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B E R — RPN EREY, FIRIRTC TR RIS SO 8] 5 I PS8 S8 2 AR X S L TR L, X6 TR )
PEMIEAT TR R Rl 204 OB EEEASIN. 1207 B IS (B (5~ 15 min), A, SRAR A A LT A
PLri. J34h, WMAPIRER TR e (AL A B A S 5 58 0 S L 2 i R AL 5 0 5 O SE, 72 R 3 500 42%~
67%5 59%~72%.
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An Efficient Synthesis of Oxime Compounds Catalyzed by
Superfine Kaolin under Microwave Irradiation

Liang, Ling Mou, Jialing Chen, Yue Wang, Mengsha Hong, Zhi*
(School of Pharmaceutical and Materials Engineering, Taizhou University, Taizhou 318000)

Abstract Oxime compounds were efficiently synthesized with aromatic or aliphatic ketones and hydroxylamine hydrochlo-
ride as raw materials in the PEG-400 solution, using cheap and readily available superfine kaolin as catalyst under microwave
irradiation condition. The effects of the catalyst, the solvent type, reaction time, reaction temperature on the reaction were in-
vestigated. The structures of the products were detected by melting point, nuclear magnetic resonance, infrared spectroscopy
and mass spectrometry data. This method has the advantages of short reaction times (5~15 min), good yields, and simple op-
eration as well as environmental friendliness. In addition, the preliminary experiment shows that superfine kaolin could also
catalyze transoximation reaction and preparation of oxime ether compounds under microwave irradiation with the yields of

42%~67% and 59%~72%.

Keywords superfine kaolin; microwave; oxime compound; catalysis; transoximation; oxime ether compounds
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A0 HohiE gt -, T MBS . LRI
RO B 5, 2332 el (8RR B e A
U AR AR R TG B G s, A 16
5 480 A B S A AL A R SR REDT Y S S B R AL IR
AP, R KGR T AR 2,4,8,10-TU A AR IZ5.5]
B R TN Y D E R IR R N S AN & S P X7/ )]
O- AL X BPTREYRAL EMIZ Ene RN AR y-PIEE
(3815

AERET— M B A 77 3K, s s vT LUK IR $2
SSGHEPEE, JERAERERE . PeR . IR A,
H R 7E A LA AT 0 S & R im0, Bl
Lee!*", Erdogan'®?, Mushtaque* 2515 {5 4H 73 53K 3E 1 i
PEEALER . TERE . BERREAEIL T, BG5S SRz
iz 76 8 8 56 A U 2R & W ) )R L. Chermahini
SPATERAT I R 5 BRI A ) 4% S-BURE-
LH-PUZPEE, ¥ E T 5 04 b A RERR IR [S10,]* Bk il
EAEE, Rt 13- BRI IR B, AL, FRATTT
D=0 06 T B BT — e VAR, RRBB IR A

WA S RIE G5 b, R, FRA12RK B8 R
Ty 15 B R A v 0% AR R AR, ERERER AT T, fE
PEG-400 ¥+, MEATEE BN Eh g2 . e ki h
R 3R 146 A OB DA K BB A 5 B ANE BR 1 5 28
e [, 5 e B ) % — R A A P B FL RS AT
4.

1 HEREWR

1.1 HERNFZHTFIE

FATI K HEE(1s, 5 mmol) I EE L F2 % (10 mmol),
TERRE SR A B 2R il (2s), 805 RIFPE . I B
B[R] A 70 RO 8 S P B R A8 T 38 0F Je I D 5 T
SRBITR 1 F.

MR 1 AT LR, AN RS A7), o Th %
130 W I, RN LPAREE AT (R 1, Entry 1); 2400
A 0.05 equiv. ¥ 8 AL 5B 40 =1 0% - (Superfine kaolin, ¥
BIRiAE 5 pm)i, [SREREAT, (Hr=ZEH KGR 1, Entry

R AWRIERLEY) 25 BRI

Table 1 Optimization of reaction conditions for the synthesis of oxime compound 2s

o O
+ NH,OH -HCI catalyst, solvent |
O
1s 2s
Entry Solvent Catalyst (molar equiv.) Microwave power/W Time/min Isolated yield"/%

1 — — 130 3 Trace
2 — Superfine kaolin (5 um, 0.05)° 130 3 10
3 Toluene Superfine kaolin (5 pm, 0.05) 130 3 24
4 Xylenes Superfine kaolin (5 pm, 0.05) 130 3 33
5 PEG-200 Superfine kaolin (5 pm, 0.05) 130 3 36
6 PEG-400 Superfine kaolin (5 pm, 0.05) 130 3 40
7 PEG-400 Superfine kaolin (5 pm, 0.10) 130 3 51

8 PEG-400 Superfine kaolin (5 pm, 0.15) 130 3 63
9 PEG-400 Superfine kaolin (5 pm, 0.20) 130 3 65
10 PEG-400 Superfine kaolin (5 pm, 0.15) 195 3 75
11 PEG-400 Superfine kaolin (5 pm, 0.15) 260 3 76
12 PEG-400 Superfine kaolin (5 pm, 0.15) 195 5 92
13 PEG-400 Superfine kaolin (5 pm, 0.15) 195 7 88
14 PEG-400 Superfine kaolin (11 pm, 0.15) 195 5 60
15 PEG-400 Kaolin (0.15) 195 5 46
16 PEG-400 — 195 5 13
17 PEG-400 o-Alumina trihydrate (0.15) 195 5 20
18 PEG-400 Al,05 (0.15) 195 5 15
19 PEG-400 Nano-y-ALO; (20 nm, 0.15)° 195 10 Trace
20 PEG-400 Si0, (200~300 mesh, 0.15)° 195 10 Trace
21 PEG-400 ZnO (0.15) 195 10 15
22° EtOH Pyridine (5 mL) 560 5 73

“ Reaction conditions: benzophenone (1s, 5 mmol), hydroxylamine hydrochloride (10 mmol), PEG-400 (10 mL). b5 11 pm, 20 nm and 200~300 mesh are the
particle sizes of catalysts. “Reaction conditions in literature [44]: benzophenone (1s, 5.5 mmol), hydroxylamine hydrochloride (14.4 mmol), solvent EtOH (5 mL),

catalyst pyridine (5 mL).
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2). 25 L8 BN SN AR AT ML AT I B M
B H A BRI TENHE A Lo 1A Be g o A 250
T ARAE S AR AT AN 5, O H R
K, RSB R ERIME G R, MOZ RN 7 EAEHR
PEvEF P T, WS, WK, BZ ZE 200 (PEG-
200)F1158 2.~ 400 (PEG-400) K FE, 4% 71~ PEG-400
B, SN2 2R IAE] 40%(FK 1, Entry 6). 43 04l m
WL SRR S I D) Z B K S R[], 45
R4 HEA Es  F RN 0.15 equive. THOEERST T
195 W &MHFIEA 5 min B, F2EIAE] 92%(E 1,
Entry 12). 534k, X EEAS R A 700 R0 G At 6] 42 £ 44 751
FiA2 9 11 pm A s L A 224l s 1 L)
IR VE Ak 4R (a-Alumina trihydrate). H 1AL ER(ALOS)-
gk p-HE AL R (nano-y-ALOS) K42 20 nm). SiO,
(200~300 H)F1 ZnO (RS S, 25 F KR I ™ ZHABAR
(3 1, Entries 14~20). 54b, S CHR[44]FHRIE 1) TT
5, TEERON 73% (£ 1, Entry 22), WK T ASZE R
.

1.2 RERRRE

NI KIS HE R, 72 IR AR S S AE
Bt b, ST — RIERNEY, 5RINE 2 k.

H2 2 W LLE H, GOBERS S AEN, RRIDT IS EEIR
i) AR i 5 6 R 2 i 1) J B 7= AR BRAIN (3R 2, Entries
1~6), TG 2R R Bl 5 50 R 2 i 1) s 2RO R
U, FREEEARLE 80%LA b ZRIA b H AN SR
AR, To R BRI g S EE)
et R a3 Rk, AR #RE1S 3
WERIF=Z. RAb, ARG (2r) 7> 515 28 e &
(1) Z« E B fl, Horb E BU A5 B = (3R 2, Entry 18).
[F) INF 25 2 2R 1) 05 B B 5 30 R 2 I 11 I 2 AR B 75 21 006
EPH (3K 2, Entries 11, 17).
1.3 B, BEEMEEER

TR . WS SRR I SRR A R, R
TN K H i (1g, 5 mmol)~ K ZEf(11, 5 mmol)5 Eh R 2
Jf%(10 mmol) X MNi(Eq. 1), HeE# A KATHEAT, N
AT 5 min J5, EHEERN T 78%, 1M L)L

0.15 equiv. Superfine

0 0
kaolin, PEG-400
H . + NH,OH -HCI
MWI (195 W)
19 1
N/OH NI/OH
|
Sati- ol
2g 21

78% yield trace
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Table 2 Synthesis of oxime compounds 2a~2v

0.15 equiv. Superfine OH

o] kaolin, PEG-400 N

R1JLR2 * NHOHHOL — o y JI\RZ
1 2

Entry R! R? Product  Isolated yield/%

1 CH; CH; 2a 71
2 CH; CH;CH, 2b 62
3 Cyclopentanone 2¢ 43
4 Cyclohexanone 2d 48
5  2-Methylcyclohexanone 2e 52
6  Cycloheptanone 2f 63
7 H CeHs 2g 81
8 H 2-HOC¢H, 2h 86
9 H 4-HOC¢H, 2i 42
10 H 2,4-Cl,C¢H; 2j 87
11 CH; 2-Furyl 2k 42
12 CH, CeHs 21 83
13 CH, 4-HOC¢H, 2m 87
14 CH, 4-CH;0C¢H,4 2n 84
15 CH, 4- NO,CgHy 20 87
16 CH, 4-CIC¢Hy 2p 83
17 CH; 3-Pyridyl 2q 77

18 CH, C¢HsCH=CH 2r 48°/40¢
19 Cg¢Hs CeHs 2s 92
20 Cg¢Hs 2-CIC¢H4 2t 89
21 4-CH30C¢H,; 4-CH;0CgH, 2u 86
22 4-FC¢Hy 4'-FC¢H, 2v 91

© 2019 Chinese Chemical Society & SIOC, CAS

“Reaction conditions: ketones 1 (5 mmol), hydroxylamine hydrochloride (10
mmol), superfine kaolin (5 pm, 0.75 mmol), PEG-400 (10 mL), 195 W. *(Z, E)-
3-Buten-2-one-4-phenyl oxime. ¢ (E,E)-3-Buten-2-one-4-phenyl oxime.
AR, WA /R . SR IR 2 5 e k4T
SEAPERG LI R, BRSSO S0 PR U SR 2L, T oh,
FEZSRNEAET, RMJEYIIFAREZ Aldol S B A /R
i, 2 A i 0 ATt LA B R A S e R 1

54k, LA 13- L3, 5 mmol) 5 ERRRFE (15
mmol) (& BRI R 2 Lh oy 11 3), HEH
FARACEATEAT, R 5 min, RIAEZFEME T =L
L1U-(1,3-9E 2K 5 ) — 80 2 i (da) M 3, S U /G
(4b)JL % H (Eq. 2).
14 BXgRNHEREEEY

FE OB AR S N A e LA R IE RS 5 2
PR F2 M 1) 25 F15 SRA & WD) S B0 RS — i 45 SR R 2k At I,
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0 0 Superfine kaolin (0.15 equiv.)

PEG-400
+ NH,OH -HCI
MWI (195 W)
N
| | |
+
(2)

91% yield Trace

DL 2K A1) N R R 53R TG . RS . RS
W B E TR (5) [ N, il K BT (2s), X538
N TR T, SR RBL, R EER S 2B
FR(S) I il , 7= &b (R 3).
£3EHRBIRY 2 85 ik

Table 3 Screening of substrates 2 or 5 of the transoximation

HRAE AR A A

F a4 FRIEY 2w, 2x, 2y A1 2s (4L
Table 4 Synthesis of oxime compounds 2w, 2x, 2y and 2s

Superfine kaolin

o o (0.15 equiv.) JJ\,OH o
J\ . OH PEG-400 N|
R™ "R? )LH MWL (195 W) RiAoRe T Aon
1
5 2
Entry R! R’ Product Isolated yield*/%
1 CH3 4-CH3-C6H4 2w 59
2 CH3 3-N02-C6H4 2x 63
3 C2H5 C6H5 2y 42
4 C6H5 C6H5 2s 67

(@]
N/OH o 0.15 equiv. Superfine
O b e __oH kaolin, PEG-400
R1"OR2 N MWI (195 W)
1s 2 5
_OH
N
| JO]\ o)
+ or
O L L
2s
Entry Substrate 2 or § Isolated yield/%
_OH
1 ;L 29
N _OH
2 p 23
N _OH
3 ij 19
(0]
4 M oH 67
H

“Reaction conditions: 1 (5 mmol), 2 (10 mmol), superfine kaolin (5 pm, 0.75
mmol), PEG-400 (10 mL), 195 W.

1.5 FSEEEIRSIE

1E VL ERGRAE I & ual b, DUEE(S mmol),
F AR R B IR 3h 5l O-"F 352 % R R 25 (10 mmol) N R K,
7t PEG-400 (10 mL)¥ K+ 0 B4 =08 (5 pm,
0.75 mmol), 7£ 195 W FIREEE S il 2545 21 3 T i ik
FAEW), WRPEE, 2R Scheme 1.
1.6 B aIEI

MF S AT LLE HTESEIAE A S VCRBAN =i 1 i [alfic
BARFFAE 89%~73%, (H 2Rt {4 A UCER 3G n =i
RO RS, HR R AT AR A 3 2
AE LR, & R 1 BRI

RS AR EI
Table 5 Recovery of superfine kaolin

Recovery Recovery of super- Addition of super-  Isolated
No. fine kaolin/g fine kaolin/g yield’/%

0 0.19 92

1 0.17 0.02 79

2 0.16 0.03 53

3 0.14 0.05 61

4 0.16 0.03 54

“ Reaction conditions: benzophenone (1s, 5 mmol), 2 or 5 (10 mmol), super-
fine kaolin (5 um, 0.75 mmol), PEG-400 (10 mL), 195 W.

16 RSP EERS b, L 4R 2B (w) 3
HIEZTIx). HAE(Ly) (1) A B S 2
AR SHEAT ISR, A RARIE AL &, 4
PR 4B, AR 4T DA Y, MOSRAT A T, KA
il 5 2T SRS WA 1) S L7 ARG (3% 4, Entry 3). 3K |
FO L TS0 A BT S B, T A P T B
(I 35 ) A 2 38 o, SR (9 P, 3 3 7
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“Reaction conditions: 1 (5 mmol), hydroxylamine hydrochloride (10 mmol),
superfine kaolin (5 pm, 0.75 mmol), PEG-400 (10 mL), 195 W.

1.7 & RSHEHEN

T 24 iy W o A% 1) B T8 5 K R S A — A D T AR
(VAR A Iy | R AANT TR N VA 2R A tc2) = I i s s A1
A5 AR T SR T AR, DY AR TR S 17 AL R R T
ekl NEEZEN2 738 AlL(OH), H4)
FRABLKART, FRIEPAEA L, PIASER, hE] % (6]
B A48 R BT BRI S MEATLEE AL Scheme 2.

A m I R i S R L, T
PRI, AR EREE LR BT B B, AT R
RARGFR I A HET, R i, W BR A 7 2
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c o cl Nl’o\
H + /O\NHZ e 0.15 equiv. Superfine kaolin, PEG-400 /@)\H
N MWI (195 W) o
1j
72% yield
O O _O. JoNy
- 0.15 equiv. Superfine kaolin, PEG-400 IN Nl
+ "> NH, -HCl
MWI (195 W)
3
59% yield
o)

N’O\Q
NH, -HCI i i
‘ ‘ . @/\0/ 2 . .
O OH

0.15 equiv. Superfine kaolin, PEG-400

|
MWI (195 W) OH
6

68% yield
B 1 BRI EYnE R
Scheme 1  Synthesis of oxime ethers
Superfine kaolin structure
Tetrahedral ,/\\ / N /O 0 Ph O p \O\ ‘/0\ p/\O\ /O
[SiO4]* - sheet | H Sl | H O PH o Sll Sll H Sll Sll H
o_ o Qo o0 o o0 00 0.0 0 -
Octahedral SANLS S NS Ph™ "Ph SANLS S AN H,N-OH
[A(OH)e] sheet AN ALAL WAL ALAL
o o & 0o o 0 o & 0o
Tetrahedral | | H | | H | | H | | H
[Sio - shest SN TSP NN NN
4 o 00 0o 00 o o 0’0 0o 00 o
Ph O\O/OOO 0 Ph 0 0,0 O_ 0.0 O
\/\.//\\./ \ A WSV
00— Sil | " Sfl Sl’l Ph o—sli \Sli sl,i \Sli
Ph H _ H H
. 9.9 0. Q.0 o HoM: 5 0. 00 0. 0 0
HO-NH N N AT NN TN AL S H shift
2 LA Al AL AlA ACAL T
0 0o O J 0 0 0o O J 0o
L A A I A
i i i i Si Si Si Si
VAN SR \S TN N ~
o 63 Yo~ 673 o o 63 o7 673 o
Ph, 0{0_O O_ 0_0 O
H RO\ RS
Ph O—Si S‘l,i Sli S|.~i
HO-NH H H H,0
. O 00 0O 0 O ; OH
S G TN OH f -
CACCAL AL A >~ _ _J-N-oH )NI\
\ _ P “ph Ph” > Ph
o g% o g 0 o Superfine kaolin
Lo d o
[ i i i
/>« \ >«
o 66 Yo "3 o
B 2 WREM SRR
Scheme 2 Proposed mechanism of the reaction
+, FFRFRRACH AW, Ak, 1558 2 #ig
EF'@‘HH%- Zaly P ﬁ A il\ 2,
TETMBCAR S B 26 A AT 7B & 5 i re
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JE L, 1928 T — RAIERAEY), ISR E M
FAFIARER, W€ T BB AR M mid LA E
9 0.15 equiv., WM TIZENN 195 W, JBINEN 5
min, PEG-400 &I, F=Z e mnlil 92%. 5@ 5
KA B YE ITIERA L, %07 KR BE i 5 T BB
6], $em T ==, HJaabPifE s, MM, N
5 24 G A BB T A M7 RN R 12 % B 2% A
T, XHEAS e R BAT TR BT, R I A =+
AT N, AH P RN IR R, RN R
R4 Ja it — Sk
3 SLIEES
31 X5

IM-A20002 AL R (1 B8 T R A 48 1 2 B
AF]); WBFY-201 BYFE A 52 s B4 (R ST R A 2%
HIRAR); ZF-6 B = RN A A (S dm 7 B 0E A 2% il
EHRAT); R205 B k75 K as(G M5 i 7t &
AIRAF]); M-565 UG S (LRI AT TR A A));
Advance 111 HD 400 ZA% 4 LR E A (i L Bruker 2
F]); 5700 B LA EIEAC(H A BEA F); Quattro
micro APT B4 3% i 6 A (36 [E] Waters & ®]); SYN-
APT-G2-Si_with DESI Angledleft2 %! & 1t £ Y 2% 1
R IDERAT IR ] B (35 [ Waters 23 w]). SEE6 BT FH A
PR & o iy i sl b 2= 4t TRy T (R A A
B 245 5E FA SR BR A A, A3 F AT AR AE AL 3.
3.2 A 2a~2v HIHIF

£ 100 mL B OEEHIMALEY) 1 (5 mmol). 1
TR #2110 mmol)F PEG-400 (10 mL), FhNE4H mlk
+:(0.75 mmol), ¥EL VRS BUNE AL2  N g H, #2
RERBIABEE, BAHK, WEIENRN 195 W, @il
JEERE(TLO) BRI S N R . [ M5 R e, i i fk 2o i
3R, AR ER, KIEEES 25 0RF, A 50
mL /KM 30 mL 4R OER, maiRkGaHaENERE, K
ERFRH B CEEREEL(30 mLX2). &I3FANAHE,
I ERAKFIE K EIEGE 1 IR, S HAENUZE, ToKIREREN
Tk, A HIER, M 95% L EE AW, 5 HR
FEY) 2a~2v.

WA 5 (2a): Lo g R, F2E 71%. mp. 60.9~
62.3 C (1it."” 61~62 C); '"H NMR (400 MHz, CDCl5)
0: 1.90 (d, J/=4.8 Hz, 6H), 9.21 (s, 1H); IR (KBr) v: 3354,
3205, 2922, 2746, 1678, 1498, 1427, 1371, 1068, 813, 613,
480 cm™'; MS (70 eV) m/z (%): 74 (M, 100).

THif52b): Bk, M™% 62%. 'H NMR (400
MHz, CDCLy) §: 1.09 (t, J=7.4 Hz, 3H), 1.89 (d, J=7.2
Hz, 3H), 2.23 (dd, J=14.8, 7.2 Hz, 2H), 9.88 (s, 1H); IR

1328 http://sioc-journal.cn/
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(KBr) v: 3255, 2974, 2922, 1654, 1460, 1371, 1240, 1097,
1074, 979, 931, 796, 611 cm™'; MS (70 eV) m/z (%): 88
(M", 100).

WA G (2¢): ot fiE, 772 43%. mp. 554~
56.3 C (1it."" 56~57 C); '"H NMR (400 MHz, CDCl;)
8: 1.74~1.76 (m, 4H), 2.41 (d, J=36.0 Hz, 4H), 9.64~
9.26 (m, 1H); IR (KBr) v: 3221, 3126, 2964, 1691, 1475,
1425, 1290, 1211, 1153, 972, 941, 792, 650 cm ™ '; MS (70
eV) m/z (%): 100 (M ", 100).

WOlfG2d): AEEE, =% 48%. mp. 87.8~
90.3 C (lit."? 87~89 “C); '"H NMR (400 MHz, CDCl,)
8: 1.58~1.70 (m, 6H), 2.22 (t, J=6.2 Hz, 2H), 2.51 (t, J=
6.2 Hz, 2H), 8.86 (brs, 1H); IR (KBr) v: 3197, 3113, 2935,
2893, 2858, 1664, 898 cm™'; MS (70 eV) m/z (%): 114
(M", 100).

2-FAIEIR Uil (2e): 35 PR, 725% 52%. 'H
NMR (400 MHz, CDCl3) 8: 1.11 (d, J=6.0 Hz, 3H), 1.32
(t, J=9.8 Hz, 1H), 1.55 (d, J=44.0 Hz, 2H), 1.76~1.95
(m, 4H), 2.10~2.34 (m, 1H), 3.10 (d, J=11.2 Hz, 1H),
9.07 (s, 1H); IR (KBr) v: 3284, 2964, 2929, 2858, 1446,
1375, 754 cm™'; MS (70 eV) m/z (%): 128 (M", 100).

IPEMARG20): F AR, 7% 63%. 'H NMR
(400 MHz, CDCl5) 6: 1.24 (t, J=7.0 Hz, 3H), 1.57 (d, J=
2.4 Hz, 3H), 2.37 (t, J=5.6 Hz, 2H), 2.58 (t, J=6.0 Hz,
2H), 3.72 (dd, J=14.0, 6.8 Hz, 2H), 8.95 (s, 1H); IR (KBr)
v: 3230, 3095, 2926, 2854, 2690 cm '; MS (70 V) m/z
(%): 128 (M, 100).

ZHE G (2g): TEBEMBA, 3K 81%. 'H NMR
(400 MHz, CDCly) d: 7.38 (t, J=3.2 Hz, 3H), 7.58 (dd,
J=5.6, 1.6 Hz, 2H), 8.18 (d, J=2.0 Hz, 1H), 9.15 (d, J=
50.4 Hz ,1H); IR (KBr) v: 3309, 3062, 2900, 1496, 1448,
1300, 1211, 954, 869, 756, 692, 646 cm™'; MS (70 eV) m/z
(%): 122 (M", 100).

- K HEEHE (2h): ALK, F5E 86%. m.p.
56.1~58.6 C (lit.”) 57~59 C); '"H NMR (400 MHz,
CDCLy) 6: 1.87 (s, 1H), 4.85 (s, 1H), 6.93 (t, J=7.6 Hz,
1H), 6.99 (d, J=8.4 Hz, 1H), 7.19 (dd, J=8.0, 1.6 Hz,
1H), 7.27~7.32 (m, 1H), 8.23 (s, 1H); IR (KBr) v: 3377,
3062, 1620, 1575, 1474, 1408, 1290, 1261, 1195, 991, 896,
754, 696, 646 cm” ' MS (70 eV) m/z (%): 138 (M", 100).

A-F2FEOR B S (20): B AL AR, PR 42%. mup.
90.5~92.7 C (lit.*¥ 92.0~93.6 ‘C); 'H NMR (400
MHz, DMSO-dy) &: 6.78 (d, J=8.8 Hz, 2H), 7.41 (d, J=
8.8 Hz, 2H), 8.01 (s, 1H), 9.78 (s, 1H), 10.86 (s, 1H); IR
(KBr) v: 3365, 2991, 1606, 1516, 1483, 1431, 1365, 1273,
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1205, 1161, 1103, 950, 869, 812, 702 cm™'; MS (70 eV)
m/z (%): 136 (M, 100).

2,4- “EORHEERG (2)): AGEAK, F5%E 87%. m.p.
132.7~134.6 C (1it" 134~136 C); '"H NMR (400
MHz, DMSO-dy) §: 7.25 (t, J=5.0 Hz, 1H), 7.42 (d, J=
2.4 Hz, 1H), 7.73 (dd, J=4.8, 1.6 Hz, 1H), 7.79 (d, J=8.4,
1H), 8.49 (s, 1H); IR (KBr) v: 3286, 2922, 1581, 1550,
1479, 1382, 1313, 1207, 1101, 974, 873, 815, 779, 667
cm™ s MS (70 eV) m/z (%): 188 (M~, 100), 190 (M, 75).

2- LRI G (2K): MR AL AR, PR 42%. 'H
NMR (400 MHz, CDCly) 6: 2.40 (s, 1H), 7.09 (dd, J=5.2,
3.6 Hz, 1H), 7.49 (dd, J=3.6, 0.8 Hz, 1H), 7.55 (dd, J=
5.2, 0.8 Hz, 1H), 10.67 (s, 1H); IR (KBr) v: 3269, 1724,
1635, 1577, 1483, 1427, 1284, 1165, 1118, 1074, 1010,
947, 885, 744, 625, 594 cm™'; MS (70 eV) m/z (%): 126
(M", 100).

KOWRE@2Y): A, P23 83%. mp. 57.7~
59.9 C (1it." 56~58 C); '"H NMR (400 MHz, CDCl;)
d: 2.31(s, 3H), 7.38 (dd, J=4.4, 1.2 Hz, 3H), 7.62 (dd, J=
7.6, 4.0 Hz, 2H), 9.60 (s, 1H); IR (KBr) v: 3292, 3248,
2922, 1643, 1446, 1369 cm™'; MS (70 eV) m/z (%): 136
(M", 100).

4-$2 3L 2 WG (2m): s S, FEER 87%. mup.
143.2~146.4 C (1itP7 146~147 C); '"H NMR (400
MHz, DMSO-dq) 6: 2.09 (s, 3H), 6.77 (d, J=2.4 Hz, 2H),
7.48 (t, J=4.2 Hz, 2H), 9.60 (s, 1H), 10.84 (s, 1H); IR
(KBr) v: 3329, 3265, 3067, 2791, 2566, 1639, 1606, 1516,
1442, 1382, 1365, 1238 cm™'; MS (70 eV) m/z (%): 152
(M", 100).

4-FE LT 2 ifE(2n): AEEE, 725 84%. m.p.
83.9~86.7 C (lit."® 82~85 C); '"H NMR (400 MHz,
CDCls) 0: 2.28 (s, 3H), 3.82 (s, 3H), 6.90 (d, J=8.8 Hz,
2H), 7.57 (d, J=9.2 Hz, 2H), 9.42 (s, 1H); IR (KBr) v:
3296, 3244, 3076, 2960, 2922, 1608, 1452, 1369, 1303,
1249, 1020 cm™'; MS (70 V) m/z (%): 166 (M, 100).

4-TEEEIR Ll (20): R EEE, 772 87%. mup.
172.7~176.0 ‘C (1it" 169~171 C); '"H NMR (400
MHz, DMSO-dg) 0: 2.22 (s, 3H), 7.92 (d, J=8.8 Hz, 2H),
8.24 (d, J=8.8 Hz, 2H), 11.78 (s, 1H); IR (KBr) v: 3250,
3109, 3069, 1597, 1512, 1338, 852 cm ™ '; MS (70 eV) m/z
(%): 181 (M ", 98).

4-FOR W5 (2p): B R, P23 83%. mp.
101.1~102.8 C (it 97~99 C); 'H NMR (400
MHz, CDCls) 6: 2.28 (s, 3H), 7.35 (d, J=8.8 Hz, 2H),
7.56 (d, J=8.8 Hz, 2H), 9.18 (s, 1H); IR (KBr) v: 3294,
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3234, 3062, 2924, 1641, 1593, 1460, 1369, 1097 cm™'; MS
(70 eV) m/z (%): 170 (M", 100), 172 (M", 37), 192 (68),
197 (22).

3-L PR EEEERG (2q): KB G L, F7F 77%. mup.
116.3~1172 C (it 116~118 C); 'H NMR (400
MHz, DMSO-dy) 0: 2.19 (d, J=2.8 Hz, 3H), 2.23 (s, 1H),
7.43 (dd, J=8.0, 4.8 Hz, 1H), 8.00~8.05 (m, 1H), 8.57
(dd, J=48, 1.6 Hz, 1H), 8.85 (d, J=1.2 Hz, 1H); IR
(KBr) v: 3423, 3174, 3064, 2964, 2877, 1726, 1579, 1467,
1375, 1282, 1124, 1072, 1006, 981, 929, 806, 744, 705
cm'; MS (70 eV) m/z (%): 137 (M", 100).

(E,E)-3-1 J5-2-f 3-4- KB 5 [(E,E)-2r]: I EAJE 1,
FEER 48%. mp. 121.3~123.5 C (1it!*V 116 C); 'H
NMR (400 MHz, CDCLy) 6: 2.16 (d, J=1.2 Hz, 3H), 6.88
(d, J=4.0 Hz, 2H), 7.29 (d, J=7.2 Hz, 1H), 7.35 (t, J=7.4
Hz, 3H), 7.47 (d, J=7.2 Hz, 2H); IR (KBr) v: 3261, 3207,
3032, 2889, 2358, 1625, 1492, 1446, 1371, 1328, 1305,
1205, 1074, 1020, 960 cm '; MS (70 eV) m/z (%): 146
(M—15,100), 162 (M ", 49).

(Z,E)-3-T B:-2-Fi He-4- R FL 5 [(Z,E)-2r]: I EA T4,
FEHR 40%. mp. 107.4~109.5 C (lit¥ 109 ‘C); 'H
NMR (400 MHz, CDCly) 6: 2.15 (d, J=1.6 Hz, 3H); 6.88
(dd, J=6.8, 4.0 Hz, 2H), 7.29 (d, J=7.2 Hz, 1H), 7.35
(t, J=7.2 Hz, 3H), 7.47 (d, J=7.6 Hz, 2H); IR (KBr) v:
3265, 3209, 3032, 2922, 2360, 1625, 1577, 1492, 1446,
1371, 1328, 1307, 1261, 1205, 1159, 1074, 1026, 960
cm ' MS (70 eV) m/z (%): 146 (M—15, 44), 162 (M",
100).

TR W G (2s): A BB AR, PR R 92%. mup.
140.7~142.3 °C (1it'*¥ 143~144 °C); '"H NMR (400
MHz, CDCls) 6: 7.31 (dd, J=6.4, 4.8 Hz, 2H), 7.34~7.39
(m, 2H), 7.41~7.44 (m, 2H), 7.45 (s, 2H), 7.47 (d, J=1.2
Hz, 2H), 9.00~9.11 (m, 1H); IR (KBr) v: 3248, 3055,
2887, 1490, 1446, 1327, 1303, 1159, 1076, 1031, 997, 916
cm'; MS (70 eV) m/z (%): 198 (M", 35), 220 (100).

- KRG (20): AR, 2E 89%. m.p.
125.7~127.2 °C; '"H NMR (400 MHz, CDCl;) 6: 7.26~
7.28 (m, 1H), 7.31 (dd, J=6.4, 4.8 Hz, 1H), 7.34~7.37
(m, 2H), 7.38~7.41 (m, 2H), 7.45~7.47 (m, 2H), 7.51~
7.54 (m, 1H), 8.66~8.81 (m, 1H); IR (KBr) v: 3278, 3244,
3057, 2908, 2360, 1591, 1492, 1446, 1325, 1305, 1255,
1168, 1128, 1062, 1033, 1001, 931 cm™'; MS (70 eV) m/z
(%): 216 (M—15", 33), 232 (M, 41), 254 (M+Na',
100).

4.4 " WAL TR W G 2u): A OE S, TR
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86%. m.p. 131.1~133.2 C (Iit* 129~130 C); 'H
NMR (400 MHz, CDCl;) ¢: 3.81 (s, 3H), 3.85 (s, 3H), 6.84
(d, J=8.8 Hz, 2H), 6.97 (d, J=8.8 Hz, 2H), 7.40 (dd, J=
8.4, 1.2 Hz, 4H), 8.99 (brs, 1H); IR (KBr) v: 3265, 3053,
3003, 2943, 2904, 2835, 1604, 1512, 1444, 1301, 1251,
1174, 1121, 1029, 993, 923 cm ™ '; MS (70 eV) m/z (%):
243 (M, 89), 265 (M+Na", 99).

44-ZH KNS 2v): AR, 2R 91%.
m.p. 133.8~135.7 C (1it!": 133~135 ‘C); 'H NMR
(400 MHz, CDCls) 8: 7.00~7.05 (m, 2H), 7.13~7.18 (m,
2H), 7.40~7.44 (m, 4H), 8.82 (s, 1H); IR (KBr) v: 3338,
3049, 2912, 1598, 1508, 1226, 1155, 1099, 991, 921 cm ™ ';
MS (70 eV) m/z (%): 219 (97).

3.3 . EIiEMEEEE

£ 100 mL . ESRHH AT (S mmol). —2K
FfH (5 mmol). 5% (10 mmol) A1 PEG-400 (10 mL),
PGB s 45 pm, 0.75 mmol), KB TR
WA [ A T, RSl E I fE S8 3.2 Wgi G
P &EWAEY) 2a~2v BRI, 528 H G (2g),
Tt IEIRAE, 75 78%.

76 100 mL B OERHPHEAN 13-4 MEKAE
mmol). FHFERFEZ(12 mmol)Fl PEG-400 (10 mL), FHIA
A = 12(0.75 mmol), KB FURE BN S A4 7 B
i, ARSI EREL SR 3.2 A RNH RS
W) 2a~2w RS2 fE, 15 1,1-(1,3- W43 — 2%
fig (4a): A EFEAA, F23% 91%. mp. 203.3~205.7 C
(1it.1) 206~208 C); 'H NMR (400 MHz, DMSO-d;) o:
2.18 (s, 6H), 7.41 (t, J=7.8 Hz, 1H), 7.64 (dd, J/=8.0, 1.6
Hz, 2H), 7.94 (s, 1H), 11.26 (s, 2H); IR (KBr) v: 3213,
3140, 3097, 2962, 2920, 1465, 1367, 1325, 1217, 1103,
1104, 948, 916, 823, 794, 746, 684 cm™'; MS (70 eV) m/z
(%): 191 (M, 90).

34 MFBRMEBIRY) 2 5 5 Bk

7E 100 mL IR BN —ZKHF (S mmol), 1t
& 2 805 (10 mmol)F PEG-400 (10 mL), FIn A E4H
AR (5 pm, 0.75 mmol), H4 5 VGENRBUNIR A0 2 %
Rigsrh, JEELSEIRE RS 3.2 YRGS AL
GV 2a~2v WSCEG ISR, K= 0AEJE AT 4 B (DR 7 B
B V(R 2.B8) - VCAED =1 : 19), 13 BFr=Y) 2s.
3.5 FER#ENFIEFKE 2s F1 2w~2y

£ 100 mL # B RAR(S mmol), ZEL4E5
f2(10 mmol)F! PEG-400 (10 mL), FhI N4 mI4 +(5
pum, 0.75 mmol), ¥ 5. ORI BN 0 AL 52 I B 28 H,
Je SESEIGERE L RE S IR 3.2 W4 A OB L B4 2a~
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2v SEEG AR, MR R B ) R 2R/
FHEE, VD V=119 (25« 2w), 1113 (2x), 1 : 7 2y)],
5 HARP=4 25 1 2w~2y.

TR 2s): ATGEE, 7R 67%.

4-HHR 2 Wi 5 2w): F AR, 2% 59%. mup.
89.3~91.6 ‘C (lit.*” 85~87 C); '"H NMR (400 MHz,
CDCly) : 2.28 (s, 3H), 2.36 (s, 3H), 7.18 (d, J=8.0 Hz,
2H), 7.51 (d, J=8.0 Hz, 2H), 9.71 (s, 1H); IR (KBr) v:
3213, 3126, 3059, 2914, 1510, 1435, 1365 cm™'; MS (70
eV) m/z (%): 150 (M", 100).

3-TH R WG (2x): B EFEA, 72%E 63%. mp.
130.2~132.5 °C (1it¥ 131~132 “C); '"H NMR (400
MHz, CDCl3) 6: 2.34 (s, 3H), 7.57 (t, J=8.2 Hz, 1H), 7.99
(d, J=8.0 Hz, 1H), 8.23 (dd, J=8.0, 1.6 Hz, 2H), 8.50 (s,
1H); IR (KBr) v: 3232, 3145, 3082, 2918, 1525, 1352, 800,
788 cm ™ '; MS (70 eV) m/z (%): 181 (M, 99).

1- 5 G (2y): 3 PR, 723 42%. 'H
NMR (400 MHz, CDCl;) 6: 1.74 (t, J=5.2 Hz, 3H), 2.83
(dd, J=10.4, Hz, 2H), 7.34~7.44 (m, 3H), 7.60~7.61 (m,
2H), 9.94 (brs, 1H); IR (KBr) v: 3302, 3201, 3143, 2821,
2360, 2058, 1701, 1608, 1537, 1382, 1321, 1271, 1222,
1128, 1049, 823, 717 cm™'; MS (70 eV) m/z (%): 150 (M",
97).

3.6 FsEtE{L &Y 8a~8c HIHI#E

1E 100 mL G R BB A (5 mmol),
AR R B R 3h 51 O- " P2 L ER R #5(10 mmol)(C4 N
IERRAE YN 1,3- = LB, BT F I R A R e
2254 15 mmol)F1 PEG-400 (10 mL), FhI 4wk
+:(5pum, 0.75 mmol), ¥ B GRG0 2 s 07 3%
W, G SRR E L FE SR 3.2 WAE A RN H LA
2a~2v (WU FE, K =4k R AT 43 5 [ B 71 e 45
(B ZHER) - V(AR =0: 1 (8a), 1:25 (8b), 1:2
(8¢)), 73 HAx™4) 8a~8c.

24- SR A -O- F 5L 5 (8a): [ ([ A, 7
72%. m.p. 62.1~642 C (1it" 63~65 C); '"H NMR
(400 MHz, CDCl;) 6: 3.99 (s, 3H), 7.24 (dd, J=8.4, 1.6
Hz, 1H), 7.39 (d, J=2.0 Hz, 1H), 7.83 (d, J=4.4 Hz, 1H),
8.41 (s, 1H); IR (KBr) v: 3086, 2970, 2929, 2814, 1589,
1548, 1467, 1379, 1336, 1205, 1145, 1043, 925, 862, 819
cm '; MS (70 eV) m/z (%): 204 (M", 100), 206 (M "2,
76).

1-(3-(1-HAA P 2 Jk - £ 55 A 8k ) 4 -O-H 3 5 (8b):
Y IIRIE, 772 59%. 'TH NMR (400 MHz, CDCl;)
5: 2.24 (s, 6H), 4.00 (s, 6H), 7.35 (t, J=7.8 Hz, 1H), 7.63
(dd, J=17.6, 1.6 Hz, 2H), 7.90 (d, J=1.2 Hz, 1H); "*C
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NMR (100 MHz, CDCl3) §: 13.14, 76.46, 124.04, 126.92,
128.00, 128.41, 128.57, 136.94, 138.18, 154.83; IR (KBr)
v: 3066, 2937, 2899, 2818, 1612, 1575, 1463, 1436, 1369,
1334, 1294, 1273, 1055, 914, 889, 833, 796, 748, 694, 648
cmfl; HRMS caled for C;;H;cO,N, 221.1290, found
221.1293.

3-F2 Fk -9 H-W5 I -9- i -O- % B 5 (8¢): 38 (A iR K
1K, F=Z 68%. "H NMR (400 MHz, CDCl;) : 0.97~1.02
(m, 2H), 4.08~4.13 (m, 1H), 5.21~5.24 (m, 2H), 7.31~
7.38 (m, 5H)7.41~7.44 (m, 2H), 7.58 (s, 2H), 8.13~8.16
(m, 1H); C NMR (100 MHz, CDCI3) d: 76.49, 127.15,
127.18, 128.07, 128.52, 128.54, 128.76, 128.94, 129.93,
131.04, 132.26, 132.29, 132.42, 137.54, 137.59, 149.12,
167.79; IR (KBr) v: 3136, 2970, 2929, 2814, 1589, 1467,
1379, 1205, 1045, 925, 862, 817, 561 cm™'; HRMS caled
for CoH;305N 317.3399, found 301.1423.
3.7 BHSIEERIEINL

FE G5 G AR A E S IR, U A7,
HH /D& L8 QR G IEYE. KT BRI 20 mL 11
LR OBEHBEFE 3 h, BUEIE, FHDELR IR
AKIEGEIEDE, WA E THAE T, 100 CTFHEF 2 h,
BTGk, 500 CRExbe 2 h, [ ZH S8 1.

4 BT KL (Supporting Information) =4 2a~2v, 4a I
8a~8c [f] 'H NMR, IR 1 MS ¥ [, XL} Ay LL 4 3%
AT 33 (http://sioc-journal.cn/)_ %K.
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