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M ABESRGREERNERK 2,4,4-=8F-1(4H)-ETTEY

S b oo Th de Tab , v+,
¥R R I = % b s D A
S =l % W 7 SCHE ¢
(YLIMRTE R B SRR RN 221116)

CULIRITE KMo BBE 4R M 221116)

WE  DHR-BRER A ERL, AKIERSEZRGR, il N-FART B REINCS) A5 11 [2 -+ 2050 0 R e e 2 i B 3R B
HIRNART 18 4 2,4,4- = FZE-1AH)-TRRTED, 7232 R 55%~88%. FifFr=Mifi4si4 NMR Il IR LL K& HRMS %55
fE, HrA AR 2e MEEHE X BB SVTHIIN. ZRBAHERA . BIER R, TR EBEATA KRR, NERE
Reb I 1-ZE AT AE AR AL T —FloHr 1) = 2 ) & SR

KA PUR-TEER; 22000 SRR E W R 2 I N 2,4,4- =25 -1(4H)-TRATAED)

C—C Triple Bond Cleavage/Rearrangement Reaction for Accessing
2,4,4-Trichloronaphthalen-1(4H)-ones

Jiang, Wenjie™” Song, Yating™*” Wei, Xiaojing™ Xu, Yi™

Lu, Juan™ Jiang, Bo*** Hao, Wenjuan’

(“ School of Chemistry & Materials Science, Jiangsu Normal University, Xuzhou 221116)
(* C.W. Chu College, Jiangsu Normal University, Xuzhou 221116)

Abstract N-Chlorosuccinimide (NCS)-mediated [2+2] cycloaddition and C—C triple bond cleavage/rearrangement reaction
of yne-allenones and H,O as a nucleophilic reagent enabled the formation of 18 examples of 2,4,4-trichloronaphthalene-
1(4H)-one derivatives with 55%~88% yields. The structures of these obtainable products were based on their NMR, IR and
HRMS data, among which the structure of product 2e was confirmed by X-ray analysis. This metal-free transformation
features mild conditions, simple operation and high reaction yields. It provides an effective and new protocol for the synthesis
of trichloro-substituted naphthalene-1(4H)-ones.

Keywords yne-allenones; [2+2] cycloaddition; C—C triple bond cleavage/rearrangement; 2.4,4-trichloronaphthalene-
1(4H)-ones

AR, BRik SR IWIRELARNAEAIGRTR BN T RLIE SR A 1 i i 2 5 (10 i AN 520
—RIAEWA HI G RS, RIS m A T eyt R, AR P e T S P
Sp ol s M EE ARG T R, ks USSR SR, ARSI T C=C #iP)E)
BAATEA, a7 A EENEN S TR B, MR T —RANEMARA IS TE2E. 2R
sl R, X c=C #YVIBIEAMBI FEEREA  XEEEER T &SR SE T, 5T &Rk
FitRA ISR EVS SHRN, Flane)Elicay) H, AFIT R Bo= i Zimamet™. Bk, K&g—f
b SR TR A RS, ZOT R ERE G0, R EHE TGN AR E RS 4R A
Ma R Gy, BEREEEE. e, e TE  C=CBRUIHIEA SN AR (AT 7T PR
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— H LORIRATUR AU AE BRI L S N T T LR T
FEMALR, &7 KELE A E MR
o BRI C=C 8RR E 45 S T —
S ) il bR R BRI S 1.5 equiv.i N-EAR T
TR (NCS) MR EL, AKIE NSRRI, AT —F&R
H A B 1-ZEm AT A, kS T % OB R B,
i It & NCS (3.0 equiv.) 5 A& eI B AT 4= ¥ K it
172 M 0 LR NI, EAA 1S BTN &R 1-25m AT
A, T R R AR T — RS MR ) = AR R -1
FRATAYD, SEBLT RS R T U AR S . (Scheme 1).

Our previous work

o) OH
N C NCS (15equiv.), H0 X Cly
R— Ru—
% N CH4CN, 50 °C Z R
R? Cl
This work
o)
C NCS (3.0 equiv.), H,0 N Cy
R——
CH4CN, 50 °C Z R
CI” ¢l
2

B 1 =SRE-1-IRATAY) 2 A AR
Scheme 1 Synthesis of trichloro-substituted naphthalene-1(4H)-
ones 2

1 ZER5VE
1.1 REEHHIHL

NI DA R -G R (1a) . NCS 5K NG R
B, WEIEASENET S ARG EEAIAS [ 30k S s R FR
X =G ARZE-1-W = = 2R R . SRR R AR 1. R
R -6 45 1a. 3 equiv. NCS 5 1.5 equiv./K7E 50 C
AT RO, I T ARSI, W (MeCN)y 1,2-—
A 4 FE(DCE). H ¥ (CH;0H). 1,4- % /¥ (1,4-dio-
xane). PUEPEIE(THE). — & 5E(DCM)AT N,N-—Fi 3t
LI (DMF). 1E L R B EUT, P28 8] 66%, 1t
DCE. 14- "5 /N1 DCM 7241077 5 45 i KR B
BEA, 75 HBEA] THE S BLECRANGE, LT R A 217
Y, £ DMF HipP= %5 h 48% (% 1 1 Entries 1~7).
P 25 SRAN RN B K IR L R RS T v B AR AER R
FE S B 72 A %GR 1, Entry 1 vs. Entries 8~
10). B Ja R B Sk} EEEAT /16 (K 1, Entries 11~13),
RGBT 5 NCS #ekL g 1 2 38, RMSUR i
e, 4 BERFEIP= 2N 66%(3K 1, Entry 1). g Xt
SSCARSEREAT T RRE . GRS B B RS
R (F 19 Entry 14), B TEIFMNEIEME, 12N
e S IREE R St 28 LR, DR S 45 1 2
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&N NI, IEFIHE 2.0 mL, RE-BEEEES
NCS R EZ LN L 2 3, KA 1.5 equiv., RNIRE
H 50 C.

F1 L&Y 2a N EHIRAL ¢

Table 1 Optimization of reaction conditions for the synthesis of
2a“

o] _ o]
2L NCS, H,0 (1.5 equiv.) Sy
@t Solvent, T O‘ Ph
Ph Cl Cl
1a 2a
By Y g 7C Yield/%
(mole ratio)

1 1:3 CH;CN 50 66
2 1:3 DCE 50 28
3 1:3 CH;0H 50 N.D.
4 1:3 1,4-Dioxane 50 25
5 1:3 THF 50 Trace
6 1:3 DCM 50 30
7 1:3 DMF 50 48
8 1:3 CH;CN 60 59
9 1:3 CH;CN 40 63
10 1:3 CH;CN 30 55
11 1:2 CH;CN 50 35
12 1:3.5 CH;CN 50 58
13 1:4 CH;CN 50 52
14¢ 1:3 CH;CN 50 58

© 2019 Chinese Chemical Society & SIOC, CAS

“ Reaction condition: 1a (0.2 mmol), NCS (0.6 mmol), H,O (1.5 equiv.), sol-
vent (2.0 mL), air conditions. ” Isolated yield based on substrate 1a. “No de-
tected (N. D.). ¢ Argon gas.

1.2 RNENHR

TERAEMAGRAET, X% AR R RS I 1 52
1T TIRR(GER 2). BAIFHRE TIEREIE ERI5HERDM
EHVOE. ZRE: SRR LS AEUCIEY IR
IEBE, Wi (b). A(le, 1d). #R(le). FIE(If, 1g). &
FEAh) DUSAUT (1), HAREFRHEAHN I HARr=4) 2b~
2i, FPEH 55%~88%. Hr, HAMIAIAIAIARLL, 1ET
R D[R] R AR A RE R AL B =y = 26 1 H AR = 2¢ s
2d; 2f vs 2g). Ak, Mbedk FHUREE R 2SS, 1%
RABEEREAT, BN AR 2j, FEE%N 64%. BE
JEVPAG T BRI~ I T () P 5 BRI FL - 2RORE 0T e R PR 5
W, DR, FEF5IR _ER 4 805 ALEIN T R E HLE R
BRI A (1k~11, 1o). &(1m, In)fl 4-HFaAp~
Ir). FEHFERRPFAET, WA LR E fe B Hue -1k
WSS TR 2 5 M B, F DA R 2 2645 B A L= 4
2k~2r, PRERAN 59%~84%. M, MISH T EEME
SR - 1T B0 R BCER N B SR B & — SR B nT 5
WA BT, BT & U = SR ZE - 1-BAfT A Y B S5 35
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2 NMR % H1 HR-MS FRAE. #eAt, (@i 55 X 2 firit
HE— e TIhEY 2¢ K458, 1), CCDC 52X
1554753.

£2 =5 1-FEERTAEY 2a~2r &K

Table 2 Synthesis of trichloro-substituted naphthalene-1(4H)-
ones 2a~~2r

NCS (3 equiv.) o
Ot H,0 (1.5 equiv.) R;\ Clo
CH4CN, 50 °C L~ .
ClI Cl
2

o 2a R' = Ph (66%), 2b R = 4-FCgH, (55%)
2¢ R" = 4-CICgH, (78%), 2d R = 2-CICgH, (72%)
O‘ 2e R' = 4-BrCgH, (88%), 2f R" = p-Tolyl (82%)
o o 2g R' = m-Tolyl (61%), 2h R = 4-EtC4H, (80%)
0”7 "R'2i R" = 4-t-BuCgH,4 (73%), 2j R = 1-Naphthyl (64%)

O‘ i

o)
F ci
LI 8
R1
o’ ¢
¢ < 2m (70%)

2k ~ 2l
2k, R" = Ph (65%)

7 I ‘ ~ -Tolyl
CI Cl
(83%)

21, R —pTonI (76%)
cl’ cl

20 (84%)

2p R"=Ph (60%)
2q R" = 4-CIC4H, (65%)
2r R" = p-Tolyl (59%)

Cl Cl
2p~2r

2a ~ 2

Br(1) c(33 C(35)

@\\(’%(32) cl2)Ci(1)
1) craaTacE

& oo b S
) (}6(1?) \2‘(3(?6) C(30)

B =SACEE-1-EATAEY 2e B AR SE 1
Figure 1 X-Ray structure of trichloro-substituted naphthalene-
1(4H)-one 2e

1.3 REHIBIRTT

N TR BINLER, FATSLT 7 A 5 4% ) & B,
B B A R A Int-3 5 1 equiv. i N-FAC T RETE i%
(NCS)TEFRESEAE Nt AT T2k, ¥ REHE, LR
RLREMRABEAT, £ BB 2a, W 70% (Eq.
1). B AT HEWT 12 /e B A2 HR AT RE D K A A4 Int-3 [T
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F.
OH o)
CIo CH3CN
+ CI—N W 1)
Ph
cl %
Int-3 o NCS
QY
Ph
Cl Cl
2a (70%)

FRAE SRR IR E R R s e g R, $RH AN AT
BERI SN HLFE. U Scheme 2 Tz, B 2o -BEMER 1
RAEDTF AR 238", B3R T b ik A
(CHFRIS ARSI pEE Ak A 76 NVERT =
eV & FUK FIAFAE T, 1l AR RS B 4k C,
WA T W FE 20 R RLFL T T 7% (P.T)TE S AR D.
wJa, HEE D 5 N-SEAT B gk S R R I

FACR RIAF 2 B 24771 2.
(0]
<7 pa
cycloaddmon
N
R

H,O O‘Q PT
2 e o
' g

c R

v
C
&OH (0] o
I
/\ T M
e
R1 R1
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D E
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cl oy
Int-3
0 0
Cl
O‘ i
Y=—N
R1
Cl CI (e}

2
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Scheme 2 Proposed mechanism for the synthesis of products 2
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MR

THEIRAL I R = IR E A, m A T 18
2,4,4- =R ZE-1(AH)-BRTEER, 7% 55%~88%. %%
RESEEL T IR SR A T Bk S ) B E A, TR T
2,4,4- = FZE-1(4H)- BB B (A AR, NEE B R
B ZEERAT AR T — PR RO B k. A, 1%
RIS N IS B [ SR A R AU R A5 BRE
(LT W=

3 X
3.1 X5

ICHS 8 A EACXT-5 BY); 40 40 6 B AL (FTIR-
Tensor 27 #Y); Jii{¢ (Bruker microTOF-Q II #Y); #hif
AR (Bruker DPX 400 MHz ) f0ik & AN (i i
Biotage); UFIEHE S840 T A (ZF-20D AY); DY IEIAT 5t
{%(Siemens P4 %)%,

R 5f]: DMSO-de( N b5 8 TMS). CDCls( N #5 N
TMS). ZIRZER(HTal). AR Hrat). ZEGO T
affy, N-FRT B AE.

3.2 ZWHE

WMz -7 (0.2 mmol). N-SART LI f%(0.6
mmol). 7K(1.5 equive )PAA Z M 2.0 mL KK ZE] 10
mL NI, FEINHRE 50 C, KHEEOE(TLC)
FRER MR B 2 B 5E 4, TR 200~300 H IR, LR
LA BRSOV - V=1 : 30)/E MBI, 2
M1 BE 7519 2 — R AN AF 16 A B E A=) 2a~2r.

2,4,4-=5-3-Q-AM-2-7K 2 3)ZE-1(4H)- T (2a):
tEK, P73 66%. mp. 174~176 ‘C; 'H NMR (400
MHz, DMSO-dg) o: 8.23 (d, J=7.6 Hz, 1H, ArH), 8.19~
8.17 (m, 2H, ArH), 8.11~8.11 (m, 1H, ArH), 8.01~7.96
(m, 1H, ArH), 7.76~7.74 (m, 2H, ArH), 7.64~7.60 (m,
2H, ArH), 4.86 (s, 2H, CH,); *C NMR (100 MHz,
DMSO-dg) d: 1923, 175.2, 149.5, 146.9, 142.3, 136.1,
135.8, 134.4, 131.7, 130.0, 129.5, 128.8, 128.3, 126.8,
125.4, 123.3, 82.7, 43.6; IR (KBr) v: 2992, 1697, 1674,
1448, 1318, 1269, 1214, 974, 849, 766, 711 cm'. HRMS
(APCI-TOF) caled for CisH,Cl;0, [M+H] " 364.9903;
found 364.9919.

2,4,4- =5 -3-[2-(4- K IE)-2- A £ 51 251 (4 H)- T
(2b): A, 755 55%. mp. 151~153 C; '"H NMR
(400 MHz, DMSO-d;) d: 8.29~8.23 (m, 3H, ArH), 8.11~
8.10 (m, 1H, ArH), 8.00~7.97 (m, 1H, ArH), 7.79~7.75
(m, 1H, ArH), 7.47~7.43 (m, 2H, ArH), 4.85 (s, 2H, CH,);
BC NMR (100 MHz, DMSO-dg) §: 191.1, 175.2, 165.9
(‘Jer=251.4 Hz), 146.8, 142.3, 135.8, 134.3, 132.8 (“Jer=
2.8 Hz), 132.0 (Jor=9.6 Hz), 131.7, 130.1, 126.8, 125.4,

1098 http://sioc-journal.cn/
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116.5 (Jer=21.8 Hz), 82.7, 43.5; IR (KBr) v: 3020, 1691,
1672, 1555, 1337, 1289, 1170, 952, 837, 726, 717 cm .
HRMS (APCI-TOF) caled for CgH;,Cl;FO, [M+H]"
382.9809; found 382.9817.

2,4,4- =53 [2-(4- TR HL)-2- 5K C K 25 - 1(4H) -
(2¢): A, P25 78%. mp. 170~172 ‘C; 'H NMR
(400 MHz, DMSO-dg) 6: 8.25~8.19 (m, 3H, ArH), 8.11~
8.10 (m, 1H, ArH), 7.99 (s, 1H, ArH), 7.77 (s, 1H, ArH),
7.71~7.68 (m, 2H, ArH), 4.86 (s, 2H, CH,); C NMR
(100 MHz, DMSO-dg) 0: 191.6, 175.2, 149.5, 146.7, 142.3,
139.4, 138.3, 135.8, 134.8, 130.8, 130.2, 129.6, 129.1,
126.8, 125.4, 123.3, 82.7, 43.5; IR (KBr) v: 3018, 1697,
1675, 1507, 1320, 1276, 1094, 974, 865, 712, 692 cm™ .
HRMS (APCI-TOF) caled for C;sH;,CLO, [M+H]"
398.9513; found 398.9527.

2,4,4- =G -3-[2-(2- F AR ) 2- 5 £ FH ) 25 -1(4H)- T
(2d): AMFEE, P5EK 72%. mp. 161~163 C; '"H NMR
(400 MHz, DMSO-dy) J: 8.24 (d, J=8.0 Hz, 1H, ArH),
8.11~8.09 (m, 1H, ArH), 8.01~7.93 (m, 2H, ArH),
7.79~7.75 (m, 1H, ArH), 7.64~7.62 (m, 2H, ArH),
7.58~7.55 (m, 1H, ArH), 4.77 (s, 2H, CH,); *C NMR
(100 MHz, DMSO-dg) 0: 194.2, 175.2, 145.7, 142.1, 137.9,
135.9, 134.6, 133.5, 131.8, 131.3, 130.4, 130.0, 128.2,
126.8, 125.4, 82.5, 46.8; IR (KBr) v: 3036, 1680, 1665,
1410, 1220, 1126, 1004, 954, 890, 792, 682 cm™'. HRMS
(APCI-TOF) calcd for CsH;;CL,0, [M+ H]™ 398.9514;
found 398.9534.

3-[2-(4-VRFEIE)-2-58 AR 2. 3E)-2,4,4- = A ZE-1(4H)-TH
(2e): A, P25 88%. m.p. 165~167 ‘C; 'H NMR
(400 MHz, DMSO-dy) d: 8.23 (d, J=8.0 Hz, 1H, ArH),
8.13~8.10 (m, 3H, ArH), 7.99 (s, 1H, ArH), 7.84 (d, J=
8.4 Hz, 2H, ArH), 7.77 (s, 1H, ArH), 4.85 (s, 2H, CH,); "*C
NMR (100 MHz, DMSO-dg) J: 191.8, 175.2, 149.5, 146.7,
1423, 135.8, 132.5, 132.0, 130.9, 130.3, 130.1, 129.4,
128.7, 126.8, 125.4, 123.3, 82.7, 43.5; IR (KBr) v: 3026,
1698, 1675, 1585, 1397, 1319, 1270, 972, 818, 725, 710
cm . HRMS (APCI-TOF) calcd for CgH;;BrC1;0, [M+
H]" 442.9008; found 442.9024.

2,4,4- = -3-[2- A -2-Chf R I ) 2 FR 125 -1-(4H)-
i (2f): AEEE, P2F 82%. mp. 168~170 C; 'H
NMR (400 MHz, DMSO-d;) 6: 8.23 (d, J=8.4 Hz, 1H,
ArH), 8.10 (d, J=8.4 Hz, 1H, ArH), 8.07 (d, J=8.4 Hz,
2H, ArH), 8.00~7.96 (m, 1H, ArH), 7.78~7.75 (m, 1H,
ArH), 7.42 (d, J=8.0 Hz, 2H, ArH), 4.81 (s, 2H, CH,),
2.43 (s, 3H, CH3); “C NMR (100 MHz, DMSO-d;) o:

Chin. J. Org. Chem. 2019, 39, 1095~1101
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191.8, 175.2, 149.4, 147.1, 145.0, 142.3, 135.8, 133.7,
131.7, 130.0, 129.4, 129.0, 128.4, 126.8, 125.4, 123.3,
82.7, 43.4, 21.7; IR (KBr) v: 3086, 1694, 1678, 1580,
1411, 1272, 1152, 980, 788, 706, 692 cm '. HRMS (AP-
CI-TOF) caled for CoH,4C1;0, [M+H]" 379.0059; found
379.0071.

2,4,4- =G -3-[2- 5 AR 2-(A] 1 2R 0k ) £ FE | 28 - 1-(4 H)-
fil(2g): AMEA, 2% 61%. mp. 154~156 C; 'H
NMR (400 MHz, DMSO-d;) &: 8.22 (d, J=7.2 Hz, 1H,
ArH), 8.11~8.09 (m, 1H, ArH), 8.00~7.95 (m, 3H, ArH),
7.78~7.74 (m, 1H, ArH), 7.56~7.48 (m, 2H, ArH), 4.83
(s, 2H, CH,), 2.43 (s, 3H, CH;); “C NMR (100 MHz,
DMSO-dg) o: 192.3, 175.2, 149.5, 147.0, 142.3, 138.9,
138.3, 136.1, 135.8, 131.7, 130.0, 129.2, 126.8, 126.0,
125.4, 123.3, 82.7, 43.6, 21.3; IR (KBr) v: 3031, 1694,
1674, 1583, 1400, 1324, 1184, 887, 853, 785, 707 cm .
HRMS (APCI-TOF) caled for CjoH;4Cl;0, [M+H]"
379.0059; found 379.0077.

2,4,4- =5 -3-[2-(4- LR FE)-2- 5 L FE ) 25 -1(4H)- T
(2h): A, 775 80%. m.p. 149~151 C; '"H NMR
(400 MHz, DMSO-dy) d: 8.23 (d, J=8.0 Hz, 1H, ArH),
8.12 (d, J=8.0 Hz, 3H, ArH), 8.00~7.97 (m, 1H, ArH),
7.78~7.75 (m, 1H, ArH), 7.45 (d, J=8.0 Hz, 2H, ArH),
4.82 (s, 2H, CH,), 2.73 (m, 2H, CH,), 1.25~1.21 (m, 3H,
CH;); °C NMR (100 MHz, DMSO-dy) J: 191.8, 175.2,
151.0, 147.1, 142.3, 135.8, 134.3, 133.9, 131.7, 130.0,
129.1, 128.8, 128.5, 126.8, 125.4, 82.7, 43.5, 28.7, 15.7; IR
(KBr) v: 3010, 1687, 1672, 1500, 1300, 1176, 1054, 984,
875, 742, 699 cm . HRMS (APCI-TOF) calcd for CyoH¢-
CLO, [M+H]" 393.0216; found 393.0238.

3-[2-(4- BT ) A )-2-5 £ -4,4- = FZE-1(4H)-
il (2i): A GEE, P2F 73%. mp. 158~160 C; 'H
NMR (400 MHz, DMSO-d;) &: 8.23 (d, J=8.0 Hz, 1H,
ArH), 8.12~8.09 (m, 3H, ArH), 8.00~7.96 (m, 1H, ArH),
7.78~7.74 (m, 1H, ArH), 7.62 (d, J=8.4 Hz, 2H, ArH),
4.82 (s, 2H, CH,), 1.34 (s, 9H, C,Hy); *C NMR (100
MHz, DMSO-dg) d: 191.8, 175.2, 157.6, 147.1, 142.3,
135.8, 134.3, 133.6, 131.7, 130.1, 128.8, 126.8, 126.3,
125.4, 82.7, 43.5, 35.4, 31.2; IR (KBr) v: 3016, 1689,
1675, 1400, 1240, 1146, 1034, 974, 895, 782, 690 cm .
HRMS (APCI-TOF) caled for C,HCl0, [M+H]"
421.0529; found 421.0551.

2,4,4-5-3-[(2-Z5-1-35)-2- 25 R 2 B - 1(4H)-FiF (2)):
HEE A, 72 64%. mp. 158~160 C; 'H NMR (400
MHz, DMSO-dq) d: 9.00 (s, 1H, ArH), 8.26~8.20 (m, 2H,
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ArH), 8.14~8.07 (m, 3H, ArH), 8.06 (d, J=8.0 Hz, 1H,
ArH), 8.01~7.97 (m, 1H, ArH), 7.79~7.67 (m, 3H, ArH),
5.00 (s, 2H, CH,); *C NMR (100 MHz, DMSO-d;) o:
1923, 175.2, 147.1, 1423, 135.8, 134.4, 133.4, 132.7,
131.8, 131.2, 130.2, 129.6, 129.1, 128.2, 127.7, 126.8,
125.5, 124.0, 82.8, 43.6; IR (KBr) v: 3030, 1685, 1675,
1400, 1200, 1120, 1024, 984, 891, 796, 680 cm . HRMS
(APCI-TOF) caled for CpH4,Cl0, [M+H]" 415.0059;
found 415.0070.

2,4,4- =5 -T--3-2- A2 Rk 2 58) 25 - 1(4H)- il
(2k): AMFEE, P5% 65%. mp. 149~151 C; '"H NMR
(400 MHz, DMSO-dg) 0: 8.34~8.30 (m, 1H, ArH), 8.23~
8.13 (m, 2H, ArH), 7.90~7.79 (m, 2H, ArH), 7.76~7.73
(m, 1H, ArH), 7.64~7.60 (m, 2H, ArH), 4.86 (s, 2H, CH,);
C NMR (100 MHz, DMSO-d¢) o: 192.3, 174.4, 164.4
(‘Jor=249.9 Hz), 147.2, 138.7, 136.1, 135.5, 134.5, 134.1,
133.4 (CJer=8.5 Hz), 132.0 (*Jor=2.8 Hz), 129.4 (Uer=
10.1 Hz), 128.9, 1283, 123.4 (“Jor=23.2 Hz), 112.7
(Jor=21.7 Hz), 82.0, 43.6; IR (KBr) v: 3022, 1689, 1679,
1300, 1235, 1110, 1010, 934, 865, 796, 680 cm . HRMS
(APCI-TOF) calcd for CigH,;CLFO, [M+H]" 382.9809;
found 382.9830.

2,4,4- = &-7- 9 -3-[2- AR -2-On FH 2R 3R ) 20 R 1 2% -
1(4H)-F21): AMEE, 7% 76%. mp. 153~155 C;
'H NMR (400 MHz, DMSO-d;) &: 8.33~8.29 (m, 1H,
ArH), 8.07 (d, J=8.4 Hz, 2H, ArH), 7.88~7.78 (m, 2H,
ArH), 7.42 (d, J=8.0 Hz, 2H, ArH), 4.81 (s, 2H, CH,),
2.42 (s, 3H, CH;); “C NMR (100 MHz, DMSO-d;) o:
191.7, 174.4, 161.8 ("Jep=233.5 Hz), 147.3, 138.7 (*Jor=
3.2 Hz), 134.1, 133.4 (‘Jos=8.7 Hz), 132.8, 130.0, 128.4,
127.9 CJer=7.6 Hz), 123.5 CJep=23.1 Hz), 119.4, 112.7
(AJor=23.5 Hz), 82.0, 43.5, 21.7; IR (KBr) v: 3002, 1680,
1670, 1310, 1215, 1070, 1005, 964, 855, 776, 660 cm .
HRMS (APCI-TOF) caled for CjoH;sCl,FO, [M+H]"
396.9965; found 396.9987.

2,4,4,7- V0 & -3-2- A AR 2- 5 2,08 ) 25 - 1(4H)- T
(2m): AGEE, 72 70%. m.p. 166~168 ‘C; 'H NMR
(400 MHz, DMSO-dy) d: 8.25 (d, J=9.6 Hz, 1H, ArH),
8.20~8.15 (m, 2H, ArH), 8.09~8.00 (m, 2H, ArH),
7.76~7.72 (m, 1H, ArH), 7.64~7.60 (m, 2H, ArH), 4.86
(s, 2H, CH,); *C NMR (100 MHz, DMSO-dy) J: 192.3,
1742, 147.1, 136.5, 135.5, 134.5, 133.6, 132.3, 129.5,
128.9, 128.3, 127.1, 126.0, 122.1, 81.9, 43.5; IR (KBr) v:
3008, 1687, 1677, 1407, 1300, 1216, 1044, 978, 885, 762,
672 cm . HRMS (APCI-TOF) calcd for Ci3H;;CL,O,
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[M+H]" 398.9513; found 398.9517.

2,4,4,6- DY 5(-3-[2- 5 AK-2-Chf F 2RO 2 R 25 -1 (4 H)-
fid(2n): AGREA, =% 83%. mp. 163~165 C; 'H
NMR (400 MHz, DMSO-d;) ¢6: 8.22 (d, J=7.6 Hz, 1H,
ArH), 8.07 (d, J=8.4 Hz, 2H, ArH), 8.00~7.95 (m, 1H,
ArH), 7.79~7.73 (m, 1H, ArH), 7.42 (d, J=8.4 Hz, 2H,
ArH), 4.80 (s, 2H, CH,), 2.42 (s, 3H, CH;); >C NMR (100
MHz, DMSO-dg) 6: 191.8, 175.2, 147.1, 145.0, 142.3,
135.8, 133.7, 131.72, 130.0, 129.0, 126.8, 125.4, 123.2,
82.7, 43.4, 21.7; IR (KBr) v: 3052, 1690, 1676, 1240,
1205, 1040, 1001, 954, 875, 796, 670 cm™'. HRMS (AP-
CI-TOF) calcd for CoH;3C1,0, [M+H]" 414.9640; found
414.9660.

2,4,4- = F-6-F-3-(2- A A-2- K 5k 2 F) 25 - 1(4H)-
(20): AMGEAER, 77% 84%. m.p. 167~169 C; 'H NMR
(400 MHz, CDCl;) &: 8.24~8.20 (m, 1H, ArH), 8.13~
8.08 (m, 2H, ArH), 7.82~7.79 (m, 1H, ArH), 7.68~7.63
(m, 1H, ArH), 7.58~7.54 (m, 2H, ArH), 7.31~7.36 (m,
1H, ArH), 4.67 (s, 2H, CH,); *C NMR (100 MHz, CDCl5)
5 191.2, 174.2, 166.0 ('Jor=256.0 Hz), 145.7, 145.1
CJer=9.3 Hz), 136.0, 134.9, 133.9, 130.2 (*Jcr=9.6 Hz),
128.9, 128.3, 122.6 (“Jor=2.9 Hz), 118.7 CJer=22.2 Hz),
116.2 Jep=24.8 Hz), 81.3, 42.9; IR (KBr) v: 3006, 1693,
1679, 1549, 1415, 1280, 1208, 1090, 862, 754, 705 cm .
HRMS (APCI-TOF) caled for CisH;,CLFO, [M+H]"
382.9809; found 382.9820.

2,4,4- =5 -6- 1 3L -3-(2- 5 M-2- 2K I 2 F) Z5-1(4H)-
Fil(2p): AMGEAE, 7% 60%. mp. 187~189 C; 'H
NMR (400 MHz, DMSO-d;) 0: 8.19~8.16 (m, 2H, ArH),
8.04 (s, 1H, ArH), 8.00 (d, J=8.0 Hz, 1H, ArH), 7.76~
7.73 (m, 1H, ArH), 7.64~7.56 (m, 3H, ArH), 4.84 (s, 2H,
CH,), 2.53 (s, 3H, CH3); *C NMR (100 MHz, DMSO-d;)
5: 192.4, 175.0, 146.8, 146.7, 142.4, 136.1, 134.5, 134.3,
132.7, 130.0, 129.5, 128.8, 126.9, 123.2, 82.8, 43.5, 21.9;
IR (KBr) v: 3046, 1703, 1674, 1483, 1322, 1213, 1091,
921, 804, 782, 708 ¢cm '. HRMS (APCI-TOF) calcd for
C1oH4CLO, [M+H]™ 379.0059; found 379.0068.

2,4,4- =G -3-[2-(4-F AR H)-2- A £ Fk]-6- F HE 2% -
1(4H)-Til(2q): HEEAE, =% 65%. mp. 189~191 C;
'H NMR (400 MHz, DMSO-dj) J: 8.21 (s, 1H, ArH), 8.19
(s, 1H, ArH), 8.04 (s, 1H, ArH), 8.00 (d, J=8.0 Hz, 1H,
ArH), 7.70 (s, 1H, ArH), 7.68 (s, 1H, ArH), 7.58 (d, J=8.4
Hz, 1H, ArH), 4.84 (s, 2H, CH,); C NMR (100 MHz,
DMSO-dg) 0: 191.6, 174.9, 146.8, 146.4, 142.3, 139.4,
134.8, 134.4, 132.7, 130.8, 130.0, 129.6, 126.9, 123.2,
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82.7, 43.5; IR (KBr) v: 3092, 1697, 1643, 1401, 1308,
1090, 978, 821, 776, 720, 703 cm”'. HRMS (APCI-TOF)
caled for C;oH;;CLLO, [M + H] © 412.9670; found
412.9679.

2,4,4- = 50-6- F 2E-3-[2- U AR-2-Ohf R 3 ) £ K125 -
1(4H)-Fi(2r): A, 723 59%. mp. 182~183 C;
'H NMR (400 MHz, DMSO-d;) 0: 8.09~8.02 (m, 3H,
ArH), 7.99 (d, J=8.0 Hz, 1H, ArH), 7.59~7.56 (m, 1H,
ArH), 7.42 (d, J=8.0 Hz, 2H, ArH), 4.79 (s, 2H, CH,),
2.53 (s, 3H, CH;), 2.43 (s, 3H, CH3); *C NMR (100 MHz,
DMSO-dg) d: 191.8, 175.0, 146.8, 145.0, 142.4, 134.3,
133.7, 132.7, 129.9, 129.4, 128.9, 126.8, 123.3, 82.8, 43.4,
21.8, 21.7; HRMS (APCI-TOF) calcd for C,oH;¢Cl50,
[M+H]" 393.0216; found 393.0238.

4 Bh#f Kl (Supporting Information) #/-b &41 'H
NMR Fl °C NMR &3, X SRR n] L4 5 A P93l
(http://sioc-journal.cn/) I N #k.
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