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Ma, Xingxing*’ Xuan, Qingqing” Song, Qiuling*“”

(“ College of Materials Science & Engineering at Huaqgiao University, Xiamen 361021)
(® Institute of Next Generation Matter Transformation,
College of Chemical Engineering at Huaqiao University, Xiamen 361021)

Abstract It is known that fluorine is the strongest in electronegativity and a peculiar element. Fluorinated compounds are
extensively applied in the areas of pharmaceuticals, agrochemical, materials, life sciences, efc., due to the unique chemical,
physical and biological properties of fluorine-containing compounds. Therefore, the development of expedient synthetic
strategies for the introduction of —F, —CF,H and —CFj into organic compounds has attracted much attentions of chem-
ists. Although trifluoromethylation has been well developed, difluoromethylation has been less reported. We found that
difluorocarbene (:CF,) could be generated in situ from ethyl bromodifluoroacetate (BrCF,COOE?) in the presence of Na,CO;,
which could go through N—H, O—H difluoromethylation smoothly. The scope of substrates was broad, and various func-
tional groups, such as halogen, formyl group, nitro-group, nitrile and so on could be tolerated well. This would be a potential
and practical reaction in modification of various bioactive drugs beause benzimidazole, indazole and pyridine are the skeleton
of medicine and nature molecule. In addition, a representative procedure for this reaction is as following: An oven-dried
Schlenk tube (10 mL) was equipped with a magnetic stir bar, the substrates of nitrogen-containing or oxygen-containing (0.3
mmol), the base (Na,CO;, 2 equiv., 0.6 mmol), ethyl bromodifluoroacetate (1.2 equiv., 0.36 mmol). The flask was evacuated
and backfilled with N, for 3 times, acetone or acetonitrile as a solvent for 24 h under N, atmosphere. Where after the solvent
concentrated in vacuo and the residue was purified by chromatography on silica gel with ethyl acetate : petroleum ether
(EA : PE=1 : 30) to afford the corresponding products.

Keywords fluorine-containing compounds; organofluorine chemistry; base-catalyzed; difluorocarbene; difluoromethyla-
tion; nitrogen-containing; oxygen-containing; heterocyclic compounds
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Figure 1 Pharmaceutical molecule of containing difluoro-groups
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(DMPU),Zn(CF,H), SE# AT DUE A — 5 F 2L i bk, I
H, IR LR LFR(BrCF,COE) R i fae, 5T
A AT, A AR BR SRR A, B2 B AE A AL
BUEMERF. BATRSEH B R E T K Cu/
Bopin, flEfL1A RET 7% 4K R R MR R 2R 2 Bg
(BrCF,CO.Et) i &, W LARAF (Y JR AL AR B — i LR L
H 1 5 (*CF,COOEY), 1% [ H1JE F A7 MF i S NG 8,
A5 20 5 BRSSO, AT SEEIL S A & 1
=8

TEERAED AR, R FE—CRLI)MEIA
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X N-FI O-F 5 H4b. DRk, $RZE & AR —
T AT, I R T AU B R, g
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B LLR 3 R = 5NN B R B B8 . 2016 4F
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AR ZAE T, AT MRG0 R, F5 MRk
RA[A+ 1PN, #5325 K Lo R &)
(Scheme 1A). [F4E, Zhang W 8HZH PR FH A0 1R Ak 0 52
5 8 LR CERAE R AR 5 2R 1 P2 40 (Scheme
1B) B JH AR R0 £ 05 ) R e — 90T 0 Bk S B2 S R
CICF,H %} 75 FM R B B gk 47 T 78, Hu a4
£ 2017 FAUXAERL I BT H TMSBrCF,H {F24 — 4
R ARUR TSR 1A A R Rk, 2007 4F, BLERE
ZH 7PV Y G — SRR T 2 2 1 R — 0 S se B T
N—H 9 F 2L S fi(Scheme 1C). N AR TR
VR 20 % Fe (1) T oV 42 8 £ A6 1) (transition-metal-free)
TR AR FATR IR 5 LR LR RS HLERAT
TERIZEAETS, AU AL AR BGOSR B 0 R, FRIRI )
SEHL N—H, O—H 1 — 5 1 4k ) ¥ (Scheme 1D).
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iX. TR, FRATHE S T IR BI04 (Entries 7~
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EARRERAE. L, BRIz B k. &t
FAFHAE, TRATERANE T 1% RN B A Ak A |
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PIEE(2 mL), 100 C, ZSHFE XA 24 h.
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Table 1 Condition screenings for the difluoromethylation reaction of
indazole with ethyl bromodifluoroacetate

N\ Base (2 equiv.) N
N + BrCF,COOEt —————> N

N Solvent (2 mL), T 4

H 2 N

1 5 CFH
Entry Base 7°C Time/h  Solvent Yield/%
1 K,COs 100 24 Acetone 88
2 DBU 100 24 Acetone 45
3 Na,CO; 100 24 Acetone >99 (95) (84%)°
4 Na,CO; 100 12 Acetone 75
5 Na,CO; 90 24 Acetone 86
6 Na,CO; 80 24 Acetone 80
7 Na,CO; 100 24 THF 81
8 Na,CO; 100 24 CH;CN 84
9 Na,COs 100 24 DMF trace

¢ Reaction condition: 1 (0.3 mmol), ethyl bromodifluoroacetate (2) (1.2
equiv.), base (2 equiv.), solvent (2 mL) under N, atmosphere at 100, 90, 80 C
for 24 or 12 h, GC yield.  Isolated yeild. 1 (3 mmol) for 48 h.

22 RYIRIER

WE T BN, A0 — i P AL S i
P IEPEANE RERI A TEEAT T B (R 2). WAk
BRI b A 10 R 20802 AR 4% 1] 20 82 % g AR ) 9L
AL S B B/ (3a~3g); TR 4 HL 1 2k IR R I
ML IR, B HE AR ISR AG B B AR . R,
WATEH 5 T R IR S WO [ BLTEBL, FAr1 N
TR IR IR MESAL S P N AR HAR e, TEHAR
F2 Mg LR IR BRI R A9

Table 2 Substrates scope of indazole and benzimidazole

E% 2-HUR 2R IR BRI A N R 16 A 8 e —
FER, (ER 5-8038 6-HUR A IR A —FE 1. A1
ST TCHUR AR BRI S BB L, L 93% 1
Or PR E R P AR I(3h). B, AR T
IR BRI PR A7 VR L1 RN S B ) 52 (31~ 30),
B 5 2% 2 S PR I 2R RS BRI I 2 5 R
Ny AEB T BATTII R B AR R R E MR L. BA1E
2 2-IUAR IR IR IR (1) Js B 175 15 (3p ~3aa), KILAE
SR It B AR R I 2 O A AR R 4 i DA i 1 iR A5 3
H AR 1 A 32 R HE 7 200 A0 25 ] 3550 ot sz I 54 il
BN Hean 2-BUEHUR I 2R IRk, tRELL 84% A%
A EARFEI(3z). BE BRATVEH 8 T I = MLE AR
ZAE TG, RS REAT IRAR IR, AT LALL 90%(1)
W32 HF5 = )(3ab) (3R 2).

W5 e | KRS AL B E R AT AL A &R R ] L
R A, DR, FRATIHERT & A IR A & Pt AT L
KA O—H P HANL. 1%, BATERT 6-H -
2-FRFEMENE (da) E S LA PF T IR BL, A BATTE M2,
AL O—H 46 F IR 170 (Sa) 4R 1T LATR 75 2]
(70%5r BYCR). N T HE— B EE IR, AT OB 4%
PEXCHEAT T i, RIS CHCN i, HAxr=
YIS B R TT LA B B 96%. 18, RATEE T 0—
H 5 A N R E (R 3). 12N I E RS
Haes AR ar, sk, B, fedd. ISR 2-
BRME SRR IS S N, PLEAER I IeRS H E
R, HASZ BRI AL IR LI (5a~5k). BRItz
Hb, 2- SRR, -SRI R, 2- IR, 4- 03

% Sl Na,CO; s
R _I_ X +BrCF,CO0Et —————= Ry | X
N 100 °C, 24 h, N
1 2 acetone 3 CF,H
R 3a,R=H, 95% N 5N
@f\\ﬂ 3b, R = Me, 93% /@\/\\,N ©: N o,N- S
N 3c,R=0Me, 97%  Br N N 6 F N
CFH 3d,R=Cl 92% CF,H CFoH CFaH
3e, R = Br, 89% 39, 95% 3h, 93% 3i, 93% (2.5:1)°
3f, R = NO,, 87%
5 XN 3j, R = Me, 88% (1:1)° F N N N
- R = Me, 8070 LT S H—Me H—CF
RG_E;EN\> 3k, R = Br, 89% (1:1)° CII:EN> @EN} @EN% s
- . \ \ \
Vg ShR=CLO1% (11 CF,H CF,H CF,H
2 3m, R = COOMe, 96% (1.25:1)° 30, 929 3q, 97%
3n, R =CN, 90% (1.25:1)° 30, 89% (1:1)° p, vt '
3r,R=H, 92% o O
3s, R = Me, 83%
N\ S » e o N % N N N
R 3t, R = Bu, 86% ) NH ) O \>_(/j N
"!C 3u, R = OEt, 90% N N N s N
FoH - ! ) P
SR O ) e b
H 0,
‘ e 3y, 87% 32, 84% 3aa, 78% 3ab, 90%

3x, R = CF3, 86%

¢ Reaction condition: 1 (0.3 mmol), ethyl bromodifluoroacetate (2) (1.2 equiv.), base (2 equiv.), acetone (2 mL) under N, atmosphere at 100 ‘C for 24 h. Isolated

yield. ® Mixture ratio.
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Table 3 Substrates scope of 2-OH N-containing heterocycle compounds

N32003
+ BrCF,COOEt
P CH4CN 100 °C 12 h

N “OH N7 ~OCF,H
4 2 5
Me
Me Me
N A
Me” "N~ “OCF,H _
? N© 0GR N\P>SocrH N7 NockH CFF NT TOCFH N ocen L
5a, 96% 5b, 97% 0 . 950 N~ ~OCF,H
' 5¢, 97% 5d, 92% 5e, 95% 5f. 93% 59, 91%
Me " Ve
Me Br e
X NO, O,N
e, (X T T CI .
N~ ~OCF,H = Z _ P
5h, 88% N OCRHMe” N TOCEH NP ook H N~ OCF,H N~ OCF,H
1 6% 5i, 87% 5], 92% 5k, 90% 51, 83% 5m, 88%
OCF,H QCFH ockH
RS — Br N
N N N
N N SN \[ j\ N
N/ OCF.,H 4 7 ) N/ OCF.H I ~ | )\
~ —
& 2 OCF,H N” SOCFH ¢ N 2 N Me S\ eue
5n, 85% 50, 84% 5p 85% 5q, 72% 5r, 72% 5s, 87% 5t, 88%

¢ Reaction condition: 4 (0.3 mmol), ethyl bromodifluoroacetate (2) (1.2 equiv.), base (2 equiv.), CH;CN (2 mL) under N, atmosphere at 100 ‘C for 24 h. Isolated
yeild.
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N 2
H

Strandard condition
- T,
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1 3a CFH
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i i§
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2 |
N-containing F\ﬂj o
X=H + Nay,CO3 proCre N-containing
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Figure 2 Control experiment of mechanism studies and possible mechanism

W T AR 6t R AR 7 E AT O (S1~5q). e, FRATIEH
BT 2-FRERMEE . 4-FRERmENE R A S, LI RE DALY
I 25 H B AR =4 (Sr~5t)(ER 3).
23 HEBMRR

TENLIE AT SO FE R, FRATFE R PR RN H B
FEHPF(TEMPO M1 BHT), RN 45RE, 7= R IFARZ 3]
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HLH(E 2). Fedi 19\ BrCF,COOEt ZEHf(Na,CO-) AT
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23 9K SN 1 85 4 (0.3 mmol), B%(2 equiv.) FTVR —
LML ME(1.2 equiv.) I Schlenk W& H; & L%
fegE; BHESG RULE); RJEHERSEMA 2 mL %
Ay ZJE BTGB 100 CRHEHEE 24 h, [N EEHR
J&, TEERAR, 1525 Y E AR E A 2 H br
FEH.
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