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Schemel Enantioselective F-C reaction of pyrrole derivatives with N-acyl imines
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Scheme 2 Asymmetric F-C reaction of 4 ,7-dihydroindoles with nitroolefinsby chiral phosphoric acid
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[F]4F, Wang B F)F FE e i Ak 71
T 4, 7-—AmIWRAE S PR a, b-ASTH 1R 2 4k

cat-3 (20%)
CF;CO,H (20%)

BV PR e e AL SN, BRAT R IR 91% 17
ZEHN 97 % HI XTI E R (Scheme 3).
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! H
N NH,

H
up to 91% yield cat-3
up to 97% ee
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Scheme 3 Enantioselective F-C alkylation of 4,7-dihydroindoles with enones

B 5 1R AT — 07 R 2 B ek i i AL
FIUHTF 4,7-Z WA o, B-AS 1 RIS 119 AS S5 ok il
SUREREAL ST, L e AR A e o W PP I T —

OTMS
mAr
(20%)

N Ar

) 2-BURHY 4,7-ZAmIAb &Y. bk yraT
DABEO AR S A 2- U s WA G 4, 0T i e 45
PP A 254K (Scheme 4) ).
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examples up to 99% ee
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Scheme 4 Asymmetric F-Calkylation of 4,7-dihydroindoles with o,B-unsaturated aldehydes
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% RIS A Py A X R A v e B Ak B g 2% 7 1
TESRAA AT T LLSISCR (87% ~ 94% ) i X L &
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cat-5 (5%)
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Fe AL B 2 T3 ( Scheme 5) .
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O:N 9-anthryl
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14 examples OO
87%~94 % yield 9—anthryl
86%~94% ee cat-5
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Scheme 5 Chiral phosphoric acids-catalyzed asymmetric F-C alkylation of pyrroles with nitroolefins

2011 4, Antilla {5520 7 [RIRE LA T-PE IR BR M At
AT N-220 £ B I 0 218 1k 5 4 R i 3 ot 2 22 1
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HALEY) (Scheme 7).
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J¥i g R Ay P ) e T bt gt 5 I P/ 445 g 1) 2R 2% 96 v
BB, AT — FR B & A ZER RO T PO A 0
Be-(2-mE ) B R AL B W, % R HAT U R
(99%) . 5 ee {H.(99% ) FIAE AL T FH AR (0.3% (EE
IRATED) ) BIPL A (Scheme 8).
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R® 2,4,6—(i-Pr),C.H,
R3 Rz OO
R A cat-6 (10%) I\g\{‘ 0. o
7N 4A MS, THF, 25°C NH OH
R L NH: (. OO
up to 95% yield 2,4,6-(i-Pr),C,H,
up to 94% ee
cat—6
K 6 N-Z 2 HEME g A & M ARE AL & 90701 A X PR RS 8 e SO
Scheme 6 Asymmetric intramolecular aza-F-C reaction of N-aminoethylpyrroles with aldehydes
R 7a: Ph

) CF; OO 7b: biphenyl
NN R--/ S 0. .0 7c: 4-NOCsH,
| Ak O o T on  7d: 3,5-(CF.).CiH:

I\II o OO 7e: SiPh;

R R 78: 2,4,6—(i—Pr),CH,

up to 98% yield cat—7
up to 99% ee
P 7 = 30 LS 2 A R R S A 45 0 AN o R Ao S

Scheme 7 Catalytic enantioselective F-C reaction of indoles with trifluoromethylimines
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R - 8d:R'= R’ = 2-Naphthyl
cat-8
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Scheme 8 Chiral imidodiphosphoric acids catalyzed enantioselective aza-F-C reactions

[F4F, Yuan SRAEZLT LA 8 S il 4 e e
ik 0 2- 9 A HY R Sk A £ 550 44 16 3 -k - s Rk ] R
o, B-AHIFINEE 19 A %F R Michael/F-C HR B K20, LA
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(Scheme 9).
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Scheme 9 Asymmetric Michael/F-C Reaction of 3-pyrrolyl-oxindoles and o ,B-unsaturated aldehydes
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up to 96% yield
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Scheme 10 Asymmetric aza-F-C reaction of trifluoromethyl benzoxazinones with pyrroles

[F]4F, Ohara BRAEZL "> LA—Ffr 15 A 10K na bk 3L (4]
) TR T P B T A A A ) e £ B R I ST g AT EE 5 174
RN, AT —FRI A TP OR

cat-11 (2%)

ng| e mbk-3-F 25 A A 9. 1% S A Ak 3R AR (2%
(BEIRAMBO) ). Z I Wb ] DAY R 5 e oA,
AR TR SR DR 75 A1 15 P ( Scheme 11) .
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up to 99 yield
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Scheme 11 Enantioselective aza-F-C reaction of 2-substituted 3H-indol-3-one derivatives with pyrroles

HIT, Jiang SR LT 0 6 e 1 b A4k
FIH TR AT A DA a, b- AN FNER ) 5 1 N 3R &
BB, FEMAN AT DL R (99% ) il g X g &
PEVE (93% ee) 345 T — F 5 & A LTI I LY
FHEnk& AL A4 (Scheme 12).
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(Scheme 13).
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Scheme 12 Brgnsted acid-catalyzed asymmetric
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Scheme 13 Brgnsted acid-catalyzed asymmetric cascade cyclization of 2-furylcarbinols with ( 1H-pyrrol-1-yl) anilines
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XK B ( Scheme 14) .
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Scheme 14 Asymmetric additions of pyrroles to a,B-unsaturated 2-acyl imidazoles catalyzed by the bis( oxazolinyl)

pyridine-scandium (I1T) triflate complex
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N\ 2 _CHCL, vt o1 _ OH
N O tor ’\)J\ OH
H
up to 73% yield Br

up to 78% ee L1

K5 15 Zr(1V) -BINOL BC5 WAL E) 4,7-— 2 MSIWAN o, B- AT FIEZE A5 W B A X FRAG ve e HE AL 5
Scheme 15 Asymmetric F-C alkylation of 4,7-dihydroindole with enones catalyzed by zirconium( 1V)-BINOL

BEJS , Trost YA LAFMEIMZ BBy AL BFI. RIS A R e e 3 U, A1l T — 251
BYOHEAGI T RS T B RS AE IS A 2R S CRTOUR R TR AT AR 2 ( Scheme 16).
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N N 1

R H 4 A MS, THF, rt R H

up to 92% yield
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Scheme 16 Asymmetric F-C alkylation of pyrroles with nitroalkenes using a dinuclear zinc catalyst

2009 4F, Arai PO AT KO- SRR TS RS TR AL A . SR A SRR T (K
Py 28 P AR R = R0 PP B R 5 S AR S T, b= IRIRER B A AT LA g PR A 0 36 M e
RN FEAL S WML B A X AR S e SO, &0 (Scheme 17).
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N PhMe, 0 °C N
H

up to 92% ee

P 17 T R e - 4 SIS I - — S P B 7 ST 5 I 5 100 G PO A R A 5 R 99 AN X o 7 S

Scheme 17 Asymmetric F-C reaction of pyrrole and nitroalkenes byimidazoline-aminophenol-CuOTf complex
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[I4E, Vila P DL Ze(IV) /BINOL BC A sebe AL, &0 T & = 9 BRI L 1
N HEACTIHEAL LIS R 2,2 2- =R SR A X R FIERISEEY) (Scheme 18).
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H OH
15 examples O
up to 98% yield
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up t093% ee L2
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Scheme 18 Enantioselective zirconium-catalyzed F-C alkylation of pyrrole with trifluoromethyl ketones

2010 4F, Singh iFAIUZH 200 DL P 1 e ok A G
AW AR T 20 B EUEC g i e N-480 1k 4
W A AN KRR 5 S . 120 i BB AR H R 4038

Q9 o llz' L3/Zn(OTH), (10%)
| _N 1. [& CHCl,, -60 °C

2 \ N

R H

Rl
7N
N v
H

FHAAE AR fo b X B e 51, R 2 = QA ik s
ee {HAL AT 5735 99% ( Scheme 19).
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1\IJ Ph N
o B
up to 99% yield L3 /T

R O
up to 99% ee
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Scheme 19 Enantioselective F-C alkylation of pyrrole with 2-enoylpyridine N-oxides

JUF-RIF, Shibata BEATZHE 21 A4S/ TP N s o
SRR T b- = 50 5 05 T P T I ) S e R
R . 1277 15 LA R I (90% ~ 99% ) il iy Xof

L4 (22%)

Zn(NTf,), (20%)

TERENE (75% ~99%ee) L T — RN & A = H 5
A FE i v Ak & , I8 FHF A Y58 Heliotridane
Y = 95 B 24k (Scheme 20).
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F.C Néo ‘\(N N

75%~99% ee

Ph Ph

90%~99% yield L4

P2 20 B- = F8 P PR 3 PO 0 A 0 R A2 0 180 A 6 AR R

Scheme 20 Asymmetric F-C reaction of B-trifluoromethylated acrylates with pyrroles

Vila P8 2H > 7E 2011 4, LA Zr (1V)/BINOL
FREARIHE T @ -FR R R T ) AN X R AR 5 S 1, 5 B T
— ROV EA TR O BRI S R G . %
KA T 4, 7-Z AW AL S PR o-B 2 R TR
FAEW A B 2-BR ) FHERIR LAY (Scheme
21).

Jurczak {RAIZH > 78 [a] — B )RS T LAY
BINOL-Ti ( IV ) Fii. & 4 o fi A4 7] 44 A I 18 D -6 22

P2 16 25 1k 5 W 00 A X 5% ot 6 Ak 1 o S v, A
70% ~96% W) 7= 3 17% ~ 1% 1) ee 1L T — R 5]
A THERER LS S 5 W) (Scheme 22).

[F4F, Franz 820 L Indium (T11) -pybox MiC
B W e A ) e A Tk g 26 R £ 19 AN X B i i s
7, FAARS Y DXk 5 1k G e P 1. BE L 4
AN A B JRE R 34 2 () 4 B 17 - B0 g AT R AR AR
%, (HXF BRIEFEME IR BEAIR ( Scheme 23).
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2 3
o A\ L5 (20%) _ 'COZR
+ R Zr(0'Bu), (20%) N o
2 3 1
R CO:R H toluene, r.t. R \ |

26 examples

CF,

oo ol

o

CF,

up to 98% ee

CF;
LS ‘

CF;

B 21 Ze(1V) /BINOL HEALTAMEAL A ML I A0S PR oo ER RIS S A 45 0 O A X B A S iz
Scheme 21 Asymmetric F-C alkylation of pyrroles with a-ketoesters by zirconium-(1V)/BINOL

o}
o 90%~91% yield
R' R' 89%-~97% ee
0 & _COOBu”
/ \ N oH
N \ \_/ l\i
ll{z (R)-Br,-BINOL R COOBu"
Ti (OPr’),
i (1%~5%) HO
o |\
COOBu"
N
R le R / \
N 70%~96% yield
0o | 77%~96% ee
R2

K 22 T BINOL-Ti(1V) BE3 40 A O BBt AL 1 1 2 I PR A I 1) A X 8 3 B i
Scheme 22 Enantioselective F-C reaction of acylpyrroles with glyoxylates catalyzed by BINOL-Ti(1V)

7 /
In(OTf),—pybox
N | N (10%) X
R 77 0 + > 1 —
| R | (0]
_ W,
N\ = N\
R R

up to 98% yield
up to 99% ee

P2 23 Indium (1I1) AP A4 IHS SR FIHELL ISR B9 AN X BRAN B

Scheme 23 Enantioselective and regioselective indium (TIT) -catalyzed addition of pyrroles to isatins

2014 4F, Wang BT DL R < i/ 4 e
B A AR AR Tk TH I A 2T A AS iR I
TRFNAG 25T L i AC 258 R vy X e o 51 & A 3-5%
BE-2-M5| R ERSA . 75 TS N BEAE S s ) ag L
I 2 AR R X R . BELL N R RO R
BF, SN X e P 2 2 M RG22
TR Y SR i R 13X — [R]58 ( Scheme 24) .

Chang BRIL] ™ 75 [F] — i o] L — 28T LG N,
O-FEXUZ 0 FPE L G W A A A58 1 T 1L s i a, b-

AN IR P AN X6} R AR o e R Al S R A IR AR T
RERICR (99% ) Fll s X WL M (99%ee ) LT b-
Mg B 1) — S A B A= 9 ( Scheme 25) .

Wang U2 27 78 2015 4F ) DL i 2 -
B2 A ) AL R T A b, g- AN a-B R
PR B AN X AR 5 S . T2 5 15 DA i WA o3 T e %o e
VEREE A LT — 2 50 1 i A7 A= 4 At ] 1) FH i)
TR 10 R 453 i A A 1 T 23R R v T B e P 5 1l T
— ZRAN A L IO TS A8 (Scheme 26) .
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D o HN@

N .
N Cat. (5%) N
> R' o
Z~N
o R =Me, Bn \
R
I N 13 examples, up to > 99 % ee
R' 1 o NO,
= N @
\
R OH N
CH;NO, TN -CH;NO, H
———— Rr'| o) >
R=H Z N Cat. (5%)
\
R

K 24 Cu AEALIR LI FIHE LTSS 1A B8 b R A S 1z

Scheme 24 Copper-catalyzed enantioselective F-C alkylation of pyrrole with isatins

1

R’ R
o Dinuclear zinc \=/\H/
@ + /\)J\ (15% mol) ‘0
H THF, 20 °C Q—

24 h 21 examples
up to 99% ee
up to 99% yield

P 25 XURZ B A 1A I A1 2 A3 2 0 B AN X e e i A 2 7

Scheme 25 Enantioselective F-C alkylation of pyrrole with chalcones catalyzed by a dinuclear zine catalyst

(6]
R' /\)kCOORZ 4 \ 2
N COOR R! = alkyl, aryl Ph
-Lé6
Cu(OTf), (1%) H R?= alkyl Ph
R0 i OH
o up to 96% yield
\ R ™ COOEt 91%~98% ee N OH
| — COOEt )’\ CF
3
i RN N
5
R O ) R’ = alkyl, aryl
1) Cu(OTD-L6 (1%) R up t0 96% yield o
2) [Au], i-PrOH up o 96% ee
RS

P2 26 MEREFN b, g- ANV a- BRI S A4 A PR s doe 2 A Bz A ER IR ER A S 1

Scheme 26 Asymmetric F-C alkylation and sequential annulation of pyrrole wirh B,7y-unsaturated a-ketoesters

[F)4F | Liu (A4 8 30T T — Flog 8 b i 55
SOAUVE MR- L5, JERAZ LS T =
SR HH 5 P T 2 T T Vs | ok P e - s e Bk R R B T
— RN = R TR B IS R G .
N TR IR B 99% , Xf BLEFENE IR 87% ee. Wi[WEIA
L EROAR IR 2 IO 305 P R X e o R M A S S S ).
ZN AR T —F A B T =R ik
AW T2 (Scheme 27).

BhiJe, Wang PRI 1 R SEHL T ML A b, -
AL a-BRBRER DY 1,2 I 2 AT bk
] < R TIC 5 ) g AR 30 3 B S 1) AN SR R AR e e e
B T — RN EA TR PO b, g- A
Ml a-FRHIRRBEIEACE . I BA R AF e
AR R, g AU B i3 T SR B
AR, VEFN TR TR S B I g A Ak 7] 8]
JERA T Z S8 A FEU N AIETT (Scheme 28).
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Ho. CFs
CO,Et
o
L7/Cu(OT¥)
Z N : DCE, 30 °C Z N
H Y H
up to 87% ee

up to 99% yield

| N\
H | S
o o
] \
N N/
Ph Ph
L7

P2 27 = 3 P A 1 P 5 M e ) 08 - ot A S R ATF 5

Scheme 27 Asymmetric catalytic F-C alkylation of indoles with trifluoromethyl pyruvate

2
0 ﬂ CuBr/L8 (10%) HO, COOR
\ y
R’ /\)kCOORZ : N /\/QCSI

piperidine (20%) | p

up to 77 % yield
up to 90% ee

Ar

Al‘j/LOH

Bn N OH

k©/CF}

L8, Ar=p-MeCsH,

P 28 HHEIEFN B, y- AL - A FR R PR 1) AN X B 5 b ik £ B vz

Scheme 28 Asymmetric F-C alkylation of pyrrole and B,y-unsaturated a-ketoesters

Wang AT 7E 2018 4F, & T —ZK I A A A4 22 FH T IS 240 & W i S0 e 2L 5 4
TFUEREMR A =PRI, 2 BEE FEKE T A BRIE SE /R . 1% R R b v Ly
] LLAN CuBr, JE IS T /K W B B A P8 B T —Fh K2 HHE (Scheme 29) .

CuBr, (10%), L9 (10%) O.N
~_NO, [/ \\  Sodium laurylsulfonate (10%)
R+ N | N\ ‘
N H,0 / CHCl, = 1 mL/0.1 mL AN
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Scheme 29 Asymmetric Michael addition of pyrroles with nitroalkenes by a water-soluble catalyst
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Scheme 30 Asymmetric F-C alkylation of pyrrole with chalcones catalyzed by a dinuclear zinc catalyst
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Recent Progress in Asymmetric Catalytic Friedel-Crafts

Reaction of Pyrroles

AN Shi-yun, WEI Zhao, ZHANG Jin-long, JIANG Gao-xi "
(1. Chinese Academy of Sciences Lanzhou Institute of Chemical Physics, State Key Laboratory for
Oxo Synthesis and Selective Oxidation, Lanzhou 730000, China;
2. University of Chinese Academy of Science, Beijing 100049, China)

Abstract; Chiral pyrrolesare always found in many biologically active natural products. In recent years, asymmet-

riccatalytic Friedel-Crafts (F-C) reaction of pyrroles has become one of the research focuses. Asymmetric organo-

catalysis and transition-metal catalysis are often used in asymmetric catalytic synthesis of chiral pyrroles. According

to the classification of the catalyst, the research progress in the asymmetric catalytic F-C reaction of pyrroles is re-

viewed.
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