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K S E e LR BT B E RN ER (B 1L BE 1L 5 Pechmann 454
ede AW KEHE TP R A

(el Rz aE R 30 430070)

WE W T, BRI EAT BRI SRR LK 2 1, BB L IR IR R I A T 3
TR e AF H-PDVB-0.3-SSFAI). I Tk KEEMRIIR M BRI R B, R 3RTT 88% 41k 2 (24 h); 7 HHelhib X
MAKR, HALRE LS 95%~96% (5~6 h); HEALIEEER 4R IR AIBE AL S8, AARE IR CUREAR BEIRURIEEAT,
Hop, OB 87%~92% (4 h). MEAKIREME AL 2 7 . RIS T T A 5 — SRtk % B
Pechmann 44y, il 7-32 56 T %, fEAE 140 C i FAEHAER] 4 1%, “P3477 2% 4) 90%. H-PDVB-0.3-SSFAI ) K 4f i
KPR SRERTEANE R 2L, IR 1 O

FRBEIR TGILERIE W RE; 2 AL, ER1L; Pechmann 457

Hydrophobic Perfluoroalkylsulfonyl Imide Solid Acid as Catalyst
of Esterification and Pechmann Condensation

Ma, Zhonghua He, Mengli Zhang, Haijuan Ma, Jingzhong Yuan, Hong*
(Department of Chemistry, College of Sciences, Huazhong Agricultural University, Wuhan 430070)

Abstract Polydivinylbene-bound perfluoroalkylsulfonyl imide polymers with excellent acidity and hydrophobicity were
prepared by copolymerization under solvothermal conditions (noted as H-PDVB-x-SSFAI). H-PDVB-x-SSFAI catalyzed the
esterification of long chain fatty acid with methanol/ethanol in water, affording 88% conversion, which increased to 95%
without additional water within 5~6 h. The catalytic esterification of short chain fatty acid with both primary alcohol and
secondary alcohol was carried out smoothly, for example, 87%~92% of conversion was gave for cyclohexanol within 4 h.
H-PDVB-x-SSFAI was cycled for at least seven runs with stable catalysis efficiency. On the other hand, H-PDVB-x-SSFAI
was used to catalyze Pechmann condensation to give 7-hydroxyl coumarin under 140 °C, affording ca. 90% of average iso-
lated yield, and the catalyst could be cycled for 4 runs. Furthermore, the excellent catalytic performance is attributed to com-

bination of excellent acidity and hydrophobicity.

Keywords perfluoroalkylsulfonyl imide; heterogeneous catalysis; esterification; Pechmann condensation

AR R AL AE T 1R T ks 75 Y IR BT K™ it o0 18
J5 T3 A I H P A, A ] A I ) 6 5 SOk PR A R
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i, Bronsted Z SRR PEM G 32200 SO;H AURIA Hlke
SO;H #, Toa KRFLACHRAE R IE Amberlyst-15 (Hy~
— 3) RIS 70 A T B A i Nafion (Ho= — 12)72 24T
FHFE . AW — YR 2, Amberlyst-15 #fase
PEARTE(<120 °C); Nafion (<280 C)H% AL, BRAE T
e, AR T8 RAEVER].
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R, GRT — R BT BRI FLE R Ak =
T, WRRREIERETE BB YT, e 1t S

(OR0) 2 i bt B P9 IV JHg i — 2 A Ay 3 FH 2R 4 (1
M, SLAAE R P 5 TR N 1 4 e S A R B0, Sk
SN0 HAB M P2 B 2K SRk b, IR I K
(1) Cio BEREEE, MEAL ST & LURRINE SN, 3R 93%™
. FH SBA-15 i A T IEMEE >, A
A A W 5 T () ) 46 7 A1 2K 5 2 RS (¥ 4
BN A AL Si0, A A, KRS
TEERIERAL SN, BELE 120 CHEFREH] 7 I,

B S5 N AE Tl 87 R R AF 9 5 1T, #0 E A E
RO, A R A A G M SOE R I — AN B IE T
TREF BN ACHENR I R ) Y (2 ) B Ak, % e PR AR it T
HEAT PIARER, T £ A= P S (1) OB ) S N2, 7 b A A 5]
gl

B ERWEYHAAMEF DO, 2190k
PREF I —RE B LMo, FRZHTEZ . &l
B R AT [ AR SR I A T T DAL 2R By R 2
W £ 18 C W8 0 JsURE, TRBR IR Ry fHE AR ), s N B ) A
ANV Z, OV JE A A%, TR IR 65 T st % HLy e BR
.

AR SCAERT I T AR 3 B0 A s p Rl o g Ak i)
A AR, 0 IR 20 il I RS A b R T I W i B
p-CH,=CHC¢H,SO,NNaSO,C,,F,,+; (m=1 F 4, iCfE
SSFAI). A SCHRFRIE 1375 771 FA 1) 46 B K P A R (1 7
RV SR SSFAL 5 - 2GR (DVB) LR, &Rk
Folr it 7K 2 1 58 R 1 v 43 ¥ (I /- H-PDVB-0.3-SSFAI),
M FHEALEREAT Pechmann 46 [V, fE/KIAZRH, K
ROV R, BRI R AF AR, R R IE
1% k. H-PDVB-0.3-SSFAI 1454 AR 14k s B
%1+ Scheme 1.

cat.
(1) Esterification reaction: R'COOH + R?0OH

1 #HR5TE
1.1 H-PDVB-0.3-SSFAI & i 54154

Zx HESCHRROE 1 751571, R F DVB Fil SSFAI Jhy J5l
Bl 92K CaCO; AEULAI, KEBIEAL, Mg A+EE2
UMk LR 2 T (iE A H-PDVB-0.3-SSFAI). 7£ SSFAI
I DVB = ey 0.3 I, B & EhEsik %] 0.81~
0.83 mmol/g. N, WM fff Ak, k15 H-PDVB-0.3-
SSFAI MR Z S HH TR 1, fLIRBTEL 3.80
nm, BLIANFLAE.

%1 H-PDVB-0.3-SSFAI W FILRIZ5#) 55k

Table 1 Physical and structural parameters of H-PDVB-0.3-
SSFAI

Acid sit % D
H-PDVB-03-SSFAI cidsites’  Saer/ wal Dy

(mmoleg ) (m™g ) (cm*g ) nm
H-PDVB-0.3-SSFBI  0.81 346 025 3.8l
H-PDVB-0.3-SSFMI  0.83 385 054  3.80

1.2 H-PDVB-0.3-SSFAI %7k % B/ Z B2 = FA1E

[ A4 P2 (19 53 7K — B 7K ST, e S ) LA A 0% 1
BRZE. W RERRGKEL, XA RAFs
U, A )T IR S I8 T2 R B8 e e

JKAE Pl H-PDVB-0.3-SSFAT [Fl 1A Rk it ¢ 1 1) 4%
fil R SE Wil 1 Fros. 4 H-PDVB-0.3-SSFBI Fll
H-PDVB-0.3-SSFMI & [f1l [ Il & i 73 %1 b 128.5°
121.6°, 2B PRP [ AR B A B0 b K 1

SRR PEREEDN K 41 A WA SRR, RIS B
IKPEE AR, 78 smRPESRE )G, A S B AR 2
PRI H 357K P 5. H-PDVB-0.3-SSFAI {54 B 1 1)
BRAKTE, FEERE TR ORI R K PE.

FAR, W 2 P, P AR R o) AN [) 45 74 1) I,
BRI RAFMoE e, LT B e mes, 7o id
I [] A 1 2 1 i 0 TV T A T WP, KB H-PDVB-

R'COOR? + H,0

Reaction conditions: 3 mol% cat., H,0, 80 °C.R" = Cy4Hys, C15Ha1, C17Hss, etc.; R? = CH3, CoHs

cat. (H-PDVB-0.3-SSFAI):

Reaction conditions: 10 mol% cat., 110 °C

R'= CHj, n-CgHyq4; R? = n-CgHyy, iso-CgHyq,
CyC/O-C6H1 1» C6H5CH2, tert-C4H9

O_<;ysozNHsozc4F9

(H-PDVB-0.3-SSFBI)

(2) Pechmann condensation
R4

Ho ALOH 6 9
+ R1*C*C‘:HfC*OR2

RS

10 mol% cat.
140°C, 2 h

HO. 0._0O
= R3

R O—@—SOZNHSOZCF3

(H-PDVB-0.3-SSFMI)

Q-=rDvB

R1

R' = CHg, Ph, CH,CI; R? = CHj,, CoHs; R® = H, CI; R* = H, CHj or with Naphthol as reactant

Scheme 1

2256 http://sioc-journal.cn/

© 2014 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2014, 34, 2255~2261



Chinese Journal of Organic Chemistry

ARTICLE

(a) H-PDVB-0.3-SSFBI
(ca. 128.5°)

(b) H-PDVB-0.3-SSFMI
(ca. 121.6°)

BT KAE LR R A IR A I (42 i A

Figure 1 Contact angels of water droplets on surface of various
solid acids

(a) H-PDVB-0.3-SSFBI and (b) H-PDVB-0.3-SSFMI
F2  KMEETE H-PDVB-0.3-SSFAT 2 [ ¥4 fih /1

Table 2 Contact angels of various alcohol on the surface of
H-PDVB-0.3-SSFAI

Contact angel

Alcohol
H-PDVB-0.3-SSFBI  H-PDVB-0.3-SSFMI
CH;0H ~(° ~=(°
C,HsOH 6.5° 5.6
n-CsH,;OH 15° ~=(°
iso-CsH,;OH 17° 23.5°
cyclo-C¢H;OH 23° 34.5°
C¢HsCH,OH 15° 16°
tert-C4H;,OH ~(° 20°

0.3-SSFAI XIS HAT R UF W b ke, DRI, dX 2 fi]
PRBR AT R s K M, TR B LA DI g W B eSS L
WRIIRE T, AR TR R N H ZE T H e fhe A6 12k
1.3 H-PDVB-0.3-SSFAI ByES 1450 E

3R I AR AL LB A e e B, 2 I [ AR g i
FEWMAEROTE. L 2-PC-T 4 o e, BRI RE
PR MR S A, SlEREIE BC B BT As L. )
FEOR A RS BROR, e U SR B, ] A 1R R it
FEER. B 2 S 2-PC- N4 T T H-PDVB-0.3-
SSFAI i ) °C NMR .

b, §221.3 FA 223 S22 N Fi B 518 NH ol
SAEME S, RAETHRARIARHEIR IR (S 245), 1
H U ST ST ERARAE Y MSU-SOsH (6 217.2)2%, Ja [l {4
SRR, T4, SRS SiO, FEk A T RE AL P %
PSFSI-MSMA 5/SiO, W Fft 4l 8 £ 7 5 18 7 %% {5 1F
5 219.1, RWIHIRML LGS T H-PDVB-0.3-SSFAL X
A B8 T AR B K M AN TR 2 38U 22 7, S Kk
PSFSI-MSMA 5/SiO, B 5B 7K 731, IR #5525
M.

Ak, 5 214.4, 189, 181.5, 73 I&FI 5 210.4, 183.6,
177.5, 80.5 SR U N I 43 71 R 7y =R P IR V.
M [ ) B, 6 144.7~128 {55 06 tHZR IR 1 (1)1 St Fl
C4Fo/CF3 51iL, 6 40.5~7.2 {5 5 L SR (P b sk 5 | .
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T T T
300 200 100 0 -100

B2 H-PDVB-0.3-SSFAT W 2-C-Aii 1) °C CP/MAS Ji
&
Figure 2 '>C CP/MAS spectrum of acetone-2-">C adsorbed on

H-PDVB-0.3-SSFAI
(a) H-PDVB-0.3-SSFBI and (b) H-PDVB-0.3-SSFMI. Peaks marked by
star correspond to spinning sidebands

1.4 H-PDVB-0.3-SSFAIl &1L A5k

PAr13d F KB M 5 1R 5 R/ £ B e 7K AR R 1 BR AR A
AT 2 S, 3 AR FH vy AL o I ) 2 0 S5 el 1)
TRALH DB, NAE 80 C NREAT, R W - KA
el 10505, Seah a1 3.

M 3 45 5k F, H-PDVB-0.3-SSFBI f#:4L H H: 1R 55
CWERN, 12 W ARy 62%; K3 24 h, HALRAIN
TR 88%; HE— P HEK NI R], [N AL R A W
BIrE. N, RNVAEZ 24 h i C 455 74 (Entry 1).
TEFPERIAAET, 28 T R, WIRR. WG
L FREAE KA P R R AL SN (Entries 3~5), #2410 R 154
3| 85%~88%, #HW] H-PDVB-0.3-SSFBI 7£/KAH T e H
M AL K BE R T R SR 9 B 4k J V. 1l H-PDVB-
0.3-SSFMI ffh e s g 22, HER 5 ORI N, 1
12/24/30 h, HAXE5 51K 64%/79%/86%.

KR RE H AT ER L, A KAE DR, W
TR ORI, B A AT T i (Entries 6~13). KWV
5~6 h, FAKEENRW R H RS 4 0 AL %A 3
91%~93%; 5 LR, ARG, ) 85%~
95%. 43K S /K PR A SiO, T gk (4 el | LAk T
Jiz PSFSI-MSMA 15/Si0,!"%), NKC-9 #1445 1) H-PDVB-
0.33-SO;H" A fi AL 77 (Entries 14~15), Jrh, Bk M
Uf 1) H-PDVB-0.33-SOsH J45 $RA5 A% i 1 i 1k
81%, A RMNTE 12 h LBV, %K€ H-
PDVB-0.3-SSFBI. H-PDVB-0.3-SSFBI J147%; H-PDVB-

http://sioc-journal.cn/ 2257
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# 3 H-PDVB-0.3-SSFBI {6 LA K BE R 1 12 14 R A0 B 1o 4 # 4 H-PDVB-0.3-SSFBI fi:fb LRI IE R B PG 1L
{2 a Table 4 Esterification of acetic acid with 1-pentanol catalyzed

Table 3 Conversion of several long chain fatty acids catalyzed
with H-PDVB-0.3-SSFBI

3 mol% cat.

R'COOH + R%0H R'COOR? + H,0

80°C, H,0

Entry R! R? Time/h Conv./%
1 n-Cy;Hy CH;CH, 12/24/30 62/88/89
2 n-CyHp; CH;CH, 12/24/30  64/79/86"
3 n-Cy;Hy; CH; 24 88

4 n-CsHs, CH, 24 86

5 n-CyHs CH, 24 85

6 I’l-Cl 1H23 CH}CHZ 5 95¢

7 n-C11H23 CH3 6 96°¢

8 n-C15H31 CH3CH2 6 85¢

9 n-CysHsy, CH; 6 94¢

10 7-Cy;Hss CH,CH, 6 83¢

11 5-Cy;Hss CH;, 6 91¢

12 C8H17CH:CHC7H14 CH}CHZ 6 86°

13 C8H17CH:CHC7H14 CH3 6 93¢

14 n-Cy Hy CH;CH, 6 75/47/72
15 1-Cy Hys CH,CH, 12 g1¢¢

“ Typical esterification conditions: 80 ‘C, 3 mmol% catalysts, | mmol of
lauric acid, 5 mmol of ethanol, and 5 mmol of H,O. ® With H-PDVB-0.3-
SSFMI as catalyst. “ No H,O added based on the typical conditions. ¢ With
PSFSI-MSMA5/Si0,;, NKC-9, H,SOs, respectively. PSFSI-MSMA 5/SiO,
was prepared according to Ref. [15]. The H,SOy-catalyzed data was from Ref.
[21]. © With H-PDVB-0.33-SO;H as catalyst for 12 h.

0.33-SO;H HomfiRtE, A AT fedt RNV, 7wk
[l A PSFSI-MSMSA 5/SiO, (SO,NHSO,C,Fy HH &
Y1) NKC-9 (SO;H FEM R B A 5K, 6 h 34k 257
WA T5% 0 47%, Hi TR TR 8, ROV R
N — o LA, Ad, BT A H % H-PDVB-
0.3-SSFBI i K, AR AR MK (75% vs. 95%).
K HoSO4 BIARMEAL [ N, #4264 72%.

Rk, LI H-PDVB-0.3-SSFAI itk 7, Kk
NEWIER 5 F/ LB R IR [ N, To s 70 /KA, JEIHAE
IKHH AT SR AR FF T 85 i (A A S N3 1. FRATTHE I,
H-PDVB-0.3-SSFAI M B & R rsiktE, EiRkxk
N ) CHEF” KA, AR RO 1R R 5 1) R
LR i e R R 2 W 8 ) 1 R VA A e S v g VA o
B e AR 6 58

WY R NVJEY), L% H-PDVB-0.3-SSFAI
MEACER AL SN R F k. DA R I I N JEE Y, kAT
SAFAL, AR R IE BRI =%, g5 F LK 4.

WIGESAF® A 100 °C, [V 4 h, #EALFIHE 10
mol%. 7EZERAKEHRLGI N 13 K, ZRIEIL
= AL 74%, SRR RS EE] 104 F 1 5B, o
35K 87%F1 89% (Entries 1~3). FAI1H5 & KU % Lt
104 BBt 4. EAr, RNVIREE 100,
110 F1 120 CF, RMN=F 5510 87%, 93%HM 86%

2258 http://sioc-journal.cn/

by H-PDVB-0.3-SSFBI

Entry Ratio® Temp./C  Time/h szi(}:/:t/ Yield/%
1 1:3 100 4 10 74
2 1:4 100 4 10 87
3 1:5 100 4 10 89
4 1:4 110 4 10 93 (>>99%)
5 1:4 120 4 10 86
6 1:4 110 3 10 89
7 1:4 110 5 10 85
8 1:4 110 4 15 88
9 1:4 110 4 5 73
100 1:4 110 4 0 25
11 1:4 110 4 10 87°
12 1:4 110 4 10 837

© 2014 Chinese Chemical Society & SIOC, CAS

“Molar ratio of CH;COOH and pentanol. ® Conversion of CH;COOH. ¢ With
H-PDVB-0.3-SSFMI as catalyst.  With sulfonic acid resin, NKC-9 as catalyst.
(Entries 4~5), A[ UL, 110 ‘C N N AE, wWERE—
BT, nTRE T EE R NI 2, RNV IEREE K. ROV
i TA) gt — 20 28 K B4 47 45 (Entries 6~7), X420 W =%
#BRATE. D AT ER 5 mmol%, F7E T
B2 73%; MMt HE S 15%, PR REA T
F%(88%) (Entries 8~9), nJ BEMEALFIA =K, [FIH b
AT Z R RN A DR, Bl T e AR 2648,
i/} 10 mmol% H-PDVB-0.3-SSFBI MHEALF], A
FUELEA 114 [ SRRAIEIREE, 110 C NN 4 h.
WEPER, RN E3RAS 94%IK Hbsr=8), LRJLTF5¢
4HEAL; {1 H-PDVB-0.3-SSFMI ML, 77 ik
F| 87%, MEEIRMIE NKC-9 fiifh, =& RS 83%.
H-PDVB-0.3-SSFMI (1)K 4% H-PDVB-0.3-SSFBI H
7%, NKC-9 WSk ER R, WlE = 2 s, A
IEALTRIE,  H b5~ 24X 25% (Entry 10).

16 BRI AE T, At — 2% H-PDVB-0.3-
SSFBI [P R EFAME F 1 REEAT T % %2, 45 ILE 3. fif
HFVIEIME T 7 K5, Bk s N IR = 26 - A7 B B B,
AR A R I E P S 2 BE.

BAVERE T ARG IR FIEE, LS S %M A%

BAL SO R IE 1. 25 RT3k S,

MK 5 mTLUE H, AARES 5 1R N, AR A
(Entries 1~2, 6~7). ZF[AI7 BRI CRE(ITE), 5
LRI CLRR I A 2B RE 73 mIE 2 92%F1 87% (Entries
3 and 7), X2 NS NHREMEE R, AL, BUT RGN
B PR N, AR AR, UYL 39%F1 27% (En-
tries 5 and 10), AJRE T EAT KPS AL, A
AT RN A N EAMAE, FREMR DY, F A 2AL
1E 83%4 A5

Chin. J. Org. Chem. 2014, 34, 2255~2261
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Yield/%

I T T T T T T T T T T T T
run1 run2 run3 run4 run5 run6 run7
Run

Bl 3 H-PDVB-0.3-SSFBI fiE X Z IR A IE R HF S AL S NI FRI A
AL
Figure 3 Reusability of H-PDVB-0.3-SSFBI for esterification

of acetic acid with 1-pentanol
Esterification conditions: 110 C, 4 h, W(acetic acid) . V(1-pentanol)=
1 © 4, 10 mmol% catalysts

#R 5 H-PDVB-0.3-SSFBI (AN R R I BE AL S5 b

Table 5 Various esterification catalyzed by H-PDVB-0.3-
SSFBI
Entry Acid Alcohol Conv./%
1 CH;COOH n-CsH;;,OH >99
2 CH;COOH iso-CsH;;OH 96.5
3 CH;COOH cyclo-C¢H; OH 92
4 CH;COOH C¢HsCH,0OH 83
5 CH;COOH tert-C4HyOH" 39
6 n-CsH,;;COOH n-CsH;;,OH >99
7 n-CsH;;COOH iso-CsH;;OH 97
8 n-CsH;;COOH cyclo-C¢H; OH 87
9 n-CsH,;;COOH C¢HsCH,OH 82
10 n-CsH;;COOH tert-C,HyOH" 27

“The reaction was carried out at 90 C.

f A WL, H-PDVB-0.3-SSEBI ) AN [i) 4% 1K 1) 2 1
AN TR 45 0 (P AT R A I R R AL, 78 B A L R AL K
B, CILHKEKBENG TR, BELE/KAHH RIS R4 1)
RS R I 7 1 ) St i e B AR P e R R
M H-PDVB-0.3-SSFBI 1R AE A1 i A i 5 >k
B, MG & 2RI A IR e e A g, AEWAF T
DL [ AR AL B (I R AL, SRERVEAT 5 BEAR U v AL R Bt
(PIREFRAE, Rk SO s R A
1.5 H-PDVB-0.3-SSFAI &1k Pechmann #&

BATHE Sk R K R B O IR LR R,
H-PDVB-0.3-SSFBI A #4671, i Je B 4% A dE4T A0 AL
iR WA 6.

76120 CF, #ALFIHE 5 mol%, /M 3 h, [H2E
T M OBR CR TR Ry 101, 12 L3
B, P24 7-F2HE-4- R TR P05 R 56%, T1%
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K6 TFE-4 IR TR MG A
Table 6 Catalytic optimization of synthesis of 7-hydroxy-4-
methyl coumarin

Entry V(Resorcin) - Temp./ Catalyst/ Time/ Yiled/
V (Bthyl acetoaceate)  C mol% h %
1 1:1 120 5 3 56
2 1:2 120 5 3 71
3 1:3 120 5 3 63
4 1:2 100 5 3 57
5 1:2 140 5 3 75
6 1:2 160 5 3 61
7 1:2 140 10 3 91
8 1:2 140 15 3 51
9 1:2 140 10 1 66
10 1:2 140 10 2 90.5

F163% (Entries 1~3), KR 112 BRI
RACLAT. NI ETE R 2 140 CHE, 77347 Brdt s,
Hh 75%, TLE 100 A1 160 C, 724350 57%F 61%
(Entries 4~6). GG RN AN 120~140 C. &
1145 2 2% 52414k 771 H-PDVB-0.3-SSFBI /£ 4% ittt R i)
PRI PERE, TR 140 C FiE— DAL 41t
KAEAL IS 10 mol%, 7= Z KIEHEnE] 91%, ik
— AL F R B 15%, PR RN RS 51%
(Entries 7~8). {EUCIERE b, FoAT SR 48 46 s B s 1],
KIMAE 2 h W, PR AREREIAE] 91%, 1T Lh N, P2 T
%% 66% (Entries 9~10). #ULIATTHIWT, £ 140 T4
PR, AR TR 9 f W G TR LB i Le oy 1:
2 BEELEL, 10 mol% H-PDVB-0.3-SSFBI M fiAk 7, f&
16 2 h WAHBGEUR MY, 722318 %] 91%.

K| 4 #5t H-PDVB-0.3-SSFBI 7i- 140 ‘CF, #b %
RO IEAE I ROR. EAERREARIAMET 4 X, R
FE HARP 07 A 87%~90%. {55 5 AR, 5.

100 .

801 )
70|
60
50
40|
30
20
10
o]

87%

74%

Yield/%

T T T T T T T T T

run1 run2 run3 rund runs
Run

B4 H-PDVB-0.3-SSFBI f#ifh 7- 58 5E-4-HEFHE H A I

LA
Figure 4 Reusability of H-PDVB-0.3-SSFBI for synthesis of
7-hydroxy-4-methyl coumarin
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ERAUR TR, N 74%. I, AR
(140 CYRIREF T — € AEE FH P fE.
TRATFIFER FH & A A R G5 R A 1,3- —3bE b &
Y)HEAT Pechmann 4575, 453 W3R 7. 4RI FRILANAL AT
EPE IR, AR T RN RA. i, LB
LB 5K Wy e Y, F H-PDVB-0.3-SSFMI A 4L 5],
77 88%, AL T H-PDVB-0.3-SSFBI 4L 1] 91%)™7 2,
MR IR A AR NKC-9 4k, 77 K[ 3] 80% (Entry 1). A%}
M, Z8M) RN = AR 22, K 68%. EAARSRAS 4
BT 177 R (78%~94%), HEAK B N HEA T8 Mg A
# 7 H-PDVB-0.3-SSFBI flE{b AN ) Pechmann 4 &

Table 7 Pechmann condensation of various substrates catalyzed
by H-PDVB-0.3-SSFBI

Entry R R’ R® R* Yield/%
1 Me Et H H 91, 88¢ 80°
2 Me  Me H H 92
3 Ph Et H H 86
4° Me Et Cl H 78
54 Me Et H CH, 94
67 Me Me H CH, 91
7 CH,Cl Et H CH; 84
8 Ph Et H CH; 89
9 Me Et Cl CH; 84
10 Me Et H Naphthol 68

“ Catalyzed by H-PDVB-0.3-SSFML. ” Catalyzed by NKC-9. 100 C, 5 h.
7140 C,1h.

2 Zi

il A% H-PDVB-0.3-SSFAI H. 4% [ & I s K P AT
TP, LT 12 ALV T 10 f Ak S N T 78 43 A 45 i
FRAIEAT SR . AE7KAR R b, KM B I 7 2 1 15
I, B4 RIAF] 85%~89%, [EAAMR /K1 fEAT
BRI IE AV S N 1) P~ AR R (0 7 M B 8. E ELER IR s Ak 1A
AP OMEFH AR, SN RCK S5, 5~6 h W,
K85 R 7 IR 10 B Ak 2 B m BRIk B 95% ~ 96%.
H-PDVB-0.3-SSFAI HI T4k, A4 H B 7K P8R o g 1
(R4 3. [N, H-PDVB-0.3-SSFAT fi: 4k i K P AR 5 59
()L T T PR I B A S N, BT WAk, 383K 14 A 3
HUKFALZ, AN, fEfE1k Pechmann 45 &% 75 5. %
FEW ) N, H-PDVB-0.3-SSFAL | A~ [A] i 4t %
AR L I A 2. fE WK I N, H-PDVB-0.3-
SSFAI #iZ 8t R 4 (1 v A PR RE, Be 43 AR IA 2
A7 R 4 R ROV EE T, RS R —
SE L.

3 ARG
3.1 XE5H
Avatar330 i BLir 21 443 (32 [E] Nicolet), KBr
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JEF; TG209 #AH 3BT (B8 1H Netzsch), FHif 20 C/
min, R AL204 HLF- 0 BT RSP R - FE R 2
[E Mo X (_E ¥ )]; Autosorb-1 7 45 A W B 43 (35 H
Quantachrome); Infinity-plus 400 MHz [F{AA% i L9 1%
X (Varian); JC2000C %44z i #7504 (-3 =),

ZOHEIER(DVB, BiTdr 1A 5% NaOH FiBH
BH), ARE S TIEAIBN, IR DUAR4E 1 T A7 A
A BB i 41K CaCO; (15~40 nm, Jbi Rl
B &R R AT, Al o Hr el e A
IR IR I A S o FE A I WP B Sk (SSFAT) 2 HE Sk
[13]4 B
32 XKWAHE
3.2.1 H-PDVB-x-SSFAI #J4- /&

2 CHER[T1A . FREL 0.3 mmol 44 ik SSFAI
WT 28 mL LR 416, A 1.3 g (10 mmol) DVB, 0.05 g
(0.03 mmol) AIBN, 0.1 g 4>k CaCO; fil 5.6 mL Z51#K,
FURBERE 3 h HEIRN A, 100 C RARSERCFE SV 24 h.
SRV &5 R R OB IR, B, FIERK
$EHL 24 h, T, 3ILEHEE Na-PDVB-0.3-SSFBI.

£J 100 mL 6 mol/L HCI &4t 12 h, 138, /KEEHIE
BE, SRIG KRGS D 24 h, A TR E O
K, iC/E H-PDVB-0.3-SSFAL 1% & il i 1R bl v 72 5
WE, WYL AFE7R 7).

3.2.2 H-PDVB-x-SSFAI 1§ L.E8 1k B

AERFRIN 1 mmol KHENRINTR(BENEIR . IR wih
AN A AEER)F 5 mmol B, IIAZE] 25 mL &R,
FHMIAN 5 mmol ZETRACHE A, BAIMAZERK, K
BEMR 5 WE AT H A EE4. WA 3 mol% H-PDVB-
0.3-SSFAI fEALF, THEZ 80 C, [ V4% Filise i i) i3k
17(12, 24 1 30 hyd AT RN, RNER)E, LA 2
mL SRR N, B0 A AT, CREG =i, R
WA T, BB TR, RUBbRE ¥ NaOH K
T B R AR IR o i, PR, VSR 3
UCPAT R V.

EAfFK 0.06 g (1 mmol) LR A1 0.352 g (4 mmol)iF [,
i, IIAZE] 10 mL [FEE, P 10 mol% ik 7]
(H-PDVB-0.3-SSFBI, H-PDVB-0.3-SSFMI, NKC-9), J}
WA 110 °C, RV 4 h, RNEHRELZMA 1 mL 1,2-
TROKEEER N, B RS E, bR 1,2-2
ALKV UEYE, AU, I 200 puL 0.5591 mol/L
IEZEGEM) 1,2- A LB BAE N AR, GC AT ™3, W
S5 3 UCAT RV
3.2.3 H-PDVB-x-SSFAI 41t Pechmann 45 4~

] 25 mL P H BRI AR O 5 mmol [A]24
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1%y 10 mmol LR LEER 10 mol%f¥] H-PDVB-x-
SSFAIL, FHif 4 140 ‘CIRI¥ 2 h. N5 a8\ 20 mL
UKKBEFE, WOEADE, PR A, PR G A 12
h, BB BIREBAA, 75% O EE SN, 159 A0,
TR TS .
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