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WE B 7 3-THER IR 1GH)-F L EATEMR S . S E 7%, HA 2 FR 2 8 MM REE. [N
FAFRA. WERE. ZTRL - IR R L AT AEY N R R, SB[ IR = SR R A AL B S
BT 2-[(IR =25 T I 5 ) PR RR 12K R G R S LA A, RS R A Wittig SN FRTRBR BRI 2% 1 /K R1R 21 2- 20 2
FEFR S FRTA ), B RIBUNBS) R AR & N, AE R 3-MIL(IR) P66 7 2R R R - 1 (B - S SLAT A9, B e i ki 1k
53 B E.

RARRA] 337 R 2R R IR - L(3H)-T; 3-WLCIR) Y B R 2R HE R IR - L3 - ATAEH; RSk, Wittig R & R

A Novel Synthetic Method of 3-Methyleneisobenfuran-
1(3H)-one and Their Derivatives

Wang, Yazhen” Zhu, Xingxing” Lin, Wei“ Zheng, Chunzhi” Zhang, Jizhen®*
(“ School of Chemistry and Environmental Engineering, Jiangsu Technology of University, Changzhou 213001)
(® School of Petrochemical Engineering, Changzhou University, Changzhou 213164)

Abstract A novel and highly efficient synthesis of 3-methyleneisobenzofuran-1(3H)-one and the corresponding derivatives
was reported. The new method was characterized with raw material easy to get, low manufacturing cost, mild reaction condi-
tions and high yields. 2-Methylbenzoic acid and their derivatives were used as starting material, methyl 2-((bromotri- phe-
nylphosphoranyl)methyl)benzoate and their derivatives were synthesized through esterification, free-radical bromination with
N-bromobutanimide (NBS) and nucleophilic substitution with triphenylphosphine. After Wittig reaction and hydrolysis of car-
boxylic esters, 2-vinylbenzoic acid and their derivatives were obtained. Then through cyclization reaction with iodine (NBS),
3-iodo(bromo)methylisobenzofuran-1(3H)-one and their derivatives were obtained, which further react by elimination hydro-
gen halide with 1,8-diazabicyclo[5.4.0]Junder-7-ene to afford the target compounds. Eleven intermediates were new com-
pounds.

Keywords 3-methyleneisobenzofuran-1(3H)-one; 3-iodo(bromo)methylisobenzofuran-1(3H)-one; derivatives; quaternary
alkylphosphonium salt; Wittig reaction; synthesis

3- 17 R R 5 8 3 IR - 1 (3 H)- T 5, 5 497 2 40 2 o o
H 3k 55 2 (Protoanemonin) I FA A XU B 5 2RI B # HUAC R o / \
WHAT R, kS E AP PRI sk 00

/R A S E RSN & PNy L AL S ON A AL I E i
RAY P 3 HoA AR E e R R B AR, R Ak S
F IR AN U ZF 5 R AR (2 21 F PR I R A i A AR e
YL E Sk % % (Anemonin)(B D7 B JE AL SR 1
AU AR IR Bl BRI &, OR B BA A XU (I
A ICH SR, R Rrte e AR AE A
LSRR AEYENE, I B ERE T, R EE
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Figure 1  Constitutional formulas of protoanemonin and

anemonin

RN, FIEEIZRIE ERUIE IR A N6 B v] fe 2> 2
R, A SCBETE A Rl 3-8 Y 3 S A SR K IR - 1.(3 ) -l
K HATHEY).
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3-S5 2R R - 1 - A Ok g £, 1H
T B TR D, 3-30 R 3 S5 2 I i -1 (3 H) -
(A BLRR T HTSCERR I i 2 A B R ik AR
LR BEEZR I RRAE (L) [(2-BR %) U T B: B 1 /N sl BA IR
EMHEAT, RESTARE NG =Yl £
Pd/C. = REEBEABUL WA AR R T, ABEK H R
N = RS 2 SRR I N i B AR =, R AL
CH;CO,M (M=Na. K. Cs)## K,CO; 5# CH;CO,M/
ALO; fEFTR, 412K — HEREF AN 4R sl S S.(240 °C),
55 3-T7 FF I S R IR E-1 GH)-BU 2B Bk & o vE
KZ H B @ s AT, AIHBIESE, 8i# Kk
LA RN (Bl i), I B 2 BURRME R E AR, A
TR IR, A TN LAAR 20 35 2 R RS B
HATEDNIERL, K JGHATIHE, HERKEHEER
JAFE] 3-S5 2R IR RIR -1 3 H) - & AT,
A1 205 B 2 PR R iR B LATT A 7 o e 408 Y 6 2
1% F s B LA A= d i ) R 2R RAR, T s SR AR AR
Wittig S B2l & (04 815 s Bb IR AT L BUR
B3 AR AR IR 57 2R I R IR - 1 (3 H)- B (AR 1K) S AT
AVRERL, 25T B R = 2RI R AR SR AZ U
RN RIS ER, B R AR R AE A Wittig 77,
I Je RV R AR Wittig SN A 21 3- 311 FFY 3 St S R R -
VGH)-Fl R EATAEDY. BT e 2P RN PR, A
W EARSEIR I G U 2. AR 2- IR IR R S HAT AR
ViR Gk, SRRUB A BT 15, G0k DUT R S R e
B RT 3- 3 F 3 SR R R R -1 (3H)- i K AT AR
(Scheme 1), Jy 3-MVF I 53 2R FF MR -1 (3 H)-R [ FoAiT AR
VI & R 7 — i,

COH
@[ 2" CH,0H
RI— —_—
Ao, oSO

1

2

CO,CH
PPh; N7 HCHOZEN
cHel, R ~ R
CH,PPhsBr  CH2Cl
4

Method 1: ,/CH3CN

(PhCO,),

N C02CHs NBS/CCl,
R—— oo™
Z CH,

CO,CH
@[ 2772 (1) NaOH/H,0
ZCH=CH, (2)HCl

5

COH Method 2: I,/KI, NaHCO;

SN
R—t—
¢ CH=CH,

NBS/DMF

1 HR5iTR

1.1 2 [(R=EFEEBRE)REIFPFRIPBRENTEY
4 BI& AR BR IR T

DA 2-F LS F R K JLATAE N BB R 2-[ (IR =%
FEAE B3 F O R R R R R AT AR 4, =R
N RS EGEY) 1 RIS T RERNSE 5 I B ) N-
RART BEFE(NBS) . 56 VU 25 I B HR ) = 2% S B
T AR AR, /DB SON R ER 4 i B R K
TSR, 0T B I RAC N, ] NBS Aifk A
W2 R, MBI A R, R
J5i NBS #Ab s T B f%, 1E DY Gk XS, kR
x. BEDRNAERKIZEEEL 4 75 OBk, TR
J:IR SV, ZEEEE 4 AU BE &0 2.8k, 4 47
HPUHE, 1A% BV R Ll . =0 N R R AR
69.5%~85.2%.
1.2 3-BEFRRHMKE-13H)-ERELTEY 7 WE
R LR

A 2 HE R R A R SO A K R IR A A S B 2-
WA CEEAR TR, RG0S ORI, KAE=Jt
WHH ., [FIBS FIR G RN, £33 3-F% AL 7 2R FE kg -
13 H)-FR™ M. 353 F L S SR R - 1 (3 - G SR —
AR BB L) 330 6 7 2R IR IR - 1 (3 -, 75 2L
F SRR AE iR R 20 T MK, FEXFh 261 T A S 5 7K
fi, MECAASFIF=W). SCHR[8, 1415%H T Se it B AL g
R TsO, SRJGEMI/E R T i s L &8 # TsOH,
1531 337 1 S 2 IRk -1 (3 H)-BR B Fe AT, XMy
POb IR %, PR B, Z5 8 B TR i oRUEE 57 LN A

@COchQ,

R——

2 CH,Br
3

0]
| A ¢}
R.—/ o)
7 CH, | DBU X
o CeHs R O
X
| 9
—_ O

8 CH,Br

1a~9a:R=H; 1b ~6b: R = 3-Br; 7b ~ 9b: R = 4-Br; 1c ~ 6¢: R = 3-NOy; 7¢ ~ 9¢: R = 4-NO,; 1d ~ 6d:
R =4-Cl;7d ~9d: R = 5-Cl; 1e ~ 6e: R = 4-Br; 7e ~ 9e: R = 5-Br; 1f ~ 6f. R = 5-Br; 7f ~ 9f. R = 6-Br

B 1 3-30 R IR IR -1 (3 H)- i S AT A4 9 F) & i 25

Scheme 1 The synthetic route of 3-methyleneisobenzofuran-1(3/)-one and derivatives 9
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BT B LES o8 1 LhAscAa e, R A IR IR AR B 25+ A1
= USR8 1 R A 40T NI SN2 OB, AT 731 3-filt
FH S R JE R IR - 1 3 H)-T e AT AR 7, BT IURE
WP A SR A, BEIREY). 53Tk
A ASCR AR B B PR m. AR
87 () AT BEMLERIS 1990 Scheme 2: 41 207 3L 28 PG [ HLAT
AW 6 TERINE %M T IR RIRIR I B T A, BRAONE#E S
FALJTURL R A SR IR B u I LS B T B, ARJE R
FRAR 15 + M = e PSS &5 1 1 T gk Buk )5, R AR
ST NI SN2 [N, FE Al 3t Y 35 S 8 S K IR - 1. (3 ) -l
M AT 7.

R_! —_— RI_/ E
7 CH=CH,

CH=CH,
A

0
0 — R:—; o)

Pyl
\b
¥/ /O:o

I CHal
B 7
B2 HEMNHLE

Scheme 2 The reaction mechanism of cyclization

3 P 3 S5 2R R R - 1 (3 H) - S AT A 7 6l
AR (DG 6 W6 T T, BT F—
MM B S; ()EH 6 FERRAE 26 T 320 I
N TCRIRA B P KR, B 3- gl P S5 24 1 Ik g -
1(3H)- M e FATAEDD. WAL K o V3 it B2 BRI, {H
A B VA VIV A L R R K, I A A
&0 B S AR K R IR AR L. PR TV [ JE AR ERAR R,
eSS

R 3P R R IR -1(3H)-Bd S HATAE T 5k

Table 1 Synthesis of 3-(iodomethyl)isobenzofuran-1(3H)-one
and their derivatives 7
Method 1 Method 2
. R p./C
Compd Time/h Yield/% Time/h Yield/% P/
69.2~70.7
7a H 3 67.7 2 80.2 (67.617)
7b  4-Br 6 68.5 3 714 133.6~135.8
7¢ 4-NO, 6 78.4 3 76.1 125.3~126.7
7d  5-Cl 6 90.0 3 759 130.4~134.3
7e 5-Br 6 90.4 3 80.6 140.7~142.2
7f  6-Br 6 94.9 3 752 115.2~115.9

¢ reaction condition: method 1: I,/CH;CN, method 2: I,/KI/NaHCOs/H,O;
® Isolated yield.

1.3 3-REEFEHKE-1CH)-BREITEY 8 M&
R IHAR
FEALEY T G R IS T R UL R, 4%
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HO LA, AR RE A AR T AR AL A A i 3-
TR R 2R R -1 B H) - L AT A 8 M EAE X
ICCERIRIE T 8 MIa o ik & A, AL
ISR R AT NBS 7EF M 2,4-— AR IR 2
BACHIRZE JE T BEHEAL T, RIR(—60 C). L. &S
PR IRNL 4 d, MP=PIAEENTAS 2] 3-1R F R ORIk
M- 1(3 H)-fifd.

DL 6a A5k}, ASCHEFT T IR AT A
FIH R =R . R &I, H DMF A% &
FBEAEE R, Fe 2B B, M H Sl 2 5 1R,
FERAREAG; TR T =R R R TR BRI
5RAL B BTV . NBS)R = 5400, 24l NBS
YE NIRRT, I H 6a F1 NBS I HIE 11 1.2
IR, ERART FEIRQS C)MEHAE, 3-
TR R IR IR -1 H)-BR I 7= % 89.8%. [ M ATLELAN
Scheme 2 Z1L.
1.4 3-#(R)REFFKIHRE-1(3H)-BE & EITEHE
ERMNEHIRE

B 7 HERBUALE A R 3- 3 3 59 28 5 K R -
VGH)-Fl & HATADD. R T FRRE R B & 7 v
J71E— A /K SR, 99880 7K SRR AN Br ik
A, R R, (HR BRI LN T K RS N R, —
HAKAAE, RN =2 K. 78 LR NI,
A 1,8- %2 38 [5.4.0] T —Hk-7-4(DBU) A HLIRHE B
MALE, RMNEFLXTTK, F=2) LA E RN, Mk
75 I RAEHEBRR L 557 DBU HEX = #15
Wi, 3450 DBU B &= #4421, {2 DBU H 7a (45 1)
wIEE 1.83 B, IR E, #fiE DBU : 7a
K ) EEE R 1.83. DBU & #BEA WA, & 2434
SN E eSS S MR . RIS R IR MR 80 C
WHA WA 8 WIS MAAEREN. BT
TR A LT BRIRIL RS 5, T AT BRI A 7= R
=N

2 i

ASCUAJERE 515« AR BRI 2- B R OR R A HLAYT
AEVNIERL, R AR, Slg i ia LU N
FRH] 6 A~ 3-7 I 5k 7 2R FE R ARG - 1 (3 - S AT A= 4. R
(AR 2-[(HR = 2R 5 IR Jpl 2 ) HH 5 ]-4- S0K FH R HH I (4d) 2
HALEYD, HlaE 3R ) 2 5 2K R - 1.(3 )i A
HATHEY 7 #1810 NAFAY). 3-MUH B 5 R IEk
WR-1(3H)-Bi S AT A 7 W& CR A R sk Jridk—
AN 6 R RIAE OISR RN, Tk R
W 6 TERIME 25 2F T R B A () K VA YU NE. Ta AT T ()77
RIE A, Te~T6 W= Rk—m. WRR T -1
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S 2R FERAE - 1 (3 H)-F S AT 8 AL E, NN-—
FR L S i (DMF) AP 71, 46-&4) 6 £ NBS 1475 1) &
EbN 1o 1.2, WA FRIERB 6 h, 72 Rixm. 3-fif
(R PP S DR R - 13 H)- S L ATAE) 7 A 8 5y A
TR HX R, =22 A3 58] H bR =4,

3 XIS
21 X5

WRS-1B B0 B f A (R B R A A
B2 &), IR FE R & IE; AVANCE 500 III & A1
AVANCE400 TIT i 5 BRI AR 46 A il SL R e 1A% (B 1
Bruker A7), TMS NP #5; PROTEGE 460 Fl 200 %
FLH-20 4M A% (35 Nicolet 24 7)), WRALHHE Fik;
59751 R A (3£ E Agilent A F]); JC & 0 B A
EA2400 II(Z4[E PerkinElmer 2A#]). i FAI 715 1L
A M A, FEZEHTRA 200~300 HEER(ZHR B
FERMBE IR AR, BEENTRHAE DR T &
FEI GF254 RER, AR ML ARRIBR AR B VLA AL, K&
g BBl DR AR A W TR 2R S
H, &5 4SS T 52800 )5 8.
22 Wiz
221 2-[CGAEZRAEBL)T AR P B P A AT
A4 4 & RaBk

7 250 mL = FBEE I 40 mmol 1644 1 F1 80
mL I, BN =R 2 mL KRG, W5E/Em
ENR AT T/, TLC BRI N EFE R FFF): (LR L
fig) @ VCARMER)=1 4], xNEE, AHIZEER, EXARKR
TR EE, RPN 40 mL ToK Bk, HHUH
3 FK S MR R AN AN & £ 7K (25 mL X 2) Bk,
ToKBRIREE TR, 2228, WA 2-FEIEHR
F Il S AT AR 2. Ak &4 2 1T 30 mL DY LB,
PEFE R0 7.12 g (40 mmol N-TRAX T —Fk iz i iz DA Bz
0.51 g (2.1 mmol)ik E AL 2K L, InFAEIF LN, TLC
PR N HERE[JRITF A ML TRR CER) @ V(A i) =1 :
4). WEIZ R, IR, YRS ) R G R A A v
T BRERENVA A& Eh7K (25 mL X 2)Beik, To/KAERES
T, RS DUGALRR, N5 2-95 FF 3 25 % R S K
HATAW 3. Bk &9 3 %T 50 mL &, Hidk N
A 9.44 g (36 mmol) = RIERE, EHIEESE 0~5 CRM
JU/NES, TLC BREE N IEFERITFH: (LR LER) © VIR
TR =11 4] SR Sl F VR0 ST PR U T R
VORI BR IR AN VAN A £57K(25 mL X 2)Peids, 5 SN i 2%
&5 100 mL Jo/K Bk, B oK & B, JRONUKAE 1
h, $hUE, FTEK ZBE30 mLX4)Belk, HAETREY
.
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2-[(JR = 2R FE IE IR 56 ) Y 61265 R Y T (4a) %
Gk, P23 752%. mp. 230.4~231.2 CCCHrER!
232~233 ‘C); '"H NMR (400 MHz, CDCl;) d: 7.81 (t, J=
8.0 Hz, 3H, ArH), 7.68~7.63 (m, 7H, ArH), 7.57~7.52
(m, 6H, ArH), 7.48 (d, J=8.0 Hz, 1H, ArH), 7.41~7.38
(m, 1H, ArH), 7.07 (d, J=8.0 Hz, 1H, ArH), 5.31 (d, J=
16.0 Hz, 2H, CH,), 3.60 (s, 3H, CH3).

2-(VR = IR E [ 3k ) PP 3 -3- 96 75 FR R T G (4b)>):
A, 2% 77.3%. mp. 216.3~217.6 “CCCHRE
217.6~218.2 “C); 'H NMR (400 MHz, CDCl3) 9: 7.82~
7.63 (m, 5H, ArH), 7.68~7.63 (m, 12H, ArH), 7.32~7.28
(m, 1H, ArH), 5.65 (s, 2H, CH,), 3.61 (s, 3H, CH;).

2-(R = AL OE R 3L ) 2L -3 B O R R W MR
4ol [k, P E 69.5%. mp. 222.3~229.1 C
CCHRE 217~229 °C); 'H NMR (400 MHz, CDCl) 6:
8.09 (d, J=7.6 Hz, 1H, ArH), 7.96 (d, J=8.0 Hz, 1H,
ArH), 7.80~7.77 (m, 3H, ArH), 7.68~7.60 (m, 13H,
ArH), 5.70 (s, 2H, CH,), 3.71 (s, 3H, CHs).

2-(¥R = ZRFE IE IR 3t ) Y 3 -4- 500K T IR Y B (4d):
EA, P2R 77.6%. mp. 221.4~224.6 C; '"H NMR
(400 MHz, CDCly) d: 7.80~7.56 (m, 5H, ArH), 7.73~
7.68 (m, 6H, ArH), 7.65~7.60 (m, 6H, ArH), 7.33 (d, J=
8.8 Hz, 1H, ArH), 6.15 (d, J=15.2 Hz, 2H, CH,), 3.48 (s,
3H, CHs); *C NMR (100 MHz, CDCl3) §: 165.79, 139.62,
135.12 (d, *Jecep=3.0 Hz), 134.39 (d, 2Jecp=9.8 Hz),
133.32, 132.79, 132.70, 130.13 (d, “Jecp = 12.6 Hz),
129.06, 127.64, 117.41 (d, 'Jep=85.6 Hz), 52.25, 28.59 (d,
'Jep=47.4 Hz); IR (KBr) v: 3051, 2957, 2853, 1709, 1655,
1437, 1283, 1110, 891, 850 cm™'; MS (EL, 70 eV) m/z (%):
355.2 ([CH,PPh;Br] ", 2), 277.2 ([CH;PPhs]",80), 262.2
([PPhs] ", 100), 1852 ([M+2—PPhsBr]", 30), 183.2
(IM—PPh;Br] ", 100), 169.1 ((M—CH,PPh;Br]", 4). Anal.
caled for C,sHpBrClO,P: C 61.68, H 4.41, Br 15.20, Cl
6.74, P 5.89; found C 61.57, H 4.40, Br 15.22, Cl 6.75, P
5.90.

2-(VR =R B IE [ 5 ) 2 -4- R K R VY B (de) >0
FLE A, P22 80.2%. m.p. 209.1~214.8 °C(SCHk{E
206.8~218.5 “C); 'H NMR (400 MHz, CDCl3) o: 7.82~
7.75 (m, 4H, ArH), 7.68~7.63 (m, 12H, ArH), 7.56 (d, J=
8.0 Hz, 1H, ArH), 7.40~7.36 (m, 1H, ArH), 5.62 (d, J=
16.0 Hz, 2H, CH,), 3.62 (s, 3H, CH3).

2-(IR = A IF i 3 ) PP 3 -5- YR 0K R P G (a2
AR, P23 78.9%. m.p. 223~226.1 ‘C(CiHkE
215~230 ‘C); '"H NMR (400 MHz, CDCL3) d: 7.99 (d,
J=2.0 Hz, 1H, ArH), 7.89~7.87 (m, 1H, ArH), 7.79~
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7.76 (m, 3H, ArH), 7.72~7.61 (m, 13H, ArH), 5.62 (d, J=
16.0 Hz, 2H, CH,), 3.62 (s, 3H, CH3).
222 2-TIHHEARTERALAITAEM 6 & ik

7£ 250 mL = HEMEH A 25 mmol 154 4, H
100 mL & FGEvafR, fide Tt —xMEmA 7.5 ¢ (250
mmol) % ZE I, FARS TEIERHMN 15 mL =),
RZTHEZE 80 C, [ 10 h. JigZ&Rx2 50 mL & H
Ft, M 200 mL A7 idiE, oK B = U O 44,
A IR D A ETRERS, ARG HIE, SEPIInAE
HMEER AR T, SREEEREEN SRR &
Be) - VCRHE)=2 1], ENiEzE, 5SS T ERAE
EW 5. LAY 5 N 25 mL 10%E ALK,
FHEZE 70 C, Btk 3 h. AEERE, HiPE T RNR
S IR BRI 2 pH<<2, M7t Ak, HhiyE,
KBS, BB TREINED 6.

2-ZIHFIE R IR (6a) ") K, 7R 78.2%.
m.p. 92.6~93.5 ‘CCLHREP 94~95 C); 'H NMR (500
MHz, CDCl3) 6: 8.06~8.04 (m, 1H, ArH), 7.62~7.54 (m,
3H, ArH), 7.39~7.35 (m, 1H, =CH), 5.68 (dd, J=
17.5, 1.0 Hz, 1H, =CH,), 5.39 (dd, J=11.0, 1.0 Hz, 1H,
=CH,).

2- 24 FE 3 IR 2K H R (6b)20): [ B [ A, 7R R
76.2%. m.p. 120.1 ~ 121.4 °C (3 #k 8 ™ 1204 ~
120.6 ‘C); '"H NMR (400 MHz, CDCl;) §: 7.81~7.76 (m,
2H, ArH), 7.21 (t, J=8.0 Hz, 1H, ArH), 6.99~6.92 (m,
1H, =CH), 5.56 (dd, J=11.2, 1.2 Hz, 1H, =CH,), 5.39
(dd, J=18.0, 1.2 Hz, 1H, =CH),).

2- 7 3T 3 2K R (6¢)°7: [ B A4, R
74.2%. m.p. 165.3~165.8 CCCHREPY 165~166 C);
'H NMR (400 MHz, CDCly) &: 8.19~8.15 (m, 1H, ArH),
7.92~7.90 (m, 1H, ArH), 7.52 (t, J=8.0 Hz, 1H, ArH),
7.25~7.18 (m, 1H, =CH), 5.46 (d, J=11.6 Hz, 1H, =
CH,), 5.28 (d, J=17.6 Hz, 1H, =CH),).

2- 20 -4-FUOE W R (6d): [ [E A, 7R R
76.7%. m.p. 152.3 “C (k& .4 WL SCHRFRIE); 'H NMR (400
MHz, CDCl3) 6: 7.99 (d, J=8.4 Hz, 1H, ArH), 7.58~7.51
(m, 2H, ArH), 7.35~7.32 (m, 1H, =CH), 5.69 (d, J=
17.6 Hz, 1H, =CH,), 5.44 (d, J=11.2 Hz, 1H, =CH,).

2- 20 B -4- 1R 2K R (60)™: [t [ 4k, R R
77.7%. m.p. 168.1 ~ 169.5 °C (3 ik 15 ™ 168.9 ~
170.4 “C); '"H NMR (500 MHz, CDCLy) 6: 7.91 (d, J=8.5
Hz, 1H, ArH), 7.75 (d , J=2.0 Hz, 1H, ArH), 7.56~7.49
(m, 2H, ArH, =CH), 5.68 (d, J=17.5 Hz, 1H, =CH,),
5.44 (d,J=11.0 Hz, IH, =CH.,).

2- 0 SR K R (60 gk, R
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75.2%. m.p. 132~133.2 ‘CCCHAME®™ 132.4~133.8 C);
'H NMR (400 MHz, CDCl3) ¢: 8.17 (d, J=2.0 Hz, 1H,
ArH), 7.66 (dd, J=8.8, 2.0 Hz, 1H, ArH), 7.54~7.46 (m,
2H, ArH, =CH), 5.68 (d, J/=17.6 Hz, IH, =CH,), 5.42
(d, J=10.8 Hz, 1H, =CH,).

223 3-#F K FORIHk -1 H)-BA R AT £ 40 T &
PR

Jii—: 7E 100 mL = K+ 0 6.8 mmol {L& 4
(6), N 35 mL ZJEVEME, BidE T INs Bt 3.45 g (13.6
mmol), ZARI, il SRV L/NEF, TLC BRES SO
[RIFA: M(ZTRLTR) - VR ME)=1 © 4]. [\ RSN
30 mL EAIGRACERBRINIE TR, S E, H IR Bk
(30 mLX3)AEHL, HHLZ 7570 FHBABRER AN i
B ANE BN 1 7K(25 mL X 2)Bkisk, ToKBimEET
5, eI LR R NG, SRR LI ES S, |
TR EY 7.

J7E T 18250 mL =FUR I 6 mmol 1L &) 6,
1160 mL PRIk R VA S FLIA AR, THEYY 55 T
In 1, A KT FI7K (1,50 g B9 1 # 3.60 g [ KIL T 30
mL 7K ), FR BT LN, TLC BRI S Sk FE R T 71
V(LR LTR) © VA mER) =1 4]. [ BN 30 mL 73
MEAABRMNE W, B E, HCR OEEGo
mL X 3)ZEHL, A HLE 73 5 F R ER SNV . TR
B ER N AN AT & 57K (25 mL X 2)Peik, To/KBRiR
BT, AR LR KR, BRRYOREELS S, BT
TR EN 7.

3 3 S TR IR - 1 (3 H)- i (7)) %% 3 € ] 4.
'H NMR (400 MHz, CDCl3) d: 7.94 (d, J=8.0 Hz, 1H,
ArH), 7.75~7.71 (m, 1H, ArH), 7.62~7.59 (m, 2H, ArH),
5.49 (t, J=4.8 Hz, 1H, CH), 3.65 (dd, J=11.2, 5.6 Hz, 1H,
CH,), 3.59 (dd, J=11.2, 4.8 Hz, 1H, CH,).

- 4R S IR R R - L3 H)- R (Tb): 98 B L[]
. "H NMR (400 MHz, CDCLy) 8: 7.90 (d, J=7.6 Hz, 1H,
ArH), 7.83 (d, J=7.6 Hz, 1H, ArH), 7.50 (t, J=8.0 Hz,
1H, ArH), 5.38 (t, J=3.6 Hz, 1H, CH), 4.04 (dd, J=11.6,
4.4 Hz, 1H, CH,), 3.92 (dd, J=11.6, 3.2 Hz, 1H, CH,); "°C
NMR (100 MHz, DMSO-dy) 6: 167.86, 147.63, 137.87,
132.21, 128.73, 124.44, 116.05, 78.28, 7.21; IR (KBr) v:
3448, 1763, 1458, 1303, 1256, 1068, 964, 758, 619 cm ';
MS (EIL, 70 eV) m/z (%): 353.9 (M +2], 21), 351.9
(IM"1, 21), 227.0 (M+2—1]", 69), 225.0 ((M—I]", 66),
213.0 ((M+2—CH,I]", 71), 211.0 ((M—CH.I]", 68),
185.0 ([m-BrC¢H,CO+2]", 19), 183.0 ([m-BrC¢H,CO]",
17), 182.0 ((M—ICH,CHO 1", 3), 155.0 ([m-BrC¢H4]",
11), 127.0 ([I'], 13), 104.1 ((M—Br—CH,I—CO]", 7).
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Anal. caled for CoHgBrlO,: C 30.63, H 1.71, Br 22.64, 1
35.96; found C 30.59, H 1.71, Br 22.67, 1 35.99.

3- Tt PP -4 R DR T KRR - L3 H)- B (T¢): R B (0
il 44, "TH NMR (400 MHz, CDCl) d: 8.55 (d, J=8.0 Hz,
1H, ArH), 8.30 (d, J=7.6 Hz, 1H, ArH), 7.87 (t, J=8.0
Hz, 1H, ArH), 6.01 (t, J=3.2 Hz, 1H, CH), 4.07 (dd, J=
11.6, 3.6 Hz, 1H, CH,), 3.92 (dd, J=11.6, 3.2 Hz, 1H,
CH,); “C NMR (100 MHz, DMSO-dj) §: 167.00, 143.23,
142.94, 132.42, 131.70, 129.96, 129.61, 79.33, 7.30; IR
(KBr) v: 3105, 2925, 1782, 1466, 1309, 1078, 1027, 969,
748, 600 cm™'; MS (EL, 70 eV) m/z (%): 320.0 (M~ +1],
24), 319.0 (M), 1), 192.1 (M—I]", 100), 178.1 ((M—
CH,I]", 37), 149.2 ((M—ICH,CHO ", 2), 127.0 ([I'], 4),
104.1 ((M—NO,—CH,I—CO]"", 23). Anal. calcd for
CoHgINO4: C 33.88, H 1.90, I 39.78, N 4.39; found C
33.84, H 1.90,139.82, N 4.40.

- FH -5 R T R - L3 - (7d): 9% 35 £l
4. "TH NMR (400 MHz, CDCl5) J: 7.86 (d, J=8.0 Hz, 1H,
ArH), 7.62~7.57 (m, 2H, ArH), 5.46 (t, J=5.2 Hz, 1H,
CH), 3.62 (dd, J=10.8, 5.2 Hz, 1H, CH,), 3.58 (dd, J=
10.8, 4.4 Hz, 1H, CH,); *C NMR (100 MHz, CDCl;) ¢:
168.17, 149.83, 141.09, 130.79, 127.04, 125.11, 122.77,
77.90, 5.05; IR (KBr) v: 3031, 1758, 1592, 1265, 1211,
1063, 958, 848, 676 cm™'; MS (EI, 70 eV) m/z (%): 310.0
(M 421, 8), 308.0 ((IM"'], 24), 183.1 ((M+2—1]", 34),
181.1 (IM—1]", 88), 169.0 ((M+2—CH,I]", 39), 167.0
(IM—CH,I]", 100), 139.0 ([p-CIC¢H,CO]", 24), 138.2
(IM—ICH,CHO 1", 8), 127.0 ([I'], 19), 113.0 ([p-CIC¢-
H,+2]", 7), 111.0 ([p-CIC¢H4]", 20). Anal. caled for
CoH(CIIO,: C 35.04, H 1.96, CI 11.49, I 41.14; found C
35.01,H 1.96, C1 11.50, 141.17.

3-fill A -5 R DR IR IR - 1 (3 H)- Bl (Te): V% B L[]
4. '"H NMR (400 MHz, CDCl;) §: 7.80~7.73 (m, 3H,
ArH), 5.46 (t, J=5.2 Hz, 1H, CH), 3.62 (dd, J=10.8, 5.2
Hz, 1H, CH,), 3.58 (dd, J=11.2, 4.8 Hz, 1H, CH,); "*C
NMR (100 MHz, CDCly) o: 168.29, 149.92, 133.68,
129.61, 127.17, 125.77, 125.59, 77.88, 4.89; IR (KBr) v:
3034, 1757, 1421, 1306, 1211, 1068, 674 cm™'; MS (EI,
70eV) m/z (%): 354.0 ((M"+2], 27), 352.0 (M "], 27),
227.0 (M+2—1]7, 83), 225.0 (M—I]", 79), 213.0 ((M+
2 —CH,I] ", 100), 211.0 (M — CH,I] ", 96), 185.0
([p-BrC¢H,CO+2]", 18), 183.0 ([p-BrC¢H,CO]", 19),
182.1 (IM—ICH,CHO 17, 5), 155.0 ([p-BrCsH,]", 16),
127.0 ([I'], 14), 104.0 (M—Br—CH,I—CO] ", 4). Anal.
caled for CoHgBrIO,: C 30.63, H 1.71, Br 22.64, 1 35.96;
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found C 30.60, H 1.71, Br 22.66, 1 35.99.

3- il F k-6~ YR S 2 I WK R - 1 (3 H) - (76): 9% ¢ £ [
&. "TH NMR (400 MHz, CDCl3) 6: 8.06 (d, J=1.6 Hz, 1H,
ArH), 7.84~7.82 (m, 1H, ArH), 7.51 (d, J/=8.4 Hz, 1H,
ArH), 5.45 (t, J=5.2 Hz, 1H, CH), 3.62 (dd, J=11.2, 5.6
Hz, 1H, CH,), 3.58 (dd, J=8.4, 2.0 Hz, 1H, CH,); °C
NMR (100 MHz, DMSO-d;) J: 167.72, 148.17, 137.33,
128.39, 127.36, 124.99, 122.78, 78.41, 8.99; IR (KBr) v:
3018, 1763, 1467, 1296, 1205, 1070, 950, 821, 627, 514
em™'; MS (EL 70 eV) m/z (%): 354.0 (M +2], 22), 352.0
(IM"1, 22), 227.0 (M+2—1]", 68), 225.0 ((M—1]", 63),
213.0 ((M+2—CH,I]", 100), 211.0 ((M—CH.,I]", 93),
185.0 ([m-BrC¢H,CO+2]", 18), 183.0 ([m-BrC¢H,CO]",
19), 182.1 ((IM—ICH,CHO 1", 5), 155.0 ([m-BrC¢H4]",
16), 127.0 ([I'], 14), 104.0 (M—Br—CH,I—CO]", 4).
Anal. caled for CoH¢BrIO,: C 30.63, H 1.71, Br 22.64, 1
35.96; found C 30.60, H 1.71, Br 22.66, I 36.00.
2.2.4 3-8 ¥R FRIHk -1 3H)-BA R AT £ 40 8 &
PRAB K

7E 50 mL = 1IN 2 mmol 16 &4 6, i 10 mL
DMF ¥%fi#, $itHE NI 427 mg (2.4 mmol) NBS, &A%
P, FWRRM 6 h, TLC BREF R MNIEFERIFF: (418
ZHR) L VCAMED =1 : 4], FRBIEMN 50 mL K, w5
WHEE, HBEG0 mL X 3)ZEHL, AALE 25 R AT
TR RSN W T TR S AV URT £ 57K (25 mL X 2) %,
TKBIREE TR, WUERZS, R AT TIRSILEY)
8.

3- R FR 3 S 2 I R IR - 1 (3 H)- i (8a)! "™ 19 f [ 4,
P % 89.8%. mp. 61.5~61.9 C(SCHRE!" 602~
62.2 °C); '"H NMR (400 MHz, CDCl;) 0: 7.94 (d, J=17.6
Hz, 1H, ArH), 7.73 (t, J=7.6 Hz, 1H, ArH), 7.65~7.59
(m, 2H, ArH), 5.70 (t, J=5.2 Hz, 1H, CH), 3.77 (d, J=5.2
Hz, 1H, CH,).

3-J5 A -4 5L S R R -1 (3 H)- iR (8b): [ EAu [ 44,
FEE 89.2%. m.p. 119.9~120.3 C; 'H NMR (400 MHz,
CDCLy) ¢: 7.82~7.32 (m, 3H, ArH), 5.67 (t, J=5.2 Hz,
1H, CH ), 3.79 (dd, J=11.2, 4.4 Hz, 1H, CH,), 3.74 (dd,
J=10.8, 5.6 Hz, 1H, CH,); *C NMR (100 MHz, CDCl;)
0: 168.45, 148.86, 133.67, 129.61, 127.13, 125.97, 125.46,
77.92, 31.78; IR (KBr) v: 1764, 1419, 1303, 1209, 1054,
973, 674, 618 cm™'; MS (EL, 70 eV) m/z (%): 307.9
(IM"+4], 8), 305.9 (IM"+2], 16), 304.0 ((M"" ], 8),
213.0 ((M+2—CH,Br]", 100), 211.0 ((M—CH,Br]", 90),
185.0 ([m-BrCsH,CO+2]", 14), 183.0 ([m-BrC¢H,CO]",
15), 157.0 ([m-BrC¢H,+2]", 10), 155.0 ([m-BrCsH,]",
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11), 104.0 (M—Br—CH,Br—CO] ", 3). Anal. calcd for
CoHgBr,0,: C 35.33, H 1.98, Br 52.23; found C 35.30, H
1.98, Br 52.27.

3- 90 FF k-4 i 5 S DR I R - 1 (3 - (8¢): 1 €4 ]
K, 7% 82.9%. m.p. 104.6~106.5 ‘C; '"H NMR (400
MHz, CDCl3) 6: 8.57~8.51 (m, 1H, ArH), 8.30 (d, J=7.6
Hz, 1H, ArH), 7.87 (t,J=8.0 Hz, 1H, ArH), 6.34 (t, J=2.8
Hz, 1H, CH), 4.23 (dd, J=12.0, 3.2 Hz, 1H, CH,), 4.11
(dd, J=12.0, 2.8 Hz, 1H, CH,); “C NMR (100 MHz,
CDCl3) 0: 166.98, 141.70, 136.63, 131.88, 130.86, 130.52,
129.56, 79.31, 31.74; IR (KBr) v: 3096, 1779, 1466, 1300,
1194, 1058, 960, 792 cm™'; MS (EL, 70 eV) m/z (%): 274.0
(M 437, 28),273.0 (M 421, 3), 272.0 (M "+ 1], 28),
192.1 ((IM—Br]", 44), 178.1 ((M—CH,Br]", 100), 149.1
(IM—BrCH,CHO 17", 2), 104.1 ([M—NO,—CH,Br—
CO]"", 38). Anal. calcd for CoHgBrNO,: C 39.73, H 2.22,
Br 29.37, N 5.15; found C 39.70, H 2.22, Br 29.39, N 5.16.

3-JR I BE-5- G 7 R IR - 13 H)-FF(8d): 1 (a4,
FEH 71.0%. m.p. 114.3~116.8 C; '"H NMR (400 MHz,
CDCly) 0: 7.86 (d, J=8.0 Hz, 1H, ArH), 7.65 (s, 1H,
ArH ), 7.58 (d, J=8.0 Hz, 1H, ArH), 5.67 (t, J=4.8 Hz,
1H, CH), 3.79 (dd, J=11.2, 44 Hz, 1H, CH,), 3.73 (dd,
J=10.4, 5.6 Hz, 1H, CH,); *C NMR (100 MHz, CDCl;)
J9: 168.32, 148.77, 141.12, 130.84, 127.06, 125.01, 123.01,
77.95, 31.77; IR (KBr) v: 3029, 1758, 1459, 1365, 1210,
1077, 984, 845, 642 cm™'; MS (EL, 70 eV) m/z (%): 264.0
(M +4], 5), 262.0 (IM"+2], 20), 260.0 (IM"" ], 15),
169.0 ((M+2—CH,Br]", 80), 167.1 ((M—CH,Br]", 100),
139.0 ([p-CIC¢H,CO]", 30), 113.0 ([p-CICcH4+2]", 9),
111.0 ([p-CIC¢H,]", 26). Anal. caled for CoHgBrClO,: C
41.34, H 2.31, Br 30.56, Cl1 13.56; found C 41.31, H 2.31,
Br 30.59, C1 13.57.

3-JR -5 YR R R IR IR - 1 (3 H)- T (8e): [ (0[] K,
P2 94.5%. m.p. 109.9~110.5 C; '"H NMR (400 MHz,
CDCly) 6: 7.82~7.79 (m, 2H, ArH), 7.74 (d, J=8.4 Hz,
1H, ArH), 5.67 (t, J=5.2 Hz, 1H, CH), 3.78 (dd, J=11.2,
4.4 Hz, 1H, CH,), 3.73 (dd, J=11.2, 6.0 Hz, 1H, CH,); "*C
NMR (100 MHz, CDCl;) d: 168.55, 148.88, 133.70,
129.66, 127.17, 125.99 , 125.46, 77.96, 31.77; IR (KBr) v:
3062, 1762, 1466, 1269, 1210, 1063, 974, 835 cm™'; MS
(EL 70 eV) m/z (%): 308.0 (M +4], 8), 306.0(M " +2],
16), 304.0 ((M" 1, 8), 213.0 ((M+2—CH,Br]", 100),
211.0 ((M—CH,Br]", 92), 185.0 ([p-BrCsH,CO+2]", 14),
183.0 ([p-BrC¢H,CO]", 15), 157.0 ([p-BrC¢H,+2]1", 10),
155.0 ([p-BrC¢H,]", 12), 104.1 (M—Br—CH,Br—CO] ",
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3). Anal. calcd for CoH¢Br,O,: C 35.33, H 1.98, Br 52.23;
found C 35.29, H 1.98, Br 52.28.

3V -6~ R 5 R R R - L (3 H) - (8F): 1 2L ] 44,
P 97.9%. m.p. 129.4~130.9 C; 'H NMR (400 MHz,
CDCly) 6: 8.07 (s, 1H, ArH), 7.84 (d, J=8.4 Hz, 1H, ArH),
7.53 (d, J=8.4 Hz, 1H, ArH), 5.66 (t, J=5.2 Hz, 1H, CH),
3.78 (dd, J=11.2, 4.4 Hz, 1H, CH,), 3.72 (dd, J=11.2, 6.0
Hz, 1H, CH,); C NMR (100 MHz, CDCl;) : 167.86,
145.82, 137.43, 128.87, 128.55, 124.15, 124.06, 78.45,
31.79; IR (KBr) v: 3057, 1764, 1471, 1296, 1200, 1074,
962, 826.8, 631 cm™; MS (EI, 70 eV) m/z (%): 308.0
(M +4], 8), 306.0 (M +2], 17), 304.0 (M1, 9),
213.0 (M+2—CH,Br]", 100), 211.0 (M—CH,Br]", 96),
185.0 ([m-BrCqH,CO+2]", 16), 183.0 ([m-BrC¢H,CO]",
17), 157.0 ([m-BrC¢H,+2]", 12), 155.0 ([m-BrCsH,]",
13), 104.0 ((M—Br—CH,Br—CO] ", 4). Anal. calcd for
CoHgBr,0,: C 35.33, H 1.98, Br 52.23; found C 35.28, H
1.98, Br 52.28.

225 3-TLFHEFRH k- 13H)-BARLATE49 &
AR ik

£ 100 mL =#0UHH 00 1 mmol L5407 5 8, T
30 mL R, $iEEE T In278 mg (1.83 mmol) 1,8- & I
TIR[5.4.0]F—1%-7-4(DBU), IOFAEIAE 2 h, TLC A&
RNGHERERIFR: MR LER) @ VA HE)=1: 4]. &
MEEHE, FIRAH, N 15 mL WRIGALEER,
G, HZmQS mLX3)ZEHL, A HLEFEAE K
(20 mLX2)Pek, To/KBiEREE T, IR £ IRIEH.
HEN B LR LER) @ CRmER)=1: 1], EHTHe
AET, AT TRENED 9.

3- 37 F R S 2K R - 1 (3 H)- R (92)B: 3 7 [ 44
F2# 98.6% (—HI), 90.5% (—HBr). m.p. 55.8~56.3 C
(CCHREP? 54~55 °C); 'TH NMR (400 MHz, DMSO-d;) o:
8.09 (d, J=4.0 Hz, 1H, ArH), 7.95~7.87 (m, 2H, ArH),
7.71 (t, J=8.0 Hz, 1H, ArH), 5.62 (d, J=4.0 Hz, 1H, =
CH,), 5.32 (d, J=4.0 Hz, 1H, =CH,).

3311 F -4 5L 5 2K R PRI - 1 (3 H) - (9b)™: - 1 €2 [
&, 5% 99.1% (—HI), 91.6% (—HBr). m.p. 77.9~
79.1 CCOCEME™ 78.8~80.2 C); 'TH NMR (500 MHz,
CDCly) d: 7.92~7.90 (m, 2H, ArH), 7.45 (t, J=7.5 Hz,
1H, ArH), 6.06 (d, J=3.0 Hz, 1H, =CH,), 5.42 (d, J=
3.0 Hz, 1H, =CH,).

33V IR -4 2 S 2R SRR I -1 3 HD- i (90)™: (3 £
4k, P73 92.9% (—HI), 89.6% (—HBr). m.p. 101.5~
101.9 C(CHRME™ 101.2~102.3 C); '"H NMR (500
MHz, CDCl5) d: 8.46 (d, J=8.0 Hz, 1H, ArH), 8.27 (d, J=
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7.5 Hz, 1H, ArH), 7.81 (t, J=7.5 Hz, 1H, ArH), 6.20 (d,
J=3.0Hz, 1H, =CH,), 5.78 (d, J=3.0 Hz, 1H, =CH,).

3311 Ff -5 50 5 2K FE PRI - 1 (3 H) - (9)™: 1 £ [
&, 77% 98.6% (—HI), 92.9% (—HBr). m.p. 107.5~
112.4 °C(XHR{E 1075~ 1124 C); 'H NMR (400
MHz, CDCl;) d: 7.85 (d, J=8.0 Hz, 1H, ArH), 7.70 (s, 1H,
ArH), 7.55 (dd, J=8.0, 4.0 Hz, 1H, ArH), 5.29 (d, J=4.0
Hz, 1H, =CH,), 5.24 (d, J=4.0 Hz, 1H, =CH,); "*C
NMR (100 MHz, CDCly) &: 165.70, 150.64, 141.32,
140.45, 131.13, 126.51, 123.46, 120.90.

3- 301 -5 5 2 I MR -1 (3 H) - (9e)™: 19 €21 [
&, P*% 99.6% (—HI), 85.6% (—HBr). m.p. 97.5~
98.6 C(CHRE™ 98.5~99.2 C); 'H NMR (500 MHz,
CDCl;) 6: 7.88 (s, 1H, ArH), 7.78 (d, J=8.5 Hz, 1H, ArH),
7.72~7.71 (m, 1H, ArH), 529 (d, J=3.0 Hz, 1H, =
CH,), 5.24 (d, J=3.5 Hz, 1H, =CH,).

3- 31 H 5 -6- T8 57 2K IR IR -1 (3 ED-TH (96 19 €2 [i]
&, P°% 99.9% (—HI), 94.1% (—HBr). m.p. 94.5~
95.3 COCHRE™ 95.7~95.8 C); 'H NMR (400 MHz,
CDCl,) d: 8.05 (d, J=1.2 Hz, 1H, ArH), 7.84 (dd, J=8.0,
1.6 Hz, 1H, ArH), 7.60 (d, J=8.0 Hz, 1H, ArH), 5.30 (d,
J=4.0Hz, 1H, =CH,), 5.25 (d, J=4.0 Hz, 1H, =CH,).

%5 B0 ¥ (Supporting Information) & b & %
MEILAR A X R} T DL fo 2 ACAS ) 9 355 (http://sioc-
journal.cn/) I F#%.
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