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Decarboxylative 1,6—Conjugate Addition of @—Keto Acids with para—Quinone
Methides Enabled by Photoredox Catalysis

Wu, Zijun Wang, Jian*
(School of Pharmaceutical Sciences, Tsinghua University, Beijing 100084)

Abstract a-Arylated and a,a-diarylated carbonyls are an important class of building blocks and widely found in biologi-
cally active natural and unnatural molecules. The most popular approach to access a-arylated and a,o'-diarylated carbonyls
involves transition-metal-catalyzed cross-coupling reactions and metal-free coupling reactions, which always request harsh
conditions or high catalytic loading. Visible-light photoredox catalysis, a novel and green catalytic strategy, has recently re-
ceived increasing attention from chemists and been widely applied to organic synthesis in the past years. Inspired by the re-
cent process of the visible light photocatalytic generation and exploration of a-keto acids as the precursor for acyl radical in
decarboxylative coupling reactions and 1,4-Michael addition reactions, we found that, however, expand their utilization in
more complex systems, such as 1,6-conjugate addition with electron deficient olefins, remains underdeveloped, particularly
due to the difficult to design the appropriate substrate, and the harsh conditions often required for metal-catalyzed redox neu-
tral decarboxylation. Here, we report a photoredox catalytic C—C bond formation reaction that enabled by visible-light. The
versatility of this protocol has been portrayed by using a wide range of stable and easily accessible aromatic a-keto acids as
well as p-QMs. This synthetic strategy also offers access to 24 kinds of different a-keto-a,a-diarylated ketones in moderate to
excellent yields under mild conditions. A representative procedure for the reaction is as follows: 2-oxo-2-phenylacetic acid 1a
(0.10 mmol), the p-QM (2,6-di-tert-butyl-4-(4-methoxybenzylidene)cyclohexa-2,5-dien-1-one) 2a (0.12 mmol), photocatalyst
Ir[dF(CF;)PPy],(dtbbpy)PFs (0.001 mmol) and K,HPO, (0.12 mmol) were dissolved in DCM (1 mL). Then, the resulting
mixture was degassed and refilled with N, via ‘freeze-pump-thaw’ procedure (3 times). After that, the solution was stirred at a
distance of ca. 5 cm from a 36 W blue LEDs at room temperature for about 12 h with TLC monitoring. Upon completion of
the reaction, the crude product was purified by flash chromatography on silica gel (hexane/ethyl acetate) to give the desired
product 3.

Keywords visible light; photoredox catalysis; para-quinone methides; 1,6-conjugate addition; radical
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Figure 1 1,6-Conjugate addition with acyl anion equivalent
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1 36 W Blue LED fEA)GIE, #4821 K JLRASEDG
AL SR AL TR ISR (3R 1, Entries 1~6). 455
E7R[Ru(bpy);]CL (Ru-cat. D™ [EYA(M'/M)=0.77 V vs
SCE, 7=1100 ns]LL}% Ir(ppy).(dtbbpy)PFg (Ir-cat. 2)!"™
[E"(M'/M)=0.66 V vs SCE, t=557 ns] 3AZARET
KIRNLRA(FR 1, Entries 1, 2). Ir[dF(CF3)ppy]x(phen)PF4
(Ir-cat. 3)BEWE AT ML BRI KA, A 81% I %
53 1a B2 5 5T 2a 10 1,6-3LH0 0= o- 75 2 -a,0-
75 %W 3aa (% 1, Entry 3). Mi{#fH Ir[dF(CF3)ppyl.-
(dtbbpy)PF, (Ir-cat. 4)™ [EYA(M/M)=1.21 V vs SCE,
t=2300 ns]AMELLF, 3aa PR AT LLAE] 93% (K 1,
Entry 4). fac-Ir(ppy) (Ir-cat. 5)LA S IE T A HLGRH AL
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Table 1 Optimization of conditions

1 mol% photoredox cat.
1.2 equiv. base
36 W blue LED

Ru(bpy)sCl; (Ru-cat. 1)

—*PFg
Bu-t
e
|
IN\ Z Byt
F
7 CF,

| N Bu-t
N
NTX
|
Z Byt

Ir[(ppy)(dtbbpy)]"PFe (Ir-cat. 2)

solvent
Ny, 12 h

~]*PFe

Ir[dF(CF3)ppylo(phen)*PF¢ (Ir-cat. 3)

Entry Cat. Base Solvent Yield/%
1 Ru-cat. 1 K,HPO, CH,Cl, <5
2 Ir-cat. 2 K,HPO, CH,Cl, <5
3 Ir-cat. 3 K,HPO, CH,Cl, 81

4 Ir-cat. 4 K,HPO, CH,Cl, 93

5 Ir-cat. 5 K,HPO, CH,Cl, 0

6 6 K,HPO, CH,CL, 0

7 Ir-cat. 4 K,COs CH,Cl, 85

8 Ir-cat. 4 Na,CO; CH,Cl, 29

9 Ir-cat. 4 DIPEA CH,Cl, 0

10 Ir-cat. 4 K,HPO, Toluene 56
11 Ir-cat. 4 K,HPO, CH;CN trace
12 Ir-cat. 4 K,HPO, DMF trace

“Reaction conditions: 1a (0.1 mmol), 2a (0.12 mmol), photoredox-cat. (1 mol%), base (0.12 mmol), and solvent (1 mL), the reaction was carried out under N, at-

mosphere at r.t.; * Yield of the isolated product after column chromatography.
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Table 2 Substrate scope of a-oxocarboxylic acids Table 3 Substrate scope of p-QMs
Q o} Ir[dF(CF3)ppylo(dtbbpy)PFg (1 mol%)
| -t Ir[dF(CF3)ppyl,(dtbbpy)PFg (1 mol%) 3 2 6 o
o} ce Bt KzHPG, (0.12 mmol) o t-Bu R KzHPO, (0.12 mmol)
PIq 36 W blue LED COOH + 36 W blue LED
R”™ "COOH + DCM (1 mL)
| DCM (1 mL) |
N, rt,12h N, rt, 12h
1a
OMe
1
Entry 3 R'/R¥(2) Yield"/%

Entry 3 R (1) Yield®/% 1 3aa -Bu/p-MeOPh (2a) 93
1 3aa  Ph(la) 93 2 3ab t-Bu/p-C1C¢H, (2b) 81
2 3ba p-MeOC¢H, (1b) 87 3 3ac t-Bu/p-BrC¢H, (2¢) 83
3 3ca  p-BrCeH, (1¢) 85 4 3ad  +-Bujp-NO,CsH, (2d) 71
4 3da  p-CF;CeH, (1d) 73 5 3ae  -Bup-'C;H;CeH, (2¢) 79
5 3ea  p-PhCeH, (1e) 89 6 3af  #-Bwm-CIC¢H, (2f) 81
6 3fa  m-CIC¢H, (1) 85 7 3ag t-Bu/3-Br-4-F-C¢Hj; (2g) 77
7 3ga  2-Cl-6-F-C¢H; (1g) 86 8 3ah -Bw/3,5-(MeO),-C¢Ha (2h) 89
8 3ha  0-BrCg¢H, (1h) 94 9 3ai t-Bu/2,3-dihydrobenzo[b][1,4]dioxine-5-(2i) 90
9 3ia  2-furan (1i) 81 10 3aj t-Bu/1-naphthalene (2j) 82
10 3ja  2-thiophene (1j) 79 11 3ak t-Bu/o-MeOC¢Hy (2Kk) 94
11 3ka  3-indole (1k) 85 12 3al Me/Ph (21) 78

~ “ Reaction conditions: 1a (0.1 mmol), 2a (0.12 mmol), photoredox-cat. (1
12 3a 2-naphthalene (11) %0 mol%), base (0.12 mmol), and solvent (1 mL), the reaction was carried out
13 3ma 2-benzo[b]thiophene (1m) 72 under N, atmosphere at r.t.; * Yield of the isolated product after column chro-

“ Reaction conditions: 1 (0.1 mmol), 2a (0.12 mmol), photoredox-cat. (1
mol%), KH,PO4 (0.12 mmol), and CH,Cl, (1 mL), the reaction was carried out
under N, atmosphere at r.t.; Yield of the isolated product after column chro-
matography.

222 Sz I F B (p-QMs)X RRL #-3E

R TS I R (p-QMs) et % 5 N )3 F Vi
B, RATRA T AN [F B A I R 2L R (p-QMs) TR A JEE W
Z5RN, SEEFTRaE R TR 3.

o 7 i (p-QMs) 1 R? B AT DA iz [ iz
AT EUAR, OB AR AT AR & Az, To iR gh HL I8 &
HLFHUREE, AR RERER I BT AR, fe
PL 71%~94% e 245 3 B bx = #)(3 3, Entries 1~11).
X B FEIFEEE 0, 78 Anand /NHYRE A SR
Hs BRI 2d RILH RZE R ROSE, T AERRAT]
AR & 2d 75 RELL 71% IS 2645 20 L o- 75 FE-a,a -
TS H (R 3, Entry 4). HAh SR 0L I R
(p-QMs), W1 R' N HIEE R N EYI ) B RELE [ N
ZAET UL T2%UCRAA R 3al. o T W% A BT )
SER M, SIS A AT DL AL S SBORE] S mmol i3
124, FELL 88%MIIE 153 3aa.
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matography.
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N T UE B S R AR S R R R R AR AR, AT
it 7 TMEPO 25 1) B t 3 e IR 58 (F 2).

# 2 equiv. TMEPO 1E I N4 in N B S 8 H,
SRR, HEeR B MER 1,6-3L50In8% =4 3aa £
B, TRBLCL 80%MUSCRAF 2] T4 &Y 4. X UL N
) TMEPO TE N 41F R R &4 2a 584 52K H
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VERNBAFE AT EH AL S (D) TR S 5 RN
PEIRLL,
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Table 4 Control experiment
0O

1 mol% photoredox cat.
1.2 equiv. K,HPO,4

t-Bu Bu-t
o)
36 W blue LED
COOH + | CH,Cl,
O Ny, 12 h
OMe

1a

2a

Entry Variations from the standard conditions Yield"/%
1 Air instead of N, 67

2 O, instead of N, 0

3 Without light trace

4 Without photoredox cat. 0

“ Reaction conditions: 1a (0.1 mmol), 2a (0.12 mmol), photoredox-cat. (1
mol%), KoHPO4 (0.12 mmol), and CH,Cl, (1 mL), the reaction was carried out
under N, atmosphere at r.t.; * Yield of the isolated product after column chro-
matography.

OMe

B2 TMEPO #RHi5:
Figure 2 Control experiment with TMEPO as additive

R R
(@] - 0
OH
Ar Ar
\' R

B3 WIRERRALEE

Figure 3 Proposed reaction mechanism
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