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Intermolecular Enantioselective Dearomative Oxidative Heck Reaction of
Indoles
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(College of Chemical Engineering, Zhejiang University of Technology, Hangzhou 310014)

Abstract Transition-metal-catalyzed asymmetric dearomatization reaction represents a straightforward method to access
chiral cyclic compounds. In recent years, enantioselective dearomative Heck reactions of indoles, benzofurans, pyrroles, fu-
rans, and naphthalenes have been successfully developed. Nevertheless, current reports are mainly limited to the intramolec-
ular reaction, the intermolecular asymmetric dearomative Heck reactions are still underdeveloped. In consideration of the
relatively mild reaction conditions in oxidative Heck reaction, we envisioned that the intermolecular dearomative oxidative
Heck reaction and its asymmetric induction might be possible due to its commonly-proposed cationic rather than neutral
mechanism for Heck reaction. In the present work, an enantioselective palladium-catalyzed intermolecular dearomative Heck
reaction of indoles with arylboronic acids has been developed. By employing Pd(OAc): as the catalyst precursor, pyridine-
oxazoline as the chiral ligand, oxygen as an oxidant, and benzoquinone (BQ) as the co-oxidant, a series of chiral indolines
bearing a C2-substituted quaternary stereocenter were afforded in moderate to good yields and moderate ee values. A general
procedure for this enantioselective dearomative oxidative Heck reaction is described as the following: To a dried Schlenk
tube were charged with Pd(OAc): (4.5 mg, 10 mol%) and ligand L9 (15.1 mg, 20 mol%) under Oz atmosphere. 2 mL of
N-methylpyrrolidone (NMP) solvent was then introduced via a syringe and the Schlenk tube was sealed using a Teflon cap.
The mixture was stirred at 60 “C for 30 min in order to form the catalyst complex. After cooling to room temperature, indole
substrates 1 (0.2 mmol), aryl boronic acids (0.6 mmol), and co-oxidant BQ (4.3 mg, 20 mol%) were added to the reaction
system under Oz atmosphere. The resulting mixture was then stirred at 80 ‘C for 12 h. When the reaction was completed
[monitored by thin-layer chromatography (TLC)], 10 mL of water was added to the reaction system and the mixture was ex-
tracted with ethyl acetate. The combined organic phases were dried over anhydrous Na2SO4 and concentrated under reduced
pressure. The residue was purified by flash column chromatography on silica gel [V(ethyl acetate) : V(petroleum ether)=1 :
15] to afford products 2.
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Table 1 Condition optimization”

Pd(OAC),/Ligand
N b PrB(OH), oAl
N Co-oxidant, O,

NPh

Ac Solvent, 80 °C, 12 h Ac
1a 2a
o\\><fo [ L2R=Bu [[
S/IN NI\) NG | O  L3:R= ,Me N7 | o
) - N \) L4:R="Pr
SERTR R L B
OMe NMe,
A | X A
N" O _Ph N O _Ph N N9 ph
N—/ Ph N Ph Ph
L8 Ph Ph L10 Ph

Entry Ligand Co-oxidant  Solvent Yield/% ee/%
1 1,10-Phen — DMF 13 —
2 1,10-Phen — THF n.d. —
3 1,10-Phen — MeCN n.d. —
4 1,10-Phen — MeOH n.d. —
5 1,10-Phen — NMP 21 —
6 1,10-Phen — 1,4-Dioxane 6 —
7 1,10-Phen  FeCl; NMP n.d. —
8 1,10-Phen  CuCl, NMP 15 —
9 1,10-Phen  BQ NMP 64 —
10 1,10-Phen  DDQ NMP 47 —
11 1,10-Phen  2,6-DMBQ  NMP 56 —
12 L1 BQ NMP 51 rac
13 L2 BQ NMP 55 19
14 L3 BQ NMP 32 3
15 L4 BQ NMP 60 13
16 L5 BQ NMP 72 17
17 L6 BQ NMP 27 44
18 L7 BQ NMP 64 53
19 L8 BQ NMP 60 70
20 L9 BQ NMP 73 75
21 L10 BQ NMP 49 20
22¢ L9 BQ NMP 51 73

4 Reaction conditions: 1a (0.2 mmol), PhB(OH), (0.6 mmol), Pd(OAc), (10
mol%), ligand (20 mol%), co-oxidant (20 mol%), and solvent (2 mL) at 80 ‘C
under oxygen atmosphere for 12 h; DMF: N,N-dimethylformamide, THF:
tetrahydrofuran, NMP: N-methylpyrrolidone, 1,10-Phen: 1,10-phenanthroline,
BQ: benzoquinone, DDQ: 2,3-dichloro-5,6-dicyano-1,4-benzoquinone,
2,6-DMBQ: 2,6-dimethoxy-1,4-benzoquinone. ? Isolated yield. ¢ Determined
by chiral HPLC analysis. ¢ Under air atmosphere.

AL Heck IRMTCIERA:. ¥ N- MR N B
(% HL -6, 40 COoMe (2b). Cbz (2¢)F1 Fmoc (2d),
S SEBIRENTRISRAT B AR, (EWCR R ik FerE1s 55
T N-CBEFE. S, AT L 5-Ar BURIERT e
LRSI EEAT T E 5. S5 REW, XA A TR AR

Acta Chim. Sinica 2024, 82, 1—4

© 2024 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

¥, W EEQe)MHFAEQRNEE, HRNIKBEKEY 1a
HIR AR R, (H ee EAEA FRAK. TR T 22195
A, WIGE(2g) K& (2h) -, 45 5 B0 Yz 3 0% Bl i
PRI R PG, bAh, AR — 5 T R[F I
MRS 5 RRBL — RPN A AN BRI A0 R
FTAEMITE R N A T e RIFIESY, L&A A BT
FEANFIE, BT, PEE. KRS AW T
G & HE. =R MR e kK A M, LA
40%~T9%MIRA 51%~T5%K] ee 1HIRTE HAR=H)

2i~2q. {HS—1RIAE, MIMIFIASERINS S 28 R L2,

2 R SR S FE /S TEER R 2,3- SR EA ] kB
Pd(OAC), L9
@ N ArBOH)2 "M, 80 °C. 12h @ N Ar
‘R ‘R
COOMe Cbz

2a(R Ac), 3% 75% ee 2b, 69%, 71% ee
(R = Me), no reaction

N Ph O N ‘Ph O N ‘Ph
Ac Ac

Fmoc
2d, 63%, 74% ee 2e, 73%, 61% ee 2f, 80%, 68% ee

~oréd el O e
.,’/ ',’/ N .'//
N N
LD TED RO
29, 70%, 52% ee 2h, 44%, 47% ee 2i, 68%, 62% ee

Sy, Sy, S

tBu
2j, 66%, 75% ee 2Kk, 79%, 8% ee 21, 60%, 51% ee

vv@

2c, 64%, 65% ee

CI NO,

2m, 57%, 60% ee 2n, 55%, 66% ee 20, 60%, 68% ee
s

; N

; N |

| Ac !

ph CF3 s Unreactive !

' substrates .

2p, 64%, 70% ee 2q, 40%, 55% ee

Reaction conditions: 1 (0.2 mmol), Ar'B(OH), (0.6 mmol), Pd(OAc),
(10 mol%), L9 (20 mol%), and BQ (20 mol%) in the solvent of NMP
(2 mL) at 80 ‘C under oxygen atmosphere for 12 h; isolated yields;
ee values were determined by chiral HPLC analysis

B2 RS

Figure 2 Substrate scope

http://sioc-journal.cn 3



oF 5 R

W@

N BIARRERA, X —5 R CEAFEL P24 2a i@
T FE LIRS 99%H) ee {8, HAXHARLET X FH2kH
Em TS 52 N(S)-F4 T (CCDC 2314520).

2.3 TR RIHIIE

FATIRE T ATREM SONALEE. W& 3 Prow, A
B e S IR 2 1 e e SR AL R S AR R SR AE R AL i
Ja, BRI EIEY) 1a BN o BERCAL, JEXS
C2,C3 OB A A S A PR PE ) 25 T AR N
SR, TS BRI R ] A B, % RIARERD A -
SUERRAE . AR E AR 2a, RN IE B RR LR
AR, sk, FMALARRS A THALT
BT AR AR R AL, SERREALIEIA.

0,
@OH Pd”(X)Q(L*)
PhB(OH),
O:®:O transmm
oxidation
Ph-Pd'(X)(L*)
A
(L)

PdO(L*) + HX intermolecular

dearomative 1a
] migratory
re_du_ctlv_e insertion
elimination

*

XPd"
(HPA'(X)(L) @f@
A-H elimination N “Ph

Ac B

B3 mRER S BHLEE

Figure 3 Proposed reaction mechanism

3 e

AR T 5 — (o A A N e 5 57 R 1 3 T
[ AR FR 25 75 F Ak 4k Heck 2B, 7EBA PA(OAc), M
PRFETAA . PEBE -k L9 R TPERC A . EER-E /N
AT, N-L B SEMIWEIF 3R b7 A 5 05 2
TR SRR AT, DA & 4 AT IR S 25K
X BOEREA R T — RAVEA C2-ZFRF P OMF
P 5] R IBRATT A 477

2a

4 SCIGERSY

£ Schlenk & H I Pd(OAc), (4.5 mg, 10 mol%) Al
M NI b PR Ak L9 (15.1 mg, 20 mol%). A< E
e 3 Wa, MEASFE T HES I 2 mL #7281 0
NMP 7. R T 60 C T M 30 min (AL S T
MRy . BEIRERE, AFAB T RKIMA
I5] W& JEEA2) 1 (0.2 mmol) 75 FE A ER (0.6 mmol) AL 14 711

4 http://sioc-journal.cn

© 2024 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

BQ (4.3 mg, 20 mol%). MR ZBEE T 80 CF M 12
h. RMNZHJE, A Schlenk EHIMA 10 mL 7K, JFH &
B CBRZEA. G AU I F JE K B BRAA T 1525 e 2%
A, AP A E AT AR R B AR 2 [T
V(LR LER) © VCATifE, 60~90 C)=1 : 15].
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