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Condensation Reactions between Aldehydes and 3-Naphthol
Catalyzed by Silicotungstic Acid

Han, Bo* Liu, Feifei Zhang, Yuqi Wang, Qiao Ma, Rongxuan

Guo, Hong
(College of Chemistry and Chemical Engineering, Yan'an University, Yan'an 716000)

Abstract Under ethanol and solvent-free conditions, 1,1'-alkyl(aryl)-bis(naphthalen-2-ol) and 14-alkyl(aryl)-14H-diben-
o[a,j]xanthenes were successfully synthesized from f-naphthol and aldehydes by using silicotungstic acid with keggin struc-
ture as the catalyst. The reaction catalyzed by silicotungstic acid has the advantage of short reaction time, high yield, simple

workup procedures and easy isolation. The catalyst was inexpensive and environmentally friendly.

Keywords xanthene; aldehyde; f-naphthol; silicotungstic acid
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R ER

1 ZRETE
KRz &Rk
TERRT s & RN I AT PR AR, ERE T LA B-28
Py RN R 1) | N AR N, 1 S R T SRR
A, ISR, (Rl AR N A B K
=) 14- K 5E-14H- — K I [a /A A K (4a). TLC REE R
IS5 R, RAE A S, R IR A 15 BT, W]
REAE IR T 3 IR 1L,1-CRIE F k) —-2-Z5 3 (3a).
TIRAFX 458, B &Y 3a 7E LRI 2 h, &
L 89% IR AF 2 T FA TR 1K IR =) 14- K3~ 14H-
TR [a A A (da). T ORI D R ) 1) 43 1 I
JB7K, HESR i B A g, IR AR RS TE Sl [EliA,
WA S BCT ARSI R K. ST IXFEI 2
BT, BATSARSNE, 2R T WM. ik 1 DR IR
HHEAGTR, ANIEATH A, i3] 120 °C, &MY 30 min,
DL 83%ICR G 14-2KFE-14H- " ZK I [a, /1A% # (4a).
Jiid 20 CAREAS IR M AL T, DL EEF, IndiE] 120
C, R 120 min, LA 74%FfEe1q 2] 14- 28 14H- 0K
Hlaja kB (da). LTI, J77k 1 REHWEY) 4a
FIBALER 2R 2 3V 42k W Scheme 1.

Xt 3a F da(J5idk DIRA G 2 43T T 04k,
W NIRRT A A AT T RE.
111 ERALER R F % R 69857

R 1 LU, fERNARR T, AN LA 3a ik

1.1

& 4a, BEAERERSRR AN ESE N, P RBeR BT ErE
e, SR H E RPN 0.5 mol%lIhf, SNAE A
41, 3a 17726 LT 54%, 117 4a IBCRBALR 47%; (1Y
AR 10 T B4R = 1) 1.5 mol%I (3 1, Entry 3), F=#I(1)
K25y B i 2] 87% A1 82%, T — D4R A3 R 11 1]
i, BRI (R 1, Entrys 4~5). HIEFIHA,
FATEFAEALA K BT 1.5 mol%.
R AR XS 7 1 5
Table 1 Catalyst loadings effect on the reaction

Entry  Catalyst/mol% Yield/% of 3a Yield/% of 4a
1 0.5 54 47
2 1.0 79 71
3 1.5 87 82
4 2.0 89 84
5 2.5 89 85

1.12 REME5EGHTZ

HEE 2 7150, BEE p-ZMmERE 2, e —
SEMER S, 1 p-Z5 M SRR U =L 2.4 0 1
i, 54 3a F 4a Y H 3518 B 5% = (3K 2, Entries 3, 8),
B-Z5My H mE 4k s 3G I, ORI AR BRAR. DAk, JEF p-28
P 5 R R (R ) S R F R B OR 2.4 0 1.
1.1.3  RZE kP

TETE R 4a I N, AEAER 7K OCER, X e W
MR, AR AR ST PN SOV IR 2.
FKUATED, WL 80 C, RINATE S, HAETSHIH 44 E

OH H4SiW 15040 O ‘ CH3COOH O ‘
2 * EtOH, reflux Reflux, 2 h
OH |
CHO

1 2a HO 0
4a

3a
H4SiW 12040 T

Solvent-free, 120 °C

Scheme 1

R2 ARG B-ZRM AR PR S W %
Table 2 Yields for reaction of f-naphthyl with benzaldehyde under different conditions

Entry n(1) : n(2a) Solvent Temp./C Time/min Product Yield/%
1 20:1 EtOH 80 60 3a 71.4
2 221 EtOH 80 60 3a 86.7
3 241 EtOH 80 60 3a 89
4 261 EtOH 80 60 3a 84
6 20:1 Solvent-free 120 40 4a 75
7 221 Solvent-free 120 40 4a 77
8 241 Solvent-free 120 40 4a 83
9 261 Solvent-free 120 40 4a 79
10 241 CH;COOH 120 120 4a 74
1122 http://sioc-journal.cn/ © 2012 Chinese Chemical Society & SIOC, CAS Chin. J. Org. Chem. 2012, 32, 1121~1125
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RIGHUAED) 1,1-CRIE IR —-2-2Z8W), ARefdpi Mz
S K. AW E I T, ROV SEAY, MR Vi
120 CHE, 1,1-CGRNE F3E) —-2- 28 ] i s — 217K
AL PSR/ V-

W PL R N AR R, T A R — R B %
FZEAT: n(B-ZE) @ n(CRF) A 2.4 11, N LRI
7680 C, fELEEF AT LALL 89% K15 2 1,1-CR I H
K -2-Z% My (3a); OV HIAE 120 °C, TRHAILA
83 %ISR IG R 14-FHE-14H- " F T [aj]58 0% E (4a).
1.1.4  JRALEMIS T R = Z 693500

LG 3 4 1K) S B 452, T 1.5 mol % FRIBA A R Ay 4 Ak
F], AN (5 mmol) A B-ZE153(12 mmol ) 5 W 55 14t

BAT THISE, HOW SR I 3 Fra. Rl Hl, ANig
A EALE D) 3, IR G 4, HIEREE DT BRI, X
O ) W 1Y S LR Ul P 1) 22 v, KT I T SR T
a2 — 2. IR T I PRI, AR 23 i 1)
PR TR IR HL, AT A R R K A ple it s A e )
AFITE A TR DT, IR EHURHERS
AT BRI, BRI D 4 H 1 JE LA () 57 7 8 W] o
EEIE FRL 5 AR AT, AT T T RE T T W H 7
AR T BRI BE b UL S AR 7 7] 437
I, SN KU, EARALIN, W T s A AR,
IR SO

R3 EHRELSERASY 3
Table 3 Synthesis of compound 3 by silicotungstic acid

OH
2 + RoHO

R
H4SiW42040
—_—

EtOH, 80°C O OH O
1 2 Hg
Entry R Product Yield/% mp./C

Observed Reported
1 Ph 3a 89 200~201 199~2001"!
2 4-MeOCgH, 3b 54 188~189 186.5~1871%
3 4-NO,C¢H, 3c 92 >300 >3000%
4 4-CIC¢H, 3d 91 186~188 187.5~1881
5 H* 3e 31 201~203 202~202.58%
6 CH, 3f 42 167~169 168.5~169"

“ The substrate was 37% formaldehyde solution.

R4 SRS RS 4

Table 4

H4SiW 12040 R

Synthesis of compound 4 by silicotungstic acid

OH

Solvent-free, 120 °C

2
O

1 2 4
Entry R Product Time/min Yield/% Mp/C
Observed Reported

1 Ph 4a 30 83 182~184 183~18581
2 4-MeOC¢H, 4b 40 76 202~204 204~205831
3 4-MeCgH,4 4c 30 78 228~228.5 228~229133
4 4-NO,CgH, 4d 30 85 >300 >3008B!
5 3-NO,C¢H,4 de 45 82 211~212 210~211M12
6 2-NO,C¢H,4 af 35 71 214~216 21483
7 4-HOCgH, 4g 30 68 136~138 14084
8 4-CIC¢H, 4h 30 86 287~289 288~289133
9 C¢HsCH, 4i 30 74 177~179 177~1781%
10 H 4j 60 47 202~203 20202
11 CH, 4k 50 63 154~156 155~157H11
12 CH;CH, 41 50 58 150~152 151~1538B1

“The substrate was 37% formaldehyde solution.
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1.2 FESSERE L LAY AT BELIE

2SN R FH Y 48 A AR PRI E R, AE
—EAM P SRR ARG RN B AT
FREL L K SCIRN2 12T Keggin BRI Ny
— PRI TR, RLF AL T R 2 OGP IR,
Ry 5 WE TR 46 & S (Scheme 2).

2 I
21 RFNEIE

T8HW-1 Y % g 46 FF 2% (WUNACR AL )
98-1-c AN HC7 4 il Mo I R 2 TR A 38 AT BR 2 1),
T-214 Wi KPR R FEZ RS RGEH R A A);
CS101-1AB  HL A4 (FE DRI 150 (028 7 R 2 D)
XT-4 5 0 w0 e A (A6 3 Z8 e A 38 A R 2 &) );
AVANCE 300 MHz & S 7 A A i e LR (TMS
AR (Hi - Bruker 23 7] ); FTIR-8400S FUA& 37 -1 b
T (H A BiEL); ZF-6 =TI AMY; TLC: 2R
B T AR HOREIRE GF254 1 0.8%F4 I KL £ 4 2%
B(CMC) Bil, A&imtb BHATH, T3 2 A4
AT R R

Bt FH 24 80 20 T 65 29 Al s A 2 Al k).
2.2 FIEgiE
221 LI-CGRE T )= 2-AB3)6 4] &

£ 50 mL MRS, A 5 mmol I, 12
mmol [¥] B-Z5M), 5 mL LI, WA s i, n
A 1.5 mol%[WfEESME:, IR, TLC FRER, RIV4;
WJGEHT KR AR, IiokdhgE, £ 20879, H QR
% DMF-H,O(ARIEL A 1/1)EEs a3 EY 3. thd
W) 3a~3e [AIIL T LG L.

REMEAEY) 3a: FOFE, 775 89%. m.p. 200~
201 C; 'H NMR (DMSO-d;, 300 MHz) 6: 9.70 (s, 2H),
7.03~8.12 (m, 18H); IR (KBr) v: 3200, 3036, 1559, 1446,
810, 743, 705 cm™ .

H4SiW 15049 +OH

o}
RAH

S
B (I

H4SiW 1,049

HO

222 14-FKN4H-=F 5t [aj) B L B (4) 89 4] &

O 12 mmol ) -Z5M), 5 mmol 2K IS, 1.5 mol%
PIRERSIR T 50 mL (5 IR, k&) 120 C, TLC
Rl S N 25 IS, INN—E &1 CHCL 1, W IER 2%
AN, GG 28 RAGET W, 13RI BRI, H
AR - OB E L R ) 4a. LAY 4a~41 [H]E
JriEA . B YRIEESE T

14- 2505 14H-— K 5 [ayj) B AR B (da): AR, 7~
K 83%. m.p. 182~184 °C; 'H NMR (CDCl;, 300 MHz)
8: 8.31 (d, J=8.5 Hz, 2H), 7.77~7.71 (t, J=7.5 Hz, 4H),
7.53~7.30 (m, 8H), 7.10~7.04 (t, J=6.6 Hz, 2H), 6.95~
6.89 (t, J=9.4 Hz, 1H), 6.42 (s, 1H); IR (KBr) v: 3075,
2998, 1593, 1513, 1458, 1404, 1253, 804, 745 cm .

14-(4-5 458 -14H- A [a 18 2 B (4h): FI{O 5
1, FP7E 86%. m.p. 287~289 ‘C; "H NMR (CDCls, 300
MHz) d: 8.31 (d, J=8.5 Hz, 2H), 7. 83~7. 08 (m, 14H), 6.
46 (s, 1H); IR (KBr) v: 3069, 2915, 1622, 1592, 1401,
1247, 965, 807, 742 cm ',

14- 2 55-14H- — K [a I8 24 B (4l): AEEE, 72
K 58%. m.p. 150~152 “C; '"H NMR (CDCls;, 300 MHz)
5: 8.27 (d, J=8.5 Hz, 2H), 7.87~7.34 (m, 10H), 5. 61 (t,
J=17.9 Hz, 1H), 2. 03~1.99 (m, 2H), 0. 95 (t, J=8.4 Hz,
3H); IR (KBr) v: 3068, 2952, 1590, 1513, 1432, 1399,
1244, 814, 747 cm ™.

3 it

DA keggin £546) BURE RS TR A HEAL T, B-25 A0 05 1 K
Wil b J5kl, ZBE A RIAAE FamT 6 4 1,1-5%
FL(O5 L) - ZEMR A, W AIAE R AT 12
A 14 (G5 IE)-14H- — 2K I [a 1B 2 R 5. %

WHIN B2 13, SERBEALF. R iZR A SPGBt
T REE RN

[
T

h

Scheme 2
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