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Abstract

Cu-MOF/FeOOH composite was prepared and used as catalyst to study the catalytic performance
EAERE .
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of series cyclization of nitroene and 2,5-dihydroxy-1,4-dithiane in aqueous phase. A series of Te-
trahydrothiophene compounds were synthesized in high yield (up to 98%), and the reaction expe-
riments and catalyst recycling were systematically studied. Finally, the possible reaction mechan-
ism was discussed. The method has the characteristics of simple operation, reaction time and en-
vironmental friendliness, which provides a theoretical basis for the construction of tetrahydro-
thiophene ring.
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CRAIMEEWAEEZ . K2 G BN R U EEVER,  Horh DU ey (B 28) ) 2 A7 AE
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Figure 1. Some bioloigically important tetrahydrophene derivatives
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Figure 2. The Friedel-Crafts reaction of Indole and 1-Vinylpyrrolidin-2-one
2. B|RRS 1-Z KB Ik -2- BRI A 18 52 /2 KL

2. SCIEERSy
2.1. RFS5.

"H NMR {# [f] Varian inova-400 FAZ R ILIRA(TMS A WAR, CDCL AER)); [N EREF ZF-2 =
LHMONEE; HEENT FRER:(200~300 H, # Silgre sz A= Ar=); AR &S 713 Adamas-Beta i3t
FIAFITE, HATREAEE,

22. NERESMRIBAA

2.2.1. Cu-MOF HiIR &I &

FREL Cu(NO;),-3H,0 (9 mmol, 2.188 g)TER W38 P4, N 20 mL 23 85FIK, /i b3 5145 217
WA; FREL1,3,5- K =H R (B! 3 mmol, 1.05 g)FEHL 20 mL Jo/K ZEELE 50 mL BedfH, & A 2%
W Bo B 5, fERHE RV B BNV A B, BB SR 2 RN, 7R 110°C F R 12 h,
ReRNEERG, WEIRZER, FIKCEAERBR, BOTEINR, 9300 E T AT 80°C T4
12 h. ¢ JEf3%E] Cu-MOF Higk{k.

2.2.2. Cu-MOF/FeOOH S &M RIHHI&

FREX FeCly-6H,0 (1 mmol, 0.2703 g)FIEHL 40 mL Jo/K ZBET 50 mL A, BRI 0.5000 g F ik
31 Cu-MOF FiORfAR, #8710 min, 7ERE S I NHHCO; (3 mmol, 0.2703 g), FH ARELREEHT BaAr
F, =B 12 he RMEANE, BOBRESE, FATKOEAENBRR, BOBE =R, BB &
RO JR T IRAE T, TR SN 60°C, % 12 h, 193] Cu-MOF/FeOOH E & kL.

2.3. BiFEHAEY 32-3m S RER S

HARME AP (GRS ) : R 2E 2K 205 1a (0.6 mmol, 0.08949 g). 2,5- —FRHE-1,4- W dr
2 (0.75 mmol, 0.1142 g). Cu-MOF/FeOOH (0.005 g)fl 1.5 mL £B 7/K T RME S, £ 100°C NStk
[FIf R 10 mine M SR G, S FEAR =K, JEKRSE, HEN(CR OB A M = 1:4 Pe5)
etk S HERre . AL AR R .

3a: 4-THFE-5- IR FE DY AUy -3-, FREE CHNIRY): 'H NMR (400 MHz, CDCls) 8: 7.48~7.45 (m, 2 H),
7.37~7.30 (m, 3 H), 5.24(d,J=8.0 Hz, 1 H), 5.07~4.99 (m, 2 H), 3.52~3.48 (m, 1 H), 3.07~3.04 (m, 1 H).

3b: 5-(4-FARHE)-4- il FE DU A MEWy-3-F, 3 UHEIRY; "H NMR (400 MHz, CDCly) 8: 7.33 (d, J = 8.0 Hz,
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2H), 7.22~7.20 (m, 2H), 5.14 (d, J = 8.0 Hz, 1H), 4.96~4.85 (m, 2H), 3.42~3.38 (m, 1H), 2.95~2.91 (m, 1H).

3c: 4-gFE-5-Ohf F A Ik DU SmE sy 3-8, ¥R T ERY): "H NMR (400 MHz, CDCly) §: 7.35~7.27 (m,
2H), 7.13 (d, J= 8.0 Hz, 2H), 5.22 (d, J= 8.0 Hz, 1H), 5.02~4.84 (m, 2H), 3.46~3.42 (m, 1H), 3.00~2.97 (m,
1H), 2.30 (s, 3H)-

3d: 5-(4-F A FEARIE)-4- T L DU U ME Y 3-8, ¥R EHRY; TH NMR (400 MHz, CDCls) 8: 7.30 (d, J
=8.0 Hz, 2H), 7.13 (t, J=8.0 Hz, 2H), 5.16 (d, J=12.0 Hz, 1H), 4.96~4.91 (m, 2H), 3.41~3.37 (m, 1H),
2.95~2.92 (m, 1H), 2.83~2.76 (m, 1H), 1.14 (s, 6H).

3e: 5-(4-(FEEIL)FRIL)-4-Hg L DY S HENY 3-8, S EIIRY; "H NMR (400 MHz, CDCls) 8: 7.35~7.18
(m, 6H), 6.87 (d, J = 4.0 Hz, 1H), 6.80~6.73 (m, 2H), 5.05 (d, J = 4.0 Hz, 1H), 4.86~4.76 (m, 2H), 3.81 (s, 2H),
3.20~3.16 (m, 1H), 3.06~3.01 (m, 1H).

3f: 5-(Z5-1-35)-4- Al L DU AU ey -3-%, L EHPIRY); 'TH NMR (400 MHz, DMSO) §: 7.77~7.73 (m, 2H),
7.52~7.43 (m, 2H), 7.43~7.41 (m, 3H), 5.36~5.33 (m, 1H), 5.06~5.02 (m, 2H), 3.51~3.47 (m, 1H), 3.06~3.03
(m, 1H).

3. ZRS5WiL
3.1. RE&HH

Table 1. Different condition effect on the reaction

1. TRIRBFHRIRAL ¢

Entry Cat. Solvent t Temp(C) Yield"/%
1 None Water 8h 100
2 Cu-MOF/FeOOH Water 8h 100 93
3 CuSO4 Water 8h 100
4 FeOOH Water 8h 100 11
5 Cu-MOF/FeOOH Water 6h 100 92
6 Cu-MOF/FeOOH Water 3h 100 92
7 Cu-MOF/FeOOH Water 1h 100 92
8 Cu-MOF/FeOOH Water 30 min 100 91
9 Cu-MOF/FeOOH Water 10 min 100 91
10 Cu-MOF/FeOOH Water 10 min 80/r.t. 32/-
11 Cu-MOF/FeOOH Water 10 min 100 92/74°

R LI ZHH(0.6 mmol), 2,5-=FHE-1,4-ZEKE(0.9 mmol), fEALFI0.005 g)FEK(1.5 mL) R I AME TR PEEEMT R, i
17 0.01 g 1 0.0025 go

DA FE IR 2 A0 2,5- 5 - 1,4- ZMEGEE /KM Fh IR R SRR 1 R B, HEAT R B8 I IR S AR ARAL (R 1)
TERA AT T, M8 h AR IE Hirr=%: %4 Cu-MOF/FeOOH &AM EHINA & M4 £ Hr,
SSE 8 h JGH 93% I F= DA o FEIX B FE B & i G DRI R 255 N 52, BIK CuSO, 1 FeOOH
HHAT T %52, R IEIR CuSO, 5 N MR, FeOOH RARMRAIMALZCER . #iE T Cu-MOF/FeOOH
SAEMEAEAT G AT T RBP4, Y NHEAT 10 min J5, RMEREES R 91%0) 7%, G4k
B R NET E], RN ER B R REAR. FIRE, CUROSIRERER, RURBEE A AR ERURES, PRI
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FefCtasy, =R TFRAWAER. &EAELAIMHERET 755, GRER, ST EX R
FERFRTEAK BT A A s 49800 (R A7) B R 224 UK #20(0.0025 ¢ Cu-MOF/FeOOH, 77 38R %
B 74%) . 2 AR RN AN BE 2K 40 (0.6 mmol) . 2,5- ¥R HE-1,4- " WE K (0.9 mmol)
Cu-MOF/FeOOH (0.005 g)7£7K(1.5 mL)H Bl £ T S5 10 min.

3.2. RIZIRHIEIT R

Table 2. Substrate scope of tetrahydrophene cyclization reaction

2. MSUIEMIEMLR N RIS E R ¢

S OH Cu-MOF/FeOOH (0.005 R
OZN/\/R * HOJ:SJ/ Water, 100 "(C . HO\C’S/
la-f 2 3a-f
Entry R Product Yield(%)°
1 CeHs 3a 91
2 4-C1-C¢Hy4 3b 98
3 4-CH3-CsHy 3¢ 88
4 4-(CH3),CH-C¢H4 3d 73
5 4-PhCH,0-C¢H,4 3e 15
6 2-Naphthyl 3f 6

¢RI BRSNS 2,5- - 1,4- TR = 4:5, ML Cu-MOF/FeOOH K& 0.0050 g, 1.5 mL % B-F/RIENHEH, 1€ 100°CF X
Rio PR

TR TIEF T S A AN FEIREE LTS 25 2,5- 32 0E-1,4- R 1) FR IOAME I B (55 2). B
# R 5 407 EHURIE FIAI B KIAS K (Entry 1, 3 F14), SN2 23R FHE3(91%, 88%A1 73%): 4
J7 %L AR R (W IS, [ SR PAA 3] 98% 1 Hi= 28 (Entry 2); 2475 3 4-A7 /2 2K AR HUR S, &
N BETSF 15% ) H FRP=40(Entry 5); 24K 1-Q-f4%E 205 38) 250, HAE15 3 6%F4 H Fr7= %) (Entry 6).

3.3. KBS AR

S._0O ON
H Ph
Ph Cu-MOF/FeOOH (0.005 g)
OZN/\/ J: j/ Water, 100 °C HO 3
HO S
9.6 mmol 14.4 mmol 1.9601 g
1.4304 g 2.1926 g 90%

Figure 3. Scale-up version of the reaction

B 3. 4-BHE 5 AR 3 B A0 KRR
PRI R, RPPRAE RS T RSLHOC SRR (N 3). SO s, B
RO LU 90% 117 5.
3.4, EUFBEHERY

N T RAEFEALT] Cu-MOF/FeOOH HIEHAAM FIRE ST, AR S S EAT 1 I F 2 B AL, T
1 AR SR 58 —ORHEAL RO, AR UL ER AR AT JE S AL IR W T Se 08 nlA] 4 P, AL AIE
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BEAT ORI, AR VE U PR (42% 77 ), (HAEBEAT 38 = ORIEAE S, OBERIRAS HBR 40 -
HREXL e B B A E T IR TR AR 7 B A KRR R, R TR Pl r ROt . T
FELE B “PIE SN WEFEr, RSO S S HEALTE TR, AT UERT, (A7 A3 PR 70 T
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FAT ZEEFRBEAT T it A BEERAG Fes04/Cu/C GURFIRL, SR 5K e T 51 4-7iF 3 - 5- 28 K Y S ey -3-
WEa BN, B BB 20 HAx 4. Il LIS R, BCE TS AR RE A4 SO A BOR AR
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Figure 4. Recycling test of Cu-MOF/FeOOH Composites
[ 4. Cu-MOF/FeOOH & &¥I# BN TEIA AR

3.5. REZHNE

MR LIRS 2,5- T 3E-1,4- N e W i) 46 VU S0y R4k S 0 vl RER RONALER Q] 5 Fiom o fRAR
CHRIE ) TAE[10] [11], 2,5-F3E-1,4- WELe e O Nk FE A B e R 7 AR st 2.8, SR e 5K 40
RAETE SRR, TERES a-fr AR Bk 07 B, B ik B B - IO R i A 4 I ) Aldol ],
T AR B PO ey R A A9

Ph Ox . _-NO; O2N
S._OH P OZN/\/ A N Intramolecular HOAG/Ph
D Intramolecular
. oJi sj/ HS CHO  sulfa-Michael Addition Aldol Reaction 3

S Ph

Figure 5. Proposed reaction mechanism for the reaction

5. RRIATREROHLIR

4. &

A T o 57 2 A1 2 R 2 A DU S BE S 7 2 W0 ) 7155 . PR 861 4 ) Cu-MOF/FeOOH X4
5 AMRME AT, KA RS9 RO AR B2 2R A 2,5- 31 4- TR 10 SR BEIRAL R B, 3K
187 PP ER, BTk 98%. 1% S ELAT B IR . SR RV o) P SR R PR 85 A AT
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