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Scheme 1 Synthesis of perfluorinated oxindoles
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SN Gy AT i S b i A JURE N-D BE IR T e (La ~ 1) 23 BEORI G SCHR [ 6 ] 438 U7 v 6 i As 21
AV ANCE 400 MHz R S LS 7 ARG AR X (Fi 1 Bruker 24 7)) ; GC-MS-QP2010 B B34 ( H
AR BT ) s RE-52AA Bkt 2 AL ( B oR A AR T ) s XTS A B I8 ey i A (AL s i BRHSCH
PR o
1.2 BHERF¥%3 HEK
LU 3a 5 A ], B 52, 5 mg (0. 3 mmol) JiUsh N-AEEE-N-FIIL YR 1a 75T 1.5 mL ZfifH,
JiA AIBN 98. 4 mg(0. 6 mmol ) FI4 4RI T 4% 207. S5mg(0. 6 mmol) ,ZRJ5 A 87. 6 mg(0. 6 mmol) i)
TRUT R AR 7R 105 CHRBE TR K 8 ~ 12 h, 28 TLC Kl ) 58 4 J5 , AL 240 B, A k- &
PR TR BE EIBE , 75 B B 2 HAR ™) 3a, g —Fh iR e (5 A
1.3 FYRRELSTE
Me  — CF.CECF.CF 1,3-Dimethyl-3-(2,2,3,3,4,4,5,5, 5-nonafluoropentyl ) indolin-2-
N one(3a) :"H NMR (400 MHz,CDCL,) ,8:7.36 ~7.22(m,2H) ,7.08(t,
N J=7.5Hz,IH),6.88(d,J=8.0 Hz,1H),3.23(s,3H),2.97 ~2.43
3a (m,2H),1.41(s,3H),
1-Ethyl-3-methyl-3-(2,2,3,3,4,4,5,5,5-nonafluoropentyl ) indolin-
2-one(3b) : Yellowish oil, 'H NMR (400 MHz, CDCL,),8:7.34 ~7.13

Me . — CF,CF,CF,CF,
\ ‘ (m,7H),7.04(t,J =8.4 Hz,1H),6.75(d,J =8.0 Hz,2H) ,4.94(d,

o

N J=3.6 Hz,2H),2.93(dd,J=35.6,14.4 Hz,1H) ,2.65(dd,J =31.2,
B
30 15.2,8.0 Hz,1 H),1.48 (s,3H);"C NMR (101 MHz, CDCL ), §:

178.6,141.9,135.7,131.2,127.3,123.6,122.6,126.0 ~114.3(m)

109.5,44.3,44.0,36.6(t,J =20.4 Hz) ,26.5;"F NMR(376 MHz,CDCL,) ,8: —81. 1(t,J=8.1 Hz,3F),

-107.6(d,J,_y =264 Hz,1F), —-114.3(d,J,_, =270 Hz,1F) , —124.5(br,2F), -125.4 ~ - 126. 1 (m,

2F) .

e Me — CFCFCF.CF, 1,3,S—Trimetl?yl-3-(.2,2,3,3,4,4,5,51,5—n0naﬂu0r0pentyl)indolin-

\mo 2-one(3c¢) : Yellowish solid,mp 62 ~63 C, H NMR (400 MHz,CDCL,) ,

N 6:7.12~7.05(m,2H) ,6.76(d,J =8.4 Hz,1H) ,3.21(s,3H),2.85

3CMe (dd,J =35.2,15.6 Hz,1H) ,2.56(ddd,J =31.2,15.2,8.0 Hz,1H),

2.34(s,3H),1.40(s,3H) ;" C NMR (101 MHz, CDClL,),8:178.5,

140.4,132.2,131.3,128.8,124.4,125.0 ~114.1(m),108.1,44.2,36.9(t,J =23 Hz),26.5,25.9,

21.1;"”F NMR (376 MHz,CDCl,) ,8: —81.0(t,J =8.0 Hz,3F), -108.9(d,J, , =272 Hz,1F), - 114.7
(d,Jy_ =273 Hz,1F), -124. 6 (br,2F), - 125.0 ~ -126.2(m,2F),

Me — CF.CFCFCF, 5-Methoxy-1,3-dimethyl-3-(2,2,3,3,4,4,5,5,5-nonafluoropentyl )

Meo\@\)}o indolin-2-one(3d) : Yellowish oil, 'H NMR (400 MHz,CDCL, ) ,5:6. 92 ~

N 6.74(m,3H),3.79(s,3H) ,3.21(s,3H) ,2.86(dd, ] =35.0,15.6 Hz,
M

3 1H),2.56(ddd, J =30.8,15.6,8.4 Hz, 1H),1.41(s,3H);"°C NMR

(101 MHz,CDCL,) ,5:178.2,156.4,136.3,132.7,125.0 ~114.1(m) ,
112.5,111.3,108.7,55.8,44.6,36.6(t,J =31. 1 Hz) ,26.5,25.9;"F NMR(376 MHz,CDCL,) ,5: —81.0
(t,J=8.0 Hz,3F), —108.8(d,J, , =268 Hz,1F), —114.9(d, J,_, =273 Hz,1F), — 124.6(br,2F),
~125.2 ~ =126.3(m,2F) .

0 Mo CpCFCECE Ethyl 1,3-dimethyl-3-(2,2,3,3,4,4,5,5, 5-nonafluoropentyl ) -2-
o PR oxoindoline- S-carboxylate ( 3e ) : Yellowish oil, 'H NMR (400 MHz,
J\mo CDCl,).5:8.06(dd,J=8.4,1.6 Hz,1H) ,7.93(s,1H) ,6.91(d,J =

3o e 8.4Hz,1H),3.27 (s,3H) ,4.36 (q,J =7.2 Hz,2H),2.91 (dd, ] =

35.2,15.6 Hz,1H),2.64(ddd,J =30.8,15.6,8.4 Hz,1H),1.44 (s,
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3H),1,39(t,J =7.2 Hz,3H) ;" C NMR (101 MHz,CDCl,),5:178.8,166.2,146.8,131.1,125.0,124. 8,

125.0~114.0(m),108.0,61.0,43.9,36.2 (t,J =20.2 Hz),26.5,25.8,14.4;" F NMR (282 MHz,

CDCl;) ,8: -81.0(t,J=8.0 Hz,3F), -108.7(d, J;_ =265 Hz,1F), - 114.7(d, J,_, =268 Hz,1F),

-124.5(br,2F), -125.2 ~ -126.9(m,2F) ,

Ethyl 1,3, 7-trimethyl-3-(2,2,3,3,4,4,5,5, 5-nonafluoropentyl )

o indolin-2-one (3f) ; Yellowish solid,mp 115 ~116 °C, 'H NMR (500 MHz,

N CcDhCl,),5:7.10(d,J=7.5 Hz,1H) ,7.04(d,J =7.5 Hz,1H) ,6.96 (t,

Me M 3f J=7.5Hz,1H) ,3.52(s,3H),2.89(dd,J=35.2,15.6 Hz,1H) ,2. 65

~2.50(m,4H) ,1,40(s,3H) ;" C NMR (125 MHz, CDCl;) ,8: 179.2,

140.4,132.0,131.7,125.0 ~114.0(m) ,122.3,121.3,119.9,43.3,36.0(t,J =20.3 Hz),29.7,26.3,

18.9;"”F NMR (470 MHz, CDCl;),8: —81.1(t,J =8.0 Hz,3F), —109.0 (A-B, J, , =269 Hz, IF),
-114.7(A-B,J;_; =272 Hz,1F) , -124. 6 (br,2F), - 125.2 ~ -126.7(m,2F)

5-Fluoro-1,3-dimethyl-3-(2,2,3,3,4,4,5,5, 5-nonafluoropentyl )

indolin-2-one(3g) : yellowish solid, mp 78 ~79 °C , 'H NMR (400 MHz,

Me — CF,CF,CF,CF,

Me — CF,CF,CF,CF,

(0]
N CDCL,),6:7.06 ~6.95( m,2H) ,6.93 ~6.75(m,1H),3.22(s,3H),
M
3¢ 2.87(dd, J = 34.8 Hz,15.2 Hz, 1H),2.56 (ddd, J = 30.8, 15.6,

8.0 Hz,1H),1.42 (s,3H);"” C NMR (101 MHz, CDCL, ), §:178.2,
159.3(d,J =241.9 Hz),138.8,132.9,125.0 ~ 114.2 (m), 114.8 (d, J =27.6 Hz),111.8(d, J =
25.5 Hz),109.0(d,/=8.2 Hz) ,44.6,36.9(t,J =20.2 Hz) ,26.6,25.7;"“F NMR (376 MHz,CDCL, ) ,$5:
-81.0 -81.0(t,J=8.0 Hz,3F), - 108.7(d, J;_ =273 Hz,1F), - 114.6(d, J,_, =266.9 Hz,1F),
-120.4(s,1F), —124.6(br,2F), -125.2 ~ —-126.2(m,2F),

Me — CE.CFCFCF, 1,3-Dimethyl-3-(2,2,3,3,4,4,5,5,5-nonafluoropentyl ) -5-( triflu-

F»‘Cmo oromethyl ) indolin-2-one (3h) : Yellowish solid, mp 92 ~93 °C . '"H NMR

N (400 MHz,CDCl, ) ,8: 7.59(d,J =8.4 Hz) ,7.50(s,1H) ,6.96(d,J =
M

3h ¢ 8.4 Hz,1H) ,3.27(s,3H),2.92(dd,J =35.2 Hz,15.6 Hz,1H) ,2. 63

(ddd,J =30.8,15.6,8.4 Hz,1H),1.45(s,3H) ;" C NMR (101 MHz,
CDCL,) ,5:178.4,145.8,131.7,126.3(q,J =3.8Hz) ,124.0(q,J =32.9 Hz) ,124.4(q,J =272.8 Hz),
124.0~114.0(m). 109.5,44.1,36.9(t,J =20.1 Hz),26.6,25.7;"” F NMR (282 MHz, CDCL,), 5:
-61.3(t,/=8.0 Hz,3F), —81.0(t,J =8.0 Hz,3F)), —108.5(d, J,_, =274 Hz,1F), — 114.7(d,
Jo ¢ =272 Hz,1F) , =124.6(br,2F), —=125.3 ~ —=127.0(m,2F) ,

OAc 1,3-Methyl-3-(2,2,3,3,4,4,5,5,5-nonafluoropentyl ) -2-oxoindolin-
~ T CF.CFCFCE, 3-yl) methyl acetate(3i) : Yellowish oil, '"H NMR (400 MHz,CDCL,) ,§:
@é}io 7.38 ~7.24(m,2H),7.07(d,J =7.6 Hz,1H) ,6.86(d,J =8.0 Hz,
Me 1H) ,4.38(d,J=10.8 Hz,1H) ,4.07(d,J =10.8 Hz,1H) ,2.99 ~2. 69

N
' (m,2H),1.97(s,3H) ;*C NMR(101 MHz,CDCL,),8:175.2. 170.0,

143.5,129.3,126.9,124.8 ~ 114.0(m) , 122.7,108.6,67.4,47.9,33.1(t,] =20.0 Hz),36.5,20.5;
F NMR(376 MHz,CDCL,) ,8: —-81. 1(t,/=3.4 Hz,3F), —108. 1(A-B,J, , =272 Hz,1F), —114. 1 (A-
B,J, =276 Hz,1F), —124.4(br2F), -125.2 ~ —126.8(m,2F) .

Me, .~ CF,CF CFCF, 1,3-Dimethyl-3-(2,2,3,3,4,4,5,5,5-nonafluoropentyl ) -1 H-pyrrolo

mo [2,3-b ] pyridin-2 ( 3H)-one (3j) : Yellowish solid, mp 83 ~ 84 °C,
N 'H NMR (400 MHz,CDCL, ) ,5:8.23 (dd, ] =4.8,1.2 Hz,1H) ,7.23 ~
Me ’
3 7.09(m,2H),3.25(s,3H),2.94 ~2.77(m,2H),1.46 (s,3H);

3¢ NMR(101 MHz,CDCL,),8: 176.9. 152.2,143.0,137.9,114.0 ~
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125.0(m),123.2,114.7,46.2,36. 1 (t,] =20.3Hz) ,26.2,24. 1 ;' F NMR (282 MHz,CDCL, ) ,5: - 81.0
(1,]=8.0 Hz,3F), —109. 8 (A-B, J, , =274 Hz,1F), - 113.5(A-B, J,_, =261 Hz,1F), —124.5(br,
2F), -125.2 ~ —126.7(m,2F) .

Me CF, 1, 3-Dimethyl-3-(2, 2, 2-trifluoroethyl ) indolin-2-one ( 3k ) S 'H NMR
©\)</;O (500 MHz,CDCl,) ,6:7.36 ~7.26(m,2H) ,7. 11(t,/=7.5 Hz,1H) ,6.90(d,
N J=7.5Hz 1H),3.26(s,3H),2.90 ~2.78(m,1H),2.72 ~2.63(m,1H),

e 1.42(s 3H) .
Me CF, 1,3, 5-Trimethyl-3-(2, 2, 2-trifluoroethyl ) indolin-2-one ( 31) ©1.'H NMR
MQW:::I?%;;O (500 MHz,CDCl,) ,6:7.15 ~7.08(m,2H) ,6.79(d. J=8.0 Hz,1H) ,3.23
Tlcl/le (s,3H),2.87 ~2.77(m,1H) ,2.70 ~2.58(m,1H) ,2.37(s,3H),1.41 (s,

3l 3H),

2 ZRH5THE

2.1 REEHRZE

oo B 25 A0 16 A N- R 36-N-FA S DRI Ik I 1a 4 UL T o A B A0 S 1y R AR I N, 4R 38 de
RMAAF(F 1) o EERHEAR/ 5 RIS T TR, AN &R A h3E5 &R, 41 FeBr, , Cul |
AgNO, X LI S W BEAR TCAL, AR Bt 1) B FR 7™ 3a Bz 2] (entries 1 ~3) o 2R)5, AT T
Cul/AIBN 40 A AL R, HAR™ 5 3a B4 5 51 38% |, 3 SN FS 8] —Fl i AIBN 4045 5] -5 5%
P A RS 5 M A 0 2 FS RN ) (entry 4) o $ids Cul Ji5 , BB A ATBN £ 51 & I Re il
SV F= R = E] 81% (entry 5) o AIBN (1) X S W 2 ML A, M REAIR 2 1 equiv B, SO0 7=l
BEZ FREE] 70% (entry 6) o FRATIE %28 T — BUaA JF 2 ol 3R Ak 28 42 e 36 [ i 251 & 7, WNa, S, 0, |
Cs,CO, , SLH A5 R R, X BRI 0 S0 TCRL (entries 7 ~8) o AT L 45 R FWIE ATRUT Bt A9
( DTBP) B 14 )52 N AR e B, FL 847, 4 TBPB K, S, O, UR B S A 11 DTBP (entries 9 ~11) , il T
AR, LA B b= A B (entry 11) o J 500355 & B0 26 1 01 590 I N A5CR Bedi, 24 DA FR OR s
AP OIS, SN = 3R B B % (entries 12 ~ 13) o S JE il 45038 T L0 SN 52, 24 Tk B R A1
) 80 CH, = AHN T FEE] 26% o T8 [FIFEA R RN 54T, 2438 )% T+ % 120 °C LA ki), DTBP
W3 B 3 Bl S 5 N A R — R T PR S SO 3R (entries 14 ~15) .

®1 RUREEZFHER

Table 1 Screening of optimal reaction conditions”

Me_ .— CF,CF,CF,CF,

©\f + l'CAHo C—al’ @)
TTI [6)
la

2a N\
3a
Entry Initiator Oxidant Yield of 3a/%"

1 FeBr, DTBP trace
2 Cul DTBP trace
3 AgNO, K,S,04 trace

4 Cul/AIBN DTBP 38

5 AIBN DTBP 81

6¢ AIBN DTBP 70
7 Na, S, 05 DTBP trace
8 Cs, CO; DTBP trace

AIBN K, 8,04 43

10 AIBN TBPB 56

Continued on next page
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continued from previous page

Entry Initiator Oxidant Yield of 3a/%"
11 AIBN none trace
12¢ AIBN DTBP 22
13¢ AIBN DTBP 45
14/ AIBN DTBP 26
15¢ AIBN DTBP 37

a. Reaction conditions ; compound 1a(0.3 mmol) ,C,Fy1(2 equiv. ) ,metal (10 % molar fraction) , initiator (2 equiv. ) ,oxidant(2 equiv. ),
and solvent(2 mL) at 105 °C for 12 h. DTBP = Di-tert-butyl peroxide, AIBN = azodiisobutyronitrile, TBPB = tert-butylperoxyl benzoate, DMF =
dimethylformamide ; b. yield of the isolated product; c. using 1 equiv of AIBN; d. toluene instead of CH;CN; e. DMF instead of CH; CN; f. at
80 C; g.at 120 C.

L5 LTIk, B AR SO A5 R s N-28 E-N-H K 79 05 B B 1a (0.3 mmol ) , C, Fy1(2 equiv) , DTBP
(2 equiv. ) ¥R 105 °C, ZREHR], KN A R 12 h,
2.2 REEWEE

13BN RN 25 ), TR 48 T IRV AE PV L (3% 2) o SER 4 SRR I, N-J5 L I ik
Jie 35 B 15 25 AU L AT (1 H, Me, CO,Et) |, Joif S Bl HL 38 2 & H 3k A Ak S I 2% 14 iR 2 B
SR e L (E SN i 1 T L R R AT ) J K T 1 JE 4] (entries 1 ~6) o il 40, v FE B
A N-J5 BN BERE (1c) LU 22 mik 85% A2 1 H AR ™ ), (H i X 57 CO, Et BRAR NI IBERE (1e) 2 1K
PR RN R 53% o FRATWH L T N-JFHE NG N-HURC I AT S 02 m) , 4 R 40 il i, 7 32
APT TR (entry 2) o AV E2%E 2] — 2L IR ILET, 40 CF, A1 F X R 45 2 B AT (0 e 251k, i
hy 22 IR 3| R ) 2 B2 3t 1 0 R IR AR (entries 7 ~8) o PLAK SN A% A4 X N-J5 35 A 473 ok g ik -k A
B B A 91 2 TP R R CH, O A RPN, SO AT PRASF S i BTG P (entry 9)

R2 WMLREHEYER

Table 2 Scope of substrates in cyclization®

o AIBN(2 equiv) R' —CF,CF,CF,CF,
R,@\ f LCH, DTBP(2 equiv) l %O
T CH,CN, 105 °C Riw P
N"Fo 8~12h N
R3 R?

Entry Substrate 1 Product 3 Yield of product 3/%"
1 R! =H, R? =R® =Me(1a 3a) 81
2 R!' =H, R? =Bn, R? =Me(1b) 3b 62
3 R!' =4-Me, R? =R® =Me(1c) 3c 85
4 R' =4-OMe, R? =R> =Me(1d) 3d 76
5 R! =4-CO,Et;, R? =R® =Me(1e) 3e 53
6 R' =2-Me, R? =R® = Me(1f) 3f 75
7 R! =4-F, R* =R® = Me(1g) 3¢ 73
8 R! =4-CF,;, R?> =R® =Me(1h) 3h 62
9 R! =H, R*> =Me, R® =CH,0Ac(1i) 3i 69

a. Reaction conditions ; compound 1 (0.3 mmol), C,FyI(2 equiv. ), DTBP(2 equiv. ), and CH;CN(1.5 mL) at 105 C for 8 ~ 12 h;

b. yield of the isolated product.

LT 30 AT LR A B ML BE A 1 22 SR QI R o 491 41, V-5 B N R B M (13) AE DA 2645 T It
AR B SN, B BEER LA 57 % 11957 3845 21 22 G B CAY s ] 35 (20(1) ) o BEAh, =30 FH RL it BE A
HIRIES SR, 5 N-IFIEPRBENE 1a # 1o @0t & A B BEBERREEONL, 733 LL 79% F1 81% Hy 7™
FRA BN A 5| W 3k A 3L (2) ) o (EATHR A2, RO Hp o 36 it 1 o = 9t FY i it Y P
(3 equiv) DLORFRAR G 9 S ™ 2R
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AIBN(2 equiv) Me

.— CF,CF,CF CF
= DTBP(2 equiv) LR
L s ot — e Y o 0
N N [@] 3N . _
Me 105 °C N R]/le
1j ,
57%
R AIBN(2 equiv) Me —cF,
DTBP(2 equiv) R ‘
YO Taavis e o @
N - LCN. N
Me O (3 equiv) e 12h N

R=H(3k), 79%
Me(3f), 81%

2.3 REZHLE

AR LA G (0 41308 LA S FRATT S0 25 5 4R 1 1 AT BRI SR LIE 7 ( Scheme 1) : AIBN 22 #43)
ZAERETN, SRR ARG T 5 B G A CoFo L ARl A HAEC,Fy - o AR IR B BJE CyFy X N-P9 s
PO PRV SURERHEA 30 A0 A I8 Y el R R TR A SRR A il SR PR A R el B fieJim SO P 1A B
DTBPRALME 25— AN+, 5245 21 FH AR 4 22 S U5 R 3a

CH,
la
AIBN W -
CH;l —— CH,» —= »
N” ™0
Al

Me . — CF,CF,CF,CF,

C \A o DT<3P H CH,
N ‘@ ;o
Me \ N

‘BuOH |

Scheme 1 Proposed mechanism for the formation of fluorinated oxindoles
- >
3 45 1

AR T —FIo B R AR T e S A ST SRl 5 2 S Wi 14 7 i o %059
L AIBN 2y H 2R A5, BT 2 AL (DTBP) 15 0 24050, fiAk N-J7 2 N I BE ik 2 A il
SIS AR T 2 M 2 SIS VR o 5 TR SRS B ), RO AR R A ORE 2 A AR IR AR
AT, HORE b B SR, e ) 22 e A e, SR T — AR A U e BT iR AR

Z % x #
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Metal-free Cyclization of Alkenes Toward
Perfluorinated Oxindoles

TANG Shi“’* , LI Zhihao*, DENG Youlin®, GAN Yabing”, YUAN Shiliang’, ZHOU Xiangqi®
(“College of Chemisiry and Chemical Engineering , Jishou University , Jishou , Hu'nan 427000, China
"College of Chemistry and Chemical Engineering ,Central South University , Changsha 410083 , China)

Abstract A metal-free cyclization reaction of activated alkenes with nonafluorobutyl iodide toward
perfluorinated oxindoles was developed. In the presence of azodiisobutyronitrile ( AIBN ), various
N-arylacrylamide underwent radical cyclization smoothly to afford a series of synthetically important
perfluorinated oxindoles in 53% ~ 85% yields. This work provides a novel high efficient, cheap and green
route for the synthesis of perfluorinated oxindoles having potential medicinal values.
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