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Fluorination of B-Ketoesters and B-Ketoamides Based on Phl(OAc),
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Abstract Herein, a nucleophilic fluorination reaction to construct fluorine-containing f-ketoesters and f-ketoamides is
reported. The reaction uses PhI(OAc), as oxidant and 3HF+Et;N as fluorinating reagent. It can effectively build a series of
fluorochemical compounds containing quaternary carbon center under room temperature reaction conditions for 30 min.
Compared with the traditional electrophilic fluorination reaction, this method has the advantages of no metal participation,
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short reaction time, simple reaction conditions and high reaction yield.
Keywords hypervalent iodine; f-ketoesters; f-ketoamides; nucleophilic fluorination reaction
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Scheme 1 F' vs F type reagents: a-fluorination of S-keto-
esters and f-ketoamides

1 ZR5TR
1.1 SUFIFE IR T A H ik

ARSI DAE R 2-9-1-584K-2,3- “ & -1 H-B-2- R TR
H T (2a) AR . B8 T /i d A i =41l PIDA Al
[ (= 48 2 Tk 48 3 ) B ) 2 (PTFA) A K JEUASE A ol fr) = 47y it
LE—RYIMEMNFR], #2277 nHFPyridine, 46% HF (aq.),
3HFEtN Z5— R 51 (1) 3R 50 T 34k S 37 1) 5
SIS EE R 1 s

F1  EMFFIFEARF 57 %

Table 1 Optimization of the oxidants and fluoride sources

? 0 Oxidant o
@I:é_q F-source 0
—_—
OMe DCE,r.t.

F OMe
1a 2a
Entry“ Oxidant F-source Yield"/%
1 m-CPBA +4-MeCgH,I¢ 3HF-Et;N 56
2 TBHP+4-MeCgH,I¢ 3HF-Et;N 0
3 30% H,0,+4-MeCgH,I°  3HFEt;N 0
4 PIFA 3HF-Et;N 67
5 PIDA 3HF-Et;N 85
6 PIDA 46% HFaq 47
7 PIDA nHF+Pyridine 34

“ Reaction condition: 1a (0.1 mmol), oxidant (0.1 mmol), F-source (1 mmol).
® Isolated yield. ¢ ArI (0.01 mmol), oxidants (0.15mmol).
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Table 2 Optimization of the a-fluorination of f-ketoesters and
p-ketoamides

(6] ) (6]
o PhI(OAc), (3, 1.0 equiv.) o
3HF-Et3N (4, 10.0 equiv.)
OMe F OMe
1a DCE, r.t. 2a

Molar ratio of

Entry” Time/min Solvent” Yield/%

la:3:4
1 1:1:1 30 DCE 45
2 1:1:2 30 DCE 63
3 1:1:5 30 DCE 71
4 1:1:10 10 DCE 51
5 1:1:10 20 DCE 64
6 1:1:10 30 DCE 85
7 1:1:10 40 DCE 85
8 1:1:10 50 DCE 84
9 1:1:10 60 DCE 82
10 1:02:10 30 DCE 34
11 1:05:10 30 DCE 51
12 1215710 30 DCE 86
13 1:1:10 30 EA 74
14 1:1:10 30 DCM 80
15 1:1:10 30 DMF 21
16 1:1:10 30 CH;CN 65
17 1:1:10 30 1,4-Dioxane 61
18 1:1:10 30  Et,0 48
19 1:1:10 30 THF 46
20 1:1:10 30 MeOH 76

“Reaction condition:1a (0.1 mmol), oxidant (0.1 mmol), F-source (1 mmol)
solvent (1 mL). ® DCE: 1,2-dichloroethane, EA: ethyl acetate, DCM: di-
chloromethane, DMF: N,N-dimethylformamide, THF: tetrahydrofuran; ¢ Iso-
lated yield.
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Table 3 Substrate scope in a-fluorination of S-ketoesters

0 0
6 O PhI(OAc); (3, 1.0 equiv.) AN O
R1 R1:_
5 F OR? 3HF-Et;3N (4, 10.0 equiv.) Z F OR?
4 DCE, r.t. 2

1a~1l

1) (6] (0] o) 0 0]
o Me. : /j O  MeO. : Z’f 0 F. : (f o ¢l 45 0 : [f 0
[ﬂ - ,(OMG F OMe F OMe F OMe F OMe F F OMe

2a: Yield 85% 2b: Yield 82% 2c: Yield 80%

OMe MeO

2g: Yield 82% 2h: Yield 84%

2i: Yield 88%

2d: Yield 83% 2e: Yield 88% 2f: Yield 87%

F OMe %t @Eﬁf’{
OMe ; F O'Bu F OAd

2] Yield 83% 2k: Yield 84% 2I: Yield 86%

R4 P-HAMENE a SrAL SN RV e

Table 4 Substrate scope in a-fluorination of f-ketoamides

0]

[0)
i 0
16| x 0 PhI(OAc); (3, 1.0 equiv.) R1'—\
o R 1
R 8~ NHR2 3HF-Et;N (4, 10.0 equiv.) E /Ié} ZNHRz
5a ~ 5 DCE, r.t. 6

O @d‘ﬁw ©55W OO, O, “COK
F NHBn F N-Pr F NHBn F NHBn F NHBn

6a: Yield 90% 6b: Yield 91% 6c: Yield 95%

):2 NHBn@(LLNHBn @(N\NHBn

6g: Yield 85% 6h: Yield 86%

6d: Yield 92%

6e: Yield 91% 6f: Yield 83%

(e}

o O /@ F
O o
_NHBn N Q/
F H N
F H

6i: Yield 83% MeO  6j: Yield 89%

6k: Yield 82% 6l: Yield 80%
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Scheme 2  Possible pathway for the o-fluorination of
P-ketoesters and S-ketoamides
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S BEAI(10 mL X 3), JTo/KRRITH:. HEH V(A
THEE) @ (R B =10 : 113543 HAriL &9

2-F-1-548-2,3- “E-1H-Ei-2- R 5 (2a): A
A, 772 85%. m.p. 76~79 ‘CCCHRIEP! 79~81 C);
'H NMR (500 MHz, CDCl5) d: 7.85 (d, J=7.7 Hz, 1H),
7.72 (dd, J=17.5, 1.3 Hz, 1H), 7.54~7.45 (m, 2H), 3.82 (s,
3H), 3.79 (d, J=11.4 Hz, 1H), 3.45 (dd, J=23.4, 17.6 Hz,
1H); "F NMR (471 MHz, CDCl;) §: —164.53 (dd, J=
23.4,11.3 Hz).

2- 9 -6- L -1- S A -2,3- A -1H- B -2- 3R e W g
(2b): F A, 2% 82%. m.p. 102~104 C(CCHRME
101~104 ‘C); '"H NMR (500 MHz, CDCly) &: 7.64 (s,
1H), 7.53 (dd, J=7.9, 1.7 Hz, 1H), 7.39 (d, J=7.8 Hz,
1H), 3.81 (s, 3H), 3.75 (dd, J=17.5, 10.9 Hz, 1H), 3.39
(dd, J=23.4, 17.6 Hz, 1H), 2.43 (s, 3H); "F NMR (471
MHz, CDCl3) §: —164.45 (dd, J=23.2, 11.0 Hz).

2--6-F A 3k - 1- 501 -2,3- -1 H-Bli-2-FR R F i
(2¢): A, F 80%. mp. 96~99 C(LHRIEP
98~101 ‘C); 'H NMR (500 MHz, CDCLy) 6: 7.41~7.38
(m, 1H), 7.30 (dd, J=8.4, 2.6 Hz, 1H), 7.25 (d, J=2.6 Hz,
1H), 3.86 (s, 3H), 3.82 (s, 3H), 3.72 (dd, J=17.3, 10.6 Hz,
1H), 3.37 (ddd, J=23.0, 17.2, 0.9 Hz, 1H); "’F NMR (471
MHz, CDCly) §: —164.18 (dd, J=22.6, 10.4 Hz).

2,6- 9 -1-5AAR-2,3- A1 H-Ei-2-FR R F iR (2d):
FE AR, 7235 83%. mp. 116~118 COCHREDT 115~
117 ‘C); '"H NMR (500 MHz, CDCly) 8: 7.52~7.41 (m,
3H), 3.82 (s, 3H), 3.77 (dd, J=17.4, 10.8 Hz, 1H), 3.41
(dd, J=23.7, 18.1 Hz, 1H); "’F NMR (471 MHz, CDCl5)
5. —111.88 (d, J=7.6 Hz), —163.96 (dd, J=23.0, 10.8
Hz).

6--2- 5 -1- 5 AK-2,3- 5 -1H-Ei-2-F2 1 H 5 (2e):
F O A, P22 88%. mp. 121~124 “C (SCHR ALY
120~122 C); '"H NMR (500 MHz, CDCLy) ¢: 7.80 (d,
J=2.1Hz, 1H), 7.67 (dd, J=8.2, 2.1 Hz, 1H), 7.47 (d, J=
8.3 Hz, 1H), 3.82 (s, 3H), 3.79~3.74 (m, 1H), 3.47~3.35
(m, 1H); "F NMR (471 MHz, CDCly) §: —164.15 (dd,
J=23.0, 10.8 Hz).

2,5- R -1-5AAR-2,3- A -1 H-B-2- R R H g (26):
FE R, P2 87%. mp. 101~104 °C (SCHkAE
102~106 “C); '"H NMR (500 MHz, CDCl3) &: 7.87 (dd,
J=9.1, 5.2 Hz, 1H), 7.18 (t, J=7.5 Hz, 2H), 3.83 (s, 3H),
3.81~3.76 (m, 1H), 3.44 (dd, J=22.9, 17.8 Hz, 1H); °F
NMR (471 MHz, CDCly) 6: —98.05 (d, J=7.5 Hz),
—163.84 (dt, J=29.4, 14.3 Hz).

5-5-2-9-1-5AAR-2,3- A1 H-Bi-2- R IR H R (2g):
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FE R, 2% 82%. mp. 96~98 COLHREPY 99~
100 °C); '"H NMR (500 MHz, CDCls) d: 7.78 (d, J=8.3
Hz, 1H), 7.52 (dd, J=1.8, 0.9 Hz, 1H), 7.49~7.42 (m,
1H), 3.82 (s, 3H), 3.81~3.76 (m, 1H), 3.43 (ddt, J=22.9,
17.5, 1.1 Hz, 1H); "F NMR (471 MHz, CDCl) o:
—164.07 (dd, J=23.0, 10.9 Hz).

2-F-5-H AR FE-1- 501 -2,3- -1 H-Bl-2-FR IR g
(2h): FEAFEEK, 2% 84%. mp. 87~89 C(SLHREL
86~90 ‘C); '"H NMR (500 MHz, CDCLy) d: 7.77 (d, J=
8.6 Hz, 1H), 6.98 (dd, J=8.6, 2.2 Hz, 1H), 6.92 (d, J=2.1
Hz, 1H), 3.93 (s, 3H), 3.81 (s, 3H), 3.75 (dd, J=17.6, 11.0
Hz, 1H), 3.38 (dd, J=23.0, 17.6 Hz, 1H); ’F NMR (471
MHz, CDCly) §: —163.59 (dd, J=23.1, 11.1 Hz).

2-9-5,6- — AL -1- 5 AR-2,3- A -1H-E-2- R R
HlEQD): HEEE, 722 88%. mp. 121~125 CCLHk
8P 123~126 “C); '"H NMR (500 MHz, CDCL3) : 7.22
(s, 1H), 6.91 (s, 1H), 4.01 (s, 3H), 3.93 (s, 3H), 3.82 (s,
3H), 3.71 (dd, J=17.3, 10.4 Hz, 1H), 3.35 (ddd, J=22.4,
17.4, 0.9 Hz, 1H); F NMR (471 MHz, CDCly) o:
—163.92 (dd, J=22.4, 10.3 Hz).

4-R-2--1- 58 AR-2,3- A -1 H-B-2- 32 T H IR (2j):
HOFEE, 2E 83%. mp. 94~95 CCCHRMEPY 93~
97 ‘C); '"H NMR (500 MHz, CDCl3) §: 7.88 (dd, J=7.8,
1.0 Hz, 1H), 7.81 (dd, J=17.6, 0.9 Hz, 1H), 7.42~7.37 (m,
1H), 3.84 (s, 3H), 3.75 (dd, J=18.2, 11.5 Hz, 1H), 3.38
(dd, J=23.2, 18.2 Hz, 1H); "’F NMR (471 MHz, CDCl;) ¢:
—164.07 (dd, J=23.1, 11.7 Hz).

2-F-1-5AR-2,3- A -1H-Ei-2-FR B AU T iR (2K): A
ol A, FP#% 84%. m.p. 86~89 C(SLHERMEPY 85~
88 °C); 'H NMR (500 MHz, CDCls) d: 7.76 (d, J=7.7 Hz,
1H), 7.62 (td, J=7.5, 1.3 Hz, 1H), 7.45~7.36 (m, 2H),
3.66 (dd, J=17.5, 10.7 Hz, 1H), 3.33 (dd, J=22.9, 17.5
Hz, 1H), 1.36 (s, 9H); ”F NMR (471 MHz, CDCl;) o:
—164.02 .

2-F-1-5A0-2,3- A -1H-El-2-FR R 4 W ke - 1-F: i
@l): A, 2% 86%. mp. 103~105 C(CCEkEP
106.9~107.7 ‘C); "H NMR (500 MHz, CDCls) &: 7.83 (d,
J=17.6 Hz, 1H), 7.69 (t, J=7.5 Hz, 1H), 7.53~7.43 (m,
2H), 3.73 (dd, J=17.5, 10.4 Hz, 1H), 3.40 (dd, J=22.8,
17.4 Hz, 1H), 2.10 (dd, J=50.7, 3.1 Hz, 9H), 1.62 (d, J=
3.0 Hz, 6H); ’F NMR (471 MHz, CDCl;) 5: —164.13
(dd, J=23.0, 10.4 Hz).

3.3 Btz EM R A LR
PAE B N-"R2E-2-91- 1- 50 A0-2,3- - 1 H-Efi-2- T Bt
fZ(6a) 9fl: 7E 10 mL ¥R} B HRKIKIIN N-"F%
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Fe-1-EAR-2,3- -1 H-21-2-F k% (27 mg, 0.1 mmol),
PhI(OAc), (32 mg, 0.1 mmol), 3HFEt;N (200 pL, 1.1
mmol), EiRK&M 30 min, TLC [V(fiiEk) @ (2R Z
PE)=2 : 1] ASRIREE R MR R R MW E, A 10
mL 7K, “HEFEEREE 3 (10 mLX3), /KRR T
e HEENTVCAME) | (CRR CER)=10 : 113:7% HAx
&Y.

N-"R R 2-F-1- A8 -2,3- A -1 H-Efi-2- Bt i (6a):
FE A, P2 90%. mp. 127 ~129 °C (ST ka5
125~128 “C); '"H NMR (500 MHz, CDCLy) d: 7.84 (d,
J=7.6 Hz, 1H), 7.71 (td, J=7.5, 1.3 Hz, 1H), 7.53 (d, J=
7.7 Hz, 1H), 7.46 (t, J=7.5 Hz, 1H), 7.42~7.30 (m, 5H),
6.99 (s, 1H), 4.56 (d, J=5.8 Hz, 2H), 4.02 (dd, J=17.4,
11.8 Hz, 1H), 3.37 (dd, J=24.1, 17.4 Hz, 1H); '°’F NMR
(471 MHz, CDCly) 6: —163.14 (ddd, J=24.1, 11.8, 4.0
Hz).

2-J-2-(" Ik -4- Bk 36 )-2,3- A -1 H-Efi-1-Ff (6b): A
R, P2 91%. mp. 141~143 COCEMESS 140~
145 “C); '"H NMR (500 MHz, CDCLy) &: 7.78 (d, J=7.7
Hz, 1H), 7.68 (td, J=7.5, 1.2 Hz, 1H), 7.50 (dt, J=7.7, 1.0
Hz, 1H), 7.42 (t, J=7.4 Hz, 1H), 422 (dd, J=16.7, 7.7
Hz, 2H), 3.90 (d, J=12.6 Hz, 1H), 3.85~3.70 (m, 4H),
3.66 (dt, J=12.4, 5.7 Hz, 1H), 3.51~3.42 (m, 1H), 3.31
(dd, J=23.1, 16.7 Hz, 1H); "’F NMR (471 MHz, CDCl5)
5 —157.31.

2-9-N,N-— 5 T Jk-1-4804K-2,3- & -1H-2-2- ik
2 (6¢): AEAK, 77F 95%. m.p. 133~136 C(CHR
59 135~137 °C); '"H NMR (500 MHz, CDCl3) J: 7.79
(d, J=7.7 Hz, 1H), 7.64 (t, J=7.5 Hz, 1H), 7.47 (d, J=17.7
Hz, 1H), 7.41 (t, J=7.5 Hz, 1H), 4.06 (dd, J=16.7, 7.8
Hz, 1H), 3.32 (dd, J=23.2, 16.7 Hz, 1H), 1.37 (dd, J=
13.6, 6.8 Hz, 6H), 1.26 (dd, J=6.8, 3.4 Hz, 6H); '’F NMR
(471 MHz, CDCly) 6: —157.45 (dd, J=23.2, 7.8 Hz).

N-FHE-2-96-6- F k-1 -5 AR -2,3- A1 H-2f-2-F Tk
fz(6d): A, 2% 92%. m.p. 96~98 C(CHkED
95~97 “C); 'H NMR (500 MHz, CDCl3) 8: 7.60 (s, 1H),
7.49 (dd, J=7.8, 1.7 Hz, 1H), 7.40~7.28 (m, 6H), 4.52 (d,
J=5.9 Hz, 2H), 3.93 (dd, J=17.2, 11.5 Hz, 1H), 3.28 (dd,
J=23.9, 17.1 Hz, 1H), 2.41 (s, 3H); °F NMR (471 MHz,
CDCly) 8: —163.07 (ddd, J=24.0, 11.6, 4.0 Hz).

N-"FJE-2-98-6- FH A B -1- AR -2,3- =& - 1 H-Bfi-2-H
[z (6e): AR, 773 91%. mp. 78~81 C(LHk
P 76~78 °C); 'H NMR (500 MHz, CDCLy) 6: 7.40~
7.25 (m, 7H), 7.21 (d, J=2.6 Hz, 1H), 4.52 (d, J=5.8 Hz,
2H), 3.89 (dd, J=17.0, 11.1 Hz, 1H), 3.83 (s, 3H), 3.31~
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3.20 (m, 1H); ""F NMR (471 MHz, CDCL;) 6: —162.90
(ddd, J=23.8, 11.1, 3.9 Hz).

N-"F5E-2,6- 5~ 1-584K-2,3- & -1 H-Efi-2- B i
(6f): AL, 75 83%. mp. 99~101 CCCHRED
100~103 “C); '"H NMR (500 MHz, CDCl3) 6: 7.48 (dd,
J=8.5, 4.5 Hz, 1H), 7.44 (dd, J=7.2, 2.5 Hz, 1H), 7.41
(dd, J=8.5, 2.6 Hz, 1H), 7.39~7.34 (m, 2H), 7.34~7.27
(m, 3H), 4.52 (d, J=5.8 Hz, 2H), 3.94 (ddt, J=17.2, 11.3,
1.1 Hz, 1H), 3.30 (ddt, J=23.7, 17.1, 1.4 Hz, 1H); "F
NMR (471 MHz, CDCly) 6: —112.42 (t, J=6.5 Hz),
—162.77 (dd, J=13.9, 9.9 Hz).

N-"R5-6-5-2- 98- 1- 5K -2,3- Z &1 H-2fi-2- F Bt iz
(6g): FAIEA, =% 85%. m.p. 85~88 C(SLHR(EPY
86~89 C); '"H NMR (500 MHz, CDCLy) d: 7.76 (d, J=
2.1 Hz, 1H), 7.63 (dd, J=8.2, 2.1 Hz, 1H), 7.45 (d, J=
8.2 Hz, 1H), 7.38~7.29 (m, 5H), 4.51 (d, J=5.9 Hz, 2H),
3.94 (dd, J=17.4, 11.3 Hz, 1H), 3.29 (ddd, J=23.8, 17.3,
1.0 Hz, 1H); 'F NMR (471 MHz, CDCl;) §: —162.98
(ddd, J=23.8, 11.3, 3.8 Hz).

N-"R3£-2,5- Z5-1-A40-2,3- “&-1H-B-2- A BE %
(6P A E A, PR 86%. m.p. 95~97 CCHMEPY
98~100 C); '"H NMR (500 MHz, CDCl;) d: 7.83 (dd,
J=8.5, 5.3 Hz, 1H), 7.40~7.27 (m, 5H), 7.21~7.12 (m,
2H), 4.52 (d, J=5.8 Hz, 2H), 3.98 (dd, J=17.5, 11.4 Hz,
1H), 3.32 (dd, J=23.6, 17.6 Hz, 1H); "’F NMR (471 MHz,
CDCl;) 6: —98.31 (d, J=5.5 Hz), —158.93~—168.67
(m).

N-"RHE-5-50-2- 98- 1- 50K -2,3- Z &1 H-Ef-2- F Bt i
(6i): FIAFEME, P22 83%. mp. 126~127 CCCHMEPY
127~130 C); '"H NMR (500 MHz, CDCLy) d: 7.74 (d,
J=8.2 Hz, 1H), 7.51 (d, J=1.6 Hz, 1H), 7.42 (dd, J=8.2,
1.7 Hz, 1H), 7.39~7.34 (m, 2H), 7.34~7.28 (m, 3H), 4.52
(d, J=5.9 Hz, 2H), 3.96 (dd, J=17.5, 11.5 Hz, 1H), 3.31
(dd, J=23.6, 17.5 Hz, 1H); "°F NMR (471 MHz, CDCl,)
J: —162.91 (ddd, J=23.6, 11.4, 3.8 Hz).

N-"FHE-2-96-5- F A Bk -1- 484K -2,3- - 1 H-E-2-F
Wz (6j): FIE A, F=% 89%. m.p. 92~94 C(SCHik
£ 95~97 “C); '"H NMR (500 MHz, CDCl;) : 7.75 (d,
J=8.5 Hz, 1H), 7.40~7.29 (m, 5H), 6.95 (dd, J=8.6, 2.3
Hz, 2H), 4.53 (d, J=5.8 Hz, 2H), 3.98~3.93 (m, 1H),
3.91 (s, 3H), 3.28 (dd, J=23.7, 17.3 Hz, 1H); °’F NMR
(471 MHz, CDCLy) 6: —162.20 (ddd, J=23.6, 11.3, 4.0
Hz).

2-9-1-E AR -N-E 2, 3- =& - 1 H-2i-2- PP B i (6K):
FEE A, P22 82%. mp. 108~110 C (SCHER1E Y
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107~109 ‘C); '"H NMR (500 MHz, CDCL) &: 8.27 (s,
1H), 7.83 (d, J=7.7 Hz, 1H), 7.70 (td, J=7.5, 1.3 Hz,
1H), 7.55 (ddt, J=21.5, 7.7, 1.2 Hz, 3H), 7.48~7.44 (m,
1H), 7.39~7.31 (m, 2H), 7.21~7.12 (m, 1H), 4.06 (dd,
J=17.4, 11.2 Hz, 1H), 3.41 (dd, J=24.0, 17.4 Hz, 1H);
'F NMR (471 MHz, CDCl3) 6: —161.35 (ddd, J=24.1,
11.3, 5.7 Hz).

2-3-N-(4-F A IE)-1-840-2,3- & -1 H-Ef-2-F Bk %
(61): FIafEE, 2% 80%. m.p. 93~94 C(SCHk{E Y
95~98 C); '"H NMR (500 MHz, CDCls) 6: 8.32 (s, 1H),
7.83 (d, J=7.7 Hz, 1H), 7.71 (t, J=7.5 Hz, 1H), 7.59~
7.51 (m, 3H), 7.46 (t, J=17.5 Hz, 1H), 7.03 (t, J=8.6 Hz,
2H), 4.05 (dd, J=17.4, 11.4 Hz, 1H), 3.40 (dd, J=24.1,
17.4 Hz, 1H); '°F NMR (471 MHz, CDCl;) §: —116.67
(d, J=4.4 Hz), —161.49 (d, J=6.0 Hz).

H#BhA B (Supporting Information) Fifi k&4 'H
NMR FI F NMR B 5], 38481 AT DL G 2 AT 993l
(http://sioc-journal.cn/)_E T %K.
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