Chinese Journal of Organic Chemistry

% 4”) ft« % DOI: 10.6023/cjoc201909006

B E RIS B8 S A ER AL 1,4-—

T oY HEES T K" MEg’

I8 FFEY HHE
(CPEERIRF AL DA 2GRS R K& 030001)
CIITHERI A IERE B KJE 030001)
CWIF R T BT KD 410082)

SUALLIE FN 25 SUREM =380 & FX

iﬁig AT — RGBT RO 25 TR RE ) - 2R I I R s e 9 S AR % S ST R AR AL . A AL el B- 2R P e S DRk
TRACY) 5 A AR ERAE =R T R S N AT AT TESEIR R, fE 80 CAHIEIEFSAE T, ZMELLFIGS

mol%)ﬁé’ﬂ%%&ﬂﬁ%ﬁ@\ S-HABEANREFR B4 F) Hantzsch S % 1,4- S MEIEML &1, ] DU AL D7 & i . PR -

Tl - R R P B L 7 407 R 2 AL 5. EIEE R LR A, PR B PRI, N 14-—

SEIE AT 4-75 3 2 S ENRAL S SR it T — 2R TR A R AR

REEE  p-ZEMWE N RO, B 49 SRR I S0, Hantzsch [ 1,4- — 2L IE; 4-77 3 2 SN

Efficient Synthesis of 1,4-Dihydropyridines and Polyhydroquinolines
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Abstract A novel air-stable f-naphthol formaldehyde Schiff base zirconium perfluorooctanesulfonate Lewis acid catalyst
was successfully synthesized by the reaction of f-naphthol formaldehyde Schiff base zirconium dichlorides with silver per-
fluorooctanesulfonate in the absence of light at room temperature. The results of catalytic assessment showed that this complex
(5 mol%) could effectively catalyze the Hantzsch reaction of aldehydes, f-keto ester and ammonium acetate to obtain
1,4-dihydropyridine compounds at 80 ‘C under solvent-free conditions in good to excellent yields. Meanwhile, it could also
effectively catalyze the reaction of aromatic aldehydes, cyclic f-diketone, f-keto ester and ammonium acetate to obtain 4-aryl
polyhydroquinoline compounds. This catalyst could be reused 5 times, and the yields had no significant decrease. This proce-
dure provides a simple and efficient way for the synthesis of 1,4-dihydropyridine and polyhydroquinoline compounds.
Keywords f-naphthol formaldehyde Schiff base; zirconium perfluorooctanesulfonate; Hantzsch reaction; 1,4-dihydro-
pyridine; 4-aryl polyhydroquinoline
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7732 AWML G, TR, fE R R Hantzsch %
RN HL A AT A 5. BRT, CIRIE AR 3
B ()BT RELFI[HCIOHNSION . MR,
PR R T ™) L AL AR B R [F TR BR(AS A)PVRI — AL k-
T BR [ A BR (SSA)MY & ) () B B 7 R M 1k A
[Ba(NO;),!'"! | Bi(NO;);+5H,0!'" . AICL;+6H,0"! |
Yb(OTH," F1 HENpD),'™ 551, (3) B ¥ 1 {4k 771
[1,1,3,3-N,N,N',N'-tetramethylguanidinium trifluoroacetate
(TMGT)!'FI[EMIM]OAC! V55T, (4)F A fiAbFrI[ Iy T 2k
IR E(TBAB)!', Si0,-NaHSO,!", Mg;N,*"'fl PPh,?!)
20 () Z MMEALFI[PD 9K A4 £ IRMOF-31%1,
ED/MIL-101(Cr)*Y Al Ti-SBA-15@IL-BF,*1%%]. 4R,
R TTFANAFAE R ), WA S RN S A
B2 AT A R R R AR
TEIRF F DA B R85 3 pl i e, IRk, FF R — ot 2=
SRE mRCE ST R D 1,4- ke Fl 2
AL SR S IR B R L

4 J DR EL AT 958 v A TC AT e 0 RVBEAR 5 4% 32 )
SFEA . TR, AL A WTEE HL A RO
AT T A A 22 A PO R B T A A0 0 R
HEN BRI, B S BRAC A G B C A 1R N B B R
FHRIEIR D, AT A8 RN R I 24 (N, O) 5854
JEECAL, AR T 85 b R 7 % 2 R k. A 3 AR
BATRIL, BINKAE 4 e 5L (OF 25 ) R 255 [4] mT LA
ISRt 2 S R tERI R I, & — RV A
Fa s K 4 )8 (Ti, Zr, HORC & HLERRC & 412,
IXLERE G HA BRI 2 iR I, B = Ui C—
CHEA C—Z (Z=N, P, S, Se) k. FET Ik, ATAE
KH B-ZEM I A8 K G liAR 5 S @ s ie s, Ful NKEE
(4 J S SRR BE 1], & T 0 2 SRR E I B- 25T i
R s 2 R AW, JRK LN T
Hantzsch < N A % 1,4- SRR T2 S &54.

1 HR5R

A S 28 U Scheme 1 TR, 2-F23E-1-Z8 H K 541K
TEAE R LA SN AT p- 2 R AR AR PR
VYA B LE TR 2R R RS VA 00 h OB, 1931 B-Z5 I I I
Tl — F A, e SRR R AR TR I VU A
W (THF )V A, SR T REL R N, 53] g-Z5 i
FUs 4 R IR I A 1.

A1 458385 IR, '"H NMR, "’F NMR, HRMS #1
TCER S THRUE. VEARETENASE SRR, A1 175 BT,
. THF A2t sir, BT & b,
IECEF R, AT R ABC & 1 BeAE 330 C
DL A2 B A7 AE. [F) IR PG % 4 (Hammett) F5 78 77175 06
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Scheme 1 Synthesis of f-naphthol formaldehyde schiff base
zirconium perfluorooctanesulfonate complex

DIZR S 2 k R T FHTG R Bl A Y e B, 4R
FMEALFIF R IEE . WA ()55 Hantzsch 8 5
(£ 1). 1E 3 mol%MEMFIAEAE T, ¥ 78 THF, 80 C
TR 10 h, FEYIFEEN 52%. SN 5 mol%H,
7=y (Entries 1~3). BEE R TS s BL 1) 52,
F1 MR, B, WHEIAIVERS Hantzsch SN AR

Table 1 Influence of catalyst dosage, temperature, time and
solvent to the reaction of Hantzsch reaction

oun
O
0 Cat. 1
+2 + NH4OAc — =0
0 4
2a 3a

Temp./'C Solvent Time/h Yield’/%

Entry Cat. 1/mol%

1 3 80 THF 10 52
2 5 80 THF 10 74
3 7 80 THF 10 74
4 5 80 EtOH 10 57
5 5 80 CH;CN 10 60
6 5 80 CH,Cl, 10 58
7 5 80 Hexane 10 47
8 5 80 Neat 2 95
9 5 70 Neat 2 82
10 5 90 Neat 2 95

© 2020 Chinese Chemical Society & SIOC, CAS

“Benzaldehyde (1 mmol), ethyl acetoacetate (2 mmol), NH4OAc (1.2 mmol),
solvent (1 mL). *Isolated yield.

Chin. J. Org. Chem. 2020, 40, 969~977



ARTICLE

Chinese Journal of Organic Chemistry
F2 WA HAE AR 1L4-ZAmnE 5
Table 2 Synthesis of 1,4-dihydropyridine compounds catalyzed by complex 1

O O
1
o r oo M, o AN e, o

R2 | R2 3 RJLH + NH,OAc
N Cat. 1 (5.0 mol%) 4 Cat. 1 (5.0 mol%) R® ) N
b Neat, 80 °C 2 Neat, 80 °C R 4
5 7

5d, 94%,2h

5b, 93%, 2 h 5¢,92%,2h

5a, 95%, 2 h
OCHs
(Ol (e}
o™ 0 o~ -0
N
H
5i, 86%, 3 h 5j, 88%, 3 h

5f, 86%, 2.5 h 59, 90%, 2.5 h 5h, 83%,4 h

NO,
o} (0]
\O O/
)
H
Nifedipine
5n, 95%, 2 h 50,91%,2 h

51, 92%, (90%°), 2 h

7b,97%,1h

5q, 85%, 3 h

5p, 90%, 2 h

OCHj

79, 95%, 1.5 h

7d,91%,2h 7e,94%,1.5h 7f,90%, 2 h

“ Aldehydes (1 mmol), B-keto ester (2 mmol), ammonium acetate (1.2 mmol), Cat. 1 (0.05 mmol), 80 °C, Solvent-free, isolated yields. * Aromatic aldehydes (1
mmol), cyclic S-diketone (1 mmol), S-keto ester or acetylacetone (1 mmol), ammonium acetate (1.2 mmol); Cat. 1 (0.05 mmol), 80 C, Solvent-free, isolated yields.

971

¢ The amount of substrate and catalyst was increased by ten times.
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ff | EtOH. CH;CN. CH,Cl, filiE Wbt fEiA AN, F=2%
— M (Entries 4~7). #R1f, {ETCIEFIZAME TR 2 h, 7=
REE 95% (Entry 8). MERVT T NIRRT SN I 5
Wal, SRS EEREE, PR LT AL, (H PRGBS
KK (Entries 9~10). Kk, HAEZMHNTE 5 mol%Hid
AV AEETS, TR, 80 CRBL 2 h.

TES ARG NG TSP B- B e AR 1 e Jse I
(F2). 2450 H, LAY 1 et IR U4 Hantzsch
N 1L,4- S et &9, 5% 7 AR 5
LR O TR AESTREL I S NE. T 05 BT &, A3 R EL
RIEPIAR RIS == A — g M. MR ERR
THEBIE(CL, Br, NOy), 75 &FEEHBEIG M, A5 T
SRR HER, 77 R m (Sb~5d); BN LIER %
i, 73 [ (CH;, CH50, OH), B FRILIEERAAC, 77 3R 0%
K (Se~5g). L kM EE IR T 4F i, Py %
9 83% (Sh). A XU I e X PREE R 35 2 B0 I 5
Tk 2T TR RIS I B S L 351 3R AL U IR (5, 5j).
5T AN RS 2. 2.1 TR MBS RR B 0 SN . 45
AR, A R R R F R 1 O A I A AR R 1
IR (Sk~50). I H, W A0REEIK PR LB 1R S
RS R 2 S B, il 25 15 B 29V TR HOSF, P2 30N 92%
(51). ZZRE F THBUE LR, BiiEOsE. 2
R B ERAFIETOR 10 £, 7224098 mk 90%. LAk,
ZAEL RS B AL SR FE AR R AN T B Y Hantzsch
VL, 7EESy 1R 90%F1 85% (5p, 5q).

NITERYVEE, REFLE T AR R g-
S-BABEAEE R B S . 6 2 S5 ar A, BEAY 1 e
TRl T A EE . PR B- L -1 T R I S
B 4-5H 2 AL A Y Ta~Tg. J5EFEE AL L EL
AREEXF M A K, AN A& FL HL T 55 (Cl, Br)id 24
M5 (OMe), KM IPIRBE I (Tb~Td). AR B-
W, 0 5,5-—HIE-13-F S EA L3-S, 3
REBB IR LT 5 B~ T = 2 Tk T T NV P e S BT, f P 2R
S 2] H bR L&) Te~Tg.

R TR A1 FEISFHEL. 755 mol%il &)
AT, CZEHEE. 2Bk LR 06 FIBS B N I AR R,
TEHFIAAET 80 CM 2 h. MN5EEEE, TN & H
b, i UEEMEALT, 60 CTEETHE 2 h, HTT—
AMNMELLIEIR, SRR 3. SRR, AW 1 HEIIER
5 LAG, PREEBRARAR/N, U B R4 ) 5 SR A
PE.

NWFACEC A 1 4L Hantzsch [ S O HE, R4
FE 7 HE R BRI RSOR, SR WK 4. hEk4
g A, Hoen e s B R AL, W ZrCly.
Cp,ZrCl, A1 ZrIVLCL,, £ 5 mol% LiEH NI 2 h, 7%
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Table 3 Recycle use of complex 1

Number of cycle Yield®/%

1 95
2 94
3 93
4 91
5 89

“Benzaldehyde (1 mmol), ethyl acetoacetate (2 mmol), NHsOAc (1.2 mmol),
Cat. 1 (0.05 mmol), without solvent, 80 C; bIsolated yield.

WIS 1A 0% 35% 1 46%. 1k B 24K (1) J5 PR AT g
ST 2 ) MR B ESS. AW 1 SR T Rl
FNENE, F=Y) Sa Al Ta ;P2 EIA 95%H1 96%. AL, 5
SCHRTRIE e 7 A EE 215208 50 oA N
SAFAIRTIRAN . TETR AR RBI [A4G 7= 2 i A
THEAL TR BE S DB AR FH S840 A

x4 AR
Table 4 Comparation of catalysts

Entry  Catalyst (mol%) Condition  Time/h Yield’/% Ref.
1 ZrCly (5)° Neat, 80 C 2 0(629 —
2 CpyZrCl, (5)° Neat, 80 C 2 35 —
3 ZrIVLCl, (5)° Neat, 80 C 2 46 —
4 Complex 1 (5) Neat, 80 C ( I%Sb) (Zzb) —
5 Bi(NO3);*5H,0 EtOH/80 C 4 92 [12]
6 AL(SO,):" EtOH/reflux 4 92 [13]
7 Yb(OTf) EtOH/r.t. 5 90 [14]
8 Hf(Npf),’ CioF15/60 C 3 95 [15]
9 PPhy’ EtOH/reflux 5 72 [21]
10 Pd nanoparticle” THF/reflux 4 89  [22]
11 IRMOF-3¢ Neat/70 C 5 90 [23]
12 ED/MIL-101(Cr) EtOH/80 C 2 98 [24]

13 Ti-SBA-15@IL-BF,° FEtOH/80 C 2 93 [25]

© 2020 Chinese Chemical Society & SIOC, CAS

“Benzaldehyde (1 mmol), ethyl acetoacetate (2 mmol), NH4OAc (1.2 mmol);
? Benzaldehyde (1 mmol), 5,5-dimethyl-1,3-cyclohexanedione (1 mmol), ethyl
acetoacetate (1 mmol), NHsOAc (1.2 mmol); ¢ 1 equiv. ZrCly as catalyst;
“Isolated yield.

4 SCHRIRIEDY, BG4 1 4k Hantzsch R A
REBLFLAN Scheme 2 7R, BEHCEEL T RERIFREE, fi
PRILTR SR T A oy IE i, EMERIERTS, —2 7
1 p-HRR 15 2 A2 S M I o, Pt MU Bk ) 11
LT B 7, a2 bRk AL s B B R 1A L[
I, SRR S — 7 TR A A B-T
Fig, JB/KAE RO RE a4 TL FEREAGRIPE R, TERZ
U BB AT By IR L, AT XOUBEE Y — R e TRl 1 ik
WA B R EAR 0L B0, fERELTIERT, Fiak
MR B BRI R IR T, SRR EIPEE IV, w5,
Ji AR5 21 3 Fr 4.
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Scheme 2 Possible mechanism of Hantzsch reaction catalyzed by complex 1

2 Zhig

B R T R S S AR E R B-ZE T I T A 4 R

TR % 5h 2% 2 Wr R M AL 7R, 2% e 1 570 T DA s i 1k
F . B- M e AN R4 1Y) Hantzsch [N il £ AR 1,4-—
SMErE &, WnT DLE A S A . R -
-l s FH G TR e e ) 2% 4-05 B 22 A ek 540, 1% 07
EBRA N A A SHEAT . To T A8 . AL RE
BRI ARG EL S, N 1,4- 5N 4-75
B2 S VEMRAL S A AR T — 2% ) B s AU R AR

3 SLEES

3.1 UEFES5HF

'H NMR 5 °C NMR (LA CDCl; fE# 5, TMS A
F5)F BRUKER AC-P400 ZUAZHALIRACI 52 ; FRk
VG Auto Spec-300 BB I E; £04MH NICOLET
5700 BYLTAMEIEACN e ; ME R HCT-1 B2 AR E R
RGN . 2-F2 8- 1-Z8HRE . AR —he. DUSfbes. 2K
G M. p-HlE. PR B HRANTE R e 55 5B M %2
i} # 2> & A1 Aldrich 23 &)W 3%, PYSUMIR A IE O e (6
FRAEJT 384T TR AL BE . BRI T S EAL T 7= .
32 ZWHE
3.2.1 B-FRECERANR e BiAR L 69 H) &

¥ 2-F2F-1-ZEHEE(10 mmol, 1.72 g)FIAEZE — %
(0.54 g, 5 mmol)IIAF] 100 mL [IEJELIE S, &I
25 mL FIEEAEIEF, RBIENR 12 h. R SERUE, B
ZER, AREMEAEENTH. HWIE, FHHKOEE
B 3~4 R, iR N ETTRAEE AR, U 95%.
m.p. 195~197 ‘C; '"H NMR (500 MHz, CDCl;) &: 15.06

Chin. J. Org. Chem. 2020, 40, 969~977
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(s, 2H), 9.45 (s, 2H), 8.12 (d, J=8 Hz, 2H), 7.80 (d, J=
8.5 Hz, 2H), 7.71 (d, J=7.5 Hz, 2H), 7.55~7.30 (m, 8H),
7.16 (d, J=8.5 Hz, 2H); *C NMR (125 MHz, CDCl;) ¢:
169.0, 158.2, 139.8, 136.6, 133.2, 129.4, 128.1, 127.5,
127.4, 123.6, 122.0, 119.2, 119.0; ESI-HRMS calcd for
CosH1oN,O, [M—H] ™ 415.1447, found 415.1452.
322 B-REEETE KRS = A6 &

HHHECAA L (0.832 g, 2 mmol) i A % 100 mL 5 JEE Feif
H, NN 20 mL oK R B, N ZrCly (0.536 g,
2.3 mmol), AR T, ERM 2 h. KN FERE, A
KEMAOE A . WiE, KOERE; R)5, Ao
W OlE/CBEBR LSSV D V=21 1). |5, EE T, 5

FRGL A, W 86%. m.p.>300 ‘C; "H NMR (400

MHz, DMSO-dg) 6: 9.79 (s, 2H), 8.64 (d, J=8.8 Hz,
2H), 8.19 (d, J=9.2 Hz, 2H), 7.94 (d, J=7.2 Hz, 2H),
7.84~7.82 (m, 1H), 7.67 (t, J=9 Hz, 2H), 7.60~7.56 (m,
3H), 7.47 (t, J=7.4 Hz, 2H), 7.21 (d, J=9.2 Hz, 2H); "*C
NMR (100 MHz, DMSO-dq) d: 165.0, 158.0, 145.7, 138.5,
133.8, 132.7, 130.0, 129.6, 129.0, 128.8, 127.8, 124.5,
122.7,121.7, 120.0, 119.3, 116.8, 114.6, 111.8; ESI-HRMS
caled for CagH,7CLN,O¢Zr (ZrIVLe4H,0) [M + H] ©
647.0293, found 647.0757.
323 B-REEEG RABLA 1 69H] &

B3R TR i — &AW 0.1763 g (0.30 mmol)#
fRLE 25 mL T8/ THF 9. ¥ 0.3708 g (0.6 mmol) 4=,
SRR AR IAAARTE 15 mL T4/ THF . = EEE T
PR OR A TR B 2 h, 3 3E, R NN 20 mL T
BRI IE e, JRIE—20 CUKF A #1456 24 h. HhjE,
BRARGOOEE, 7% 73%. mp. 238~240 C; 'H

http://sioc-journal.cn/ 973
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MR

NMR (400 MHz, acetone-dy) o: 9.83 (s, 2H), 8.68 (d, J=
8.4 Hz, 2H), 8.19 (d, J=9.2 Hz, 2H), 7.98 (d, /=8.0 Hz,
2H), 7.88 (d, J=7.6 Hz, 2H), 7.70 (t, J=7.4 Hz, 2H),
7.63~7.61 (m, 3H), 7.50 (t, J=7.6 Hz, 2H), 7.21 (d, J=
9.2 Hz, 2H); ""F NMR (376 MHz, acetone-ds) &: —
126.67~—126.75 (m, 2F, CF,), —123.25 (s, 2F, CF,), —
122.14~—122.39 [d, 6F, (CF,);], —121.09 (s, 2F, CF,),
—115.26 (s, 2F, CF,), —81.61~—81.67 (m, 3F, CF3); IR
(KBr) v: 3415, 1619, 1603, 1539, 1454, 1396, 1250, 1151,
1078, 982, 829, 747, 645, 562 cm '; ESI-HRMS calcd for
CyHgF3uN,O0gS,ZrNa [M + Na] © 1524.8906, found
1525.0099; ESI-HRMS caled for CyH;¢F34N,O035S,ZrNa
[M+Na—H,] 1522.8755, found 1522.6094. Anal. calcd
for Cy44H,5F34N,04S,Zr C 35.14, H 1.21; found C 35.18, H
1.17.

324 1,4-= R R B EATE MR

m] 50 mL [BJE LA TS FEE(1 mmol). LBEZ
1% £ 15 (2 mmol) . & #% (1.2 mmol) A {# 14 57 (0.05
mmol), 80 ‘CM 2 h &, 472 Cil(TLC)RIM SN 58
EEEIEINH ARER, MANEE & 5, JiE,
IS AR 7E 60 CRIELATHE 2 h, AT F—" Mt
PEPL. JEET15 200 5, EAF 215 240 1) 7= 4).

2,6- L 4-ZER 3 5. Z AR -1.4- A kg
(5a): EEAEAAK. mp. 157~158 C (it 156 ~
158 C); '"H NMR (400 MHz, CDCl;) d: 7.21 (d, J=7.6
Hz, 2H), 7.13 (t, J=7.6 Hz, 2H), 7.05 (t, J=7.2 Hz, 1H),
5.95 (s, 1H), 4.92 (s, 1H), 4.06~3.97 (m, 4H), 2.23 (s,
6H), 1.15 (t, J=7.2 Hz, 6H); >C NMR (100 MHz, CDCl5)
9: 167.9, 147.9, 144.2, 128.1, 127.9, 126.2, 104.1, 59.8,
39.7,19.5, 14.3; MS (EI) m/z: 329.2 (M").

2,6- W H4- (W EIEHL)-3,5- T ORI 1,4- A
MEnE(Sb): EOE A, mp. 145~146 C (lit" 144~
146 C); '"H NMR (400 MHz, CDCl;) d: 7.20 (d, J=8.4
Hz, 2H), 7.16 (d, J=8.4 Hz, 2H), 5.56 (s, 1H), 4.95 (s,
1H), 4.12~4.06 (m, 4H), 2.32 (s, 6H), 1.21 (t, J=7.0 Hz,
6H); *C NMR (100 MHz, CDCl3) §: 167.5, 146.4, 144.1,
131.7, 129.4, 127.9, 103.7, 59.8, 39.2, 19.5, 14.2; MS (EI)
m/z: 363.2 (M").

2,6- — H H 4 (WHRIEHL)-3,5- . LRI 1,4- A
MEnE(5e): WEAE K. mp. 161~163 C (lit” 160~
162 C); '"H NMR (400 MHz, CDCl;) d: 7.25 (d, J=8.0
Hz, 2H), 7.09 (d, J=8.0 Hz, 2H), 5.81 (s, 1H), 4.88 (s,
1H), 4.06~3.98 (m, 4H), 2.25 (s, 6H), 1.15 (t, J=7.0 Hz,
6H); *C NMR (100 MHz, CDCl3) §: 167.6, 147.0, 144.3,
131.0, 129.9, 120.0, 103.8, 60.0, 39.4, 19.7, 14.4; MS (EI)

974 http://sioc-journal.cn/
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m/z: 407.1 (M+).

2,6- — F - 4- (A R R 0L )-3,5- — 2 S e Ak -1,4-—
S nE (5d): ¥ A A mp. 163 ~165 C (it
164~166 ‘C); 'H NMR (400 MHz, CDCl;) o: 8.12 (s,
1H), 7.99 (d, J=8 Hz, 1H), 7.63 (d, J=7.6 Hz, 1H), 7.36
(t, J=8 Hz, 1H), 5.76 (s, 1H), 5.08 (s, 1H), 4.12~4.05 (m,
4H), 2.36 (s, 6H), 1.21 (t, J=7.2 Hz, 6H); °C NMR (100
MHz, CDCL3) 0: 167.2, 150.0, 148.3, 144.7, 134.6, 128.7,
123.2, 121.4, 103.5, 60.1, 40.1, 19.8, 14.3; MS (EI) m/z:
3742 (MY).

2,6- — W Jk-4-O0f H 2R R 3E)-3,5- — 2 S B dik-1,4-—
S E (Se): WO E K. mp. 134~136 C (lit”
135~137 C); '"H NMR (400 MHz, CDCl3) 8: 7.17 (d,
J=8 Hz, 2H), 7.01 (d, J=7.6 Hz, 2H), 6.07 (s, 1H), 4.96
(s, 1H), 4.13~3.05 (m, 4H), 2.28 (d, J=9.2 Hz, 9H), 1.23
(t, J=7 Hz, 6H); *C NMR (100 MHz, CDCl;) 0: 167.85,
144.97, 144.13, 135.53, 128.59, 127.83, 104.05, 59.75,
39.11, 21.07, 19.46, 14.29; MS (EI) m/z: 343.2 (M").

2,6 F - 4- O FE AR RR IR E)-3,5- = S B -1 4-
TAEE (5): R AE K. mp. 157~158 C (lit.”
157~159 ‘C); '"H NMR (400 MHz, CDCl3) 8: 7.12 (d,
J=8.4 Hz, 2H), 6.67 (d, J=8.4 Hz, 2H), 5.81 (s, 1H), 4.86
(s, 1H), 4.06~3.98 (m, 4H), 3.68 (s, 3H), 2.23 (s, 6H),
1.16 (t, J=7.2 Hz, 6H); *C NMR (100 MHz, CDCl5) §:
167.9, 157.9, 143.9, 140.5, 129.0, 113.3, 104.3, 59.8, 55.2,
38.8, 19.6, 14.4; MS (EI) m/z: 359.2 (M").

2,6- — W k- 4- (X AR IR IE)-3,5- — L Bk Ak -1,4-
S E (5g): VR O K. mp. 229~231 C (lit.”
230~232 °C); '"H NMR (400 MHz, DMSO-dj) d: 9.08 (s,
1H), 8.71 (s, 1H), 6.93 (d, J=8 Hz, 2H), 6.57 (d, J=8.4
Hz, 2H), 4.74 (s, 1H), 4.02~3.93 (m, 4H), 2.23 (s, 6H),
1.13 (t, J=7 Hz, 6H); *C NMR (100 MHz, DMSO-dj) J:
167.6, 155.8, 145.2, 139.4, 128.7, 114.9, 102.7, 59.3, 38.3,
18.6, 14.6; MS (EI) m/z: 3452 (M").

2,6- W F4- 2 K35 LA R FE-1,4- A
(5h): W E A FE K. mp. 109~110 ‘C (1itP" 110~
112 ‘C); '"H NMR (400 MHz, CDCly) d: 5.72 (s, 1H),
4.40~4.35 (m, 1H), 420~4.10 (m, 4H), 2.26 (s, 6H),
1.39~1.33 (m, 2H), 1.27 (t, J=7.2 Hz, 6H), 0.73 (t, J=
7.6 Hz, 3H); *C NMR (100 MHz, CDCl5) §: 168.3, 145.0,
102.7, 59.6, 34.2,29.4, 19.5, 14.5, 9.3; MS (EI) m/z: 281.2
(M).

(E)-2,6- — W F:-4-COR I 55)-3,5- — LS e k- 1,4-
M E(S): R O E AR, mp. 147~149 C (lit.2”
148~150 ‘C); IH NMR (400 MHz, CDCl;) §: 7.30 (d,

Chin. J. Org. Chem. 2020, 40, 969~977



Chinese Journal of Organic Chemistry

ARTICLE

J=7.2 Hz, 2H), 7.24 (t, J=7.4 Hz, 2H), 7.14 (t, J=7.4
Hz, 2H), 6.22 (d, J=15.6 Hz, 1H), 6.16~6.10 (m, 1H),
5.95 (s, 1H), 4.61 (d, J=6.4 Hz, 1H), 4.25~4.10 (m, 4H),
2.31 (s, 6H), 1.28 (t, J=7.6 Hz, 6H); *C NMR (100 MHz,
CDCl3) 8: 167.7, 145.1, 137.8, 131.9, 128.4, 128.1, 126.9,
126.3, 101.4, 59.9, 36.6, 19.5, 14.5; MS (EI) m/z: 355.2
M.

2,6- L AR 3 5. — Z A R -1.4- A g
5j): HEOBE K. mp. 161 ~163 C (it 160~
162 “C); '"H NMR (400 MHz, CDCl5) d: 7.18 (s, 1H), 6.19
(s, 1H), 5.92 (s, 1H), 5.18 (s, 1H), 4.19~4.11 (m, 4H),
2.29 (s, 6H), 1.25 (t, J=7.0 Hz, 6H); *C NMR (100 MHz,
CDCl3) 6: 167.7, 158.8, 145.5, 140.9, 110.1, 104.5, 100.6,
59.9,33.5,19.4, 14.4; MS (EI) m/z: 319.1 (M").

2,6- ~H R 4-FRFE 35 T A BRI -1,4- AL
(5k): W E A FE A, mp. 191~193 C (it 190~
192 “C); '"H NMR (400 MHz, CDCl;) 6: 7.32~7.30 (m,
2H), 7.26 (t, J=7.6 Hz, 2H), 7.18 (d, J=7.2 Hz, 1H),
5.86 (s, 1H), 5.05 (s, 1H), 3.69 (s, 6H), 2.37 (s, 6H); "*C
NMR (100 MHz, CDCLy) d: 168.1, 147.4, 144.2, 128.0,
127.6, 126.2, 103.9, 51.0, 39.3, 19.5; MS (EI) m/z: 301.1
(M)

2,6- — W k-4 (AR AH Ok Jk)-3,5- — W A B dik-1,4-—
S sl REOEA. mp. 172~174 T (lit."™
173~175 ‘C); '"H NMR (400 MHz, CDCLy) d: 7.67 (d,
J=8.4 Hz, 1H), 7.51 (d, J=7.6 Hz, 1H), 7.46 (t, J=17.6
Hz, 1H), 7.25 (t, J=7.6 Hz, 1H), 6.41 (s, 1H), 5.72 (s, 1H),
3.58 (s, 6H), 2.31 (s, 6H); *C NMR (100 MHz, CDCl;) &:
167.8, 147.8, 145.4, 1423, 132.9, 131.1, 127.1, 123.9,
103.4, 51.1, 34.5, 19.3; MS (EI) m/z: 346.1 (M").

2,6- L F Sk -4-(4- 5K HE)-3,5- T H A R IE-1,4- A
MEIE(Sm): ¥ A, mp. 196~198 C (lit.' 196~
197 “C); '"H NMR (400 MHz, CDCly) d: 7.25~7.20 (m,
5H), 5.91 (s, 1H), 5.01 (s, 1H), 3.68 (s, 6H), 2.36 (s, 6H);
C NMR (100 MHz, CDCl;) d: 167.9, 146.0, 144.4, 131.8,
129.1, 128.1, 103.6, 51.0, 39.0, 19.5; MS (EI) m/z: 335.1
M.

2,6- — Ik -4-(4- TR FE)-3,5- IR IE-1,4-— 5
MERE(Sn): R FHAEAE, mp. 199~200 C (1it."* 200~
201 C); '"H NMR (400 MHz, CDCLy) §: 7.21 (d, J=8.4
Hz, 2H), 7.17 (d, J=8.0 Hz, 2H), 5.75 (s, 1H), 5.00 (s,
1H), 3.68 (s, 6H), 2.37 (s, 6H); *C NMR (100 MHz,
CDCly) 8: 167.8, 146.5, 144.3, 131.1, 129.5, 120.0, 103.6,
51.0, 39.0, 19.6; MS (EI) m/z: 379.0 (M").

2,6- — F Bk -4-(4- W B Ok 0E)-3,5- — A Bk -1,4-—
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A MEE (50): WE A E L. mp. 175~177 C (1it."
176~177 “C); '"H NMR (400 MHz, CDCl3) ¢: 7.19 (d,
J=8.0 Hz, 2H), 7.06 (d, J=8.0 Hz, 2H), 5.84 (s, 1H), 5.01
(s, 1H), 3.69 (s, 6H), 2.36 (s, 6H), 2.32 (s, 3H); “C NMR
(100 MHz, CDCLy) 6: 167.1, 144.5, 144.1, 135.6, 128.8,
127.5, 104.0, 50.9, 38.8, 21.0, 19.5; MS (EI) m/z: 315.1
(M).

2,6- = W L -4-(5-TH FE M 0k )-3,5- = S| Bk ik -1,4-—
SMnEGSp): FEOE K. mp. 182~184 C (1it.””! 180~
182 C); '"H NMR (400 MHz, CDCl;) d: 7.22 (s, 1H), 6.29
(s, 1H), 6.28 (s, 1H), 5.30 (s, 1H), 3.75 (s, 6H), 2.39 (s,
6H); *C NMR (100 MHz, CDCls) 6: 167.2, 162.4, 151.1,
146.8, 113.2, 108.7, 98.7, 51.3, 34.4, 19.4; MS (EI) m/z:
336.1 (M").

2,6- I L 4-PHE-3,5- — ZE R -1 4- A
(5q): W E O FE K. mp. 139~140 C (lit.?! 138~
140 ‘C); 'H NMR (400 MHz, CDCL) &: 5.91 (s, 1H),
3.94~3.92 (m, 1H), 3.73 (s, 6H), 2.30 (s, 6H), 1.31~1.27
(m, 2H), 1.24~1.18 (m, 2H), 0.84 (t, J=7.2 Hz, 3H); "°C
NMR (100 MHz, CDCl;) d: 168.6, 145.1, 102.9, 50.9,
39.2,32.8,19.3, 17.8, 14.2; MS (EI) m/z: 267.1 (M").

2,7,7- = i 3E-4- 2K 3- 2 S R 3E-5-410-1,4,5,6,7.8-
N E I (7a): B E KA. mp. 203~205 C (lit.!*Y
202~204 °C); '"H NMR (400 MHz, CDCly) ¢: 7.33 (d,
J=7.2 Hz, 2H), 7.23 (d, J=7.6 Hz, 2H), 7.13 (d, J=7.8
Hz, 1H), 6.43 (s, 1H), 5.09 (s, 1H), 4.09 (q, J=7.6 Hz,
2H), 2.38 (s, 3H), 2.36~2.16 (m, 4H), 1.23 (t, J=7.0 Hz,
3H), 1.10 (s, 3H), 0.97 (s, 3H); “C NMR (100 MHz,
CDCly) 6: 195.6, 167.5, 148.4, 147.0, 143.5, 128.0, 127.8,
126.0, 112.1, 106.1, 59.8, 50.7, 41.0, 36.6, 32.7, 29.4, 27.1,
19.3, 14.2; MS (EI) m/z: 339.1 (M").

2,7,7- = F Bk -4-(4- U R 58 )-3- & S Bk B -5- AR -
1,4,5,6,7,8-/NEMEMK(T): H AR, m.p. 243~245 C
(1it.'"! 244~246 °C); 'H NMR (400 MHz, CDCl;) d: 7.27
(d, J=8.4 Hz, 2H), 7.19 (d, J=8.4 Hz, 2H), 6.19 (s, 1H),
5.06 (s, 1H), 4.09 (q, J=7.2 Hz, 2H), 2.41 (s, 3H), 2.38~
2.16 (m, 4H), 1.22 (t, J=7.2 Hz, 3H), 1.10 (s, 3H), 0.96 (s,
3H); *C NMR (100 MHz, CDCls) 6: 195.4, 167.2, 148.2,
145.5, 143.5, 131.6, 129.4, 128.0, 111.9, 105.8, 59.9, 50.6,
41.1,36.2,32.7,29.4,27.1, 19.4, 14.2; MS (EI) m/z: 373.1
(M+).

2,7,7- = F Jk -4-(4- 1 2R B )-3- & S ik B -5- AR -
1,4,5,6,7,8-/NE MM (7e): HEE{E. mp. 253~255 C
(1it.'"*1 253~255 °C); '"H NMR (400 MHz, CDCl;) J: 7.34
(d, J=8.4 Hz, 2H), 7.21 (d, J=8.4 Hz, 2H), 6.21 (s, 1H),
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5.05 (s, 1H), 4.09 (q, J=7.2 Hz, 2H), 2.40 (s, 3H), 2.37~
2.16 (m, 4H), 1.23 (t, J=7.2 Hz, 3H), 1.11 (s, 3H), 0.96 (s,
3H); *C NMR (100 MHz, CDCl3) §: 195.4, 167.2, 148.2,
148.1, 143.6, 130.9, 129.8, 119.8, 111.8, 105.7, 59.9, 50.7,
41.1,36.3,32.7,29.4,27.1, 19.4, 14.2; MS (EI) m/z: 417.1
(M)

2,7,7- = W -4-(4-FH AR B 8 5 )-3- L S P 2R -5- MR-
1,4,5,6,7,8-7NE MK (7d): A, mp. 256~258 C
(1it.""1 255~257 “C); '"H NMR (400 MHz, CDCl;) 6: 7.24
(d, J=17.8 Hz, 2H), 6.77 (d, J=8.8 Hz, 2H), 6.11 (s, 1H),
5.03 (s, 1H), 4.09 (q, J=7.8 Hz, 2H), 3.77 (s, 3H), 2.40 (s,
3H), 2.37~2.17 (m, 4H), 1.24 (t, J=7.2 Hz, 3H), 1.11 (s,
3H), 0.98 (s, 3H); *C NMR (100 MHz, CDCl;) 6: 195.4,
167.4, 157.8, 147.8, 143.0, 139.5, 128.9, 113.2, 112.4,
106.4, 59.8, 55.1, 50.7, 41.1, 35.7, 32.7, 29.4, 27.2, 19.4,
14.2; MS (EI) m/z: 369.2 (M").

2,7,7- = F 4O Bk -3- F A e - 5- 4 X- 1,4,5,6,7,8-
NEAEMR(Te): A E K. mp. 259~261 C (lit."!
258~260 ‘C); '"H NMR (400 MHz, CDCLy) d: 7.34 (d,
J=7.2 Hz, 2H), 7.25 (t, J=7.4 Hz, 2H), 7.15 (t, J=7.2
Hz, 1H), 5.99 (s, 1H), 5.14 (s, 1H), 4.10 (q, J=7.8 Hz,
2H), 2.51~2.32 (m, 7H), 2.06~1.93 (m, 2H), 1.23 (t, J=
7.2 Hz, 3H); *C NMR (100 MHz, CDCl;) J: 195.5, 167.4,
149.5, 147.1, 143.2, 128.0, 127.9, 126.0, 113.5, 106.2,
59.8,37.0, 36.4,27.5,21.0, 19.4, 14.2; MS (EI) m/z: 325.1
(M)

2- P-4 DR B -3- 2 S B J -5- 4 K- 1,4,5,6,7,8- /N &
WEOR(76): A G FEAR. mp. 239~241 C (lit" 238~
240 ‘C); '"H NMR (400 MHz, CDCLy) §: 7.33 (d, J=7.2
Hz, 2H), 7.25 (t, J=7.6 Hz, 2H), 7.15 (t, J=7.4 Hz, 1H),
5.97 (s, 1H), 5.12 (s, 1H), 3.66 (s, 3H), 2.43 (s, 3H),
2.41~2.23 (m, 4H), 1.12 (s, 3H), 0.97 (s, 3H); *C NMR
(100 MHz, CDCL3) 0: 195.4, 167.8, 147.8, 146.7, 143.6,
128.0, 127.8, 126.0, 51.0, 50.7, 41.2, 36.3, 32.7,29.4, 27.1,
19.5; MS (EI) m/z: 311.1 (M").

2,7,7-= W -4 HE 3. 2 B FE-5- 5648 -4,5,6,7,8- 110
S R -5(1LH)- B (7g): 5 & [& 4. m.p. 198 ~200 C
(1it.*! 199~201 °C); 'H NMR (400 MHz, CDCly) J: 7.34
(d, J=8.0 Hz, 2H), 7.26 (t, J=7.4 Hz, 2H), 7.16 (t, J=7.2
Hz, 1H), 5.13 (s, 1H), 2.42 (s, 3H), 2.36~2.09 (m, 7H),
1.09 (s, 3H), 0.89 (s, 3H); *C NMR (100 MHz, CDCl5) ¢:
199.6, 195.7, 148.1, 145.8, 143.5, 128.3, 127.8, 126.4,
113.1, 112.6, 50.8, 40.9, 37.1, 32.6, 29.6, 29.3, 27.0, 20.1;
MS (EI) m/z: 309.1 (M ).
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4 Bh#1 Kl (Supporting Information) f#{k7] '"H NMR,
"F NMR, IR, HRMS FIHE /471 & UL BT AL &4
"H NMR I °C NMR Ji 4535 &, 3 Skl af b6 2 A
F1 X 3k (http://sioc-journal.cn/)_F T %k,
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