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MCM-41@Schiff Base-Mn(OAc), Catalyzed Synthesis of Xanthene
Derivatives in Water

Xing, Liuzhuang” Hou, Yadong"” Xing, Xuejian” Hui, Yonghai**“”

(“ Key Laboratory of Oil & Gas Fine Chemicals, Ministry of Education & Xinjiang Uyghur Autonomous Region, College of
Chemistry and Chemical Engineering, Xinjiang University, Urumgqi 830046)
(4 School of Chemistry and Chemistry Engineering, Lingnan Normal University, Zhanjiang 524048)

Abstract MCM-41@Schiff base-Mn(OAc),, a heterogeneous catalyst, was used for one pot synthesis of xanthene deriva-
tives in water with aldehydes, 5,5-dimethyl-1,3-cyclohexanedione and 2-naphthol. This method exhibited some advantages
including excellent yields, environmentally benign and good functional group tolerance, and the catalytic system presented

some features of the less amount of catalyst and excellent reusability by experiment.
Keywords MCM-41; aqueous phase; xanthene; heterogeneous catalyst

SEREAT A B RAF I AR T, bt B
PRGOS, R, 76 pH BURRSOEARHY.
S BAR PR GO 75 T A R AF L P . A S A
FER UK L2 B, AR T T A 52 NATTORIE,
HAEE JUAFE B TR 2 & B R B Il %) S8,
BEE AT R IR 58, “atufbsr” RO
BRI — AN E TR, Bk, TR —Fh e s 3 &
SEORBRINERAEENE . B0, KA —F
BROT« PRI R A ONA OB AT & “ sl ”
B, AR AARGE AR AR DA SR A ot 2 4 I
A AL R,

I FURTRHE) B AL 15 i TSR AL T AR 4 0 AT
s, LT EAT ARCK LE R T AURVR IR OO &5 4, T
T RHR 2R R AR Sk, A ALMRHER
HUHEAL 77 A AR EF R, 40 Michael ™, 44k

* Corresponding author. E-mail: hyhai97@126.com

WM Suzuki S VAT BB RO AR TAERRAN
FH R KRB A FLA R MCM-41 5 428 2R e /KA
W AR AR, 5,5- T F3E-1,3- 3R C AT 2-
25y O R A AT A, B — R A N A% 1 I
TERAERMEIET, GRT — RV E = R AR EATE
Y. BeJa, EsEESFME RIS T ORI AL 7
TEA RS2, 776 R AT AR T —
FEE R T B ARt ) A O T

1 ZFHR5ME
1.1 RMZFHHMRK
DL FE%(0.11 mmol). 5,5-— F3E-1,3-3F & (0.1

mmol)Fl 2-ZE[}(0.1 mmol)fE MM S, 1EFE7K(0.5
mL)ERER], 5T AN A& “—8Rik” & Rk

Received August 29, 2017; revised November 21, 2017; published online December 1, 2017.
Project supported by the National Natural Science Foundation of China (Nos. 21362036, 21161026).

KRR 3 4 (Nos. 21362036, 21161026) % BT H .

912 http://sioc-journal.cn/

A ©2018 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2018, 38, 912~918



Chinese Journal of Organic Chemistry

ARTICLE

ARBUL B, RATRI T EAFEET, RN
TEA R BRI 1, Entry 1); 24N Si0, i B
PR 1, Entry 2). SR, AN L T
MCM-41 (LD, KM EENFIZEAT, HAEE] 25%1 H bx
F¥)(F 1, Entry 3), H Entries 2 A1 3 A] LLE 11, MCM-41
(RFRFLIE S5 06 R T N HEAT, A MCM-41 1R
SR TEFLFLIE M, Be W AT Hh G IR W B AR
. MAANE BB MCM-41 (L2~L4)K}, f#75
FLALIE a3 2, SN T g, L3
BEBFHI =23 1, Entry 5). T RS 58171930
B, BAOIXMANTAFEBEEE(S mol%), H
L3/Mn(OAc), FIMEM R B bF, BEBIFE] 95%MH) /=%

(3 1, Entry 8); #R1i, FALH Mn(OAc), flEfLES, =% H
A 42%(FK 1, Entry 14). HILBEH, HEEMCM-41 1)
J#E FARE Mn® B KRB T SR, B A L
AT T 252, 45 RV T QR R 1777
TR OKE VIR 1,4- AN IR SR AN BE A
NAFIIHEAT (R 1, Entries 15~19); 7576 F1 5 R[]
M2 S R IR, AR AR UL P58 B 66 S L ) AN T e
HEAT(#R 1, Entries 20~21); 24 Mn(OAc), F &% 3
mol% 3B N E] 10 mol%M, 7= A I &I FEILGE 1,
Entry 22). fJa, XFRNJEVIME LT T, K9
S /5,5- R 3- 30 O i /2- B R R 2t
NI AL 1201 i, HRNFEREET 11

®1 RHRBIZEAT

Table 1 Optimization of the reaction conditions

CHO Q
OH
cat., solvent
+ + B
o refluxing
1a 2 3

OH 0] o)
%gn %8>Si/\/\NH2 8;&/\/\'\‘:8@’}]
L1 L2 L3 \N/ N\©
Entry Catalyst Solvent Time/h Temp./C Yield®/%

1 None H,0 6 100 Trace

2 SiO, H,0 6 100 Trace

3 L1 H,O 6 100 25

4 L2 H,0 6 100 27

5 L3 H,0 6 100 48

6 L4 H,O 6 100 45

7 L3/Co(OAc), H,0 6 100 66

8 L3/Mn(OAc), H,0 6 100 95

9 L3/Cu(OAc), H,0 6 100 64

10 L3/Ni(OAc), H,0 6 100 63

11 L3/Zn(OAc), H,O 6 100 70

12 L3/Mn(Cl10,), H,0 6 100 60

13 L3/Co(ClOy), H,0 6 100 75

14 Mn(OAc), H,0 6 100 42

15 L3/Mn(OAc), EtOH 6 80 10

16 L3/Mn(OAc), DCE 6 85 15

17 L3/Mn(OAc), THF 6 70 NR®
18 L3/Mn(OAc), Dioxane 6 105 NR*
19 L3/Mn(OAc), Toluene 6 110 NR*
20 L3/Mn(OAc), H,0 6 50/70/90 NR/55/76
21 L3/Mn(OAc), H,0 4/6/8 100 77/95/94
22 L3/Mn(OAc), H,0 6 100 659/85¢
23 L3/Mn(OAc), H,0 6 100 85/80/
24 L3/Mn(OAc), H,O 9 100 918

“Reaction conditions (unless noted otherwise): benzaldehyde (0.11 mmol), dimedone (0.10 mmol), 2-naphthol (0.10 mmol), ligand (0.0050 g) and metal salts (5
mol%) in solvent (0.5 mL) at reflux for 6 h. *Isolated yield. ¢ Over 20 h. “Use 10 mol% Mn(OAc),. * Use 3 mol% Mn(OAc),.” The molar ratio of 1a/2/3is 1 : 1 : 1
or 1 : 1.2 . 1. ¥ The reaction was performed with benzaldehyde (22 mmol), dimedone (20 mmol), 2-naphthol (20 mmol), L3 (1 g)/Mn(OAc), (5 mol%) in H,O (100

mL) at reflux for 9 h.
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D1 PR E(F 1, Entry 23). 45 ENA, ONRRAR
/Mﬁb'j ZEHE£0.11 mmol). 5,5- = HF%E-1,3-3F &
(0.1 mmol). 2-ZEM$(0.1 mmol)F1 L3 (0.005 g)/Mn(OAc),
(5 mol%)7E/K(0.5 mL)H 100 “C B3 SN 6 h. F 4k, 1E
BN 2 A N REAT T O SESS, 7E 20 mmol KT
AT PR N, R E TG R R (SR 1, Entry 24).

12 REEYPHEEMER

TE A AAE T X N MR AT & M 82 (3 2),
AR RT=Y) 4a~4w. FH%E T S5A A EHACE
75 EEATAER. OV AR BEIA AT (77 % 89%~96%)
(% 2, Entries 1~17). R, 758G W H T3, Cl,
Br, NO, %5)[1)7= % & T i 3 45 L T 5 (CH;, CH;0, HO
SV PR, P RN RN R, (1S
E%E’J%, 15 75 BEARAL 5 KL IE I (NO,, Br %5),

RE15 R8T B 7 % (Entries 8, 9). FAMFI LIRS 5

SNLE, J B REAS BIAR 4T 7= % (& 2, Entries 18~
20), HEAR T 5 HFEERIF= R, B, HNWHELE T IER
M. IR T O OB RS AR, tHRRTS B S b
)77 3 (£ 2, Entries 21~23). [k, FrERIH#LA R
X S AR R AT I FE A E.
1.3 ELFIRBEIRF B

1 PE A4 A 751 10 R 408 A 1) P AN AS A 0 i A R
RERE T 45 AR, T HR st — N EEE AN,
L3/Mn(OAc), 1E MM, TEBAL AR T XTAR g
AT HEADE A FI FH SE 5. i i v 2 (i (TLO) BRER, 5%
N SERUE N 88 208 (3 mL X 3)ZEHUA WA, 7K A
Sl B B LR, OBV EEA T
UM N, AT E R 5 RE, RNVAKREER
FRLF AR 1).

R 2 L3/Mn(OAc), HEME A EATED)
Table 2 L3/Mn(OAc)2 catalyzed synthesis of xanthene derivatives

OH
1a~1v

Entry R Product Yield®/% UG Ref.
Found Reported
1 CeHs 4a 95 151~152 147~149 [19]
2 4-CIC¢Hy 4b 93 182~184 179~181 [19]
3 4-FC¢H, 4c 95 183~185 185~186 [21]
4 4-BrC4H, 4d 92 187~188 187~189 [21]
5 4-O,NC¢H, 4e 94 176~178 175~177 [19]
6 4-H;CCgH, 4f 92 173~175 172~174 [19]
7 2-CIC¢Hy 4g 92 178~179 177~179 [19]
8 2-BrC¢H, 4h 90 173~175 171~172 [20]
9 2-0O,NC¢H,4 4i 94 225~227 221~223 [19]
10 3-CIC¢H, 4j 94 171~173 173~174 [21]
11 3-H3CC¢H, 4k 91 179~181 181~182 [20]
12 3-H3;COC4¢H, 41 88 201~203 204~206 [22]
13 2,4-C1,C4H; 4m 96 180~182 178~180 [19]
14 2,3-Cl1,C4Hs 4n 94 223~224 225~227 [20]
15 2-HOC¢H, 40 90 221~223 223~224 [22]
16 5-Br-2-HOC¢H; 4p 92 280~282 266~268 [25]
17 5-O,N-2-HOC4H; 4q 89 264~265 263~265 [25]
18 1-Naphthyl 4r 92 194~196 191~193 [21]
19 2-Naphthyl 4s 91 232~234 235~237 [21]
O

20 OoN 9al 4t 90 >300 — —
21 n-Propyl 4u 88 0Oil Oil [23]
22 n-Butyl 4v 90 Oil Oil [24]
23 Cyclohexyl 4w 87 0Oil Oil [22]

¢ Reaction conditions: aldehydes (0.11 mmol), dimedone (0.10 mmol), 2-naphthol (0.10 mmol) and L3 (0.005 g)/Mn(OAc), (5 mol%) in water at reflux for 6 h.

bTsolated yield.
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Figure 1 Reusability of the catalyst L3/Mn(OAc),

TR T A A FH 22 V05 B R 22 A R, et b
R AR A BET) MR AE A 71 2 5 S REHT i B x bt
(% 3), 1ERSATJE R AR R B A, AL
BUNKIR o FLAS A 2E, FEIALARASR. B DL AL
FI AR AR

#3 ML L3/Mn(OAc), fEALIEF AT /5 1 BET Wil

Table 3 BET test before and after the used catalyst L3/
Mn(OAc),

Entry Catalyst Surface area/ Mean pore size/

(g ") nm
1 L3+Mn(OAc), 170.59049 3.61148
2 Used L3/Mn(OAc), 95.40932 4.08279

1.4 REHIE

FRE SCHR[18 4R, W REMI S HLEE L Scheme 1 fT
7N, H %6, L3/Mn(OAc), il fLEE 1 FIERIETE AL 1, 18
AR 2-ZEMy(3)HE L, B SEAZ I AE B A T, T
HE— D oI T %A 1L 5,5-  H -1 3- 3R 2 fi{(2)
MG 2 e AR T R AEE e InE S 2] T, i I
S FNIERTV. &5, IVIBEL % —2 T /KE2
W) 4a.

2 ZEig

TR T —MfE R, G, mRdhs A BT EY
1773, LA FL o 10 MCM-41 [ & 5% 5k A1
Mn(OAc),, TEKFHFILAEMDIRE, 5,5-—H%-1,3- A
AN 2-Z5 T IR G R R AT A, RSB AR
AT R A E PR LT R = i A AR .l i s T
DUE H AR R R R FLIE 25 /B R T IOBLHEAT. R AL
AL FIERA R 5 G, ORISR EE 82% 1=, T
H 5 FIORHI & se g b, 2 ErT s, BRI TR
U B FH AT 5
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4a

B 1 L3/Mn(OAc), AL & A AT AP T Be LR
Scheme 1 Plausible reaction mechanism for synthesis of xan-
thene derivatives with L3/Mn(OAc),
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EQUINXS55 ZL4MEiE4%; EX-1000 X HHRATEH1X; S4700
S B L, SUS010 F4# B ¥ B EE; Ultimate
3000/Q-Exactive JUiti{¥; #£)/ZEHNTHERI (400 H); GF,s4
R Z R, A3 Bk (b.p. 60~90 C)FIZER 2. B8N
SYNTA, TR S E 2 A T AT AR, BRI
it 22 1ok 8 78 AbER AN HABR T AR AT A A HE.
3.2 BmhEYRER

UMLEY) 4a AN, T IR g
(0.11 mmol). 5,5-—F3E-1,3-3F & (0.1 mmol). 2-Z%
f73(0.1 mmol)« /L5 T MCM-41 [ 4 e 4 L3
(0.005 g)A Mn(OAc), (5 mol%). H,O (0.5 mL), 7E
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R

FFH S, B ST V(CR CBR) - VR HE)=1 : 50]
S AR R B iR &) 4a.

9,9- — H JE-12-7K %£-8,9,10,12- PU - 1 1 H- 4 FF- it e -
11-ffl (42): AEE A, 7% 95%. mp. 151~152 C
1it." m.p. 147~149 °C); 'H NMR (400 MHz, CDCl;) ¢:
8.00 (d, J=8.4 Hz, 1H), 7.82~7.73 (m, 2H), 7.46~7.30
(m, 5H), 7.21~7.13 (m, 2H), 7.09~7.01 (m, 1H), 5.71 (s,
1H), 2.57 (s, 2H), 2.28 (dd, J=7.1, 16.3 Hz, 2H), 1.12 (s,
3H), 0.96 (s, 3H).

9,9- - Fi - 12- % & FK 3E-8,9,10,12- VU & - 11 H-2K I
ML AR -11- R (4b): € [ 44, 772 93%. m.p. 182~
184 C (1it"™ mp. 179~181 C); '"H NMR (400 MHz,
CDCl3) 6: 7.91 (d, J=8.4 Hz, 1H), 7.82~7.76 (m, 2H),
7.47~7.42 (m, 1H), 7.41~7.36 (m, 1H), 7.33 (d, J=8.9
Hz, 1H), 7.30~7.25 (m, 2H), 7.18~7.11 (m, 2H), 5.69 (s,
1H), 2.57 (s, 2H), 2.28 (dd, J=8.5, 16.3 Hz, 2H), 1.13 (s,
3H), 0.97 (s, 3H).

9,9- — F JE-12- X 4L 45 2£-8,9,10,12- PO & - 11 H- % 3F
ML AR - 111 (4e): FHELEAE, 722 95%. m.p. 183~185 C
(1it.*" m.p. 185~186 C); 'H NMR (400 MHz, CDCl;) ¢:
7.95 (d, J=8.5 Hz, 1H), 7.78 (t, J=8.6 Hz, 2H), 7.47~
7.36 (m, 2H), 7.36~7.30 (m, 3H), 6.91~6.84 (m, 2H),
5.72 (s, 1H), 2.57 (s, 2H), 2.29 (dd, J=36.1, 16.3 Hz, 2H),
1.13 (s, 3H), 0.97 (s, 3H).

9,9- — F H-12- X JR 2K 3£-8,9,10,12- PU & - 11 H- 2K F:
ML -11- B (4d): B B E K, % 92%. mp. 187~
188 C (lit.*"! m.p. 187~189 C); 'H NMR (400 MHz,
CDCly) d: 7.91 (d, J=8.3 Hz, 1H), 7.82~7.74 (m, 2H),
7.47~7.36 (m, 2H), 7.35~7.27 (m, 3H), 7.25~7.19 (m,
2H), 5.68 (s, 1H), 2.57 (s, 2H), 2.28 (dd, J=8.6, 16.5 Hz,
2H), 1.13 (s, 3H), 0.97 (s, 3H).

9,9- . F JE-12- %] i i 2R 56 -8,9,10,12- DY & - 1 1 H- 2K
FEMLIR-11- (4e): H B AE, 22 94%. mp. 176~
178 C (1it"™ mp. 175~177 “C); '"H NMR (400 MHz,
CDCl;) &: 8.07~8.00 (m, 2H), 7.86~7.79 (m, 3H),
7.54~7.49 (m, 2H), 7.48~7.38 (m, 2H), 7.36 (d, J=9.0
Hz, 1H), 5.82 (s, 1H), 2.66~2.53 (m, 2H), 2.29 (dd, J=
35.9, 16.3 Hz, 2H), 1.14 (s, 3H), 0.95 (s, 3H).

9,9- — FH Bk -12-%F F R O 6 -8,9,10,12-PU & - 11 H- %
FFML AR -11-Fd (4f): E @B, 73 92%. mp. 173~
175 C (it m.p. 172~174 ‘C); '"H NMR (400 MHz,
CDCl;) d: 8.03 (d, J=8.5 Hz, 1H), 7.82~7.72 (m, 2H),
7.47~7.41 (m, 1H), 7.40~7.31 (m, 2H), 7.30~7.22 (m,
2H), 6.99 (d, J=7.9 Hz, 2H), 5.70 (s, 1H), 2.57 (s, 2H),
2.29 (dd, J=36.1, 16.3 Hz, 2H), 2.21 (s, 3H), 1.12 (s, 3H),
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0.99 (s, 3H).

9,9- — H - 12- 40 S %% 3£-8,9,10,12- PO & - 11 H- % 3F
MEa-11-M (4g): H A, F3£92%. mp. 178~179 C
(it m.p. 177~179 “C); 'H NMR (400 MHz, CDCl) o:
8.23 (d, J=8.5 Hz, 1H), 7.79~7.72 (m, 2H), 7.50~7.45
(m, 1H), 7.41~7.35 (m, 1H), 7.31~7.24 (m, 3H), 7.08~
7.03 (m, 1H), 7.02~6.96 (m, 1H), 6.00 (s, 1H), 2.60 (d,
J=0.9 Hz, 2H), 2.27 (dd, J=36.4, 16.3 Hz, 2H), 1.13 (s,
3H), 1.00 (s, 3H).

9,9- — H FE-12- 4 IR %5 3£-8,9,10,12- VU & - 11 H- 7 5
ML -11- 6 (4h): O [E A, 773 90%. mp. 173 ~
175 C (1it?” mp. 171~172 “C); '"H NMR (400 MHz,
CDCly) §: 8.38~827 (m, 1H), 7.79~7.73 (m, 2H),
7.53~7.45 (m, 2H), 7.42~7.35 (m, 1H), 7.32~7.18 (m,
2H), 7.12~7.05 (m, 1H), 6.93~6.87 (m, 1H), 5.97 (s,
1H), 2.61 (s, 2H), 2.28 (dd, J=36.2, 16.2 Hz, 2H), 1.14 (s,
3H), 1.00 (s, 3H).

9,9- — F Jk-12- 41 fiFf Bk 2R %6 -8,9,10,12- I & - 1 1 H- 2K
FEME I -11-10 (4i): 28 B A, 722 94%. mp. 225~
227 ‘C (lit." m.p. 221~223 “C); '"H NMR (400 MHz,
CDCl3) 6: 8.56 (d, J=8.5 Hz, 1H), 7.87~7.77 (m, 3H),
7.50~7.38 (m, 2H), 7.33 (d, J=8.9 Hz, 1H), 7.28~7.15
(m, 2H), 7.06 (dd, J=7.8, 1.5 Hz, 1H), 6.59 (s, 1H),
2.62~2.48 (m, 2H), 2.29~2.13 (m, 2H), 1.09 (s, 3H),
0.87 (s, 3H).

9,9- — H 3k 12- i) S %5 3£-8,9,10,12- VU & - 11 H- 7 5F
MR- 111 (4j): H ELEE, 722 94%. mp. 171~173 C
(1it.*" m.p. 173~174 “C); "H NMR (400 MHz, CDCl;) ¢:
7.92 (d, J=8.5 Hz, 1H), 7.81~7.75 (m, 2H), 7.48~7.42
(m, 1H), 7.41~7.36 (m, 1H), 7.33 (d, J=8.9 Hz, 1H),
7.31~7.24 (m, 2H), 7.15~7.08 (m, 1H), 7.03~7.01 (m,
1H), 5.69 (s, 1H), 2.60~2.50 (m, 2H), 2.35~2.20 (m,
2H), 1.11 (s, 3H), 0.97 (s, 3H).

9,9- . F Jk-12- ] A B 2R 46 -8,9,10,12- I & - 1 1 H- 2K
FEME R -11-F (4k): AR, 722% 91%. mp. 179~
181 C (1it®? m.p. 181~182 “C); '"H NMR (400 MHz,
CDCly) d: 8.07~8.02 (m, 1H), 7.81~7.74 (m, 2H),
7.47~7.42 (m, 1H), 7.41~7.32 (m, 2H), 7.19~7.13 (m,
2H), 7.07 (t, J=7.6 Hz, 1H), 6.90~6.85 (m, 1H), 5.70 (s,
1H), 2.63~2.52 (m, 2H), 2.35~2.27 (m, 2H), 2.25 (s,
3H), 1.13 (s, 3H), 0.99 (s, 3H).

9,9- . F Jk-12- ] A 48 2k 8 2 -8,9,10,12- VU &-11 H-
IR IR -11-F (41): EEE AR, 2% 88%. m.p. 201~
203 C (1it? m.p. 204~206 C); '"H NMR (400 MHz,
CDCl3) 6: 8.02 (d, J=8.3 Hz, 1H), 7.78 (dd, J=12.6, 4.7
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Hz, 2H), 7.47~7.42 (m, 1H), 7.41~7.35 (m, 1H), 7.33 (d,
J=8.9 Hz, 1H), 7.12~7.08 (m, 1H), 6.98~6.90 (m, 2H),
6.61 (dd, J=8.2, 2.6 Hz, 1H), 5.71 (s, 1H), 3.72 (s, 3H),
2.57 (s, 2H), 2.37~2.23 (m, 2H), 1.12 (s, 3H), 0.99 (s,
3H).

9,9- — FH:-12-(2,4- & 7K 5£)-8,9,10,12-PU A - 11 H-
R FFMEIE-11-F (4m): #&EE K, 22 96%. m.p. 180~
182 °C (lit."” m.p. 178~180 C); '"H NMR (400 MHz,
CDCl3) 6: 8.13 (d, J=8.6 Hz, 1H), 7.81~7.75 (m, 2H),
7.52~7.46 (m, 1H), 7.43~7.38 (m, 1H), 7.31~7.27 (m,
2H), 7.25~7.19 (d, J=8 Hz, 1H), 7.05 (dd, J=8.4, 2.1
Hz, 1H), 5.95 (s, 1H), 2.68~2.55 (m, 2H), 2.28 (dd, J=
37.6, 16.3 Hz, 2H), 1.15 (s, 3H), 1.01 (s, 3H).

9,9- — FH:-12-(2,3- =& K 5£)-8,9,10,12-PU A - 11 H-
RIFMEE-11-16 (4n): HEEE, F2Z 94%. mp. 223~
224 C (1it®” m.p. 225~227 “C); '"H NMR (400 MHz,
CDCl3) 6: 8.15 (d, J=8.5 Hz, 1H), 7.80~7.74 (m, 2H),
7.52~7.47 (m, 1H), 7.42~7.37 (m, 1H), 7.30 (d, J=8.9
Hz, 1H), 7.21~7.19 (m, 1H), 7.03~6.98 (m, 1H), 6.05 (s,
1H), 2.61 (s, 2H), 2.36~2.22 (m, 2H), 1.14 (s, 3H), 1.01
(s, 3H).

9,9- — R L 12- 4R F2 FE K 56 -8,9,10,12- P & - 11 H-
FEMLIR -11-1 (40): H AL A, 723 90%. m.p. 221~
223 C (1it™ m.p. 223~224 C); '"H NMR (400 MHz,
CDCl;) 6: 9.26 (s, 1H), 7.81~7.76 (m, 2H), 7.68 (d, J=
8.0 Hz, 1H), 7.43~7.37 (m, 2H), 7.35~7.32 (m, 1H),
7.03~6.98 (m, 2H), 6.65~6.59 (m, 2H), 5.77 (s, 1H),
2.61 (s, 2H), 2.45~2.32 (m, 2H), 1.15 (s, 3H), 1.00 (s,
3H); “C NMR (101 MHz, CDCl;) 6: 200.61 (s), 166.80
(s), 152.84 (s), 147.81 (s), 132.68 (s), 131.51 (s), 131.08
(s), 129.08 (s), 128.73 (s), 128.21 (s), 127.87 (s), 127.51
(s), 125.24 (s), 123.44 (s), 121.51 (s), 118.81 (s), 117.46
(s), 116.54 (s), 113.90 (s), 50.24 (s), 41.58 (s), 32.40 (s),
29.03 (s), 27.99 (s), 27.24 (s).

9,9- - FE-12-(2- 2 3 -5-1R)- 7 3£-8,9,10,12-PU & -
VL H- LG -11-F (4p): 5 4R, 723 92%. m.p.
280~282 C (lit! m.p. 266~268 C); 'H NMR (400
MHz, CDCl;) d: 9.35 (s, 1H), 7.84~7.78 (m, 2H), 7.64~
7.60 (m, 1H), 7.46~7.38 (m, 2H), 7.35 (d, J=8.9 Hz,
1H), 7.10 (dd, J=8.6, 2.5 Hz, 1H), 6.91 (d, J=8.6 Hz,
1H), 6.66 (d, J=2.4 Hz, 1H), 5.73 (s, 1H), 2.70~2.57 (m,
2H), 2.45~2.34 (m, 2H), 1.15 (s, 3H), 1.03 (s, 3H).

9,9- — HH Jk-12-(2-F& Jk -5- i 3k )- 4 2 -8,9,10,12- 1Y
H-1H-ZEFFMEIE-11-Fi(4q): FE@EAE, 772 89%. m.p.
264~265 C (1it! m.p. 263~265 C); 'H NMR (400
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MHz, CDCl;) : 10.43 (s, 1H), 7.92 (dd, J=8.9, 2.8 Hz,
1H), 7.88~7.78 (m, 2H), 7.53~7.48 (m, 1H), 7.46 (d, J=
2.8 Hz, 1H), 7.44~7.37 (m, 3H), 7.09 (d, J=8.9 Hz, 1H),
5.76 (s, 1H), 2.73~2.61 (m, 2H), 2.50~2.36 (m, 2H),
1.17 (s, 3H), 1.01 (s, 3H).

9,9- = FH £ -12-(1-%%)-8,9,10,12- I & - 11 H- 2 I it
W-11-f (4r): AR, 722 92%. mp. 194~196 C
(1it.*" m.p. 191~193 “C); 'H NMR (400 MHz, CDCl;) ¢:
9.23 (s, 1H), 7.93 (d, J=8.3 Hz, 1H), 7.85~7.71 (m, 4H),
7.60 (d, J=8.9 Hz, 1H), 7.57~7.51 (m, 1H), 7.43~7.21
(m, 5H), 6.47 (s, 1H), 2.63 (s, 2H), 2.25 (dd, J=36.1, 16.4
Hz, 2H), 1.13 (s, 3H), 0.95 (s, 3H).

9,9- — FH JE-12-(2-2%)-8,9,10,12- DY & - 11 H- 2 I it
WF-11-Fi(4s): A EEAE, 72 91%. mp. 232~234 C
(1it.”" m.p. 235~237 ‘C); 'H NMR (400 MHz, CDCl;) ¢:
8.07 (d, J=8.5 Hz, 1H), 7.85 (d, J=1.4 Hz, 1H), 7.82~
7.75 (m, 3H), 7.72~7.64 (m, 2H), 7.49 (dd, J=8.5, 1.8
Hz, 1H), 7.45~7.33 (m, 5H), 5.91 (s, 1H), 2.60 (s, 2H),
2.28 (dd, J=36.1, 16.4 Hz, 2H), 1.13 (s, 3H), 0.94 (s, 3H).

9,9- - FH - 12-(2-(5-(4- i 2 4% 3 )) Ik 1R )-8,9, 10, 12-
JU S -11H- 2 FE ML I -11- i (4t): L@ REAK, P2 F 90%.
m.p.>300 ‘C; 'HNMR (400 MHz, CDCl;) §: 8.22 (d, J=
8.0 Hz, 1H), 8.17~8.10 (m, 2H), 7.86~7.78 (m, 2H),
7.60~7.51 (m, 3H), 7.48~7.43 (m, 1H), 7.33 (d, J=8.9
Hz, 1H), 6.65 (d, J=3.4 Hz, 1H), 6.21 (dd, J=3.4, 0.5 Hz,
1H), 5.93 (s, 1H), 2.65 (s, 2H), 2.39 (s, 2H), 1.18 (s, 3H),
1.11 (s, 3H); *C NMR (101 MHz, CDCl3) J: 196.63 (s),
171.11 (s), 165.85 (s), 158.04 (s), 150.21 (s), 147.91 (s),
145.94 (s), 136.39 (s), 131.36 (s), 129.25 (s), 128.52 (s),
127.11 (s), 125.15 (s), 124.17 (s), 123.26 (d, J=11.7 Hz),
117.19 (s), 114.56 (s), 110.48 (s), 110.02 (s), 109.20 (s),
60.36 (s), 50.82 (s), 41.48 (s), 32.30 (s), 29.40 (s), 28.46
(s), 27.11 (s), 21.02 (s), 14.17 (s); HRMS (ESI) calcd for
CaoH3NOs [M+Na]" 488.14684, found 488.14633.

9,9- — I 3E-12-7,.%£-8,9,10,12-PU - 11 H-4 3F Mt PR -
11-F(4w)®: SR, 775 88%. '"H NMR (400 MHz,
CDCly) d: 8.11 (d, J=8.5 Hz, 1H), 7.86~7.79 (m, 1H),
7.70 (d, J=8.9 Hz, 1H), 7.58~7.51 (m, 1H), 7.47~7.40
(m, 1H), 7.20 (d, J=8.9 Hz, 1H), 4.73 (m, 1H), 2.60~
2.47 (m, 2H), 2.42~2.31 (m, 2H), 1.82~1.70 (m, 2H),
1.19 (s, 3H), 1.15 (s, 3H), 0.79~0.67 (m, 3H).

9,9- — FHIE-12-753£-8,9,10,12- VY & - 11 H-ZE FF ML i -
11-F@v)2: Bk, 725 90%. '"H NMR (400 MHz,
CDCly) d: 8.09 (d, J=8.5 Hz, 1H), 7.84~7.79 (m, 1H),
7.69 (d, J=8.9 Hz, 1H), 7.56~7.50 (m, 1H), 7.46~7.40
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(m, 1H), 7.19 (d, J=8.9 Hz, 1H), 4.74 (t, J=4.3 Hz, 1H),
2.60~2.48 (m, 2H), 2.41~2.31 (m, 2H), 1.90~1.81 (m,
2H), 1.31~1.22 (m, 2H), 1.20 (s, 3H), 1.15 (s, 3H), 0.61
(t, J=7.5 Hz, 3H).

9,9- — FIHE-12-3F &L %£-8,9,10,12- VU S - 11 H- 2K F it
MR- 11-F4w)? B iR, 2% 87%. 'H NMR (400
MHz, CDCl3) 6: 8.12 (t, J=7.7 Hz, 1H), 7.81 (t, J=7.7
Hz, 1H), 7.73~7.67 (m, 1H), 7.57~7.49 (m, 1H), 7.46~
7.40 (m, 1H), 7.25~7.19 (m, 1H), 5.21~4.62 (m, 1H),
2.64~2.48 (m, 2H), 2.43~2.26 (m, 2H), 2.00~1.38 (m,
8H), 1.26 (m, 3H), 1.14 (m, 3H), 1.00~0.84 (m, 3H).
3.3 EUFIME R REIERIE

MCM-41 AL 7 7 0 19 e M 2 WL STk [26]. HX
MCM-41 (L1)41$L%> ¥ ¥ii(Tansoole XF NANO, INC)5 6
mL Z N 2 = B RAE F 2R N R T I R 15 2 2
P FIm(L2) 1.2 g, TIRGE 1 g dtPErFisL2) A
F] 100 mL =i+, A/ A 5 mmol 2-ZK%E- 1,2,3-=
M B R - 2- PR, 7 N, PR8N N 40 mL AR, %
B10.4 mL EGN, 70 °C ISR SN 24 h. WA H 2=
M, uE, KLY SE e SRR A e BT 3
R, 7R 2 AR K R AR [E 4 L3 AT L4 %5 1.1
g.

BT KL(Sopporting Information) 1k &%) 4a~4w [
REILIREE « Bl B Blm B DA S R 4 7] A B4 RAE.
XSGR L] B 2 AT ) 328 (http://sioc-journal.cn/) |
Tk
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