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A Convenient Synthesis of 3-Aryl-4-fluoroalkyl-2-oxazolidinone
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Abstract An efficient and convenient protocol for the synthesis of 3-aryl-4-fluoroalkyl-2-oxazolidinones is described. The
allyl arylcarbamates were obtained from the corresponding aromatic amine and chloroformate allyl ester in high yields. The
reaction of allyl arylcarbamates with fluoroalkyl iodide initiated by sodium dithionite in aqueous acetonitrile afforded adducts,
which underwent cyclization in the presence of sodium hydride to give corresponding 3-aryl-4-fluoroalkyl-2-oxazolidinone in
middle yield. All reactions were carried out in room temperature without phosgene to obtain 3-aryl-4-fluoroalkyl-
2-oxazolidinone. The advantages of this method are that the raw material is easy to get, the operation is simple, it is green and

environmental-protection.
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HE PRI N SR, 2 FESCHR 2014008 (1) 5 15 AR 25 2 3t LA
95.8%~99.5% IR B T — R HI| 1) I FL & 5L W IR I
HFEE 1a~1e (Eq. 1).

NH o
A 2 o) =
XN )J\ — (1)
R@/ o~ ~ClI \/\O)J\H \\lR

1a R=H

1b R = p-OCHj;

1c R=p-OCF3

1d R=m-CF3

1e R = 3-F-4-morpholine

TR B — RN 5 A PRGN AR S, Tl
TFEAWF e AT SIS 1 e 2SI e V. 4RI
I TR PR, AIBN, o484k — 2K F it
(BPO), %)@ K ILLA W[40 Cu, Mg, Zn/NiCls, CpTiCly/
Fe, Pd(PPhs),]. AIBN, BPO F14:J& 15| & 75 Z il () 4
1, JF HAELLRTEO TAE T &30t AIBN 51 %% (1 [ W J5ik}
A TEA. AL BN S, RARB AR 05T )
H I EE SR A TR IS B IR G N 5l 1a~
le 5 9UseBLmiL v S N 3% — AR BRANAE 30 N 51 &k
A DUGRIEEAT, SO EL 29.3%~ 84.2% MW 45 1) I ik,
7= 3aa~3ec (Eq. 2). MHBEHEMCAY CICF,CF,I (2a)H,
PL 75.3%~84.9% M #1452 0 = #)(3€ 1, Entries 1~
5); UG CI(CF,),l (2b)IF L 45.3%~72.3%(¥]
RSB (K 1, Entries 6~10); 2453l
Tl 0 R R RIS LA 29.3% ~47.6% MR 15
FINR =) 1, Entries 11~15). 75 L2 F LT 5 )
BEFEMLI) S — N ML) [ Pl 3 i B2 g Rt
FEARA B 51 R R 7= A2 H H 5 00U 2 26 i e S v 1
Fnpkr=4).

(0] = N828204, NaHCO3
JJ\ | + Rl
\/\O N \\ 2 MeCN-H,0, r.t.
H R
1a~1e
o) 4
£ @
R O N
F/\I/\ H R
3
9
2a Rg =CI(CFy),; 2b Rg =CI(CFy)4; 2¢c R = EtO*IID*CFz
OEt

FEAT R ZR H A0 FSE™ 400 I T Sk T s 490 £ 73
T A NI SONEATRIESE. DA TSR TR, JRATTEL
TEE 40 3aa 1) S I8 A RSEARJ52 WX s D AR P 2%
NS RONEAT TWETU(E. 3). BIFS A BRI 5 55
XIS NE R SEMAARK, - =ik A 55 Bk I A B 2L A R A 24
e, BRI E AT O, A ek
BN, AERCh SRER T T RN PR A ) R TR
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Table 1 Results of the radical addition of allyl carbamates (1)
with fluoroalkyl iodides (2)

Entry Allyl carbamate Fluoroalkyl iodide Adduct Yield/%

1 1a 2a 3aa 75.3
2 1b 2a 3ba 84.9
3 1c 2a 3ca 82.9
4 1d 2a 3da 83.2
5 le 2a 3ea 76.1
6 la 2b 3ab 63.3
7 1b 2b 3bb 453
8 1c 2b 3cb 72.3
9 1d 2b 3db 453
10 le 2b 3eb 47.3
11 1a 2¢ 3ac 47.6
12 1b 2¢ 3bc 33.9
13 1c 2¢ 3cc 35.7
14 1d 2¢ 3dc 29.3
15 le 2¢ 3ec 32.5

FBE, FEBCA SN A Y daa FICRE R E(R 2,
Entries 1~5). fELEIEAL b SO0 W %71 WS AT T
ik, RIAE THF o, SR NVICRE = 51.4%. 1%
S5 AR R RE IS T At 0 B 7= 41 3ab~3ee, WK Ny
29.3%~58.5%(FK 3). A=W HICR S0 ) 5 55 A R
PRI 3 DI R, BPESS, N ) A0 B R s
ANgE A, TRRPE LB, SN e T K B R A B N AR
W I o I S 4 R A i A 5 S RV R SR 24, AR 5 4y
BIRIRY) 3ea RGNV R IRATAMLLL 58.5% iR 73
BT dea, IL1FE]T 10.8%[M17% W EIENE Sea (Eq. 4).
F£2 EY 3aa TEAF KM I N-IAE Y

Table 2 N-cyclization reaction of 3aa under different condi-

tions
Entry Base Solvent Tempt./C Yield/%
1 K,CO; THF 25 Trace
2 LiOH THF 25 29.2
3 NaOH THF 25 40.5
4 NaH THF 25 514
5 n-BuLi THF 25 46.9
6 NaH CH;CN 25 13.2
7 NaH DMF 25 24.3
8 NaH THF 0 31.3
9 NaH THF Reflux 24.6

© 2013 Chinese Chemical Society & SIOC, CAS
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OCF,
e
Cl(cmcm)/\/\o N
|

solvent
3ca
o /©/OCF3 /©/OCF3
O)J\N + HO HN (4)
CICF,CF, CICF,CF,
4ca Sca

0= 4 3aa AERRPE S E N HIRINA 15 5] 4-F b It
WS It B daa. JNER =4 3aa (K501 N-FR4 s W [l RE
W38+ HAR I = M0(Eq. 5), 450 3 Fis.

2,0
(0] =
T e
5
RFMOAH X THF, rt. L$ R©
|
3 Re 4

K3 AEW 3 AEAACBIRIE R B N-FRE SV R &5 2R
Table 3 Results of N-cyclization reaction of 3 in the presence
of NaH

Entry Substrate Product Yield/%
1 3aa 4aa 514
2 3ba 4ba 52.4
3 3ca 4ca 58.5
4 3da 4da 54.2
5 3ea 4ea 534
6 3ab 4ab 35.2
7 3bb 4bb 473
8 3cb 4cb 43.2
9 3db 4db 45.5

10 3eb 4eb 13.0°
11 3ac 4ac 47.6
12 3be 4bc 35.7
13 3ce 4cc 33.0
14 3dc 4dc 293
15 3ec 4ec 31.0

“Purified by twice recrystallization in ethyl acetate and petroleum ether (V :
V=11:6).

2 #ig

AL BT — Tl LIAR N (1) 55 3 Jie g JsORk il it =20
R W 46 4-FRUe SERE MR I ¥ 77 V. 1 5 0 SRR
SR N SEBEAE = N RV L 95.8%~99.5% [Hfi %
A 57 H I R IR N L . (B3 WRRAN I 51 &
N, R F R TN R IR L S U SRR TR A
WP S RN S h A3 BICE N 29.3%~84.9% HIAH Y. ¥ i1
B ). B IERAE AR T =R T N B N-FR
G RNV R 4-5 PR (R U IR R LTS RER
P, AN e NARAE EIR N T, O BB AR A K
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T 307Kk 4- e R -2-WEME I, 12 E R AT IRR S 1S,

3 ZWERs
3.1 E5RH

JFiE4Y%: Finnigan GC-MS-4021); iR E 51X
Bruker AM 500, 'H NMR (400 MHz), *C NMR (100.6
MHz); #5540 WRS-1B HU7 48 s A (IR 3 R 224
AR AT, DUSIMRI, S0 BRIG A HENE, BRI, ik
Feh, srbral, 2GSRI IR A A, ArhilE, &
MR ClE. A HE. O, s, Rl
AR 2.

32 FHEFERRERERENESH

FERSARY R, AL 100 mL ) 52 3 e i e
O 40 mL PUSREIRI(THF), 45/%(1.84 g, 20.00 mmol),
K>CO; (3.31 g, 24.00 mmol, 1.20 equiv.)FI5L FF R A it
fig(2.41 mL, 22.00 mmol, 1.10 equiv.), 7E%I FHtHE R
B2 h. FH 100 ml —SUHE AL, 50 mL 11 Na,CO; %
WLE 3 IR, JoKBRIRE T, R R 2T, R ATRE
AL V(AT k) - (LR ) =4 @ 1113 A AR A 1a
351 g

HRILE IR N FE R (1a): R 99.5%. 4
#4; m.p. 69.3~71.6 C; '"H NMR (400 MHz, CDCl;) o:
470 (d, J=4.00 Hz, 2H), 5.27 (d, J=8.00 Hz, 1H), 5.38
(d, J=13.60 Hz, 1H), 5.93~6.04 (m, 1H), 7.08 (t, J=6.20
Hz, 2H), 7.17 (br, 1H), 7.31 (t, J=6.20 Hz, 2H), 7.44 (s,
1H).

4- AR B AR BE UL R A% N BE TR (1b): IR 98.6%.
M0 [ 44; mp. 44.0~44.8 C; '"H NMR (400 MHz,
CDCl3) 6: 3.74 (s, 3H), 4.63 (d, J=5.20 Hz, 2H), 5.12 (d,
J=10.40 Hz, 1H), 5.32 (d, J=17.20 Hz, 1H), 5.89~6.00
(m, 1H), 6.81 (dd, J=8.80, 2.40 Hz, 2H), 7.10 (br, 1H),
7.28 (d, J=6.80 Hz, 2H).

4- = B RS DR L Ok F R A T S (Le): ik
95.8%. HE{A; mp. 69.3~71.6 C; 'H NMR (400
MHz, CDCly) d: 4.67 (d, J=6.00 Hz, 2H), 5.27 (d, J=
10.40 Hz, 1H), 5.36 (d, J=17.20 Hz, 1H), 5.87~5.97 (m,
1H), 6.81 (br, 1H), 7.16 (d, J=8.80 Hz, 2H), 7.41 (d, J=
8.80 Hz, 2H); F NMR (376 MHz, CDCl;) 6: —58. 22
(3F, s).

3- =R HY R R R U R TP R A O R R (1d): e
96.5%. HARY; "TH NMR (400 MHz, CDCl;) J: 4.68
(d, J=6.00 Hz, 2H), 5.26 (d, J=10.40 Hz, 1H), 5.35 (d
J=17.20 Hz, 1H), 5.88~6.00 (m, 1H), 7.19 (br, 1H), 7.30
(d, J=8.00 Hz, 1H), 7.38 (t, J=8.00 Hz, 1H), 7.56 (d, J=

Chin. J. Org. Chem. 2013, 33, 1088~1095
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7.60 Hz, 1H), 7.73 (s, 1H); "’F NMR (376 MHz, CDCl) ¢:
—62.81 (s, 3F).

3- o -4~ o bR I 24 356 R Y 0 TR JE T (e): SR
96.7%. 174 [l #4; mp. 134.7~1358 °‘C; 'H NMR
(CDCls, 400 MHz) 6: 3.01 (t, J=3.20 Hz, 4H), 3.85 (t, J=
3.40 Hz, 4H), 4.63 (d, J=4.00 Hz, 2H), 5.23 (d, J=8.00
Hz, 1H), 5.32 (d, J=13.60 Hz, 1H), 5.87~5.97 (m, 1H),
6.84 (t, J=7.20 Hz, 1H), 6.99 (d, J=6.40 Hz, 1H), 7.15
(br, 1H), 7.27 (t, J=5.40 Hz, 1H); ’F NMR (CDCls, 376
MHz) §: —121.22 (s, 1F).

3.3 FEI[ERMG-AmITE-2-MAE)ENSK

P 2 HE R I N L IR (1a) (0.89 g, 5.00 mmol),
CICF,CF,I (2a) (1.97 g, 7.50 mmol)f1 MeCN-H,O (¥ :
V=41, 25 mL) IIAZE] 50 mL ¥, BEREwE.
¥ Na,S,04 (1.31 g, 7.50 mmol)Fl NaHCO; (0.63 g, 7.50
mmol) A B N, SIBEFE RN 5 h, RNV 5EA A
I 50 mL /K, H L8 CEEAEHN(50 mL X 3), Jo/KAR IR
BT, g, WOR 2R, B EHTREIRRE (VO I EE)
(LR CBE)=4 @ 1113 ] 44 3aa, 1.23 g.

HRIEGHE R (5-5-4,4,5,5- DY 4 -2t .3 i (3aa):
Wex 73.3%. FAMAEE; mp. 75.8~76.9 C; 'H NMR
(CDCls, 400 MHz) 6: 2. 75~3.04 (m, 2H), 4.32~4.51 (m,
3H), 6.95 (br, 1H), 7.10 (t, J=7.20 Hz, 1H), 7.32 (t, J=
8.00 Hz, 2H), 7.41 (d, J=7.60 Hz, 2H); "’F NMR (CDCl;,
376 MHz) §: —114.50~—112.00 (m, 2F), —71.80~
—71.45 (m, 2F).

PRI KL R (7-54-4,4,5,5,6,6,7,7- )\ i -2- it e i)
fiE(3ab): % 63.3%. [IafE{k; mp. 77.7~79.1 C; 'H
NMR (CDCls, 400 MHz) d: 2.70~3.00 (m, 2H), 4.35~
4.50 (m, 3H), 6.84 (br, 1H), 7.10 (t, J=7.40 Hz, 1H), 7.32
(t, J=7.80 Hz, 2H), 7.40 (d, J=7.60 Hz, 2H); ’F NMR
(CDCls, 376 MHz) 6: — 123.00 ~ — 122.80 (m, 2F),
—119.02~—119.71 (m, 2F), —114.10~—112.40 (m,
2F), —68.50~—67.80 (m, 2F).

RILFIEH IR (A- W BEIR — L FRE-4,4,- 5 -2-T T
FlE3ac): WK 47.6%. FEHHA; "TH NMR (CDCl;,
400 MHz) §: 1.36 (t, J=7.00 Hz, 6H), 2.06~2.29 (m,
2H), 4.02~4.46 (m, 7TH), 7.03 (t, J=7.20 Hz, 1H), 7.22~
7.31 (m, 2H), 7.43 (d, J=7.80 Hz, 2H), 7.54 (br, 1H); "°F
NMR (CDCls, 376 MHz) : —112.17 (dd, Jrr=303.06
Hz, Jrp=105.28 Hz, 1F), —108.76 (Jr.r=2302.68 Hz,
Jrp=101.14 Hz, 1F).

4- LRI IE H IR 5-50-4,4,5,5- DU 2T 1 5E)
liE(3ba): % 84.2%. [IafEf; mp. 51.5~52.5 C; 'H
NMR (CDCls, 400 MHz) §: 2.70~3.00 (m, 2H), 3.78 (s,

Chin. J. Org. Chem. 2013, 33, 1088~1095
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3H), 4.34~4.48 (m, 3H), 6.78 (br, 1H), 6.86 (d, J=8.80
Hz, 2H), 7.30 (d, J=7.20 Hz, 2H ); "’F NMR (CDCls, 376
MHz) 6: — 11440 ~ — 11220 (m, 2F), — 71.60 ~
—71.80 (m, 2F).

4- PP FE R L B FH R (7-50-4,4,5,5,6,6,7,7- ) B -2-
P BE(3bb): R 45.3%. @A, mp. 409~
453 ‘C; '"H NMR (CDCls, 400 MHz) &: 2.70~3.00 (m,
2H), 3.79 (s, 3H), 4.34~4.50 (m, 3H), 6.73 (br, 1H), 6.86
(d, J=9.20 Hz, 2H), 7.30 (d, J=7.20 Hz, 2H); "’F NMR
(CDCLs, 376 MHz) d: — 12330~ — 122.26 (m, 2F),
—119.97~—120.00 (m, 2F), —112.20~—113.00 (m,
2F), —68.20~—68.00 (m, 2F).

4- PR L DR BL G L TR (4- W 1% — 2R HE-4,4,- —
B-2-TT 3 EEGbe): W 33.9%. RiAHWk; 'H NMR
(CDCls, 400 MHz) &: 1.39 (t, J=7.00 Hz, 6H), 2.72~3.04
(m, 2H), 3.79 (s, 3H), 4.24~4.32 (m, 4H), 4.34~4.44 (m,
2H), 4.50~4.58 (m, 1H), 6.86 (d, J=9.20 Hz, 2H), 6.90
(br, 1H) 7.32 (d, J=8.00 Hz, 2H); "’F NMR (CDCls, 376
MHz) 6: —112.23 (dd, Jrr=297.42 Hz, Jyp=103.78 Hz,
1F), —110.69 (dd, Jr.r=297.79 Hz, Jr»=104.90 Hz, 1F).

4- = FAR B R L U TR (5-5-4,4,5,5- DY -2t
RH)EE3ea): WHE 82.9%. FIE[EK; mp. 51.4~53.6
‘C; '"H NMR (CDCLs, 400 MHz) 6: 2.73~3.01 (m, 2H),
4.36~4.52 (m, 3H), 7.09 (br, 1H), 7.17 (d, J=8.80 Hz,
2H), 7.44 (d, J=8.80 Hz, 2H); "F NMR (CDCl;, 376
MHz) §: — 11440 ~ — 111.80 (m, 2F), — 71.50 ~
—71.90 (m, 2F), —58.22 (s, 3F).

4- — G AR R L R IR (7-540-4,4,5,5,6,6,7,7- )\
S-2-TPEIL) R (3eb): WK 72.3%. AMGEA; 'TH NMR
(CDCls, 400 MHz) 6: 2.73~3.01 (m, 2H), 4.36~4.52 (m,
3H), 6.97 (br, 1H), 7.05 (d, J=8.80 Hz, 2H), 7.33 (d, J=
8.80 Hz, 2H); '’F NMR (CDCls, 376 MHz) 6: —122.70~

— 12330 (m, 2F), — 119.86 ~ — 120.80 (m, 2F),
—112.0~—115.0 (m, 2F), —68.00~—68.88 (m, 2F),
—58.45 (s, 3F).

A — G AR DR U R (4- Y PR — L R -
4,4,- " FR-2-TU T FE)EEee): WOK 35.7%. KiFEWAA; 'H
NMR (CDCls, 400 MHz) ¢: 1.30 (t, J=7.00 Hz, 6H),
2.60~3.00 (m, 2H), 4.16~4.25 (m, 4H), 4.26~4.38 (m,
2H), 4.40~4.50 (m, 1H), 7.07 (d, J=8.80 Hz, 2H), 7.39
(d, J=8.80 Hz, 2H), 7.68 (br, 1H); "’F NMR (CDCl;, 376
MHz) §: —114.00~—108.00 (m, 2F), —58.23 (s, 3F).

3- R R U R (5-4-4,4,5,5- DU Rt -2l
Ho)G(3da): WK 83.2%. Kif#i/k; '"H NMR (CDCL,,
400 MHz) 6: 2.70~3.00 (m, 2H), 4.35~4.55 (m, 3H),
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7.21 (br, 1H), 7.34 (d, J=7.60 Hz, 1H ), 7.42 (t, J=7.80
Hz, 1H), 7.57 (t, J=9.40 Hz, 1H), 7.73 (s, 1H); ’F NMR
(CDCls, 376 MHz) §: — 115.00~ —111.80 (m, 2F),
—71.80~—71.50 (m, 2F), —62.80 (s, 3F).

3- = TR R I S HE TR (7-4-4,4,5,5,6,6,7,7- ) Ui
2-Tt e L) 6 (3db): WL 45.3%. KiAHAA; 'H NMR
(CDCls, 400 MHz) 6: 2.64~2.90 (m, 2H), 4.27~4.41 (m,
3H), 7.15 (br, 1H), 7.24 (d, J=7.60 Hz, 1H), 7.33 (t, J=
8.00 Hz, 1H), 7.50 (d, J=7.60 Hz, 1H), 7.64 (s, 1H); "°F
NMR (CDCls, 376 MHz) §: —112.80~—123.10 (m, 2F),
—120.10~—119.70 (m, 2F), —115.00~—112.00 (m,
2F), —63.30~—68.00 (m, 2F), —62.91 (s, 3F).

3- = R SE 3 IR (4- W IR — L TRk -4,4,-
TUR-2-M T IR (2de): WK 29.3%. R HEWA; 'H
NMR (CDCl;, 400 MHz) 0: 1.39 (t, J=7.00 Hz, 6H),
2.75~3.08 (m, 2H), 4.24~4.32 (m, 4H), 4.37~4.48 (m,
2H), 4.52~4.61 (m, 1H), 7.32 (d, J=8.00 Hz, 1H), 7.42
(t, J=8.00 Hz, 1H), 7.48 (br, 1H), 7.62 (d, J=8.00 Hz,
1H), 7.75 (s, 1H); "F NMR (CDCls;, 376 MHz) o:
—112.09 (dd, Jrr=298.92 Hz, Jrp=104.53 Hz, IF),
—110.55 (dd, Jrr=298.54 Hz, Jep=104.90 Hz, IF),
—62.78 (s, 3F).

3-G-4-N IR R S L R 5-4(-4,4,5,5- DY i-2-
A EE(3ea): W 76.1%. HEAK; mp. 128.9~130.0
‘C; '"H NMR (CDCl;, 400 MHz) d: 2.76~3.00 (m, 2H),
3.05 (s, 4H), 3.88 (s, 4H), 4.32~4.55 (m, 3H), 6.73 (br,
1H), 6.91 (t, J=6.60 Hz, 1H), 7.01 (d, J=6.40 Hz, 1H),
7.29 (d, J=10.8 Hz, 1H); "’F NMR (CDCls, 376 MHz) o:
— 12076 (s, 1F), — 113.50 ~ — 111.50 (m, 2F),
—71.73~—71.65 (m, 2F).

3- G -4- MR R R L 2 5 TP R (7--4,4,5,5,6,6,7,7- )\
SE-2-BLFR L) AR (Beb): R 47.3%. EAMGEA; '"H NMR
(CDCl, 400 MHz) d: 2.74~2.99 (m, 2H), 3.04 (t, J=4.60
Hz, 4H), 3.87 (t, J=4.60 Hz, 4H), 4.36~4.50 (m, 3H),
6.88 (t, J=9.00 Hz, 1H), 7.03 (d, J=8.40 Hz, 1H), 7.30
(d, J=12.00 Hz, 1H); "F NMR (CDCl;, 376 MHz) ¢:
—122.70~—122.50 (m, 2F), —119.90~—119.70 (m,
2F), —119.07 (s, 1F), —113.50~ —112.00 (m, 2F),
—68.20~—68.05 (m, 2F).

3- k-4~ P bR s 2R L S R R (4- T Mo 1R — L iR k-
4,4,- " F-2-1 T IL)EE3ec): MUK 32.5%. KiFAWE; 'H
NMR (CDCl;, 400 MHz) &: 1.39 (t, J=7.00 Hz, 6H),
2.72~2.99 (m, 2H), 3.03 (t, J=4.60 Hz, 4H), 3.87 (t, J=
4.40 Hz, 4H), 4.25~4.34 (m, 4H), 4.35~4.48 (m, 2H),
4.50~4.58 (m, 1H), 6.88 (t, J=9.00 Hz, 1H), 7.08 (d, J=
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8.40 Hz, 1H), 7.32 (d, J=13.20 Hz, 1H), 7.90 (br, 1H); "°F
NMR (CDCly, 376 MHz) §: —121.12 (s, 1F), —112.15
(dd, Jr.r=297.79 Hz, Jr»=103.78 Hz, 1F), —110.62 (dd,
Jrp=297.79 Hz, Jrp=104.53 Hz, IF).

34 A-FIE-3-FEEMITER(4ca)Fl 2-FE-3-F kT
EREBHEK

ER SR, g ) S0 mL 1) 5 3 504 v n
A 20 mL THF, JNr=4) 3ca (1.57 g, 3.00 mmol)FI&({k
£41(0.12 g, 3.00 mmol, 1.00 equiv., 60%), =i $EFE N 2
h. RMN5E4E A 50 mL /K, F 28 27 # (50
mL X3), oK RN T, ik, wukzT, o )EHrE
AR VA ) - (LR TR =7 © 1113 A4k dea
(0.69 g)Fli% B i 44 Sca (0.12 g).

4-(3-5-2,2,3,3- DY 3L N 3 -3)- IR i 2- W M il (4a):
WCR 51.4%. FAEE; mp. 81.3~81.9 C; 'H NMR
(CDCls, 400 MHz) §: 2.28~2.46 (m, 1H), 2.52~2.68 (m,
1H), 4.32 (dd, J=8.80, 5.20 Hz, 1H), 4.70 (t, J=8.6 Hz,
1H), 4.80~4.88 (m, 1H) 7.22~7.28 (m, 1H), 7.38~7.48
(m, 4H); F NMR (CDCl;, 376 MHz) §: —113.5~
—116.9 (m, 2F), —71.49, (s, 2F); *C NMR (CDCls, 107
MHz) §: 33.14 (t, J=21.94 Hz), 50.61, 67.47, 121.63,
126.04, 129.70, 135.47, 154.93; HRMS (EI) calcd for
C1.H,,CIF,NO, 311.0366, found 311.0351.

4-(5-5-2,2,3,3,4,4,5,5- )\ GIE e )-3- K F -2 - g e o
fii(4ab): Y% 352%. FIAEMA; mp. 96.0~100.8 C;
'H NMR (CDCls, 400 MHz) 0: 2.26~2.48 (m, 1H),
2.50~2.68 (m, 1H), 4.32 (dd, J=9.20, 5.20 Hz, 1H), 4.71
(t, J=8.60 Hz, 1H), 4.80~4.88 (m, 1H) 7.22~7.30 (m,
2H), 7.40~7.48 (m, 3H); "°F NMR (CDCls;, 376 MHz) ¢:
—112.74~—112.56 (m, 2F), —120.00~—119.70 (m,
2F), —113.00~—112.50 (m, 2F), —68.17 (t, J=12.78
Hz, 2F); “C NMR (CDCl;, 107 MHz) d: 33.47 (t, J=
21.77 Hz), 50.61, 67.48, 121.63, 126.05, 129.69, 135.44,
154.92; HRMS (EI) caled for C,4H;(CIFsNO, 411.0272,
found 411.0273.

A-(T IR — R 3 PP R )- PG -3- R - 2- I e
fiil(4ac): WU 47.6%. HiBd#ik; '"H NMR (CDCls, 400
MHz) d: 1.31~1.41 (m, 6H), 2.22~2.41 (m, 1H), 2.49~
2.68 (m, 1H), 4.19~4.36 (m, 5H), 4.66 (t, J=8.60 Hz,
1H), 4.85~4.98 (m, 1H), 7.21 (t, J=7.40 Hz, 1H), 7.41 (t,
J=8.00 Hz, 2H), 7.47 (d, J=8.80 Hz, 2H); ""F NMR
(CDCls, 376 MHz) 0: —108.76 (dd, Jpp=302.68 Hz,
Jrp=101.14 Hz, 1F), —112.17 (dd, Jrr=303.06 Hz,
Jrp=105.28 Hz, 1F); *C NMR (CDCls, 107 MHz) 6:
16.37, 36.20~36.90 (m), 50.97, 65.03, 67.81, 121.61,

3
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125.60, 129.44, 135.85, 155.20; HRMS (EI) calcd for
C1sHaoF>NOsP 363.1047, found 363.1045.

4-(3-50-2,2,3,3- VU 5 P 3 )-3-(4- H A FE I )- 2 - s
Ll (4ba): WA 52.4%. HERAE; mp. 93.9~94.5 C;
'H NMR (CDCl;, 400 MHz) J: 2.26~2.43 (m, 1H),
2.44~2.62 (m, 1H), 3.82 (s, 3H), 4.26~4.32 (m, 1H),
4.67~4.78 (m, 2H), 6.96 (d, J=8.80 Hz, 2H), 7.29 (d, J=
8.80, 2H); '"F NMR (CDCls;, 376 MHz) J: —114.00~
—110.00 (m, 2F), —71.63, (d, J=7.52 Hz, 2F); *C NMR
(CDCls, 107 MHz) : 33.40 (t, J=22.47 Hz), 51.69, 55.53,
67.52, 114.96, 124.55, 128.09, 155.53, 158.06; HRMS (EI)
caled for Ci3H;,CIF,NO; 341.0442, found 341.0441.

4-(5-54-2,2,3,3,4,4,5,5- )\ 5 IR I )-3-(4- HY 460 3 R
HE)-2- 6 M ¢ 1 (4bb): R 47.3%. M EFEE; mp.
109.0~110.6 °C; "F NMR (CDCls, 376 MHz) 6: 2.26~
2.60 (m, 2H), 3.81 (s, 3H), 4.27 (dd, J=8.00, 4.80 Hz,
1H), 4.64~4.76 (m, 2H), 6.95 (d, J=8.80 Hz, 2H), 7.28
(d, J=9.20 Hz, 2H); "F NMR (376 MHz, CDCl;) ¢:
—122.86~—112.64 (m, 2F), —120.04~—119.84 (m,
2F), —113.57~—111.50 (m, 2F), —68.35~—68.20 (m,
2F); *C NMR (CDCl;, 107 MHz) d: 33.61 (t, J=22.09
Hz), 51.45, 55.43, 67.57, 114.89, 124.67, 128.05, 155.61,
158.07; HRMS (EI) caled for C;sH,CIFsNO; 441.0378,
found 441.0381.

4-(B TR — L MR HE — o6 RS ) T -3-(4- FH AR B R
Ho)-2- WEMRLEEA (4be): W 35.7%. KiBEHA; "H NMR
(CDCls, 400 MHz) 6: 1.32~1.40 (m, 6H), 2.19~2.38 (m,
1H), 2.44~2.62 (m, 1H), 3.80~3.83 (s, 3H), 4.20~
4.32(m, 5H,), 4.67 (t, J=8.60 Hz, 1H), 4.75~4.85 (m,
1H), 6.94 (d, J=8.80 Hz, 2H), 7.33 (d, J=9.20 Hz, 2H);
YF NMR (CDCls, 376 MHz) 6: —108.90 (dd, Jrr=
302.68 Hz, Jrp=101.52 Hz, 1F), —112.06 (dd, Jrr=
302.36 Hz, Jpp=104.90 Hz, 1F); *C NMR (CDCl;, 107
MHz) J: 16.38, 36.40~37.10 (m), 51.74, 55.54, 65.00,
67.95, 114.75, 124.41, 128.50, 155.76, 157.76; HRMS (EI)
caled for C1gHF,NOGP 393.1193, found 393.1151.

4-(3-50-2,2,3,3- VU 5 P 3 )-3-(4- — 5 FH AU I RO ) -2-
EE AL B (4ea): K 58.5%. HEEA; mp. 82.3~85.8
‘C; '"H NMR (CDCl;, 400 MHz) d: 2.32~2.47 (m, 1H),
2.48~2.66 (m, 1H), 4.34 (dd, J=9.20, 5.20 Hz, 1H), 4.71
(t, J=8.60 Hz, 1H), 4.78~4.88 (m, 1H), 7.29 (d, J=8.40
Hz, 2H), 7.48 (d, J=8.80 Hz, 2H); "’F NMR (CDCls, 376
MHz) §: — 113.50 ~ — 111.50 (m, 2F), — 71.69 ~
—71.63 (m, 2F), —58.06 (s, 3F); °C NMR (CDCls, 107
MHz) §: 33.14 (t, J=22.42 Hz), 50.82, 67.48, 122.29,
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122.68, 134.22, 146.58, 154.82; HRMS (EI) calcd for
C,5HyCIF;NO; 395.0159, found 395.0156.

4-(5-%-2,2,3,3,4,4,5,5- )\ G 8 FE )-3-(4- = 5 P 4L B
IRHL)-2-WE ML B (4eb): O 43.2%. A K, mop.
87.0~89.8 “C; 'H NMR (CDCls, 400 MHz) §: 2.31~2.69
(m, 2H), 4.33 (dd, J=9.20, 4.80 Hz, 1H), 4.72 (t, J=8.80
Hz, 1H), 4.80~4.88 (m, 1H), 7.30 (d, J=8.80 Hz, 2H),
7.48 (d, J=9.20 Hz, 2H); "’F NMR (CDCls, 376 MHz) J:
—123.20~—122.60 (m, 2F), —119.90~—119.76 (m,
2F), —113.00~—112.50 (m, 2F), —68.26~—68.12 (m,
2F), —58.07 (s, 3F); "C NMR (CDCls;, 107 MHz) J:
33.43 (t, J=21.83 Hz), 50.53, 67.50, 122.29, 122.60,
134.12, 146.58, 154.73; HRMS (EI) calcd for C,sHyCl-
F1,NO, 495.0095, found 495.0093.

4-(T 1R — CWR Ik 3 A )- T AR -3-(4- = U T A 0k
IR )-2-WE W i (dee): R 33.0%. R AR M TH
NMR (CDCls, 400 MHz) d: 1.33~1.43 (m, 6H), 2.24~
2.42 (m, 1H), 2.47~2.68 (m, 1H), 4.23~4.37 (m, 5H),
4.67 (t, J=8.60 Hz, 1H), 4.85~4.98 (m, 1H), 7.27 (d, J=
7.60 Hz, 2H), 7.37 (d, J=8.80 Hz, 2H); '°’F NMR (CDCl;,
376 MHz) 6: —108.58 (dd, Jr.s=303.43 Hz, Jyp=100.77
Hz, 1F), —112.27 (dd, Jrr=303.43 Hz, Jrp=105.66 Hz,
1F), —58.10 (s, 3F); C NMR (CDCls;, 107 MHz) J:
16.37, 36.00~37.20 (m), 50.97, 65.03, 67.81, 121.61,
125.60, 129.44, 135.85, 155.20; HRMS (EI) calcd for
C16H1oFsNOGP 447.0870, found 447.0872.

4-(3-50-2,2,3,3- DU 5 P4 3 )-3-(3- = 3 H L 2R 3 ) -2- e
ek fil(d4da): % 54.2%. KifWk; 'H NMR (CDCls,
400 MHz) 0: 2.36~2.66 (m, 2H), 4.32~4.38 (m, 1H),
4.78~4.88 (m, 1H), 4.72 (t, J=8.60 Hz, 1H), 7.49 (d, J=
8.00 Hz, 1H), 7.57 (t, J=8.00 Hz, 1H), 7.66 (d, J=8.40
Hz, 1H), 7.75 (s, 1H); ’F NMR (CDCl;, 376 MHz) 0: —
113.35~—111.40 (m, 2F), —71.75, (s, 2F), —62.93 (s,
3F); °C NMR (CDCls;, 107 MHz) ¢: 33.06 (t, J=22.52
Hz), 50.49, 67.47, 117.69, 122.25, 123.86, 130.27, 131 .94,
132.27, 136.34, 154.50; HRMS (EI) caled for C,3HyCl-
F;NO, 379.0210, found 379.0211.

4-(5-5-2,2,3,3,4,4,5,5- )UK KL )-3-(3- = i FF A OR
J)-2- WML I (4db): UK 45.5%. RERRMK; "H NMR
(CDCls, 400 MHz) §: 2.36~2.66 (m, 2H), 4.35 (dd, J=
9.20, 4.80 Hz, 1H), 4.72 (t, J=8.80 Hz, 1H), 4.87~4.96
(m, 1H), 7.49 (d, J=7.60 Hz, 1H), 7.57 (t, J=7.80 Hz,
1H), 7.65 (d, J=8.40 Hz, 1H), 7.76 (s, 1H); ’F NMR
(CDCls, 376 MHz) §: — 122.85~ —122.68 (m, 2F),
—119.95~—119.81 (m, 2F), —113.50~—112.53 (m,

http://sioc-journal.cn/ 1093



BHlLE

R ek

2F), —68.40~ —68.16 (m, 2F), —63.02 (s, 3F); "°C
NMR (CDCls, 107 MHz) 6: 33.37 (t, J=22.20 Hz), 50.26,
67.52, 117.72, 122.24, 123.86, 124.89, 130.26, 132.12,
136.30, 154.49; HRMS (EI) caled for C;sHoCIF;;NO,
479.0146, found 479.0141.

4-( IR — LR 3 PP )- PG -3-(3- =l AR OR
HE)-2-TEM B (4de): WOR 29.3%. KiBHAA; 'TH NMR
(CDCls, 400 MHz) §: 1.34~1.41 (m, 6H), 2.27~2.44 (m,
1H), 2.45~2.66 (m, 1H), 4.18~4.42 (m, 5H), 4.68 (t, J=
8.80 Hz, 1H), 4.95~5.04 (m, 1H), 7.46 (d, J=8.00 Hz,
1H), 7.55 (t, J=8.00 Hz, 1H), 7.75 (d, J=8.40 Hz, 1H),
7.79 (s, 1H); "F NMR (CDCl;, 376 MHz) §: —112.29
(dd, Jrr=303.43 Hz, Jrp=104.90 Hz, 1F), —108.56 (dd,
Jrr=303.81 Hz, Jp=101.14 Hz, 1F), —62.78 (s, 3F);
C NMR (CDCls, 107 MHz) &: 16.26~16.40 (m), 29.70,
36.20 ~37.20 (m), 65.00~ 65.50 (m), 67.86, 117.44,
121.84, 124.00, 130.06, 131.85, 136.69, 154.77; HRMS
(E) calcd for C¢H1oFsNOs 431.0921, found 431.0293.

4-(3-50-2,2,3,3- VU 55 TN 3i)-3-(3- Fa-4- N bR I RS ) -2-
WE M E I (dea): R 53.4%. #o il 4£; mp. 118.3~
119.1 °C; '"H NMR (CDCls, 400 MHz) 6: 2.30~2.61 (m,
2H), 3.07 (t, J=3.40 Hz, 4H), 3.85 (t, J=3.40 Hz, 4H),
4.28 (dd, J=17.20, 4.00 Hz, 1H), 4.66 (t, J=6.80 Hz, 1H),
4.69~4.76 (m, 1H), 6.95 (t, J=7.20 Hz, 1H), 7.02 (d, J=
6.00 Hz, 1H), 7.25 (J=10.80 Hz, 1H); "’F NMR (CDCl,
376 MHz) 0: —119.44 (s, 1F), —113.35~—111.58 (m,
2F), —71.74~—71.66 (m, 2F); >C NMR (CDCl;, 107
MHz) d: 33.04 (t, J=17.82 Hz), 50.73, 51.05, 66.83,
67.34, 110.96, 117.67, 119.07, 138.03, 136.06, 154.89,
156.44; HRMS (EI) calcd for CiqH,4CIFsN,O5 414.0770,
found 414.0760.

4-(5-5-2,2,3,3,4,4,5,5- )\ G I 5 )-3-(3- 9o -4- N bR
IR HE)-2-WEME LN (deb): WE 13.0%. H [ 44, m.p.
128.0~129.7 ‘C; '"H NMR (CDCl;, 400 MHz) ¢: 2.28~
2.46 (m, 1H), 2.48~2.68 (m, 1H), 3.10 (t, J=4.60 Hz,
4H), 3.88 (t, J=4.80 Hz, 4H), 4.31 (dd, J=8.40, 4.40 Hz,
1H), 4.65~4.78 (m, 2H), 6.94~7.05 (m, 2H), 7.27~7.32
(m, 1H); “F NMR (CDCl;, 376 MHz) o: —112.70~
— 11251 (m, 2F), — 119.89 ~ — 119.71 (m, 2F),
—119.07 (s, 1F), —113.8~111.8 (m, 2F), —68.34~
—67.74 (m, 2F); *C NMR (CDCl;, 107 MHz) J: 33.58~
33.70 (m), 50.79, 51.05, 66.91, 67.44, 110.62, 117.69,
119.15, 121.63, 129.91, 135.52, 138.16, 136.06, 154.34,
15491, 156.80; HRMS (EI) calcd for CigH;sCIF9N,O3
514.0706, found 514.0695.
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4-(T5 1R — LR HE — 56 T AL )- FH k-3~ (3- i -4- P b A
IR )-2- W W B ] (dec): WK 31.0%. AE BRI AA; H
NMR (CDCls, 400 MHz) 0: 1.35~1.42 (m, 6H), 2.21~
2.41 (m, 1H), 2.48~2.66 (m, 1H), 3.07 (t, J=4.60 Hz,
4H), 3.79~3.90 (t, J=4.60 Hz, 4H), 4.22~4.36 (m, 5H),
4.65 (t, J=8.80 Hz, 1H), 4.78~4.87 (m, 1H), 6.96 (t, J=
9.20 Hz, 1H), 7.13 (d, J=8.80 Hz, 1H), 7.29~7.34 (m,
1H); F NMR (CDCls, 376 MHz) §: —119.71 (s, 1F),
—112.13 (dd, Jpr=303.06 Hz, Jrp=105.66 Hz, IF),
—108.61 (dd, Jrr=302.68 Hz, Jr»=100.77 Hz, 1F); °C
NMR (107 MHz, CDCl;) 6: 16.39 (d, J=5.67 Hz), 29.71,
36.00~36.80 (m), 50.80~51.30 (m), 64.80~65.50 (m),
66.91, 67.82, 110.62, 117.49, 119.11, 130.58, 137.62,
155.51, 156.78; HRMS (EI) calcd for Ci9HpCIF3N,Oq
466.1481, found 466.1483.

5-50-4,4,5,5- VY 46 -2-[4-( = 80 P40 L) o8 e ) I
(5ca): Y%K 10.8%. W H 1A, 'H NMR (CDCls, 400
MHz) d: 2.18~2.42 (m, 2H), 3.65~3.71 (m, 1H), 3.76~
3.86 (m, 2H), 6.53 (d, J=9.20 Hz, 2H), 6.97 (d, J=8.40
Hz, 2H); "“F NMR (CDCl;, 376 MHz) 6: —113.00~
—112.50 (m, 2F), —71.62~—71.56 (m, 2F); *C NMR
(CDCls, 107 MHz) &: 31.25 (t, J=23.01 Hz), 49.20, 63.73,
113.94, 122.71, 141.19, 144.79; HRMS (EI) caled for
C,H,,CIF;NO, 369.0367, found 369.0365.
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