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Studies on the Asymmetric Catalytic Friedel-Crafts Alkylation of
Indoles with Trifluoromethyl Pyruvate Catalyzed by
Heteroarylidene-BOX-Cu Complexes

Yin, Bohan Wu, Yanhua Ma, hongli Ma, Xiaodong Fu, Bin*

(College of Science, China Agricultural University, Beijing 100193)

Liu, Jiping*

Abstract This paper reported the reaction of indoles with trifluoromethyl pyruvate catalyzed by heteroaryliden-tethered
bis-oxazoline-Cu(Il) complex, and the effects of ligand structure, solvent, temperature and different indole substrates on the
catalytic reactions were investigated. The results indicate that the reaction furnished high reactivity and moderate to good en-
antioselectivity, and the substituents on the indole ring have important impact on the reaction. The reaction can afford the in-
dole derivatives with a chiral tertiary carbon center bearing trifluoromethyl substituent in high yields with moderate to good
enantioselectivities.

Keywords trifluoromethyl; Friedel-Crafts; indole; bis-oxazoline
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KA F AT & T iz NP FERATRF SR
JE T 000 T P AR AL TR A R AL 7 v R, RIS
Y RUEE AR AR L1 A L2 7E — SE RS PR A A s 7 o
B A R A AL, AR SOREZ S Ak 7 B2 2 s]
Wik 5 = 55 DAY ] 2 s 110 A %o R A — T e A R B R, g —
S V0 R 1% A AL FAE AN BRI S S A R B A, [T
PE—Fh G BB T = R BRI AL S T i
1 GR5TR
1.1 REEHM

T 2 LAMS| Wk 5 7 T R 2. T 1 48— 5 e S50 A AR
SN BT EAERALT. L SR B NIEF, 10 mol%IH)

KF) 1 h, PR ER 2.5 F1 1 mol%h), KV
TR KIS R BETE K, ee [EMEA LR 1, Entries 12,
13). L34 ISR TH]  UAC 23 RIS ke 38 336 1 22 0 T TR 3R 5%
FE, FATEFRE 5 mol%[KE L L1a-Cu(OTY),, —& L%
REFIF—30 CNEmAE R #AT T — 552 TR,
1.2 RYSEENT R

PAFRACI S L2 IS, 2 T R BAT AT 5 5245 Fl
EAR IS Wk 5 = 50 4 B R R 1 S BB (R 2). 28 L 72
P 6 2 2 T LA SR . W3R AN A7 B R 45 F
T340 4-Me, 5-Me, 7-Me Fll 5-MeO F: 45 7] #5321 = i
(RIS WA =4, E A o a5 2 A2 AR 7 5 s Ml 1R
K, 4-HEEM| s T HEBAR IR WOE SRV (44% ee), T

BOX BCA&-Cu(ID 2% &1 AT, 1£0 CRAT R, ¥
JZIEHT WIS SRR, R 15 min BIAT 585, J5 4k
AL E TS BIHEIE 100% 505 FIINR™= 4, P A 1 45
X I L ISR AT S, B o T o) R 34 4 1k S ) bL A
K, FEAEREIRER | Ay 2R B B S B 1 5 AN B A L1a 1
L2a 45 T HUE R XS Bk B ME(78% 1 76% ee). H2
TRIAMICL Lia B HLIGE B AR RT S B S T ik
SRV [ SLE AR KPR E A, JoHRE A
CHEH RN 15 min, B LIS RCEE 99% T mi g £ 14
80% ee WS IN B =438 1, Entry 9). [Nl FE R FE A2
HER W E R, BICGRER—30 C, XUk sEMGe
P 87% ee(F 1, Entry 11) R [ N N 8] 75 B 4E
5-Me Fil 7-Me $45 ) 7 it 80% ee (i (RN BREFR . WK
FEL - 0T T BV T Rt I B S AR, 5- AR
5 6- AW S = SN EREE7E —30 'C ML 1 h, #gh
H T AR R R LR N R V(3R 2, Entries
5~9, 73%~87% ee); SR 4N\ WA b 5-057 5 A 0K
T CON FI NOy BT, AU MEHEFCR TR, 1A
Hof ik B 5 35 PR 2, Entries 10 F1 11, 64%#0
20% ee). 4 1AL ORI N-"FJ05] i b5 — 960 TR B PR B I
LIS, 45 ) i WA R AR %o B3 436 2 %) s WA s = ) (3R
2, Entry 12).

XiFHE 2001 4F Jergensen 25U HRE (¥ F 7 A BT BE 1)
Evans % BOX  FCAA 1445 A WM A% 08— v ot Ak e B

R RBFEFRL

Table 1 The optimization of reaction condition

1N
Ho. CF30 H | X
@ 9 ogt ligand, Cu(OTf), ©\/§—”\ OFt © ] \3 f, E = E:
N + FSCJS( N S/N N L c R=i-Pr
: ° H R L1 X=8 R
1 2 %a L2 X=0
Entry” Ligand” Solvent Temp./'C Time Yield®/% ee/%
1 Lla CH,Cl, 0 15 min 98 78
2 L1b CH,Cl, 0 15 min 99 61
3 Lilc CH,Cl, 0 15 min 98 36
4 L2a CH,Cl, 0 15 min 99 76
5 L2b CH,Cl, 0 15 min 99 60
6 L2¢ CH,Cl, 0 15 min 99 34
7 Lla Toluene 0 1.5h 98 13
8 Lla CHCl, 0 15 min 98 65
9 Lla CICH,CH,CI 0 15 min 99 80
10 Lla Et,0 0 24 h 65 66
11 L1a (5 mol%) CICH,CH,CI —30 1h 99 87
12 L1a (2.5 mol%) CICH,CH,CI —30 2h 99 86
13 L1a (1 mol%) CICH,CH,CI —30 5h 99 85

@ SRSILE 10 mol%BEAR-Cu(OT, FEAE A SRS FHEAT; * 43 B3 B (1072 58 < @i FHERE Tl E

2120
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R 2 ANEHUARIG] R = 56 4 T R 1 11 1 e S Bz <
Table 2 The Friedel-Crafts reaction of different indoles with trifluoromethyl pyruvate

(0]
=
A N 3
H O
1 2

CF
HOLS >

*CO,Et
L1a:CuOTl,
30°C, ocE R N

H

3a~3m
Entry R Time/h 3 Yield”/% ee/%
1 4-Me 1 3b 96 44
2 5-Me 1 3¢ 97 83
3 7-Me 1 3d 98 80
4 5-MeO 1 3e 95 83
5 5-F 1 3f 96 85
6 5-Cl 1 3g 97 87
7 5-Br 1 3h 93 73
8 6-F 1 3i 97 80
9 6-Br 1 3j 98 81
10 5-CN 6 3k 74 64
11 5-NO, 10 3l 65 20
12 1-Bn 1 3m 96 33

“ RISIAE 5 mol% L1a-Cu(OTH), &, —30 CHIE RS FHAT; " 4B BIA 58, < il FHAE S Hrill 2.

SER, RARYHINGIWE S = 5 A B R 16 S B3 2 f =i 89%
ee EL IRV IN S~ 4, FRATT I ECAAR L1a WEREIRIR_E Ay
FEEURIERS, 76 —30 C/M 1 h, EPAEIAE] 99% 5 Ul
RN 87% ee fH, FIN B =1 1 SONLE Ve, T 0T e 6 4
S A RCT K Evans BUCAR LAY, (HE
VIR TR J . 1% R N R 32 M| e 24 B AR R s AR K,
R PR AL T —Fof oy AU B BB = 980 H T i g e
a5

KT 1% AT b S b s S R AR ATLEE L AH SR
T — WA R R S SO I R P A A R I S 5 0 (1) 25
TR T 2 S P T AA, B il i~ T PO 7 (R
BN AAR). RSB, W 1 fos, 5
WRAR S A S THIEAT 1A% 10 T = 3 0 B R B P Pl s, 7331
FEMAN R-AIIIEE. FEP AR IE B R AR AN
L CARWERRE IR h -7 PR (1) 25 A6 A %, T Lz v P 2%
] (B Wy Bl PR g 355 ) ) A5 2 30 b 7 Ak Bl L - DR 2 R i) L
P BRIEREVE. MARSCSII6 45 SN FRATT LA BT AT 78 25 SR ]
PUE HAZZRELAR IR Cu(TT)Z8 (A P 3 3 g A0 B
ff) Evans ZURFC AL AT K313 L1a-Cu(OTh), Fit &
P AR IR L, 22 UORIG AR BE T, BATIIF 3 T B A
Lila [ 55, JHilid XRD 23R8 & 1 sk gi 4. 4n
K 2 fion, PANEEREFR(CTA-N1A-C8A-CI9A-O1A, B 3
H1 C16A-02A-C17A-C18A-N2A, C ¥F) [ /N 86.96°,
P T BUIRES, X R AR S 0V ik S5 2 A0 7 =R Al
BELFRI SR BT, IS IR (C1A-C2A-C3A-C4A-S1A, A ¥)
5 H A — AMERRER(C R T N 7.82°, JLRAER—
ST b, TE MRy A i U Y T FH X I 2R i
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Figure 2 The structure of L1a

3 IS
3.1 UESHF

¥l % ] Bruker DPX 300 MHz A% W LR A &
(CDCl; MR, TMS AWR);, =53 A Bruker
APEX 11 FT-ICRMS Ji B 5E; JiE 6% i Perkin-Elmer
341LC Jig A 5E ; ee {HF 22484 1200 B HPLC 1% 4%
(FPEH: N Daicel Chiralcel OD-H, AD-H ¢ AS-H %)l
SE. T M F AT Y 2 hrdE g ik atifh.

3.2 ZLWAHE

i) Schlenk & FFAKIIIA Cu(OTf), (9.1 mg, 0.025
mmol). BEMIREC A (S)-L1a (11.0 mg, 0.0275 mmol)Fl —
ALki(ImL). BB 3 ]G, Fi FHHE 1~2h, 2
JEVHIZE —30 C, W EHERINA =R AR £.08(2)
(85 mg, 0.50 mmol)FHM|Hk(0.50 mmol)H — 5 LKL,
TLC W N dERE, RN ZEHSE, TIN5 mL K, =&
TR RS mLX3), &IAHAH, K NaSO, T,
= B A E AT T o S AL [ VCR ) - (LR
fig)=10 : 1].

(R)-2-(3-Mg| W 56 )-2-¥2 B A IR £ T (3a): 1 (] 44k,
mp. 47~49 C(XwRMEP 705~718 C); [alf
—13.7 (¢ 0.81, CHCl;); 'H NMR (300 MHz, CDCl;) &:
8.26 (s, 1H), 7.90 (d, J=8.1 Hz, 1H), 7.48 (d, J=2.7 Hz,
1H), 7.41~7.34 (m, 1H), 7.23~7.13 (m, 2H), 4.53~4.29
(m, 3H), 1.34 (t, J=17.1 Hz, 3H); HRMS calcd for
C13H,F5NO; 286.0697, found 286.0696; ee 18 il & 51
Chiralpak OD #%, V(IE&kt) @ (FAE)=90 : 10, i
#=0.8 mL/min, UV #il] 2=220 nm, #=11.65 min({X
3, 13.06 min( 32 5).

(R)-2-(4-F JE-3-M5| W 6)-2- 52 FE P R 2. 6 (3b): 1
1k, mp. 132~133 ‘CCCHAEPY 137~140 C); [a]p

2122 http:/sioc-journal.cn/
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—12.4, (¢ 0.50, CHCl3); '"H NMR (300 MHz, CDCl;) §:
8.20 (s, 1H), 7.30 (m, 1H), 7.16~7.06 (m, 2H), 6.97~
6.88 (m, 1H), 4.47~4.34 (m, 2H), 4.28~4.17 (m, 1H),
2.55 (s, 3H), 1.22 (t, J=7.1 Hz, 3H); HRMS calcd for
Cy1,H,4F3sNO; 300.0853, found 300.0852; ee & 2614
Chiralpak AD #F, V(IECKE) @ V(R HNEE)=85: 15, i
7 =1.0 mL/min, UV &l 1=220 nm, t,=11.63 min(E
51, 13.43 min(YE).

(R)-2-(5- F JE-3-M5| W ) 2- 52 FE TR R 2. TR ((3e): A
[ 4K, mp. 88~89 C(SCEAEPY 752~76.5 C);
[a] —5.3 (¢ 0.30, CHCl3); '"H NMR (300 MHz, CDCl;)
5: 8.14 (s, 1H), 7.69 (s, 1H), 7.31 (s, 1H), 7.19 (d, J=8.3
Hz, 1H), 7.06 (dd, J=8.4, 1.1 Hz, 1H), 4.53~4.28 (m,
3H), 2.47 (s, 3H), 1.35 (t, J/=7.1 Hz, 3H); HRMS calcd for
C1,H,4F3sNO; 300.0853, found 300.0852; ee & 214
Chiralpak OD #F, V(IECkE) @ V(R HNEE)=85: 15, i
#=0.8 mL/min, UV #il] 1=220 nm, t=11.99 min({X
), 15.08 min(F%).

(R)-2-(7-H J-3-M5| e 36 )-2- SR FL T R 2. TiK (3d): It
B4R, mp. 56~58 CCCHA[SCI N AHIR); [alb
—14.7 (¢ 0.64, CHCl;); '"H NMR (300 MHz, CDCl;) §:
8.21 (s, 1H), 7.75 (d, J=7.8 Hz, 1H), 7.47 (d, J=2.7 Hz,
1H), 7.11~7.02 (m, 2H), 4.52~4.28 (m, 3H), 2.48 (s,
3H), 134 (t, J = 7.1 Hz, 3H); HRMS calcd for
C1,H,4F3sNO; 300.0853, found 300.0852; ee & 2614
Chiralpak OD #F, V(IECKE) @ V(R HNEE)=85: 15, i
#=0.8 mL/min, UV & 2=220 nm, #=11.13 min(IX
), 14.05 min(FE).

(R)-2-(5- H 48 2 -3- M| W 36 )-2- ¥4 L TH R 2.1 (3e)P:
THIRY), [alb +1.9 (¢ 0.82, CHCl;); 'H NMR (300
MHz, CDCl3) 6: 8.27 (s, 1H), 7.36 (t, J=2.7 Hz, 2H), 7.19
(d, J=8.9 Hz, 1H), 6.88 (dd, J=8.9, 2.5 Hz, 1H), 4.52~
4.29 (m, 3H), 3.85 (s, 3H), 1.34 (t, J=7.1 Hz, 3H); HRMS
caled for C4H,4sF;NO, 316.0802, found 316.0801; ee {&
W %E 2644 ChiralpakOD 4%, V(IECKE) @ (R A )=
85 : 15, i =0.8 mL/min, UV ¥l 1=220 nm, tr=
16.04 min(YX %), 20.12 min( 3 %).

(R)-2-(5-F.-3-M| W3- 2- 2 FE I R 2B (30 ot
WERY, [a]p —16.9 (¢ 0.78, CHCL); 'H NMR (300
MHz, CDCLy) 6: 8.35 (s, 1H), 7.59 (dd, J=10.3, 2.4 Hz,
1H), 7.45 (d, J=2.8 Hz, 1H), 7.23 (dd, J=8.9, 4.5 Hz,
1H), 6.97 (td, J=9.0, 2.5 Hz, 1H), 4.53~4.30 (m, 3H),
1.35 (t, J=7.1 Hz, 3H); HRMS calcd for C3H;F4;NO;
304.0602, found 304.0602; ee {E I %€ 461 Chiralpak OD
FE, V(IE S %) @ V(SR EE)=90 © 10, #i#=1.0 mL/min,

Chin. J. Org. Chem. 2015, 35, 2119~2124
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UV #:l 1=220 nm, tr=
).
(R)-2-(5-4-3-M| W 58)-2- R FE T R 2. B 3g)™: Tl
MR, [a]d —16.6 (¢ 0.56, CHCLy); 'H NMR (300
MHz, CDCls) 6: 8.36 (s, 1H), 7.92 (d, J=1.3 Hz, 1H),
7.45 (d, J=2.7 Hz, 1H), 7.24 (d, J=9.1 Hz, 1H), 7.16 (dd,
J=8.7, 2.0 Hz, 1H), 4.53~4.30 (m, 3H), 1.36 (t, J=7.1
Hz, 3H); HRMS calcd for C,3H;;CIF3NO; 320.0307, found
320.03069; ee {HIME 2 1F: Chiralpak OD £, V(IEC.
Fe) - VO ARE)=85 1 15, E=0.8 mL/min, UV £l
2=220 nm, tp=11.98 min(E %), 17.72 min({X ).
(R)-2-(5-¥5-3- 1 W ) -2- 5 5 P 1R 2, 8 (3h)°Y: B
EIIRY, [alb —12.3 (¢ 0.96, CHCly); '"H NMR (300
MHz, CDCl;) ¢: 8.36 (s, 1H), 8.08 (d, J=1.1 Hz, 1H),
7.41 (d, J=2.8 Hz, 1H), 7.29 (dd, J=8.7, 1.9 Hz, 1H),
7.16 (d, J=8.7 Hz, 1H), 4.53~4.30 (m, 3H), 1.37 (t, J=
7.1 Hz, 3H); HRMS calced for Cj5H;BrF;NO; 363.9801,
found 363.9808; ee ﬁi}ﬂJ%/«ﬁc Chiralpak AS #, V(IEC.
$5e) - V(R NEE)=85 1 15, #ii#=0.8 mL/min, UV £l
=220 nm, t,=11.85 mm(o&) 18.84 min(F-%).
(R)-2-(6-%-3-M| W3- 2-F2 FL TN R 2L B (3i): (1 £l
&, mp. 71~72 CCCEEPS 88~89 C); [alp —12.5
(c 0.51, CHCLy); '"H NMR (300 MHz, CDCL3) &: 8.28 (s,
1H), 7.83 (dd, J=8.8, 5.2 Hz, 1H), 7.44~7.34 (m, 1H),
7.03~6.88 (m, 2H), 4.53~4.29 (m, 3H), 1.34 (t, J=7.1
Hz, 3H); HRMS calcd for C;3H;;F4NO; 304.0602, found
304.0603; ee {Hll % 214 : Chiralpak AD #, V(IEC
Fe) - VO AREE)=85 1 15, fiE=1.0 mL/min, UV £l
2=220 nm, tg=11.74 min(YXE), 17.54 min(F ).
(R)-2-(6-¥-3-M5| Wk 3E)-2- 31 FE T R 2 R 3! Tt
MR, [a]p —12.5 (¢ 0.56, CHCly); 'H NMR (300
MHz, CDCl;) 6: 8.28 (s, 1H), 7.77 (d, J=8.6 Hz, 1H),
7.50 (d, J=1.6 Hz, 1H), 7.43 (d, J=2.7 Hz, 1H), 7.28~
7.21 (m, 1H), 4.52~4.28 (m, 3H), 1.34 (t, J=7.1 Hz, 3H);
HRMS caled for Cj;H;;BrF;NO; 363.9801, found
363.9808; ee {Hll5E 46 1F: Chiralpak AS #£, V(IEC
$5t) - V(RNEE)=85 : 15, #ii#=0.8 mL/min, UV £l
2=220 nm, tr=14.09 min(=E %), 16.75 min({X ).
(R)-2-(5-FFE-3-M5| W) 2- 52 FE R 2. s (3k):
44, mp. 118~120 CCCHREDT 128~129 C); [alb
—7.8 (¢ 0.68, CHCl;); "H NMR (300 MHz, CDCls) §: 8.36
(s, 1H), 7.64 (d, J=2.8 Hz, 1H), 7.46 (d, J=1.0 Hz, 2H),
4.58~4.32 (m, 3H), 1.38 (t, J=7.1 Hz, 3H). HRMS calcd
for C1,H,1F5N,0;5 311.0649, found 311.0649; ee 18 I € 5%
f: Chiralpak OD F, V(IE k%) @ V(FHEE)=85 :

11.89 min(JKE), 12.79 min(E
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MK =1.0 mL/min, UV &l 1=220 nm, =12.71
min(F %), 16.52 min(YK ).

(R)-2-(5-§ 3-3-15| e 3 )-2- 2 JE R R 2. B8 3DPT: 3%
F O E AR, mp. 152~154 C; [als — 1.0 (¢ 0.19,
CHCl;); 'H NMR (300 MHz, CDCl;) &: 8.97 (d, J=2.1
Hz, 1H), 8.72 (s, 1H), 8.15 (dd, J=9.0, 2.2 Hz, 1H), 7.70
(d, J=2.7 Hz, 1H), 7.44 (d, J=9.0 Hz, 1H), 4.59~4.30
(m, 3H), 141 (t, J=17.2 Hz, 3H); HRMS calcd for
Ci3H1 1 F3N,05 331.0547, found 331.0548; ee 185 51
Chiralpak AS #%, VOECWHR) @ VR NEE)=85 1 15, Jil#
0.8 mL/min, UV % 1=220 nm, #=19.24 min({XE),
23.43 min(FE).

(R)-2-(1-7 F 3-SR R Z BB (3m)!
TAHIRY), [al —7.5 (¢ 0.42, CHCly); "H NMR (300
MHz, CDCl3) §: 8.15~7.95 (m, 1H),, 7.50 (s, 1H),, 7.50
(d, J=1.6 Hz, 1H), 7.45~7.13 (m, 8H), 5.35 (s, 2H),
4.60~4.34 (m, 3H), 1.39 (t, J=7.1 Hz, 3H). HRMS calcd
for CyoH;sF3NO; 378.1312, found 378.1308; ee {H il E
%1F: Chiralpak AD-H #, V(IEC4E) @ M(F A E)=
90 : 10, ¥ =1.0 mL/min, UV ¥l 1=254 nm, tr=
10.71 min(F %), 15.67 min(IX%).

i Bh#1 #} (Supporting Information) % 3t 4iz K1 DA
K e vBRE s B X R RE T DA G 2 A T 1
(http://sioc-journal.cn/)_E T %K.
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