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Abstract Fluorinated compounds have gained much attention because of their unique electronegativity, metabolic stability
and bioavailability, and thus, the synthesis of organofluorine compounds has found wide applications in pharmaceuticals,
agrochemicals, and materials science. Among them, the incorporation of a difluoromethyl group (CF,) into organic com-
pounds is of great concern in medicinal chemistry owing to its isosterism with the hydroxyl group. Therefore, the develop-
ment of new difluoroalkylation methods has attracted great interest in synthetic organic chemistry. Visible light-driven pho-
tocatalysis as an eco-friendly and powerful theme has been widely utilized in organic synthesis. In particular, free radical
fluorination is emerging as a powerful tool for C—F bond formation, especially under the catalysis of visible light. Recent
progress on the visible light-promoted directing difluoroalkylation using ethyl bromodifluoroacetate provided an efficient
approach to the target. Herein, we report a contribution towards visible light induced carbodifluoroalkylation of homopropar-
gylic alcohols with the use of ethyl bromodifluoroacetate as a source of difluorinated moieties. This strategy provides a facile
way to access functional-difluorinated alkenes through a tandem radical difluoroalkylation and 1,4-aryl migration process. A
representative procedure for this reaction is as following: An oven-dried Schlenk tube (10 mL) was equipped with a magnetic
stir bar, homopropargylic alcohols (0.2 mmol), fac-Ir(ppy); (0.02 equiv., 0.004 mmol), 2-bromo-2,2-difluoroacetate (2.5
equiv. 0.5 mmol), Na,HPO, (2 equiv., 0.4 mmol). The flask was evacuated and backfilled with Ar for 3 times. 0.5 mL of dry
DMA and 0.5 mL of dry DCE were added with syringe under Ar. The tube was placed at a distance (app. 5 cm) from 33 W
fluorescent light bulb, and the resulting solution was stirred at ambient temperature under visible-light irradiation. After the
reaction was finished, the mixture was then diluted with MTBE (20 mL X 2) and water. The combined organic layers were
dried over sodium sulfate and the solvent concentrated in vacuo and the residue was purified by chromatography on silica gel
to afford the corresponding products.
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Table 1 Optimization of reaction condition

| | photocatalyst, base
+ BrCF,CO,Et — -
HO solvent, visible light

CF,CO,Et
N

oo
0 za

1a

OH

‘ ‘ CF,CO,Et

3a
Entry Photocatalyst Base Solvent Yield"/% Yield"/%
1 fac-Ir(ppy)s - MeCN 9 Trace
2 Ru(bpy);(PF), — MeCN N.R N.R
3 EosinY — MeCN N.R N.R
4 fac-Ir(ppy)s — DCM Trace  Trace
5 fac-Ir(ppy)s — CHCly Trace  Trace
6 fac-Ir(ppy)s — DCE 14 Trace
7 fac-Ir(ppy)s — DMF 33 15
8  fac-Ir(ppy)s — DMA 41 12
9  fac-Ir(ppy)s K,CO; DMA Trace  Trace
10 fac-Ir(ppy)s Na,COs DMA Trace  Trace
11 fac-Ir(ppy)s Et;N DMA Trace  Trace
12 fac-Ir(ppy)s 2,6-Lutidine DMA 25 19
13 fac-Ir(ppy)s  Na,HPO, DMA 57 12
14 fac-Ir(ppy)s  NaHPO, (;P;Mgich;El) 63 (100 9
DMA/DCE
15 — Na,HPO4 N.R N.R
Vir=1:1
16° fac-Ir(ppy)s  Na,HPO4 ( ;)M;;DICEI) N.R N.R

© 2017 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

“reaction condition: 1a (0.2 mmol), BrCF,CO,Et (0.5 mmol), base (0.4 mmol),
photocatalyst (2 mol%), solvent (1 mL), 33 W fluorescent light bulb under Ar
at room temperature for 24 h. *Isolated yield. ¢ In the dark. ¢ The amount of
recovered starting material is given in parentheses.
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Table 2  Scope of carbodifluoroalkylation of secondary homopropargylic alcohols

fac-Ir(ppy)s (2 mol%)
33 W CFL, 2 equiv. Na,HPO,4

+ BrCF,CO,Et

DMA/DCE (V:V = 1:1)

rt.,24h
Compd. Yield% E/Z Compd. Yield/% E/Z Compd. Yield/% E/Z
W,
_ . — . CF,CO,Et .
CHO 53 (12) CHo  31(19) 145:1° — 55(17)° 111 1°
W, W, ‘o Tt
2b
M€ Cl 2h 2m
O CF,CO,Et CF2COzEt O CF,CO,Et
— - MeO —
cho 47015 CHO 33 (26) e cHO 63 (12)°
=, .
2c Br 2i 2n
W, W, F
CF,CO,Et CF,CO,Et O
Me — Cl — CF,CO,Et
CHO 58 (14) cHo  49(16) _ 48 (21)°
W, W, -y
2d 2 20
W, " !
O O
_ CF,CO,Et CF,CO,Et
CHO 49 21 171 1° = 51 (18)° — 36 (19)°
O O ceHo ) cHO
MeO
20 2k 2p
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Compd. Yield% E/Z Compd. Yield% E/Z Compd. Yield/% E/Z
MeQO
W, @
CF,CO,Et O S CF,CO,Et
_ R CF,CO,Et . — P
cho 4705y 7:1 _ 53 (16) CHO 35(26)" 5.5 1
MeO O O CHO
2f 2q

O CF,CO,Et

F 2g

CHO 36 (22)

2

“Reaction conditions: 1a (0.2 mmol), BrCF,CO,Et (0.5 mmol), base (0.4 mmol), photocatalyst (2 mol%), solvent (1 mL), 33 W fluorescent light bulb, 24 h, r.t. ® The
amount of recovered starting material is given. ¢ The ratio of 2 to its isomer was determined by 'H NMR analysis of the crude product.

3 SRR A& 5 ¢

Table 3 Examples of carbodifluoroalkylation of tertiary homopropargylic alcohols

fac-Ir(ppy)s (2 mol%)
33 W CFL

R! R2 Ph 2 cauiv. Nas,HPO Ph CF,CO,Et
M + BrCF,CO,Et CquIv. e — 0
HO DMA/DCE (V:V = 1:1) R?
1 rt.,24h R’
2
Compd. Yiled/% Yiled/%
0 crcon
— o)
b b
56 (25) 43 (18)
O CF,CO,Et
b - O b
65 (15) 31(16)
2v
54 (21)

@Reaction conditions: 1a (0.2 mmol), BrCF,CO,Et (0.5 mmol), base (0.4 mmol), photocatalyst (2 mol%), solvent (1 mL), 33 W fluorescent light bulb, 24 h, r.t. ” The

amount of recovered starting material is given.
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CF,CO,Et

A 0.5 mL fJF1% DMA #10.5 mL )% DCE, FfiJ5¥#
MR, GREMT, BEAMF FHEE 24 h, RMN5E
YR, 1) SONATR A TR RO INON AKORT F AT JE R, REEH
HUAHH F R BB T8, R IR 46 )5 73 2 VR & AT+
AT 2R BV D V=15 1~4 : 1)/ B4tk
PL 63%U %452 H 4574 2a.
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