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Counteranions of In(Ill) Induced Reversal of Enantiocontrol in Friedel-Crafts
Reaction of Indoles by Asymmetric Binary Acid Catalysis

Li, Jian Qin, Yan Cheng, Jinpei Luo, Sanzhong*
(Beijing National Laboratory for Molecular Sciences (BNLMS), CAS Key Laboratory of Molecular Recognition and Func-
tions, Institute of Chemistry, The Chinese Academy of Sciences, Beijing 100190)

Abstract Effective access to both enantiomers of any targeted products from a single chiral source of catalyst is highly
desirable in asymmetric catalysis. Such dual stereocontrol has normally been encountered with structural modifications on the
chiral ligands or catalysts skeletons. Recently, simple variations of reactions conditions such as solvents, temperature, addi-
tive and catalytic metal center, can lead to remarkable reversal of enantioselectivity with minimum structural modifications,
thus providing a modular and synthetic appealing approach in asymmetric catalysis and synthesis. Previously, we have de-
veloped asymmetric binary acid catalysis wherein chiral Brensted acids, mostly phosphoric acids, are utilized as dual acids
and ligands in concert with metal catalysts, and this type of catalysis demonstrated tunable, even switchable stereoselectivity
due to the combinatorial and synergistic features. In particular, simple swap of counteranion (from F to Br ) of In-
dium(III) salts led to complete switch of regioselectivity (1,2- vs. 1,4- addition) in the reaction of N-methyl indole 2a' and
ketoester 3a with high enantioselectivity achieved for both regioisomers. In our further studies, we have found that when
indole 2a was employed instead of N-methyl indole 2a’', the counter anion effect on regioselectivity was not observed and
both InF; and InBr; promoted exclusively 1,4-addition reactions. Interestingly, reversal of enantioselectivity of the
1,4-conjugate adduct was observed by simple swap of counter anions of indium(III). The obtained optimal binary-acids com-
bination, InF;(1¢), and InBr;(1d), were found to be R- and S-selective catalyst for the 1,4-addition reactions, respectively. In
the presence of asymmetric binary-acid catalysts (InX3/1, 2.5 mol%), indoles and f,y-unsaturated a-ketoesters were stirred at
—70 °C for 24 h to afford the various indole esters 4 in good to excellent yield (up to 98% yield ) and enantioselectivities
(up t0>99% ee).
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Scheme 1 Reversal of enantioselectivity in asymmetric Friedel-Crafts reaction
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1c: Ar =4-NO,Ph
1d: Ar = 4-(C¢F5)Ph
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Table 1 Screen of different Lewis acid and chiral phosphoric acid in the
Friedel-Crafts reaction of indole 2a and a-keto ester 3a

MeO o

CPA 1 (5 mol%)

0,
A)J\WOM‘* InX3 (2.5 mol%) 0
CH,Cl,, M.S. (4A) HN™X

Ph
70 °C
4aa
Entry”  CPA1 Lewis acid Yield/% ee’/%
1 1a None 60 84 (R)
2 1a InF; 64 93 (R)
3 1a InBr; 93 40 (S)
4 1b InF; — —
5 1c None 61 95 (R)
6 1c InF, 77 98 (R)
7 1c InF; 66 90 (R)
8 1c InF; 75 96 (R)
9 1d InF; 90 82 (R)
10 1b InBr; — —
11 1c InBr; 97 15 (S)
12 1d InBr; 97 88 (S)
13¢ 1d InBr; 90 39 (S)
14" 1d InBr; 95 86 (S)
15 1d InBriy/AgBF, 91 25 (S)
16 1d InBr:/AgSbFy 95 51 (S)
17 1d InBr:;/AgOTf 78 23 (S)
18 1d InBr;/AgBAr 99 0

“ CPA = chiral phosphoric acid, Tf = trifuoromethanesulfonyl, BArr =
[3,5-(CF3),CeH3]4B]. * General condition: 2a (0.10 mmol), 3a (0.10 mmol), CPA
1 (5 mol%), Lewis acid (2.5 mol%) and molecular sieves (M.S., 4 A, 20 mg) in
CH,Cl, (2.0 mL) at —70 ‘C for 24 h. ¢ Isolated yield. ¢ Determined by HPLC
on a chiral stationary phase. ¢ n(InFs) : n(1¢)=1: 1./ n(InF3) : n(1c)=1 : 3.
€n(InBr3) : n(1d)=1: 1." n(InBr;) : n(1d)=3 : 1.” AgX (7.5 mol%).

BATE SR (R)-IEREME S FEREAT T4k, B InFs
Lewis 2, XA A F-PEBER 1a~1d (5 mol%) 17 i ik,
HP DT HRR 1c AT T RS R, /=%
N T7%, KWL RETE L 97%(F 1, Entry 6), 1fi{# T H:
EERR I, N AT I PR BN SR AR 22 I T e azs ek
(3% 1, Entries 2, 4, 6, 9).

PRk, BAT(S)-EBEPEMEAAR nBry/1 #AT T
P, ANEOT-IERRR 1a~1d #B3RAGHI T SK) S-#4
N4, e aze sty 7 TR TR A 0 T PR IR 3k
P IR ST ARIE PR (88% ee, 1, Entry 12). fEALF]
1d FHLE T 1a XMTWUEREEAA T B2 5w, R R
i AR FRY FL - 2880 A A A e I aet R vk o A DG
(FIVE I (2% 1, Entry 12 vs Entry 3). FoA T A7 A # (1)
Jik, R AR In(1) & i F AR BT AT B 2 7 b AT 2% 52 (n
BF, , SbF; , OTf Al BAry ). #F57 A LI &L 55 fi A7 ok
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BT 1) B B 75 3 BU™ P Wik Bk R B B2 T i,
XA BLRVE BN FIE I T 255 PE BT & 7 (0 F 5% Br) ik
TEPEME AR EEENE, SbAk, BATDO IR ER 1) i\ Ll ]
WRHAT THFIT. 4 UInXs (LI 2 0 1IN, S IR0 it
EFAIX B UF(GR 1, Entry 6 vs Entry 7, Entry 12 vs
Entry 13); R0, 3 tepdt—08emEl 3 0 1 B, RNV
(R PR RN B £ PR A A W B A2 K (3R 1, Entries 8
1 14).

2.2 AEERY RS0

HERACEAT R, TRATTLL InFa(1e), (2.5 mol%) b XU i
), AT T (R)-EBNEIR D S8, AR By-AS
YR o-MHPERTE 3a~3h BIRESIWE 2a KA RN, 45 HHEE
U 77 RS 75 5 W F6 1 (93%~98% ee, # 2, Entries
1~8). AR HINIRE S 3i /0 RN T 7%
B, IR OB BT N FR(GR 2, En-
try 9). BbAb, TR ZNT AN [ 0G| S AR 4 1)
i 521, HBRESRAT = Z R TS (0] RS PR (7 2 B v
1A 88%, FTWUEREME AT 99%, 3K 2, Entries 10~14).

R2 InFy/le ALV 2 F1 By- AN AN HI RN 3 ) ANFEFK Friedel-Crafts
S Ak R

Table 2 InFs/lc catalyzed enantioselective Frediel-Crafts reaction of
indoles 2 and f,y-unsaturated a-ketoesters 3

MeO. 0
1¢ (5 mol %)
7" "NH InFy(25mo%) O
W CH,Cl,, M.S. (4A) HN XYy R
-70°C —
A \V
R’ 4
Entry” Product Entry” Product

: ey

O M

OMe 2 H Me
4-CICgH,

(¢}
4ab
64% vyield, 98% ee

Q.

3
o \
T

4aa ©
77% yield, 98% ee

@”
: 4 /-\)J\ﬂ/ Me
4-BrCeH, 4-FCgH;

(0]
4ad
58% vyield, 98% ee

66 % yleld, >99% ee
Qﬂ” Q)

6 5 Me
4-PhCgH, 4-CH3CgH,

o}
4af

76% yleld, 82% ee 88% yield, 97% ee
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Entry” Product Entry” Product
it roduc it rodue Table 3 InBrs/1d catalyzed enantioselective Frediel-Crafts reaction of
indoles 2 and f,y-unsaturated a-keoesters 3
NH
NH @O MeO___o
Y 2
0 z o A NH 1d (5 mol%)
OMe | 8 J Me InBrs (25 mol%) _
3-CH3CeH3 | o HN S
CH Cl,, M.S. (
4ag © S 4ah
. R -70°C
67% yield, 95% ee 88% yield, >99% ee 2
NH
Q) /@ Entry” Product Entry” Product
Z
9 M
~ OMe Me
? /\)J\r( 10y CIC5H4/\)kﬂ/ NH
O (0] Y
4ai 4bb 0
o/ vi o, 0/ \/i o, OMe 2
71% yield, 45% ee 72% vyield, 98% ee Ph 4-CICeH,
(0]
4ab

11

7 0
A OMe
PhA)J\”/
(0]
4ca

56% yield, 9% ee

CHs
NH
MeO/Q) Q)NH
< z
13 A)J\H/ 14 H 0 oM
Ph ©
4fa ©

66% yleld, >99% ee

66% yield, 94% ee

“ General conditions: 2 (0.10 mmol), 3 (0.10 mmol), 1¢ (5 mol%), InF; (2.5
mol%), M.S. (4 A, 20 mg) in CH,Cl, (2.0 mL)at —70 C for 24 h.

R oR, AT, TATEL InBr(1d), (2.5
mol%) A XURMEALF, Xt S-EHeIE I N BEAT T Y3 i
SEEG . AR By- AR o-Hi RS S5 W R A2 [ Y,
95 W T LTS 77 AR R 6o WIS B 1 7= ) O e
Bl 92%, £ 3). bAh, Fe05 I Fe ke A R e AR
NIRYZ: 5 [ NI, 75 21 A S IR B 4 R
(3% 3, Entries 5 #l1 6).

FRAVTH) I R A AL 00 2- F S Mef| e £ 338 ) v o 3
A7 TR, BEE)JE, JCR T InBry 5L InFs AL,
ORI AR ZE R R FEVE(R 4). UHFESR H 2,
10 FIR R BAE N, A F TR, JLTWEA
PIFHERIE IS, Blan: 448 HFPEREER 1a 4 Brensted
12, Joie InF; % InBr; & Lewis FRIFF, [ NANSF S-i%
FEVEI =4, 1K —SEU0 45 WA i Rk (AR
J&, 1E InFy/la (il T, RISV S i) LLEE Bk
PRI FIE 93%I11) R-FA4). 3K — MUk (1 S B B G L2
AL T AR A s S B, R AR I E i)
N—H @ EEREERS T REgEEHEaE
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97% yield, 88% ee

3
43%

83% yleld 82% ee

5
4ah
78% vyield, 71% ee
Me
7 34,0 Q/ﬁ)\(

73% yleld, 83% ee

M NH
e
2 0
9 Ph OMe
(0]

83% vyield, 83% ee

1
;:Q/ﬁ/”\’(

86% yleId, 87% ee

87% yield, 82% ee

NH
4 (@]
OMe
3-CH3CeHy4
4a (0]

98% yield, 82% ee

NH
Y
o}
6 OMe
; O

56% yield, 55% ee

34-ClyCgH3

4ak
81% vyield, 89% ee

OMe
CeHsCl4

4bb
87% vyield, 86% ee

M NH
e
Y
o}
OEt
34-Cl,CgH3
o}

4bk
67% yield, 92% ee

© 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences
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Entry® Product Entry” Product H;CO__q
E 1d (5 mol%)
NH InF3 (1.25 mol%) o)
cl P NH 2 NH 0 InBr3 (1.25 mol%)
o 2 5 PN OCH; — 2" "L N Ph (1
13 o OMe | 14 oM CH,Cl,, M.S. (4A),
Ph e 70°C, 24 h
(6] 2a 3a
. 4ca . 4da 4aa
91% yield, 79% ee 69% yield, 84% ee 87% yield
84% ee

CHj;
NH NH
MeO _
(0] Y o
OM 16
15 Ph © OMe
Ph
dea 0o 0
4fa

54% yield, 78% ee

93% yield, 71% ee

“ General conditions: 2 (0.10 mmol), 3 (0.10 mmol), 1d (5 mol%), InBr; (2.5
mol%), M.S. (4 A, 20 mg) in CH,Cl, (2.0 mL)at —70 C for 24 h.

R 4 InXy/1 L 2-FHIEGIRS By- AT o-HIFREE 3a FIAXFR
Friedel-Crafts JiF& A & M

Table 4 InX;/1 catalyzed enantioselective Friedel-Crafts reaction of
2-methyl indoles 2g and f,y-unsaturated a-ketoester 3a

o 1(5mol%)
7 3+ o (6)
NH PhA\)j\”/OCW In°" (2.5 mol%)
* CH,Cly, MS. (4A) HN Ph
© 70°C
3a -
2g
4ga
Lewis acid 1 Yield/% ee/% Config.
No 1a 47 20 N
InF; 1a 45 27 N
InF; 1c 23 26 R
InBr; 1a 97 40 N
InBr; 1d 67 48 S

OCH B, MRS BXT 2- B KRS 120 [A] 35 W A
U, R AR T A FR A S R R
T e b PR AR A B S RN, FRATTLL InBry
(1.25 mol%) Al InF5 (1.25 mol%) 4 Lewis 2, T-VEfi 1d
} Bronsted [2, MRILAEAL RN RO, 7RI AN 5k
Krp, ARG =Ny 8T% N WL 84%I1) S-T
B8, X2 R AT ] InBry IR 25 RS MK (Eq.
1). &8 2RI, InBrs MEL T InFs FAEAL VT PR
B, SONIEEEE L K Y InBrs A1 InFs 2L R AL, P
InBrs (AR RIS SN A 3. 3 W B IR K
2ot FHAG 5T InBry AT 58 1K) Lewis RIRVE, X522
AR (10— 46 56T 0 B 2 1 200 (1 3 7 45 SRR B2,
A U R B T Lewis FRYEFKK, InFs AL R
F R I 59 S E R R AR R, TR

Acta Chim. Sinica 2014, 72, 809—814

© 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

TELL N- IS W A SRR i, BAT TR
SN (FTEPEEAL RS FIEREER 1 5 In(IDERM 1 2 1 465
). FA TS ESI-MS BT IR IR, MBCARN 4 L
BIKT 2 0 1B, In(I) A BESE A4 A A i 25 & B AT AL,
T BRALG H T30 28 4 g 1 7 AR IS S s . JE T 74
daa WA, AL Tl REMMEIES TS-1 A
TS-I(E 1), 2 BB 1E A FCARREAR &7 (1) 42 In(11D)
G lE O, 7 I I RS HR AR A TR BRI SPE B
2 7(# 1, Entries 6 vs 11~14). & 1 Fragti it i,
In(TIT) LA O DU e A 458 0 5 R e AR R R 45 45, Bt
7 BH B 7 o0 B A 4 PO R B HIE R, RHER
AT P A Z AT I H P PR 23 1 AR (LE W InFs K R),
BARGE R — 09T, TR -4 B Al 4k & i
WX LA s-cis FITLRIANHURT o T R TG, 15 Wi JU) 3 ok
7-Si F1p-Re T PR IR 2E K04 2 AH BV (1) R-F1 S-18 FEVE I
P, AR IEA T, AT InFy/le ALK R, B Hn5ImE
(1) H-S84E F (7T e Id e Hiflir B 5 1 F AR D SN ) e ik
PEAS TS-THlE = ZAEH. 1y LA 2-FR LW R M,
T 2 FEAV B (1) 35 i A X — P B S B A FH k9 17 2K,
MNIAE 2- FF IR 3E T 25 T 7 )k, SRAF AT ek
FEVER =, TR MG InBrs/1d, B2 (1) 328 i 1

NO,
H-N
0. /O\ / R

* F-H bonding directed
Y-Si attack

o/P\\ H"j‘;\-\oic_’\yph
_ O/In s
N =
\@\ 0~ “OCH,
NO

TS-I: InF3/1c

¢ n-interaction directed
Y-Re attack

TS-II: InBrs/1d

B1 ApenliEs
Figure 1 Proposed transition-state models
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(B 1, TS-IT).  TLgp AR R ACRERR W] A T AR U i
X —HEM A sk, 5 AT AT TR IR
B H T, OC T R RN R (K R SR 2
TR, AR K SRt DR

3 4t

) B A A 2R (InX/ 1) i) DA SIS R AT 3,y A
TEL Y - TP P ) 1 0 WG 67 Friedeel-Crafts Je =4 2
TR SR BLS. BIE 9 5 B #2523 < e 4 () £ 1)
WA T F 2] Bro, AURENE WA I A 2k e B, OF
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