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Abstract Indolizine is an important N-containing heterocyclic nucleus and their derivatives display interesting biological
activities. The development of synthetic methods towards indolizine derivatives has attracted extensive attention. Despite the
rapid growth in this area, asymmetric synthesis of indolizine derivatives has been rarely reported. Ir-catalyzed asymmetric
allylic substitution reaction is an efficient method for the enantioselective construction of C—C or C—X bonds, furnishing
terminal olefins bearing a stereogenic center at the allylic position with excellent regio- and enantioselectivities. In this re-
gard, various electron-rich arenes, including indoles, pyrroles, naphthols, have been applied as the nucleophiles via
Friedel-Crafts type process in the allylic substitution reactions. As a class of constitutional isomers of indoles, indolizines are
now demonstrated as suitable nucleophiles in transition-metal-catalyzed allylic substitution reactions. Herein, an iridium-
catalyzed enantioselective allylic substitution of allylic alcohol with indolizine is reported. A broad range of 3-allylindolizines
were accessed with high yields (83%~95%) and excellent enantioselectivities (95%~>99% ee). A general procedure for
the asymmetric allylation of indolizines is described in the following: A flame-dried Schlenk tube was cooled to room tem-
perature and filled with argon. To this flask were added [Ir(cod)Cl]2 (4.0 mg, 0.006 mmol, 3 mol%) and (S)-L1 (12.1 mg,
0.024 mmol, 12 mol%). After the flask was evacuated and refilled with argon for three times, freshly distilled dichloro-
methane (DCM) (2 mL) were added. After the mixture was stirred for 15 min at room temperature, indolizines (0.2 mmol, 1.0
equiv.), allylic alcohols (0.4 mmol, 2.0 equiv.) and (PhSO2)NH (18.0 mg, 0.06 mmol, 30 mol%) were added under argon
atmosphere. The reaction mixture was stirred at room temperature and monitored by thin-layer chromatography (TLC). Once
indolizines were consumed, the reaction was diluted with water (5 mL), and the mixture was extracted with EtOAc (10 mL X
3). The organic layer was collected, dried over Na2SO4 and then concentrated in vacuo to afford the crude product. This crude
material was purified by column chromatography to afford the product.

Keywords iridium-catalyzed; allylic substitution reaction; enantioselectivity; indolizine; allylic alcohol
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FATLLF A 1a, EIEEEE 2a (ENBRIEDY,
[Ir(cod)Cl]> 55 Carreira ZS2Y 1B FCAA(S)-L114TE
R IEC A 7E AL, DCM 1R N7 B Sk AT 4]
RN 1), BN AIINGINFIN, RAGEH UK
A4 (Entry 1). % &2 Lewis 2, Bronsted %) I N BEF2 &
MBS AR E, BATE Jext R B R AT 7
% %%(Entries 2~7). SLINL5 R EIR, 8/ (PhSO,).NH (1
equiv.)if, SNAE 1 h BA>95%MIREICR A1 >99% ee
R ek PP E 2 45 2 B AR 774 3aa (Entry 7). # TR
X I 8L ¥ 7 HE 4T 25 82 (Entries 7~10), 244 THEF,
MeCN, toluene 1ERIEFINS, =4 3aa ] ee [EH FTFFAK
(>95% NMR yield, 95%~98% ee), K3 AI1%EH DCM
VBN N, B 5K (PhSO2)NH (1) F 2 PR 2 BE /R
I8 30%IF, %I 1 h BA>95% A% RGPS 2R DA KR T
FAL 0T B I B P 45 15 21 H AR P2 ¥)(Entry 11, >99% ee).
R PRI

Table 1 Optimization of the reaction conditions

CO,Et
[Ir(cod)Cl]2 (3 mol%) N
CO,Et (S)-L (12 mol%) y,

= : additive (x mol%) SN

=
SN + solvents (0.1 mol/L)

1h,rt
1a 2a

BE %

(R)-L2 (S-L3

T

Entry Additive

NM
Ligand x mol% Solvent vi ee‘/%

ield®/%
1 None L1 0 DCM trace N.D.¢
2 Zn(OTf), L1 100 DCM >95 98
3 Fe(OTf), L1 100 DCM >95 99
4 Y(OT)s L1 100 DCM >95 99
5 3,5-CLC¢H;COH L1 100 DCM 94 >99
6 (PhO),PO,H L1 100 DCM 95 >99
7 (PhSO,),NH L1 100 DCM >95  >99
8 (PhSO,),NH L1 100 THF >95 98
9 (PhSO,),NH L1 100 MeCN >95 95

10 (PhSO,),NH L1 100 toluene >95 98
11 (PhSO,),NH L1 30 DCM >95 >99

12 (PhSO),NH LI 10 DCM 74 >99
13 (PhSO),.NH L2 30 DCM 68  >99
14  (PhSO),NH L3 30 DCM >95  >99
15¢  (PhSO,L,NH L1 30 DCM 94 >99

© 2021 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

@ Reaction conditions: 1a (0.1 mmol), 2a (0.2 mmol), [Ir(cod)Cl], (0.003
mmol), (S)-L (0.012 mmol), additive (x mol%), solvent (1.0 mL), 1 h, at room
temperature. * >19 © 1 b/l if not noted, yields determined by 'H NMR with
1,3,5-trimethoxybenzene as an internal standard. © ee values determined by
HPLC analysis (see the SI for details). N.D.: Not detected. ¢0.2 mmol scale,
isolated yield.
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TEWE | RN ALK E(E 1, Entry 15), A7
B LLREET 1a NIEY), XS0 AR I E AT
THELER?2). SRR, 1% NI BT X I80E P
EHI(>19 11 b/l). F 557 PRI HUARER R mT BLR I,
LIRINA RS BRI A T (2e, 2i, 2j), HEAEIEQD)
SEgh BT HURIE, IE (2D, 2h, 2K). E(2¢, 20), TR(2d)
S o UL, S S35 AT DA A S A WAL 23 A0 Bl 12k
PEFEHI(90%~95% yields, >99% ee). 4 AIAXF AL K
FEHUARIN, 2 S AR AR AT LA 1% 44 R (3af, 93% yield,
>99% ee). HFIMALER =M TR, WHRmIKA
TFE, LA 83%IIICER, >99% ee (X} Midk F it 42 1 3545
FHRLF=4). X AT g BT = 960 FF R 0y B P N 5, M
T AN 717 1E L PR B 475 T 2 o (R AR TR B, 24 R BR
(AR 2 Bk S BUIR 2m)is, H PR i 2, %X
A (A1, (HTE 24 h AR R R R 4 e DL AR 5 1)
Hof e R 1 4561 (84% yield, 99% ee). fEHAS—HEMIAE, Xt
TFHADS FACEY), WZERE . R Iy B R 2L 2
0] DUR U 1 e 25 T 3X — OB AK & (3ap: 95% yield,
>99% ee; 3aq: 94% yield, >99% ee). Ak, 575 HEHL
AR I TR IR REAR b, FF SR IR (0 06 7R e (2r) ) P A
HWHBAR, SNATE 48 h LA 85%[TIURF 98% ee XTI
PSR 15 2 B =4,

FEToR, BATULSCHE RAEELAR I T 2a YR, Xt
RERT AV EVEAT B EE(K 3). A 7 A4
BN, 12 B R 5 LUAR 75 RS e LBkt it ¢ 1
FEH1E 2] HbRr=4(3ba, 95% yield, 96% ee). XTIk
DA% S5 M AT A B R 2B, e B34 AT AERASAL 75 1 5 1
(3ca: 86% yield, >99% ee; 3da: 93% yield, >99% ee).
EHAE RIS, &H&F TR E el R RETE
SRR BT HEHEZE, DL 94% HIUS R LA K >99% ee (%}
Wiz PEVEAE 45 2 B AR 1 (3ea). P EEIR C1 Aoy
A P TRUIE, 12RS AT DR A AE (3fa, 84%
yield, 95% ee). T C2 Ariy A BaRE i (e, OB R4
A LLEUAS AR 75 1 45 R (3ga, 87% yield, >99% ee). I4h,
FARFEM) 53 F Ergosterol FTAEH)H & E 0] LLAE 2R 1Z 44K
2, LL88% MIMTRAL>19 1 1 I dr K15 BEs/=4 4.
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Table 2 Substrate scope for allyl alcohols
CO,Et
o
SN-Z [Ir(cod)Cl, (3 mol%) CO,Et OO O
(S)-L1 (12 mol%) O o,
1a (PhSO,),NH (30 mol%) ) P—N |
. — > XN o]
DCM (0.1 moliL) O O
1h,rt
S)-L1
3aa~3ar 8
2a~2r
CO,Et CO,Et COEL COEL FOEt
s N7 S~ _N_/ s N s N7 N~
3aa 3ab 3ac 3ad 3ae _
94% yield 95% yield 92% yield 94% yield 92% yield
>99% ee >99% ee >99% ee >99% ee >99% ee
>19:1 bl >19:1 bl >19:1 bl >19:1 bl >19:1 bil

CO,Et CO,Et CO,Et CO,Et COLE

3af 3ag 3ah 3ai 3aj
93% yield 83% yield 91% yield 95% yield 91% yield
>99% ee >99% ee >99% ee >99% ee >99% ee
>19:1 bl >19:1 bl >19:1 bl >19:1 bl >19:1 bll
CO,Et CO,Et CO,Et CO,Et COEt
N N = A A O/
SN S N-¢ SN/ s N7 s N7
3ak 3al 3am 3an® 3a0
90% yield 95% yield 93% yield 84% yield 90% yield
>99% ee 99% ee >99% ee 99% ee >99% ee
>19:1 bl >19:1 bl >19:1 bil >19:1 bl >19:1 bil
COLEt
2 COEt COLEt
v, L O
3ap 3aq 3ar®
95% yield 94% yield 85% yield
99% ee >99% ee 98% ee
>19:1 bl >19:1 bl >19:1 bl

© 2021 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

“Reaction conditions: 1a (0.2 mmol), 2 (0.4 mmol), [Ir(cod)Cl], (0.006 mmol),
(5)-L1(0.024 mmol), (PhSO,),NH (0.06 mmol), DCM (2.0 mL), at room
temperature. Isolated yield. The regioselectivity (b//) was determined by 'H
NMR. The ee values of products were determined by HPLC analysis (see the
SI for details).”24 h. €48 h.

HE LAY 4 TR AR, X SRR A ATH, AT
Wi T =g 8 UL S /R, I A i P
NS FATY, FLE PR A L R AR A e (PR DL ST,
2.3 TIRERIR RIANIE

B, BATRRE T W~ g i R M HLEEISI(E] 3):
— I ERTIC A4 5 05 P I 2 1 AR i M 0 i A TRC A 2 s ]
& A, BEJETERRBIPIEBN T AT SN, TE R m-Jd P 2
Brpagk B MR AR 1 BRI, KA
Friedel-Crafts ZSbrdttb [ B, sk Hbrr=4 3. [FIRS 4
JEER 1 = JFE N, T S8 AR R A

Acta Chim. Sinica 2021, 79, 742—746



F F R

R3 THEETERMIEEE

Table 3 Substrate scope for indolizine derivatives
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PN
T°

DCM (0.1 mol/L)
1h,rt.

(S)yL1
2a 3ba~3ga, 4
COEt O CN
ot coget -0 o
Me //\(/ T N P /—f\ =
V4 Ny [ Yan { /X N- ¢
SN [ - SN S N- —
=
3ba 3ca 3da 3ea 3fa
95% yield 86% yield 93% yield 94% yield 84% yield
96% ee >99% ee >99% ee >99% ee 95% ee
>19:1 b/l >19:1 b/l >19:1 b/l >19:1 b/l >19:1 b/l
CO,R

@\E%coza gmi%

3ga’ 4c
87% yield 88% yield
>99% ee >19:1dr.
>19:1 b/l >19:1 b/l

4Reaction conditions: 1 (0.2 mmol), 2a (0.4 mmol), [Ir(cod)Cl], (0.006 mmol),
(5)-L1(0.024 mmol), (PhSO,),NH (0.06 mmol), DCM (2.0 mL), at room
temperature. Isolated yield. The regioselectivity (b//) was determined by 'H
NMR. The ee values of products were determined by HPLC analysis (see the
SI for details).® 0.1 mmol, 0.5 h. 0.1 mmol, d.. was determined by '"H NMR.
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