
4f ff) '"H NMR. "C NMR K. X EEhPREar L4 g AR
FI 3k (http://sioc-journal.cn/)_E %k,
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