% 4”) {t % DOI: 10.6023/cjoc201411007

Chinese Journal of Organic Chemistry

TR FIEBARST T Dawson BB RSB A FURRSRGTEY
FELT R

LV R AL 2B B E 330027)

WE 1 Dawson BIBHHL I ZRRMET, FHER. JREM 2,2- H3E-1,3- K8 k-4,6- Bk E L Z BT AE IR 714
PR AR AR T 12 FREAOTOAMTAEY). AR R B 2R 70 H0h 5%, 80 C UM 15~45 min, Y09 83%~
94%. AN, IRV T Dawson HUBEABH A 2 RAGMEMHLER. 2070 BA SRR, SR Al HUR s i . L
FURS IR A H TR

KA Dawson RUBEESHUR LR, Toiil; =M R, IR XA AT

Solvent-Free Synthesis of Spiro Heterobicyclic Derivatives under
Ultrasonic Irradiation with Dawson-Type Tungsten Vanado
Phosphoric Heteropoly Acid as Catalyst

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

Tu, Yuanhong

Abstract Twelve kinds of spiro heterobicyclic derivatives were synthesized by the three component condensation reaction of
aldehydes with urea and 2,2-dimethyl-1,3-dioxane-4,6-dione or barbituric acid derivatives using dawson-type Tungsten Vana-
do phosphoric heteropolyacid as catalyst, under solvent-free and ultrasonic irradiation. The results indicate that the yields
ranged from 83% to 94% when using 5% (molar fraction) dawson-type Tungsten Vanado phosphoric heteropolyacid and re-
acting at 80 ‘C for 15~45 min. Furthermore, a proposed reaction mechanism for the reaction catalyzed by dawson-type Tung-
sten Vanado phosphoric heteropolyacid was speculated. The main advantages of the present procedure were milder conditions,
shorter reaction time and higher yields. Further study showed that dawson-type Tungsten Vanado phosphoric heteropolyacid

was environmentally friendly and reused for four times without any noticeable decrease in the catalytic activity.

Keywords dawson-type Tungsten Vanado phosphoric heteropolyacid; solvent-free; three component condensation reaction;

spiro hetrobicyclic derivatives
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IR T DA AT AE DI SRR, — s, JREAELL %
FRAE 6 SRl V12 RN B A S AL
P 0 A1 Y BT e ) i il 2 B U O = S 00 4 A T A
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atey, fRE R A BB T IR 3BT E T

VAR, PR LA RO R A 2ok i
ZHIFTE. SRS, HE RS A AT DL R
o S B S G e B I T R AR R S R AL R Bk
IS0 T LSS A SRR, B A . RS A
ZIR(HP,W sVOe) & AR T P MZHET W, V #%—
SE G MBI R F IO DR BRI & R 2 R 4L, 2 — PR
RN AR A I T S XU e S Ak T FRAT TR A
o AL 2 2 RRIEAT T B4R A Btk P e 2
oy P T B BT R A HLE A
PERE RUF. BT Uk, EH KR T B 2 IR
F, ERBEFEERE T, A EBE. JREM 22-2H
Fe-1,3- Wk -4,6- i Bk L B 2 FR AT AE M O A R
FXORRTAEDRI R ST A 2k 0L Bq. 1.
1 GHR5TR
1.1 BB SRR IMIESRIE

— % Dawson £5 K 24 Z BRI 2 2 I T P,W,, VO, ,
AIEVE/RH Keggin &5 1222 [ &1 PW,,0;, fiTA:1
k. R Keggin 458 PW,, 05, /&L PO, PUTH 4 A
O, B 12 A WO \THARELR, TERR 4 A W30, =%k
5K N 3 A W30 T al# 2 1A WOg TR,

(@) H X’Z‘X
X’Z‘X j)\ H7P,W15062 of"/ﬁj 0
—_—
OM(; THNT "NH2 yitrasonic R HN. _NH R
solvent-free \n/
G o]
X =0, Z=CMe,, X=NH or NMe, Z=CO 1a ~ 11

753 14> Dawson Z5#4) (1) 570 PW, 03, , PSP I01E
A 6 NMEJR AT 1/ 2 1 18 R4 Dawson
5K P,W,VOS, , (B —AN L0 PW, 0 B TH
—HG SR TR, & MELE 700~1100 cm ' b HAT
4 NMRFE Dawson 25 L AMFAERULIE, 53N vy
(P=0,)+ va(W=0y)+ vo((FH W—0,—W) L v, (FI%
W—0—W)P"2 Z0 ANl il e 45 50 3% 1.
F1 BHOHAZERA IR EERBIEV,/cm™")
Table 1 Main IR absorption peak of H;P,W 5VOs, (vefem ™)

Structure

P=0, W=04 W—0,—W W—O0,—W
type
Keggin 1072 982 882 794
Dawson 1076 958 876 789

1.2 RERNEHHTFE

DRI JREEA 2,2-— F5E-1,3- W8 E-4,6- —
R RIARRY, 5T ANFEEE A O T
N[ f JSE3 EE0 J B2 ) s, o2 LR 2.

2 33-HIE(TS11R)- “IRFE-2,4- 5 A%-8,10- B ARIR[5.5] T — Kt 1,5,9- =B 1 &5 R A ARAL ¢
Table 2 Optimization of reaction conditions of 3,3-dimethyl-(7S,11R)-diphenyl-2,4-dioxa-8,10-diazaspiro[5.5Jundance-1,5,9-trione

Entry Solvent Catalyst Catalyst dosage/mol%  Temperature/’C  Time/min Yield’/%  Experiment method
1 C,H;OH H4SiW 1,04 5 Reflux 120 78 Ultrasonic radiation
2 C,H;OH H;PW,04 5 Reflux 120 80 Ultrasonic radiation
3 C,H;OH H,P,W 3VOyq, 5 Reflux 60 83 Ultrasonic radiation
4 CH;0H H,P,W 3VOyq, 5 Reflux 60 81 Ultrasonic radiation
5 CH;CN H,P,W 3VOyq, 5 Reflux 60 78 Ultrasonic radiation
6 THF H,P,W 3VOyq, 5 Reflux 60 76 Ultrasonic radiation
7 C¢Hg H,P,W 3VOyg, 5 Reflux 60 69 Ultrasonic radiation
8 CH,Cl, H,P,W 3VOyq, 5 Reflux 90 64 Ultrasonic radiation
9 None H,P,W 3VOyq, 3 80 60 85 Ultrasonic radiation
10 None H,P,W 3VOyq, 8 80 60 88 Ultrasonic radiation
11 None H,P,W 3VOyq, 5 80 30 91 Ultrasonic radiation
12 None H,P,W 3VOyq, 1 80 60 80 Ultrasonic radiation
13 None None 0 80 120 56 Ultrasonic radiation
14 None None 0 80 120 34 Mechanical agitation
15 None H,P,W 3VOyg, 5 60 30 87 Ultrasonic radiation
16 None H,P,W 3VOyq, 5 90 30 89 Ultrasonic radiation
17 None H,P,W 3VOyq, 5 80 20 86 Ultrasonic radiation
18 None H,P,W 3VOyq, 5 80 30 76 Mechanical agitation

¢ Reaction conditions: benzaldhyde (10 mmol), urea (5 mmol), 2,2-dimethyl-1,3-dioxane-4,6-dione (5 mmol), solvent (15 mL) or solvent-free conditions (power

ultrasonic irradiation 300 W, irradiation freqency 40 Hz); bisolated yield.
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M 2 FTLAE H, ERERIR. BRI R 2
B =Pt b, B 2 BRI SO i dr, e
K F] 83%(F 2 " Entries 1~3). N AEAR PR
W v T AR A VA R R R, EFE TR TR 2R e
B 51(F% 2 Entries 3~9). FA15 % 7 AL A H R XT
SN RSN (E 2 Y Entries 9~13), KILEEE AL
ARG, WCREE SR, MR R BER 2 ECh
5%, WCRIEF 91%, 2kSR38 N fh A0 55 FH &2 1 EE 7R 73 4
IEF 8%IT, RN 88%. ATMEATIRNT, 7EAH[F v
ZAET, WRAUA 56%(FK 2 Entry 13). SR IE A
W7 B 1A 6 7 AL S S i () &8 SR R W, etk S NI N
80 C, HfERMLIN A A 30 min. HJ5iAHEEL [ AR S
R RLIEEN, I 2 AT LAE H, TEAURIR £ 1F T,
PN R 76%, THHE SRS T =R A R
i, IR E] 91%, X i B 7 0T e B LA I R ik
TEA. 28 EFTIR, TRALI R B S0 TEJC I I 7 4R
BT, BAS mol% s H Ik 2 BAE N REAL T, SR SR
ViRmEZ b2 0101, RN E N 80 °C, HfER M
i 1H) 24 30 min.
1.3 XMNAERIEE M

RN TR RS A 2 Bz R B E T, TR
R, @i A F S HE SRR 2,2- 2 F k-
1,3- = WEkE-4,6- — [ 5 2 L B AT AR it AT —H R &
R, BT 12 PR e XORTAEY) 1a~11(K 3). &K 3

BT E H, ERERRZRENRET, HFEBRE
Ae S AT DUBAIZEAT, FF LA 83%~94%MH =i %615 2
FH R TR 2 SR RT A1), 1 W P - 32 1) 0 7 I S L T
P L S . 4- AR RS, 4-(C W%
F) Ik H % HURE & A= Knoevenagel [N, 3 4MESEIGH R
AR R . AR . 2,4- AR R S AR
T R T, (AT RE R BT A A B E I g T N
SR R R s A L R A=

1.4 fERFIBIEISF A

BRI R S AR, DORFEE, JREA 2,2-—H
Fe-1,3- T EkE-4,6- A I SRR, T AL E
SRR, AT ESEHS RN 4. HE 4 W,
(=S fS BRI AT DAPEERME T 4 Wk, B R A
B3 AR, LCRAR N 91%, 90%, 88%, 88%, 86%.
1.5 WS SER AT RERD (LA IR

EHVIEREE ., REM 2,2- " HIFE-1,3- -4 6-
P B2 N SR A8 5 B = 2 A O R RE TR B ATLER
2,2- L1 3- I -4, 6- R (3) 5 7 F S () ZEBEES AL
RZ ML PR 2 — 71 H,O TR EEE & 724
HriE R 5. JRE A I EUR T AT TS IR B S A% R
thiE & 5 R IEHAT ) o-C, 247530 _E A W T HUAR
LB, Hoa-C MIEREIIN, 5w R 23 B A SR A% L
IR, [FI R alA 5§ 5 55— 2R R A R 4

K3 BHEIRIUR Z IR & BRIR A OOR T D)

Table 3 Synthesis of spiro heterobicyclic derivatives by H;P,W5VOg,

Product X-Z-X G Time/min m.p./C Yield/%
1a 0-C(Me),-O H 30 223~225 (223~225"") 91
1b 0-C(Me),-0 Me 45 198~200 (199~200""*1) 88
Ie 0-C(Me),-O Cl 30 204~206 (204~206!"") 85
1d 0-C(Me),-O F 25 216~218 (216~218") 83
le HN-CO-NH H 25 241~~243 (240~242P)) 94
1f HN-CO-NH Me 30 246~-248 (246~248!"" 92
Ig HN-CO-NH Cl 20 291~293 (291~293!") 87
1h HN-CO-NH F 15 214~216 (213~215!""1) 86
1i MeN-CO-NMe H 25 232~234 (232~2341"2)) 91
1j MeN-CO-NMe Me 35 228~230 (228~230!"'") 93
1k MeN-CO-NMe Cl 30 271~273 (271~273") 88
11 MeN-CO-NMe F 20 244~246 (244~246"1)) 85

“Reaction conditions: aromatic aldhyde (10 mmol), urea (5 mmol), 2,2-dimethyl-1,3-dioxane-4,6-dione or barbituric acid derivatives (5 mmol), H;P,W5VOq, 5
mol%, solvent-free conditions and ultrasound irradiation (power ultrasonic irradiation 300 W, irradiation frequency 40 Hz); * isolated yield; © melting points are un-

corrected.

R4 AR R
Table 4 Reusability of the catalyst

Cycle 0 1 2 3 4
Time/min 30 30 35 40 50
Yield®/% 91 90 88 88 86

“Reaction conditions: benzaldhyde (10 mmol), urea (5 mmol), 2,2-dimethyl-1,3-dioxane-4,6-dione (5 mmol), H;P,W5VOg 5 mol%, solvent-free conditions and
ultrasound irriadiation (power ultrasonic irradiation 300 W, irradiation frequency 40 Hz); b isolated yield.
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SN, TERC AR 6, & Michael ISl e M 45 H
FRP=9) 1a. AT RE R B FE AN Scheme 1 TR,

O OH
0O O
X0 — >
(e} O
3 O o
"OH

)J\ H7P2W4062 )]\

Ph H

1) (0]
O
H Ph PhHC ><
O
2 g

4
X 2 it
H,N™ “NH, JOL Ph>_§:0>< Ph” H
Ho,N~ NH 0
0
5 ¢
o oo
Ph
PhCH= of Ph
N NH HN.  NH,
6
0
1a

BRI 1 BEESHL 2 B ME AL & R 2 XU AT A M ) 7T REHLER
Scheme 1 Proposed reaction mechanism of synthesis for spiro
heterobicyclic derivatives catalyzed by dawson-type Tungsten
Vanado phosphoric heteropoly acid

2 #ig

TE TG ¥ FEE 75 5 5 SR A B A AL 4 2 TR 1 AL AN [R]
77 B SR ER 2,2- " FFE-1,3- T HERE-4,6- B EL
ZIRATHE R A = H I Hi 6 B, BRE LT 12 A
TRCAATAHEY. AT R BE R 35N 5%, 80 CJx
N 15~45 min, RN 83%~94%. %I EAMEXT =
gt RN BB R, i HEFBRER R, RN
(A W im AN FH A WLIE TR SRS R S5 A

3 SRS
31 AFIENEE

2,2- PR L] 3 I g 4, 6- i 5 Sk [24] ) 4%
FRHEE, 4-FREHRE ., 4- 5K PIE. 45K, B
PR e 1,3- R 2B el et
afi,

it BuchiB-540 B BHUE AR THRERE);
KQ-250E 75 5 B pL( B2 1Lk 75 A28 A7 PR A 7]); Bruker
400 MHz B A% B 3L ARA (DMSO-ds N7, TMS AN FR),
"H NMR HIHEIZ55Z 8 400 MHz; 533 FT-IR-8400 H 41
AMX(KBr E F).
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3.2 WSS EAHIE

% Dawson BUBES L 2 2 IR 1k % N LS H R EE
FREL— %€ FE ) NayWO,+2H,0 3T 100 mL /K1, FEIIA
— %€ &) NHH,PO,+2H,0 17K 100 mL, 4R 5 In A\ Fifi
BRI pHAE 3~5. MIAfLZ=THE R NHH,PO,2H,0 ¥
W, FRAMERER T pHAR 3~5. Ii#AER 6~8 h, #
8, K v H S PRI A T AL oy W R, RN
300 mL ZM, BRI AMGIRER B2 T2 DU V& 1k,
oW, FHEES =, sHTE4LaHRE. Ha
fik BB ST ERAE 2~3 IR, K LR T EMRY & TR,
o R ZRME RSO R, RS EUE R, BT, &5 H
CLAMT T, AR ARG, 75120 CH/E 4 h, B
BB TFE 5.
3.3 BERAMIFLTEN 1a~11 IA R

7E 50 mL =3RS H N\ 7% % (10 mmol)~ JR 2 (S
mmol). 2,2- 1 3E-1,3- B8 kE-4,6- i sk L LL ZFRATAE
Y5 mmol) M 4% 22 BRAEALTRI(S mol%, LAIR R PE
IRBCNTE), T 80 ClEEE4EST 15~45 min. RB5EEE,
BN 20 mL JoK 8%, 138, JEMEZERR KVER. TR
JEAFHEA R BB T N IRORONAE R F 28 TRk bR
B LR CPRE S TR &Y 1la~ 11 405, 57
P TEAE/ Ty I

3,3- (7S, 11R)- R HE -2, 4- 5 4% -8,10- 5 2 1
[5.5]F—%E-1,5,9-=Hfi(1a): AEFEAE. "H NMR (400
MHz, DMSO-dq) 0: 0.49 (s, 6H), 5.31 (s, 2H), 7.21~7.23
(m, 4H), 7.29 (s, 2H, NH), 7.37~7.41 (m, 6H); *C NMR
(100 MHz, DMSO-dg) 0: 28.13, 58.47 (Cgiro), 61.94,
105.99, 128.20, 129.21, 129.75, 136.03, 155.67, 160.18,
166.03; IR (KBr) v: 3196, 3059, 1773, 1736, 1685 cm ™"

3,3- - HJE (7S, 11R)- . (4-F JE 2K JE)-2,4- % 7= -8,10-
RAIR[5.5]+—E-1,59-=F(1b): [k 'H NMR
(400 MHz, DMSO-dj) 6: 0.53 (s, 6H), 2.26 (s, 6H), 5.23 (s,
2H), 7.09 (d, J=8.0 Hz, 4H), 7.50 (d, J=8.0 Hz, 4H), 7.21
(s, 2H, NH); “C NMR (100 MHz, DMSO-dg) J: 21.13,
28.23, 58.50 (Cgin), 61.72, 105.94, 128.06, 129.62,
133.04, 139.16, 155.74, 15160.27, 166.14; IR (KBr) v:
3195, 3061, 1768, 1732, 1686 cm .

3,3- L HEE(7S,11R)- - (4- 5 FK 3E)-2,4- 5 4%-8,10- %K
FUR[5.5]F —%E-1,5,9- = (1c): (I EafE k. '"H NMR
(400 MHz, DMSO-d) d: 0.61 (s, 6H), 5.33 (s, 2H), 7.22
(d, J=8.0 Hz, 4H), 7.39 (s, 2H, NH), 7.50 (d, J=8.0 Hz,
4H); *C NMR (100 MHz, DMSO-d;) J: 28.30, 58.27
(Copino)s 61.23, 106.19, 129.26, 130.12, 134.40, 134.87,
155.49, 160.12, 165.82; IR (KBr) v: 3215, 3066, 1771,
1731, 1686 cm ',
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3,3- L HIE(7S,11R)- - (4-F AR FE)-2,4- 55 44 -8,10- %
FUR[5.5]F —KE-1,59- =Ei(1d): A k. '"H NMR
(400 MHz, DMSO-d;) d: 0.60 (s, 6H), 5.33 (s, 2H), 7.25~
7.27 (m, 8H), 7.35 (s, 2H, NH); *C NMR (100 MHz,
DMSO-ds) d: 28.30, 58.53 (Cypiro)> 61.19, 106.11, 116.20,
130.37, 130.45, 132.20, 155.53, 160.28, 164.17, 165.97; IR
(KBr) v: 3205, 3059, 1770, 1730, 1682 cm .

(7S,11R)- 732,48, 10- K MR [5.5]1+—%E-1,3,5,
9-=fi(1e): F{aE L. "H NMR (400 MHz, DMSO-dq) -
521 (s, 2H), 7.17~7.29 (m, 10H), 7.31 (s, 2H, NH),
11.03, 11.35 (s, 2H, NH); *C NMR (100 MHz, DMSO-d;)
5: 57.49, 61.53, 127.81, 128.89, 129.32, 136.12, 149.11,
155.08, 165.66, 170.31; IR (KBr) v: 3240, 3063,
1730,1695 cm .

(7S,11R)- - (4- FH L 4 3E)-2,4,8,10- 2L W [5.51+—
$i-1,3,59- =i (1f): [ ERE . '"H NMR (400 MHz,
DMSO-ds) d: 2.23 (s, 6H), 5.17 (s, 2H), 7.05~7.17 (m,
8H), 7.11 (s, 2H, NH), 11.01, 11.33 (s, 2H, NH); *C NMR
(100 MHz, DMSO-dg) 6: 20.66, 57.04, 69.91, 127.31,
128.93, 132.66, 138.12, 148.71, 155.48, 165.56, 170.01; IR
(KBr) v: 3236, 3013, 1726, 1692 cm "

(7S,11R)- —-(4-5 7 3£)-2,4,8,10- A WR[5.5]+ —Je-
1,3,5,9- =i (1g): A @ E 4. '"H NMR (400 MHz,
DMSO-dy) d: 5.19 (s, 2H), 7.15~7.43 (m, 8H), 7.21 (s,
2H, NH), 11.13, 11.52 (s, 2H, NH); *C NMR (100 MHz,
DMSO-ds) J: 56.84, 60.31, 128.48, 129.33, 133.47,
134.50, 148.61, 155.46, 165.46, 169.52; IR (KBr) v: 3146,
3065, 1736, 1699 cm .

(7S,11R)- —(4-FA A HE)-2,4,8,10- K I 2 [5.5]+—Fi-
1,3,5,9- = fid (1h): [ & [E k. '"H NMR (400 MHz,
DMSO-ds) d: 5.19 (s, 2H), 7.15~7.22 (m, 8H), 7.26 (s,
2H, NH), 11.11, 11.43 (s, 2H, NH); *C NMR (100 MHz,
DMSO-ds) J: 56.84, 60.21, 11527, 129.38, 131.71,
150.11, 155.48, 161.20, 165.36, 169.78; IR (KBr) v: 3195,
3063, 1756, 1695 cm ™.

2,4- " HIHE-(7S,11R)- —#%E-2,4.8,10- K J 12[5.5] 1+
—%i-1,3,5,9-=Fi(1i): AE{A. '"H NMR (400 MHz,
DMSO-dy) d: 2.68 (s, 3H), 2.85 (s, 3H), 5.26 (s, 2H),
7.08~7.27 (m, 10H), 7.18 (s, 2H, NH); *C NMR (100
MHz, DMSO-d) d: 27.66, 28.71, 58.84, 62.06, 127.41,
128.83, 129.48, 135.52, 149.44, 155.88, 163.37, 168.26; IR
(KBr) v: 3185, 3062, 1736, 1687 cm .

2,4- ~HIHE(78,11R)- —(4- W HEHEFE)-2.4,8,10- % 2%
BA[5.51F—4¢-1,3,5,9- = FH(1j): FHE A "H NMR (400
MHz, DMSO-dg) 6: 2.23 (s, 6H), 2.71 (s, 3H), 2.83 (s, 3H),
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5.22 (s, 2H), 6.97~7.08 (m, 8H), 7.11 (s, 2H, NH); “*C
NMR (100 MHz, DMSO-d;) d: 20.64, 27.46, 28.73, 58.24,
61.36, 126.81, 132.53, 139.48, 149.40, 155.38, 163.29,
167.86; IR (KBr) v: 3183, 3066, 1736, 1687 cm .

2,4- " HFE-(7S,11R)- - (4-F K H)-2,4,8,10- K S+ 12
[5.5]F—%t-1,3,5,9-=F(1k): AGEA. "H NMR (400
MHz, DMSO-dy) 0: 2.74 (s, 3H), 2.87 (s, 3H), 5.27 (s, 2H),
7.15~7.36 (m, 8H), 7.23 (s, 2H, NH); *C NMR (100
MHz, DMSO-d¢) d: 27.56, 28.31, 56.64, 62.86, 127.41,
128.40, 128.98, 129.32, 133.46, 155.14, 156.78, 159.30,
162.96; IR (KBr) v: 3196, 3060, 1746, 1660 cm ™.

2,4- —HIH(7S,11R)- —(4-F 4 3E)-2,4,8,10- & 4 12
[5.5]F—%8-1,3,5.9- = (11): EEEE. 'TH NMR (400
MHz, DMSO-dg) 0: 2.75 (s, 3H), 2.87 (s, 3H), 5.29 (s, 2H),
7.13~7.16 (m, 8H), 7.26 (s, 2H, NH); >C NMR (100
MHz, DMSO-dg) o: 27.46, 28.30, 58.24, 60.76, 115.21,
129.20, 131.68, 148.93, 155.24, 161.18, 163.30, 167.56; IR
(KBr) v: 3192, 3063, 1740, 1656 cm .

$#H B#1 KL (Supporting Information) L&) 1a~1d [
"HNMR 1 °C NMR #% . X2 h ] LA 3 AT
¥t (http://sioc-journal.cn/) | N %K.
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