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Abstract
1-allyl-3-arylurea was synthesized by the reaction of isocyanate with allyl amine in methylene chloride at room temperature.

An efficient and convenient protocol for the synthesis of 5-fluoroalkyl-2-oxazoline is described. The

The reaction of 1-allyl-3-arylurea with fluoroalky iodide initiated by sodium dithionite in aqueous acetonitrile resulted in ad-
ducts that undergoes a cyclization in water or DMF to form 5-fluoroalkyloxazoline with moderate yields. It was also found that
the products can be more efficiently formed via an AIBN-initiated, one-pot addition-cyclization sequence from

1-allyl-3-arylurea with fluoroalkyl iodide.

Keywords oxazoline; fluorinated alkyl; O-cyclization; free radical reaction
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1 ZR5WE

AT HHATBRATIIE, a7 — &5 1-56A
HE-3-FFFEMRAN N7 T8 - N2 95 LS ik e S IR 15 A
I N FEREAE A T herP E IV 5 h LL67.3%~99.1%[1
WHAEF T 2a~2b (Eq. 1). N9 5E-N>- 05 S B i iz
da~dc [P RN T8 sk 5 A iR et e 1 B E Sl A —
e A B B B N, HE I 7 3 T 50 A e A= 4
X NiA3 2(Scheme 1).

0
DeM o1 L _
_ R'— ANF 1
RI-N=c=0 + HN" > "¢ N R @
1 2

aR'= phenyl
b R'= 4-methylbenzenesulfon

(0]
3

llyl amine  R~(— i N
allyl amine @HH\/\
(6]
4

a R%=H
b R?= p-methoxy
c R?= m-trifluoromethyl

oxalyl chloride

DCM, reflux

Scheme 1

HEAFE— RGN 1R FE-3-25 FE MR N4 A 3
N-JF RS, BATHIFUEIEST 145 R 3E-3-55 3 %
FI N7 I NP5 FE I e AN e SR 1 ER 2 o i
RV D IE I r) B TR R R, AIBN,
BPO, & )& L H%% G [e.g. Cu, Mg, Zn/NiClg, CpTiCly/
Fe, Pd(PPh;),]%%. AIBN, BPO FI4x & 751 A& 755 il 4%
1, 3 HAECLRTI TAFE TR &8t AIBN 51 (1) A B
M JFRHERALAN SE 4. 25 B B 25 FEFRAT R FH AR M 1
RBRATIE I EE T R, WU 1-0 N E-3-T5
FEMR 2a~2b FI N1 LB BRI da~de 55 5beEmL
SN FHE R B AE FE T 5 R T AR EAT, &
M LL 49.6% ~ 63.9% 1 2453 2 il %= ¥ 6aa~ 6bb,
7aa~7cb (Egs. 2, 3, # 1).

Na23204, NaHCO3

R ANF
N * Rl T NeCNH,0, Tt

N
H H

2 5a R = CoF 4Cl

5b RF = C4FBC|

1
R\Hku/\/\RF )
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Table 1 Results of the radical addition of 1-allyl-3-arylureas 2/
N'-allyl-N*-aryl-oxalamides 4 with fluoroalkyl iodides 5

Entry 2/4 Fluoroalkyl iodide Adduct  Yield/%
1 2a 5a 6aa 60.9
2 2a 5b 6ab 52.6
3 2b 5a 6ba 55.8
4 2b 5b 6bb 49.6
5 4a 5a Taa 56.5
6 4a 5b Tab 51.9
7 4b 5a 7ba 58.7
8 4b 5b 7bb 48.6
9 4c 5a Tca 63.9
10 4c 5b 7cb 55.5

© 2013 Chinese Chemical Society & SIOC, CAS

TEAF 2] — R AN R g BeATTIT 46 0 n e =)
15> NI G RN AT, O T WS 7, 34l
PUINE = 1-(7-5-4.,4,5,5,6,6,7,7- )\ i -2-ft P 5k )-3- 2%
FEIR (6ab) [ J5 J8 g REEAR 52 W5 o s 49 1R A I I 3t
AT THFF. A SCRAROE AR IER AW 73 T N
A CAFERR M 4 R B 8 hn A s v 45 31120 (H R 5Y
MR KRI 6ab E5GHENEKL,CO) AT T RS TFINI
A IRV LL 53.1%FCER A T = IR 8ab, {E5RAK
PENaH) £ FAMLLL 37 1% A 2] = Ju i id LA
13.0%F1 7.0%[FI U 3 4551 9ab F1 10ab AN 1R 2“4 (Eq.
4). WAV M T 6ab 1EINFEAE R IR MY, 6ab 71
JKH RIS 30 min BL 67.7% MRS 2] T N-J7 3E-5-
SpE - TEMEk-2- % (11ab) (Eq. 5, % 2, Entry 1). 3F—
o I U R IR A2 e Nk 1] LLAE il s 3 FI(DMF, K,
DMSO)H 113t s W 30 min SEHL(F 2, Entries 2~4), 1]
AR VBRI e, 2R AHE. 2 el [ M
5 h [ E]LT 100%H89 Rk FH RIFER 7L 69.0%(1)
WA R T IR A7) 11aa(3k 2, Entry 5). WF90E KL
6bb il 6ba 7L [ 7K 1 FFAGE A AR IR RN T AE 1
W IR FI R A ROV L 54.3%F1 51.0% IR 5 FR
4774 11bb A1 11ba(¥ 2, Entries 6, 7).
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Table 2 Synthesis of N-aryl-5-fluoroalkyl-oxazoline-2-amines

Entry 6 Solvent Time/h 11 Yield/%
1 6ab  H,O 0.5 11ab 67.7
2 6ab Toluene 2.0 11ab 67.0
3 6ab  DMF 2.0 11ab 67.6
4 6ab  DMSO 2.0 11ab 66.8
5 6aa H,O 0.5 11aa 69.0
6 6bb  DMF 2.0 11bb 49.7
7 6ba  DMF 2.0 11ba 51.0

MIRATH A Tab I, FERFER AT R IFRH
PR IR I N A SR I F WGP 7 A2 K AR R AN ) N
55 H-N>-(3-Ji i - 2- R L N L) Bt i (12ab, Eq. 6, %
3, Entry 1). FIFFERFEERAEE T —RIU N5 5-
N-(3-H Pt He-2-F2 FE N 56 Bk % 12aa, 12ba, 12bb,
12ca, 12¢b (5% 3, Entries 2~~6).

(0] |
2 H solvent, reflux
R\ N\)\/RF ==> =5
\ /N
(6]
7

(0] OH
R2 u H\)\/
b HN R
\\}H ! ©

F3 NN -G Fu e - 2-F2 Fk P ) B e (¥ 4 Bl

Table 3  Synthesis of N'-aryl-N*-(3-fluoroalkyl-2-hydroxy-
propyl)oxalamide
Entry 7 12 Yield/%
1 7ab 12ab 77.5
2 Taa 12aa 75.8
3 7ba 12ba 75.4
4 7bb 12bb 74.9
5 Tca 12ca 83.0
6 7cb 12¢cb 81.4

g TR SIS A, AT T 1M
FE-3- 5 FEMR AN R ER A SR T N 475 TR 6L B I e 160 o s
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ATDATE Sl R o1k B SR RO, BRI BRAT T3 A D 3
AT B2 S N R LR
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R\ )L —~ + Ryl RI—N—
NT N P Solvent %O
H H 5a~ 5¢
2 11 Re
O~

(6]
H
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RN )H(N\/\ + —
N\ / H - Rel Solvent
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) O H OH
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N\ 7/ H
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Scheme 2

i AIBN 51 & 1454) 2a Fil 5a 763 DMF H
RN BRI BUTA =4, "R T Sa Bk s KA.
MBI Sy ik B ) Sb R Se B, DL O12.5%F01
37.9%MWCRAF R T IR A =1, Lokl EIRAT AT
TH&ARE. G WNER 4 PR, 1 2 equiv.[f] AIBN [1)75]
K FAE DMF )2 W 3.5 h, L 53.4%MBCRGEMLEY)
11ac(5R 4, Entry 4). [FIFEZ 7 VA& T 2b BN sA &
JVi(F 5, Entry 2)LLKAGEDD 4 (ISR V(R 5,
Entries 3~5).

R4 LAY 2a EARRSAET ISR Y.

Table 4 Addition-cycliclation reaction of 2a under different
conditions by heating

© 2013 Chinese Chemical Society & SIOC, CAS

Entry Solvent Time/h  AIBN/equiv. Yield/%
1 DMF 2.0 2.0 13.5
2 DMF 2.5 2.0 26.7
3 DMF 3.0 2.0 37.9
4 DMF 3.5 2.0 53.4
5 DMF 4.0 2.0 52.9
6 Toluene 35 2.0 53.1
7 DMSO 3.5 2.0 493
8 DMF 3.5 1.0 19.41
9 DMF 3.5 3.0 53.3
2 g

RET — AT BRI 8 N- 5 -5 - G - ek -2
Tk, B S R R S N A — R e =R
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Table 5 One-pot synthesis of N-aryl-5-fluoroalkyl-oxazoline-
2-amines/N'-aryl-N*-(3-fluoroalkyl-2-hydroxypropyl) oxalamide

Entry 6/7 11 Yield/%
1 6ac 11ac 54.0
2 6bc 11bc 39.3
3 Tac 12ac 60.4
4 7bc 12bc 67.3
5 Tce 12cc 69.4

VLA 67.3%~99.1% R AF 2 1-00 N FE-3- 05 R 1-
I N6 -3- 05 FE R 5 bR AE O -k R AR B
B NAF B0 = ), I AR K/DMF R AR
B BN CA R A5 K R AR B -5 F-5- G by J— I DAk -2 -
Jlig. ABZ T VI ARTE T N0 TR L -2 5 B ()
TS =P G, 78 RE S 2F N 2 AR 7K il I I A2
N'-J5 3 N2 (3-Ji e - 2- FR FE T 3 Bl . [ i B AT TR
ATLLGERE B AIBN 510 105 T4 F-3-55 KL IR (1) In e 20
B IR N AF B N-T5 F-5- G e Ik - WE PR -2- .

3 ZEES
3.1 UEHIKF

JREAL: Finnigan GC-MS-4021); %L HRE %1
Bruker AM 500, '"H NMR (400 MHz), *C NMR (100.6
MHz); #5554 WRS-1B HUFH s AN (R 3 R 22 A
A PR D), DUSIMRI 0 AR RIS . B FR BRI 15k
B, srrat, BRI EAFRIA R AR, £k &
MR Ole. AWk O, absl, Figueigh s
AR
3.2 1-HEAE-3-FERQ)MEK

PR F R AR 1a (1.19 g, 10 mmol)F1 50 mL 4
FLEIAZ] 100 mL B, sk, 1248 00 A T2
}%(0.75 mL, 10.00 mmol), =EHFEN 5 h, HEZET
B, o EATRE AR VCA ) © M CRR lE)=1 1 1]
3 1.75 g AR 105 JE-3-2R 1R (2a), % 99.1%.
'H NMR (CDCl;, 400 MHz) J: 3.84 (d, J=5.60 Hz, 2H),
5.10 (d, J=10.00 Hz, 1H), 5.19 (d, J=17.20 Hz, 1H),
5.78~5.92 (m, 1H), 7.00~7.10 (m, 1H), 7.24~7.32 (m,
4H).

1= TR -3 -50) FR RS I HE IR (2b) 4 AL 5 2a 1)
ERTTIHAT A, E 56.4%. 'TH NMR (CDCls, 400
MHz) 6: 2.39 (s, 3H), 3.58~3.67 (m, 2H), 4.96~5.06 (m,
2H), 5.65~5.80 (m, 1H), 6.59 (br, 1H), 7.40 (d, J=7.60
Hz, 2H), 7.78 (d, J=7.60 Hz, 2H), 10.61 (br, 1H).
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3.3 N-BRE-N-FEEBERG)HEH

B2 [%(0.93 g, 10 mmol)Fl 50 mL — 5 FH e i A\ £
100 mL SN HEFE, EvKi Nede n N S &(2.08
mL, 20 mmol), FEFEFIERN 24 h, ZE T, FHIIA
50 mL & TLE, AR AEERL0.75 mL g, 10 mmol),
BN S h, B TR, S ENTRERAE V(A
k) : MR TR =4 © 11153 1.16 g (IR & N h 2-
N-FEHE R i iz (4a), WOE 47.6%. '"H NMR (CDCls, 400
MHz) J: 3.98~4.04 (m, 2H), 5.20~5.32 (m, 2H), 5.82~
5.94 (m, 1H), 7.19 (t, J=7.40 Hz, 1H), 7.350~7.40 (m,
2H), 7.40 (d, J=7.60 Hz, 2H), 9.26 (br, 1H), 9.36 (br, 1H).

NI TR - NP-(4- AR 35 2R 368 ) R I A (ab) P T Ak &
Yy da (I TIEIEAT B, R 49.5%. 'TH NMR
(CDCls, 400 MHz) &: 3.81 (s, 3H), 3.94~4.10 (m, 2H),
5.10~5.30 (m, 2H), 5.75~5.95 (m, 1H), 6.90 (d, J=9.20
Hz, 2H), 7.56 (d, J=8.80 Hz, 2H), 7.70 (br, 1H), 9.20 (br,
1H).

N5 TA FE-N-(3-( = 9 P 6 9368 ) I e (de) e B Ak
G da MHIETTEAT %, WK 52.3%. 'H NMR
(CDCls, 400 MHz) &: 3.80~3.87 (m, 2H), 5.05~5.20 (m,
2H), 5.79~5.92 (m, 1H), 7.50 (d, J=7.20 Hz, 1H), 7.61
(t, J=8.40 Hz, 1H), 8.11 (d, J=8.40 Hz, 1H), 8.30 (s, 1H),
9.21 (br, 1H), 11.02 (br, 1H).

34 1-BREIEERQ)M N-GRE-N-FEEE
B%(4)BY AN B B2 Rz

LG 6aa (G kB, K 100 T FE-3- 2R FE R
(2a, 0.35 g, 2 mmol), CICF,CF,l (2a, 0.80 g, 3 mmol)#!
MeCN-H,0O (V'@ V=41, 20 mL)JIAZF] 50 mL 11K
BRI . NN NayS,04 (0.52 g, 3 mmol) f
NaHCO; (0.25 g, 3 mmol), =JBEFE RN 5 h. KV 54
JAIMA 50 mL 7K, H ZFR ZBEAHL(50 mL X 3), Jo/Kf
BT, HhoE, WORZET, 2 M RE RO [VCH
k) © M(GBROTE)=3 1113 0.53 g [tk 6aa, HH
60.9%. '"H NMR (CDCls, 400 MHz) ¢: 2.62~2.84 (m,
2H), 3.38~3.48 (m, 1H), 3.50~3.60 (m, 1H), 4.20~4.30
(m, 1H), 6.28 (br, 1H), 6.99~7.06 (m, 1H), 7.20~7.25
(m, 4H), 7.88 (br, 1H); "’F NMR (CDCls, 376 MHz) §: —
114.00~—111.60 (m, 2F), —71.62 (2F, s).

1-(7- 5 -4,4,5,5,6,6,7,7- )\ i -2- filll P& JE )-3- 2 JE iR
(6ab) i AL AW 6aa (1)l 45 T AT il %, K 52.6%.
'H NMR (CDCls, 400 MHz) &: 2.76~2.92 (m, 2H),
3.45~3.55 (m, 1H), 3.69~3.77 (m, 1H), 4.39~4.47 (m,
1H), 6.76 (br, 1H), 7.10~7.20 (m, 1H), 7.30~7.38 (m,
4H), 7.55 (br, 1H); "’F NMR (376 MHz, CDCl;) 6: —
123.15~—112.75 (m, 2F), —119.90~—19.70 (m, 2F),
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—114.40~—110.00 (m, 2F), —68.20~—67.94 (m, 2F).
1-(5-5-4,4,5,5- VU 5 -2- Al 13 6 )-3- 0] AR 1t 19 2 JOR
(6ba) AL 5 W) 6aa 1)l 4 T kAT 4%, R 55.8%.
'H NMR (CDCls, 400 MHz) d: 2.45 (s, 3H), 2.60~2.74
(m, 2H), 3.57~3.66 (m, 1H), 3.68~3.76 (m, 1H), 4.30~
4.40 (m, 1H), 7.05 (br, 1H), 7.35 (d, J=8.00 Hz, 2H), 7.85
(d, J=8.40 Hz, 2H), 8.06 (br, 1H); "’F NMR (376 MHz,
CDCly) 0: —114.20~—111.80 (m, 2F), —71.68 (s, 2F).
1-(7-%-4,4,5,5,6,6,7,7- )\ -2~ Bt it B )-3- 3% FH R A
T L IR (6bb) i FE AL B4 6aa 1)l 45 T AT i 4%, iR
49.6%. "H NMR (CDCls, 400 MHz) J: 2.44 (s, 3H), 2.58~
2.78 (m, 2H), 3.58~3.76 (m, 2H), 4.30~4.40 (m, 1H),
7.05 (br, 1H), 7.35 (d, J=8.00 Hz, 2H), 7.85 (d, J=8.40
Hz, 2H), 7.99 (br, 1H); "°F NMR (376 MHz, CDCl3) 6: —
112.92 (s, 2F), —119.60~—119.80 (m, 2F), —112.00~
—114.60 (m, 2F), —68.09 (t, J=12.97 Hz, 2F).
N'-(5-#-4.,4,5,5- VU 5, -2- il /3 3 )-N>- 2 3k o it fi
(Taa)#Z AL G W) 6aa I % 7 VL HEAT ) 4%, W%
56.5%. 'H NMR (CDCl;, 400 MHz) 6: 2.76~2.96 (m,
2H), 3.70~3.80 (m, 1H ), 3.82~3.92 (m, 1H), 4.40~4.50
(m, 1H), 7.21 (t, J=7.60 Hz, 1H), 7.39 (t, J=8.00 Hz,
2H), 7.49 (d, J=8.00 Hz, 2H), 8.00 (br, 1H), 9.20 (1H, br);
F NMR (CDCls, 376 MHz) §: —114.50~—112.00 (m,
2F), —71.85 (d, J=10.15 Hz, 2F).
N'-(9-5-6,6,7,7,8,8,9,9- )\ Ji -2- Tt P I )-N>- 2R 3
% (Tab)i% AL A 6aa 1R 7 VL3471 4%, R
51.9%. 'H NMR (CDCl;, 400 MHz) 6: 2.78~2.94 (m,
2H), 3.68~3.78 (m, 1H), 3.82~3.90 (m, 1H), 4.42~4.50
(m, 1H), 7.21 (t, J=7.40 Hz, 1H), 7.39 (t, J=8.00 Hz,
2H), 7.60~7.70 (m, 2H), 8.03 (br, 1H), 9.22 (br, 1H); "F
NMR (CDCls, 376 MHz) §: —123.00~—122.80 (m, 2F),
—119.02~—119.71 (m, 2F), —114.10~—114.65 (m,
2F), —68.50~—67.80 (m, 2F).
N'-(5-50-4,4,5,5- DU Si-2- T R ) - NP-(4- FF 4 )
L (Tha)i% AL A1) 6aa 1114 7 e T 4%, oK
58.7%. 'H NMR (CDCl;, 400 MHz) 6: 2.76~2.94 (m,
2H), 3.70~3.78 (m, 1H), 3.82 (s, 3H), 3.83~3.90 (m,
1H), 4.40~4.50 (m, 1H), 6.91 (d, J=8.80 Hz, 2H), 7.57
(d, J=8.80 Hz, 2H), 7.99 (br, 1H), 9.12 (br, 1H); °’F NMR
(CDCl;, 376 MHz) 6: — 115.00 ~ —109.00 (m, 2F),
—71.60 (s, 2F).
N'-(7-50-4,4,5,5,6,6,7,7- )\ i -2- 1L P& 56 )-N"-(4- T 4%
FEORIL) EEERL (Tob) 1 AL 54 6aa 4% I AT 4l
%, W 48.6%. 'H NMR (CDCls;, 400 MHz) J: 2.78~
2.94 (m, 2H), 3.68~3.78 (m, 1H), 3.82 (s, 3H), 3.83~

1786 http://sioc-journal.cn/
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3.90 (m, 1H), 4.35~4.52 (m, 1H), 6.91 (d, J=9.20 Hz,
2H), 7.57 (d, J=9.20 Hz, 2H), 7.97 (br, 1H), 9.11 (br, 1H);
F NMR (CDCl;, 376 MHz) : —123.00~—122.50 (m,
2F), —119.80~—119.50 (m, 2F), —115.00~—111.00
(m, 2F), —68.05 (t, J=12.60 Hz, 2F).

N'-(5-50-4.,4,5,5- DU Fi -2- Bl 1, )-VP-(3-( = 4l FFT k)
ARIE) EL I (Tea)F AL A 6aa 1A% 7 AT 4%,
W% 63.0%. '"H NMR (CDCl;, 400 MHz) ¢: 2.76~2.98
(m, 2H), 3.70~3.90 (m, 2H), 4.40~4.52 (m, 1H), 7.42~
7.52 (m, 2H), 7.83 (d, J=7.60 Hz, 1H), 8.04 (s, 1H), 8.29
(br, 1H), 9.67 (br, 1H); F NMR (CDCl;, 376 MHz) o:
—114.40~—111.00 (m, 2F), —71.70 (d, J=5.64 Hz,
2F), —62.78 (s, 3F).

N'-(7-5-4,4,5,5,6,6,7,7- )\ §i-2- L JFE 3 )-N-[3-( = L
) R BE | BE RN (Teb)# JEAL 51 6aa (1)) 2% T84T
H%, WZE 55.5%. '"H NMR (CDCls, 400 MHz) J: 2.74~
2.98 (m, 2H), 3.69~3.80 (m, 1H), 3.81~3.91 (m, 1H),
4.40~4.52 (m, 1H), 7.48~7.55 (m, 2H), 7.81 (d, J=8.00
Hz, 1H), 8.03 (s, 1H), 8.06 (br, 1H), 9.44 (br, 1H); "F
NMR (CDCls, 376 MHz) 6: —122.82 (t, J=6.39 Hz, 2F),
—119.77 (t, J=13.35 Hz, 2F), —115.00~—111.00 (m,
2F), —68.09 (t, J=13.16 Hz, 2F), 62.87 (s, 3F).

3.5 1-(7-5-4,4,5,5,6,6,7,7-/)\ & -2- 1 B & )-3-F £ IR
(Bab)7E®R I &4 T B9 R

FEEARYT, 5 L1 50 mL ¥ 52 3 70 45 Hon
A 20 mL THF, Ji&; =4 6ab (0.54 g, 1 mmol)FI&ifb4H
(0.04 g, 1 mmol, 1 equiv., 60%), FiRIHFEXNY 24 h. %
RESEA M 50 mL /K, H 48R LFEEAH(50 mL X 3),
TR T, Hhig, s ZE+, o EArE AV
W) @ (LR LBE)=1 : 4113 0.15 g (A a[& /£ 8ab, 0.05
g KEAR P4 9ab, 0.06 g KGHH 314 10ab.

2-(5-%-2,2,3,3,4,4,5,5- )\ 5 P o )-N- K FE H A4 A TN
fe-1-H B i (8ab), W% 37.1%. '"H NMR (CDCls, 400
MHz) 6: 2.01 (d, J=3.60 Hz, 1H), 2.21~2.40 (m, 2H),
2.63 (d, J=6.40 Hz, 1H), 2.72~2.84 (m, 1H), 7.10 (t, J=
6.40 Hz, 1H), 7.32 (t, J=7.80 Hz, 2H), 7.43 (d, J=8.00
Hz, 2H); "’F NMR (CDCl;, 376 MHz) 6: —122.75 (s, 2F),
—119.86 (s, 2F), —113.09 (t, J=12.97 Hz, 2F), —68.05
(t, J=12.41 Hz, 2F); “C NMR (CDClL;, 107MHz) &:
30.41, 31.35, 34.67 (t, J=23.27 Hz), 119.05, 124.09,
129.12, 137.70, 161.40; HRMS (EI) caled for C,,H;,Cle
FgN,O: 410.0432, found 410.0417.

1-(7-5-4,4,5,5,6,6,7,7- )\ 35 P& - 1- 5 % )-3- A HE JIg
(9ab), W% 13.0%. 'H NMR (CDCl;, 400 MHz) J: 3.80~
3.90 (m, 2H), 5.60~5.80 (m, 1H), 5.85 (br, 1H), 6.30~
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6.40 (m, 1H), 7.04 (t, J=7.00 Hz, 1H), 7.17~7.25 (m,
4H), 7.52 (br, 1H); “F NMR (CDCl;, 376 MHz) §:
—122.70~—122.50 (m, 2F), —119.80~—119.60 (m,
2F), —111.55 (t, J=12.78 Hz, 2F), —68.11 (t, J=12.97
Hz, 2F); “C NMR (CDCl;, 107 MHz) J: 40.43, 117.27 (t,
J=25.04 Hz), 120.98, 123.97, 129.17, 138.14, 139.64,
156.38; HRMS (EI) calcd for Ci4H;;CIsFgN,O: 410.0432,
found 410.0424.

1-(7-54.-4,4,5,5,6,6,7,7- )\ J8 P& I -2- Jii )-3- 7K 3 IR
(10ab), W 7.0%. 'H NMR (CDCl;, 400 MHz) d: 3.92~
4.02 (m, 2H), 5.65~5.80 (m, 1H), 6.35~6.45 (m, 1H),
7.11 (t, J=7.20 Hz, 1H), 7.23~7.32 (m, 4H).
3.6 N-FE-5-FITEIEMM-2-§%(11aa~11bb)I &
1514

LAY 11ab BG ChE1. H %= 6ab (0.54
g, 1 mmol)#1 30 mL /KIIAE] 50 mL H A I, i
PRI R Y. 30 min. M 455 H SR R A (50
mL X 3), Jo/KER BRI, ik, wokzs T, 2R
JAE VA L) @ (SR CHE)=3 : 1113 0.28 g il
A 11ab.

5-(3-50-2,2,3,3- VY 56 TN 35 )-N- 2K JiE — W8 Ia ik -2- i
(11aa): W E 69.0%, m.p. 107.0~109.3 ‘C; 'H NMR
(CDCls, 400 MHz) 6: 2.38~2.50 (m, 1H), 2.60~2.76 (m,
1H), 3.64 (dd, J=6.80, 12.00 Hz, 1H), 4.10~4.20 (m,
1H), 4.96~5.06 (m, 1H), 7.04 (t, J=7.20 Hz, 1H), 7.28~
7.54 (m, 4H); "’F NMR (CDCls, 376 MHz) 6: —114.0~
—111.4 (m, 2F), —71.66 (s, 2F); °*C NMR (CDCl,, 107
MHz) 6: 35.89 (t, J=22.90 Hz), 56.00, 73.07, 118.81,
119.29, 123.21, 129.12, 156.97; IR (KBr) v: 3382, 3238,
3134, 3071, 3038, 2811, 1934, 1860, 1560, 1488, 1365,
1132, 1058, 975, 905, 842, 756, 696,677, 574, 543, 508,
463 cm '; HRMS (EI) caled for Cj,H;CIsF4N,O:
310.0496, found 310.0492.

5-(5-5-2,2,3,3,4,4,5,5- )\ 3B Ik ) - N- 2R LR IAempf -2 -
JZ(11ab): WCE 67.7%, m.p. 98.2~99.4 'C; 'H NMR
(CDCls, 400 MHz) §: 2.30~2.48 (m, 1H), 2.54~2.72 (m,
1H), 3.60~3.70 (dd, J=6.80, 12.40 Hz, 1H), 4.10~4.20
(m, 1H), 4.92~5.02 (m, 1H), 7.02 (t, J=7.20 Hz, 1H),
7.30 (t, J=7.80 Hz, 2H), 7.36, (d, J=8.00 Hz, 2H); "F
NMR (CDCls, 376 MHz) §: —122.98~—122.80 (m, 2F),
—119.90~—119.60 (m, 2F), —114.0~—111.50 (m,
2F), —68.05 (t, J=12.78 Hz, 2F); *C NMR (CDCl;, 107
MHz) §: 36.37 (t, J=21.88 Hz), 47.31, 71.98, 118.62,
119.39, 122.80, 129.10, 156.02; IR (KBr) v: 3442, 3240,
3134, 2801, 1655, 1608, 1559, 1450, 1398, 1259, 1187,
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1132, 1085, 960, 827, 756, 697, 491 cm™'; HRMS (EI)
calcd for C;sH;;Cl*FgN,0O: 410.0432, found 410.0426.

N-(5-(3-57-2,2,3,3- VY 3% 1A 4 )-2- A WA bR s ) =36 FHY %
Tt Bk (11ba): R 51.0%, m.p. 139.5~140.7 C; 'H
NMR (DMSO-d,, 400 MHz) 6: 2.36 (s, 3H), 2.72~2.90
(m, 2H), 3.44 (t, J=9.00 Hz, 1H), 3.82 (t, J=9.20 Hz,
1H), 5.04~5.16 (m, 1H), 7.33 (d, J=8.00 Hz, 2H), 7.69
(d, J=8.00 Hz, 2H), 8.85 (br, 0.86H); "F NMR
(DMSO-ds, 376 MHz) §: —114.00~—110.00 (m, 2F),
—71.40 (s, 2F); °C NMR (DMSO-d;, 101MHz) d: 20.89,
33.74 (t, J=22.04 Hz), 47.24, 73.01, 126.06, 129.13,
140.08, 142.00, 160.03; IR (KBr) v: 3647, 3419, 3158,
2923, 2852, 1653, 1507, 1490, 1400, 1300, 1284, 1212,
1159, 1081, 1055, 1081, 1055, 1018, 939, 878, 813, 708,
644, 619, 583, 554 cm™'; HRMS (EI) calcd for C,3H5Cle
F4N,05S: 388.0272, found 388.0268.

N-(5-(5-50-2,2,3,3,4,4,5,5- )\ 5 J# I )-2- B e lpf I )~
X B R A I (11bb): K 49.7%, mup. 137.6~139.0
“C; "H NMR (DMSO-d, 400 MHz) 0: 2.36 (s, 3H), 2.75~
2.95 (m, 2H), 3.45 (t, J=8.80 Hz, 1H), 2.83 (t, J=7.40
Hz, 1H), 5.08~5.19 (m, 1H), 7.32 (d, J=8.00 Hz, 2H),
7.68 (d, J=8.00 Hz, 2H), 8.86, (br, 0.92H); '’F NMR
(DMSO-ds, 376 MHz) §: —122.60~—122.40 (m, 2F),
—119.90~—119.60 (m, 2F), —114.0~—110.0 (m, 2F),
—68.58 (t, J=12.22 Hz, 2F); *C NMR (DMSO-d;, 101
MHz) 6: 21.87, 34.00 (t, J=20.10 Hz), 47.20, 72.79,
126.07, 129.11, 140.08, 141.98, 160.00; IR (KBr) v: 3446,
3167, 2925, 2853, 1646, 1458, 1400, 1300, 1284, 1193,
1158, 1133, 1073, 1013, 964, 879, 815, 782, 708, 661, 582,
555, 474 cm™'; HRMS (EI) caled for C;sH5Cl FgN,O5S:
488.0208, found 488.0205.

3.7 N-FFE-N-(3-FIrE-2-M 2 ) BRI S

LAY 12ab 1A BB, K08 =4) Tab (0.57
g, 1 mmol)F! 30 mL DMF JIA 2] 50 mL HIfEH, Fiidk
IR N 1 he RNVSE R EREZ TR, 2R
FEVCA ) @ (IR CER)=3 1143 0.35 g FIalifk
12ab.

N'-(5- & -4,4,5,5- VU % -2- ¥ )-N2- 2K Bk 0 i
(12aa): % 75.8%, FIEFEA, mp. 161.1~162.0 C;
'H NMR (DMSO-d,, 400 MHz) d: 2.10~2.30 (m, 1H),
2.31~2.47 (m, 1H), 3.20~3.34 (m, 2H), 4.00~4.20 (m,
1H), 7.14 (t, J=7.40 Hz, 1H), 7.36 (t, J=8.20 Hz, 2H),
7.83 (d, J=7.60 Hz, 2H), 9.01 (br, 0.97H), 10.7 (br,
0.94H); ’F NMR (DMSO-d,, 376 MHz) §: —115.00~
—110.00 (m, 2F), —71.61 (s, 2F); *C NMR (DMSO-dj,
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101 MHz) 0: 34.74 (t, J=21.31 Hz), 45.54, 62.87, 120.34,
124.46, 128.66, 137.58, 158.36, 160.26; IR (KBr) v: 3312,
3132, 2967, 2946, 2926, 2851, 1686, 1597, 1528, 1446,
1400, 1308, 1105, 1070, 1015, 938, 913, 861, 793, 753,
728, 687, 657, 593, 547, 507 cm”'; HRMS (EI) calcd for
C3H5CIF,N,0;: 356.0551, found 356.0550.

N'-(7-5-4,4,5,5,6,6,7,7- )\ Ji.-2- J4 I P Ik )-N>- FK 3
FOEZ (12ab): CE 77.5%, FEE A, mp. 1282~
130.1 ‘C; 'H NMR (DMSO-d,, 400 MHz) 6: 2.10~2.40
(m, 2H), 3.20~3.35 (m, 2H), 4.00~4.20 (m, 1H), 7.13 (t,
J=17.00 Hz, 1H), 7.35 (t, J=7.60 Hz, 2H), 7.82 (d, J=
8.00 Hz, 2H), 8.99 (br, 1H), 10.65 (br, 1H); ""F NMR
(DMSO-ds, 376 MHz) §: —117.90~—117.60 (m, 2F),
—115.10~—114.80 (m, 2F), —109.0~—106.0 (m, 2F),
—63.76 (t, J=11.84 Hz, 2F); °*C NMR (DMSO-d,, 107
MHz) J: 34.83 (t, J=21.88 Hz), 45.83, 62.46,120.18,
124.31, 128.49, 137.36, 158.17, 160.10; IR (KBr) v: 3326,
2917, 2361, 2320, 1717, 1690, 1647, 1558, 1522, 1446,
1397, 1273, 1199, 1134, 1071, 959, 777, 754, 718, 697,
549, 485 cm™'; HRMS (EI) caled for C,sH;3CIFgN,O5:
456.0487, found 456.0457.

N'-(5-5-4,4,5,5- DU G -2- J3 3 [0 J6 ) - NP o) 14 3
FEE BRI (12ba): WOE 75.4%, AR, mp. 173.5~
174.9 °C; "H NMR (CDCls, 400 MHz) : 2.22~2.44 (m,
2H), 3.40~3.50 (m, 1H), 3.60~370 (m, 1H), 3.81 (s, 3H),
4.30~4.38 (m, 1H), 6.91 (d, J=8.80 Hz, 2H), 7.55 (d, J=
9.20 Hz, 2H), 8.00 (br, 1H), 9.13 (br, 1H); “F NMR
(CDCl;, 376 MHz) 6: — 113.00 ~ — 112.50 (m, 2F),
—71.70~—71.65 (m, 2F); *C NMR (107 MHz, CDCl,)
J: 33.20~34.57 (m), 45.52, 54.91, 63.05, 121.49, 127.01,
133.45,155.97, 160.28; IR (KBr) v: 3439, 3311, 2863,
2821, 1647, 1597, 1533, 1400, 1266, 1150, 1129, 946, 797,
710, 512 cmfl; HRMS (EI) caled for Ci4H4Cl F4N,O4:
386.0656, found 386.0651.

N'-(7-5-4,4,5,5,6,6,7,7- )\ Ji.-2-J% I P 55 )-N*- %) H
SR IE R (12bb): R 74.9%, A AR, mup.
170.6~171.4 C; 'H NMR (DMSO-ds, 400 MHz) ¢
2.10~2.48 (m, 2H), 3.22~3.31 (m, 2H), 3.73 (s, 3H),
4.00~4.20 (m, 1H), 6.90 (d, J=8.80 Hz, 2H), 7.73 (d, J=
9.20 Hz, 2H), 8.93 (br, 0.97H), 10.53 (br, 0.93H); "F
NMR (DMSO-ds, 376 MHz) 0: —117.90~—117.70 (m,
2F), —115.10~—114.80 (m, 2F), —109.00~ —106.00
(m, 2F), —63.68 (t, J=12.60 Hz, 2F); “C NMR
(DMSO-d,, 107 MHz) d: 33.46~34.63 (m), 50.75, 60.36,
67.92, 118.96, 127.01, 135.94, 161.24, 165.66; IR (KBr) v:
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3420, 3334, 2975, 2850, 1686, 1664, 1521, 1458, 1400,
1261, 1188, 1131, 1023, 828, 792, 695, 543, 511, 493, 475
cm '; HRMS (EI) caled for Ci¢H;sCIFsN,O,: 486.0593,
found 486.0591.
N'-(5-5-4,4,5,5- DU 55 -2-F 3 L HE )-N- 40 — 5 1 3%
IR (12¢a): WOR 83.0%, HOHE A, mp. 93.8~
94.9 °C; '"H NMR (CDCls, 400 MHz) §: 2.20~2.50 (m,
2H), 2.96 (br, 0.89H), 3.40~3.50 (m, 1H), 3.62~3.74 (m,
1H), 4.30~4.42 (m, 1H), 7.42~7.55 (m, 2H), 7.80 (d, J=
7.60 Hz, 1H), 7.98 (s, 1H), 8.09 (br, 0.92H), 9.46 (br,
0.93H); "F NMR (CDCls, 376 MHz) 6: —112.70~—
112.55 (m, 2F), —71.80~—71.70 (m, 2F), 62.87 (s, 3F);
C NMR (107 MHz, CDCly) 6: 35.43 (t, J=22.47 Hz),
45.72, 64.78, 116.75 (d, J=4.18 Hz), 122.00~122.20 (m),
122.97, 129.81, 131.54, 131.86, 136.73, 157.34, 160.44; IR
(KBr) v: 3386, 3303, 2929, 1661, 1529, 1400, 1333, 1245,
1189, 1116, 1070, 1053, 940, 914, 879, 797, 695, 538, 487
cm '; HRMS (EI) caled for Ci4H»Cl F7N,O5: 424.0425,
found 424.0422.
N'-(7-5.-4,4,5,5,6,6,7,7- )\ Ji.-2- 3 3 P 3 )-N*- 408 =
SRR L R (12¢b): WO 81.4%, MO A, m.p.
77.9~79.0 °C; '"H NMR (CDCls, 400 MHz) ¢: 2.20~2.50
(m, 2H), 3.06 (br, 0.84H), 3.40~3.50 (m, 1H), 3.62~3.74
(m, 1H), 4.34~4.42 (m, 1H), 7.40~7.53 (m, 2H), 7.80 (d,
J=7.60 Hz, 1H), 7.97 (s, 1H), 8.14 (br, 0.94H), 9.49 (br,
0.97H); 'F NMR (CDCl;, 376 MHz) 6: —113.10~
— 112.86 (m, 2F), — 120.00 ~ — 119.70 (m, 2F),
—113.00~—112.70 (m, 2F), —68.09 (t, J=13.16 Hz,
2F), 62.90 (s, 3F); *C NMR (CDCl;, 107 MHz) J: 35.68
(t, J=22.20 Hz), 45.77, 64.54, 116.79 (d, J=4.28 Hz),
122.00 ~ 12230 (m), 123.00, 129.80, 131.53, 131.87,
136.71, 157.35, 160.48; IR (KBr) v: 3415, 3320, 2913,
1691, 1651, 1529, 1456, 1335, 1246, 1178, 1123, 1068,
797, 789, 695, 661, 546, 500 cm”'; HRMS (EI) calcd for
C16H1,ClF11N,05: 524.0361, found 524.0360.
3.8 —iRIEAM N-FE-5-F ik EIEMM-2-p%(11ac,
11bc)/1-E Rt £-3-Fm ki £-2-AEE(12ac~12cc)
DMLEY) 11ac G BB, F 1009 25-3- 057 FE IR
2a (0.352 g, 2 mmol), S¢ (0.97 g, 3 mmol), AIBN (0.66 g,
4 mmol) Al 20 mL DMF A F] 50 mL ¥ 10 , Fidkn]
WY 3.5 he OS5 W ks 25500, ok IR AT R AT
[VCHEMER) @ MR TER)=4 1143 0.40 g (fa[E 4k
11ac.
5-(2,2- R -2-(3- K HE-1,2,4- 8 kL) 20 BE)-N-
FE-TE P b -2- 12 (11ac): WO 54.0%, A 44, mp.
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140.0~142.3 °C; 'H NMR (CDCls;, 400 MHz) §: 2.66~
2.80 (m, 1H), 2.92~3.08 (m, 1H), 3.69 (dd, J=12.40,
6.40 Hz, 1H), 4.08~4.22 (m, 1H), 4.93~5.03 (m, 1H),
6.97 (t, J=7.20 Hz, 1H), 7.21~7.31 (m, 4H), 7.46~7.58
(m, 3H), 8.08~8.13 (m, 2H); '’F NMR (CDCls, 376 MHz)
5: —94.36 (d, J=281.62 Hz, 1F), —99.85 (d, J=282.75
Hz, 1F); *C NMR (CDCl;, 101 MHz) 6: 33.39~34.13
(m), 41.54, 72.50, 122.68, 127.67, 129.02, 129.07, 131.97,
155.73, 168.83; IR (KBr) v: 3324, 3236, 3187, 3112, 1963,
1650, 1601, 1557, 1500, 1447, 1355, 1202, 1120, 1084,
1060, 1047, 758, 688, 543 cm '; HRMS (EI) calcd for
C1oH 6 FaN4O,: 370.1241, found 370.1244.

N-(5-(2,2- 5 -2-(3- R JE-1,2,4- W8 ML) 2, 35—
I bk 5 ) 5oF PP A It e (11be): 0% 39.3%, 11 16 [l 4,
m.p. 116.2~117.5 “C; 'H NMR (DMSO-d,, 400 MHz) §:
2.34 (s, 3H), 3.03~3.20 (m, 2H), 3.49 (t, J=8.80 Hz, 1H),
3.84 (t, J=9.40 Hz, 1H), 5.06~5.30 (m, 1H), 7.30 (d, J=
8.00 Hz, 2H), 7.58~7.70 (m, 5H), 8.05 (d, J=7.20 Hz,
2H), 8.84 (br, 0.94H); "’F NMR (DMSO, 376 MHz) ¢:
—94.84 (d, J=276.36 Hz, 1F), —97.64 (d, J=279.37 Hz,
1F); *C NMR (DMSO-d,, 101 MHz) 6: 20.88, 33.14 (t,
J=14.87 Hz), 4723, 73.32, 12493, 126.02, 127.29,
129.12, 129.42, 132.26, 140.03, 141.96, 159.95, 168.14; IR
(KBr) v: 3434, 3138, 2923, 2842, 2359, 1640, 1527, 1446,
1400, 1327, 1301, 1155, 1084, 1004, 963, 815, 721, 701,
657, 579, 554, 475 cm '; HRMS (EI) calcd for
CaoH sFaN,40,4S: 448.1017, found 448.1031.

N'-(4,4- G 2-F2 3 -4-(3- T8 He-1,2,4- 08 MLy T
H)-N- IR E B (12ac): BOE 60.4%, FEREA, mp.
164.9~166.7 C; '"H NMR (DMSO-ds, 400 MHz) §:
2.52~2.64 (m, 1H), 2.66~2.80 (m, 1H), 3.20~3.30 (m ,
2H), 3.95~4.05 (m, 1H), 7.13 (t, J=7.40 Hz, 1H), 7.35 (t,
J=8.00 Hz, 2H), 7.55~7.65 (m, 3H), 7.81 (d, J=7.60 Hz,
2H), 8.05 (d, J=6.80 Hz, 2H), 8.95 (br, 0.95H), 10.62 (br,
0.94H); "°F NMR (DMSO-d,, 376 MHz) §: —101.05 (d,
J=272.60 Hz, 1F), —90.92 (d, J=272.98 Hz, 1F); "*C
NMR (DMSO-ds, 107 MHz) §: 32.17~33.17 (m), 45.22,
63.39, 120.32, 127.19, 128.64, 129.38, 132.15, 137.57,
158.34, 160.26; IR (KBr) v: 3446, 3315, 3288, 3162, 2917,
2855, 1654, 1530, 1473, 1400, 1356, 1318, 1236, 1208,
1110, 1052, 1000, 753, 699, 688, 490 cm™'; HRMS (EI)
caled CyHaoFoN4Os: 446.1402, found 446.1398.

N'-(4,4- — 5 -2-F2 HE-4-(3- ki -1,2,4- I8 — e k) T
HE)- N2 56 A8 L 2R L B i (12be): R 67.3%, FG
44, m.p. 149.0~151.3 °C; 'H NMR (CDCl;, 400 MHz)
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d: 2.20~2.50 (m, 2H), 3.40~3.50 (m, 1H), 3.62~3.74
(m, 1H), 3.81 (s, 3H), 4.30~4.42 (m, 1H), 6.90 (d, J=
9.20 Hz, 2H), 7.46~7.58 (m, 5H), 8.00 (br, 0.84H), 8.09
(d, J=8.80 Hz, 2H), 9.12 (br, 0.94H); '’F NMR (CDCl;,
376 MHz) 6: —98.38 (d, J=282.38 Hz, 1F), —93.58 (d,
J=282.75 Hz, 1F); *C NMR (DMSO-d;, 107 MHz)
33.31~34.01 (m), 45.25, 54.92, 59.58, 113.45, 121.53,
127.05, 128.81, 128.86, 160.33, 167.85; IR (KBr) v: 3444,
3303, 2822, 1660, 1521, 1446, 1400, 1264, 1230, 1126,
1109, 1028, 823, 761, 707, 546, 505 cm '; HRMS (EI)
calcd for CyH,oF,N4Os: 446.1400, found 446.1398.

N'-(4,4- G -2-F2 e -4-(3- A 1,2, 4- 08 MLy |
HE)-N-40 = G F R 2R B e (12¢c): IR 69.4%, A
[l 44, m.p. 132.6~133.8 C; 'H NMR (DMSO-d;, 400
MHz) 6: 2.52~2.64 (m, 1H), 2.66~2.81 (m, 1H), 3.20~
3.30 (m, 2H), 3.97~4.08 (m, 1H), 7.49 (d, J=7.60 Hz,
1H), 7.58~7.68 (m, 4H), 8.04 (d, J=8.80 Hz, 2H), 8.11
(d, J=8.00 Hz, 1H), 8.29 (s, 1H), 9.00 (br, 0.85H), 11.01
(br, 0.87H); "’F NMR (DMSO-d, 376 MHz) 6: —100.37
(d, J=272.98 Hz, 1F), —91.01 (d, J=272.60 Hz, 1F); °C
NMR (DMSO-d, 107 MHz) §: 33.36~~33.90 (m), 45.23,
61.12, 123.96, 125.05, 127.17, 129.35, 129.89, 132.11,
138.44, 158.84, 167.91; IR (KBr) v: 3439, 2964, 2929,
2838, 2370, 2324, 1664, 1623, 1528, 1400, 1261, 1158,
1098, 1027, 802, 691, 549 cm'; HRMS (EI) calcd for
C»H,,FsN,O4: 484.1170, found 484.1167.
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