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Visible—Light—Driven Difluoroalkylation of Aromatics Catalyzed by Copper

Dai, Jianling Lei, Wenlong Liu, Qiang*
(State Key Laboratory of Applied Organic Chemistry, Lanzhou University, Lanzhou 730000)

Abstract The introduction of difluoromethyl groups into organic molecules not only can dramatically alter physical proper-
ties of nonfluorinated counterparts, but also provide valuable CF,-containing building blocks for the synthesis of other
difluoromethylenated compounds. Therefore, there is a growing demand to develop efficient and practical methods for the
introduction of the difluoromethyl motif. Although significant advances have been made in the preparation of difluorometh-
ylated arenes, these reactions usually required pre-functionalized substrates, precious metal catalysts, elevated temperature,
and so on. In the past decade, visible light-driven photoredox catalysis has been proved to be powerful in synthetic radical
chemistry. Particularly, direct difluoroalkylations of arenes have been achieved using precious-metal photocatalysts such as
ruthenium or iridium polypyridyl complexes. Herein, we are committed to developing a cheap copper-based phororedox sys-
tem for direct difluoroalkylation of arenes. The key to this approach is the in-situ formation of cuprous photocatalyst from
cuprous iodide, an imine ligand (2,9-dichloro-1,10-phenanthroline) and a triaryl phosphine ligand (4,5-bis(diphenylphos-
phino)-9,9-dimethyl xanthene). With catalytic amount of reagents mentioned above, the direct difluoroalkylation between
arenes and difluoroalkylation reagents (BrCF,CO,Et or BrCF,CONR'R?) took place smoothly under 6 W blue LED irradia-
tion at room temperature. A variety of electron-rich arenes, including electron-donating aromatics, indoles, furans, thio-
phenes, and pyrimidines, could be carbonyldifluoromethylated in moderate to excellent yields. In addition, high yields were
obtained for the intramolecular and intermolecular aminocarbonyldifluoromethylation by the catalytic system. Preliminary
mechanistic studies reveal that [Cu(dcp)(xantphos)]l (dep=2,9-dichloro-1,10-phenanthroline, xantphos=4,5-bis(diphenyl
phosphino)-9,9-dimethyl xanthene), in situ-formed from Cul, dcp, and xantphos should be the real photocatalyst to catalyze
the visible light-driven difluoroalkylation. Difluormethyl radicals, produced by single electron transfer from the excited pho-
tocatalyst to difluoroalkylation reagents, should be involved in the difluoroalkylation. In summary, visible-light driven
difluoroalkylation of arenes with difluoroalkylation reagents via Cu-catalysis has been developed. The use of the bidentate
phosphine ligand and the imine ligand is essential for high efficiency as they could bind to cuprous iodide to generate the
photocatalyst in situ. The typical procedure is as follows: a mixture of arenes (0.6 mmol), Cul (0.02 mmol), dcp (0.02 mmol),
xantphos (0.02 mmol), K;PO,4 (0.4 mmol) and CH,Cl, (2 mL) were loaded in a flame-dried reaction vial which was subjected
to evacuation with argon for 30 min. Subsequently, BrCF,CO,Et (0.2 mmol) was added to the mixture via syringe, and the
mixture continued degassing for 5 min. After degassing procedure, the vial was sealed with wax, and irradiated by blue light
for 24 h. The reaction was monitored by TLC. Further purification of the evaporated mixture by flash column chromatog-
raphy on silica gel (eluent: petroleum ether/ethyl acetate) gave the desired product.
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FZM N R e b N, ) = AR SR 5 L
TR ZBEES A Cul (10 mol%). 2,9-— FIILIEMRIE(10
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Table 1 Optimization of conditions for copper catalyzed difluorometh-
ylation of trimethoxybenzene with BrCF,CO,Et

Cul (10 mol%)

© 2019 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

~o L1 (10 mol%)
L5 (10 mol%)
+  BrCF,CO,Et -
2.0 equiv. K3PO4
~o0 o~ 2 Ar, CH,Cly, 24 h
1 6 W Blue LED
a "standard conditions"
~
o
/@ECFZCOQB
~o o~
3a
Entry Changes from the "standard conditions" Yield”
1 No changes 87
2 Without Cul, K;PO,, or L5 0
3 Without L1 40
4 Cu(OAc), instead of Cul 0
5 Cu(MeCN)4PF; instead of Cul 85
6 KOACc instead of K3POy 77
7 K,COs instead of K;PO, 86
8 CH;CN instead of DCM 61
9 CH;O0H instead of DCM 21
10 DMF instead of DCM 40
11 2.0 equiv. 1a 80
12 L2 instead of L1 95
13 L3 instead of L1 0
14 L4 instead of L1 0
15 L6 instead of L5 0
16 [Cu(dep)(xantphos)]I (10 mol%) 92
17 Cul (5 mol%), L2 (5 mol%) and L5 (5 mol%) 88
18 1.0 equiv. K5PO4 30
19 under air (open flask) 0
20 dark 0
Ph Ph
=4 SxANEe=a
N N= N N= N N=
Cl Cl
L1, dmp L2, dcp L3, bc
o0 o B
N N= (o)
L4, bpy P(Ph),  P(Ph),

L5, xantphos
L6, PPh;

[Cu(dcp)(xantphos)]I

“ Yields were determined by 'H NMR. dmp = neocuproine, dcp =
2,9-dichloro-1,10-phenanthroline, bc = bathocuproin, bpy = 2,2'-bipyridine,
xantphos =4,5-bis(diphenylphosphino)-9,9-dimethylxanthene, PPh;=triphen-
ylphosphane.
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Table 2 Difluoromethylation of aromatics with BrCF,CO,Et catalyzed
by cuprous iodide

TN :
Rl_ + BI’CFzCOzEt
Pz

Cul (10 mol%)
dep (10 mol%)
xantphos (10 mol%)

2.0 equiv. K3POy4

i, AR S T ) B R O B RS R — B
Ban, 485G A FEBACIE I 55 A AERT (3h, 3j~31), AH
N E BE A S R R o AR R A . Bl
T E AR —ERE R, BT R ERCR
[ 95 B I U 5 R AR b SR AL [ (31, 3a~3g).
20, BRI T MRS 4 05 R ) — e AL
(F3). GERFUAMLNE, WHIWE. WEIE. DRI, HEWY S5 4
X% % B R AE, HHUE R G 20055 1 e %
(58%~95%). Tk, WHFL T NN-ZFHIERAFIR —
ST (1) [ (% 4, 6a~6¢), 45 T3 W% A 2 T LA
DL 38%~70% M ;™ Z& S AN [R) I — S e it V,N-—H
BRI k. ), )G T T m
T AR ONE, #3305 = 1177 2. (68 %~ 70%).

£3 UL LB IR LI LB 285508 1 S SRR @

Table 3 Difluoromethylation of hetero aromatics with BrCF,CO,Et
catalyzed by cuprous iodide

H
R--- + BrCF,CO,Et

Cul (10 mol%)
dep (10 mol%)
xantphos (10 mol%)

2.0 equiv. K3PO,

2 Ar, CH,Cly, 24 h 2 Ar, CH,Cl,, 24 h
1 6 W Blue LED 4 6 W Blue LED
- CF2COzE CF,CO,Et
3 5
\O N ~
/@:CFZCOZB CF,CO,Et /@icFZCOZEt /E;LO/ m—CFQCOQEt EtOZConj\iN
~o o CF,CO,Et \ ~o | N/)\S/
3a, 95% 3b, 84% 3c, 80% 5a, 58% 5b, 60% 5¢, 95%
i ~o . Br Eto2Ccmjl\/LN ©i(>\CF2CO2Et QCcmozEt
©/CcmozEt 202 /@\ o N/)W/ 5
o o~ 5e, 67% /
3d. 65% | CRacost 5d, 78% o:m®=10:1 5, 65%
' 3e, 63% 3f, 66% “ Reaction conditions: 4 (0.60 mmol, 3.0 equiv.), 2 (0.20 mmol), Cul (0.02
mmol), dep (0.02 mmol), xantphos (0.02 mmol), K3PO4 (0.4 mmol) in CH,Cl,
CHO CF,CO,E | gZ.OZmL) were i.rradiat:ed with 6 W blue LED for 24 h at r.t. Isolated yield.
O N\ o=ortho-position, m= meta-position.
T/%OZB EtOZCFQCQ 9T iS5 AR AL B 5 1% L
ah, 78% 3, 75% Yol bk R A (5, BT T — RIUEHII. Bk,
39, 54% op=2:1 op =16 FEOG RN, A k2 SE S IR G AR dep B T A4
xantphos, [ NIJAREIRITFHLBEIT (3R 1, Entries 2, 3), ¥4
@ Q . S O T 4 2 0 U L 4 22 U = 2643 5
N (;f A9 90 2 M L. BR8P 6
@ CF,CO,Et T e [Cu(dcp)(xantphos)]1(10 mol%) & AL AL 4 . SEmS kAT
3k288; 3L, 92% 1 dep FIRUBEAC 14 xantphos, 755 T 5 it RS 4 R4
3j, 83% omip = 1:1:1 0:p=10:1 UL B (R 1, Entry 16). FEH., JRAZAE BRI H764L
op:m® =7:6:1 1) W i e i

¢ Reaction conditions: 1 (0.60 mmol, 3.0 equiv.), 2 (0.20 mmol), Cul (0.02
mmol), dep (0.02 mmol), xantphos (0.02 mmol), K53PO4 (0.4 mmol) in CH,Cl,
(2.0 mL) were irradiated with 6 W blue LED for 24 h at r.t. Isolated yield.
b o=ortho-position, m=meta-position, p=para-position.
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71 (Cul/dep/xantphos = 1 © 1 :
[Cu(dcp)(xantphos)]I HIRISOGTE — (K 1). Bk, %~
R B 12 A R VA S 8 AT A S OB A
3L 2E BE 5 4 [Cu(dep)(xantphos) 1 9 e AL, HETT
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Table 4 Intermolecular and intramolecular reaction of bromodifluoroa-
cetamide catalyzed by cuprous iodide

\ \

N— N—
H H
CFzﬁ—N%] CFQC—NO
o 8
6a, 38% 6b, 65%
\N H /
N N o
7N o]
CF,C-N O F
o/ F E
o} F
6¢c, 70% 6d, 68% 6e, 70%

¢ Reaction conditions: 6 (0.20 mmol), Cul (0.02 mmol), dep (0.02 mmol),
xantphos (0.02 mmol), K3;POy4 (0.4 mmol) in CH,Cl, (2.0 mL) were irradiated
with 6 W blue LED for 24 h at r.t. Isolated yield.

RN 2R, 7R 1% O oI & I RR
HH3E 2,2,6,6-PU L IRE-1-5A L Y)(TEMPO) B H H &
ERRFA 2 6-*ﬂTE¥1¥€Eﬁ§E(BHT)E, ) = IR
Brew 3e Al 563 2 v o7 IR abe 30 & R AT AR A
B2 7 N VA== o 3 O AL N A ] a3 VA A
Ol I AR R R e 5 AT, A DL RSO Ah A,
P 7RSI AT REALER: Bk, TLOK VR R S E v bk A
R It A JER AR o 418 S 1 bk SO 4 (D) B 2 7 [Cu'L, )
ZAC AW G T Lk IR Rk Bk, FE AT R Ak iR A
BrCF,CO,Et & AEA M K= A [Cu L 1 e 2% 1 i
5 oCF,CO,Et. % H B &0 Bk 1) 55 38 b 7= 4 35 4 Fh
1A, 01T 5 WAL R BR3) ) FIaE R B2 ] R 4R &

standard conditions

Bes SIER, ZiaMYR 1A 1) o-H B —EMR
PP 159 1A 76 KsPO, 1E F T A8 RO i i 72 B 1B,
1B £ [Cu"L, )AL i H Fr =K 2).

1.4
——Cul
xantphos
124 — dcp+xantphos
dep

— Cul+xantphos

1.04 2 Fr = Cul+dcp
Ea N Cu+dcp+xantphos
X —— [Cu(dcp)(xantphaos)]I
_,g 0.8 e .
< ‘,/’ \ \
0.6 \
N\
\\
0.4 \ \
0.2 \.j\
N
R R .
0.0 = T T —
400 500 600

Wavelength/nm

B 1 UV-vis IO

Figure 1 UV-vis absorption spectra of substrates

3 g

AR S 3 R A S R R A SR AR RO A A AR
FElg, ST AT WO IRASE (%) 75 A S A e ot AL
(BrCF,CO,Et, BrCF,C(O)NHR) 4118 & 4> 7 N — 9.
BREAL I R, 1% B AEIR AN RN S5 JRE
FHYEH, BAEAERRHNE.

4 SERSY

AT UL HEAL TR 1 55 98 e AL SN PR SE G T vk
M 10 mL 8 F R i 35 354 Ak i N Cul (0.02

/@\ + BrCF,CO,Et

TEMPO (2.0 equiv.)

/@;CFQC%H

1c 2 or BHT (2.0 equiv.)
3c yield: 0%
[Culy]" 242
BrCF,CO,Et F
2 N\
Cu'lL | |
[Cul,l o o
; CF,COEt
0
3a
* CFzCOgEl [CIJ"L,-.]

B2 WFFOHLEL A S DA AT RE TR

Figure 2 Control experiment of mechanism studies and possible mechanism
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mmol) . dep (0.02 mmol) . xantphos (0.02 mmol) .

BrCF,CO,Et (0.2 mmol). K3;PO, (2.0 equiv.)FK#) 1a
(0.6 mmol). BJ5, Ky h ) IHEER, JHE
TR TN 2.0 mL S bE. EBEE S E S, K
HSAE 6 W 0 LED YT eI B, g Pk F U 24
h, 88 RN, PR AR SN E, T 200~300 H Y
FERR S A itk 1R CBe Vel AR E A 4y B alide 4. H
PR 3a 17508 95%.
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