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Chiral phosphoric acid-catalyzed enantioselective Friedel-Crafts reaction of indoles with ethyl glyoxylate
imines was developed. With 10 mol % of the catalyst, the Friedel-Crafts reactions between a wide range
of indoles and imines have been carried out, affording optically active (3-indolyl)glycine derivatives with
excellent yields and high enantioselectivities (up to 87% ee).
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1. Introduction

(3-Indolyl)glycine derivatives are an important class of non-
proteinogenic amino acids, which are very useful synthetic in-
termediates or building blocks for numerous biologically important
compounds such as dragmacidins and pemedolac.> Among the
current methods for the synthesis of this class of compounds,’
Friedel-Crafts reaction* of indole with glyoxylate imine repre-
sents one of the most direct accesses.® Moreover, to our knowl-
edge, the catalytic asymmetric synthesis of this class of compound
is limited to the addition of N-tosylimino esters of ethyl glyoxylate
to indoles promoted by a chiral copper complex.” In our group, we
recently found that chiral phosphoric acid®® could catalyze effi-
ciently the asymmetric Friedel-Crafts reaction of indoles and
dihydroindoles with N-tosylimines.?€ The reactions provide facile
synthesis of 3-indolyl methanamine and 2-indolyl methanamine
derivatives, respectively. As part of our continuing efforts on the
chiral phosphoric acid-catalyzed Friedel-Crafts reaction of indole
with imines,'® we recently realized the asymmetric Friedel-Crafts
reaction of indoles with glyoxylate imines. The reaction proceeds
smoothly to afford (3-indolyl)glycine derivatives in good yields
with good enantiomeric excesses. Notably, during the preparation
of this manuscript, Hiemstra et al. reported chiral phosphoric
acid-catalyzed Friedel-Crafts reactions of tritylsulfenyl- and
2-nitrophenylsulfenyl-substituted glyoxyl imines with indole.!
The results for other imine substrates and substituted indoles
have not been disclosed in their paper. Herein, we report our
results on the asymmetric Friedel-Crafts reactions between
a wide range of indoles and imines.

* Corresponding author. Tel.: +86 21 5492 5085; fax: +86 21 5492 5087.
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2. Results and discussion

We first examined the reaction of indole 2a, ethyl glyoxylate 3a,
and p-anisidine 4a catalyzed by different chiral phosphoric acids.
The results are summarized in Table 1. With 10 mol % of 1, all re-
actions proceeded smoothly at —50 °C in toluene and afforded the
desired product with variable enantiomeric excesses (<1-73% ee,

Table 1
Screening of phosphoric acids 1 in enantioselective Friedel-Crafts reaction

/ “OH
S0 e
o oMo R HN_ .
@ o /©/ (S)-1 (10 mol%)
N EO,CT N T ————

H toluene, -50 °C b
2a 3a 4a H
2.0eq 1.0eq 1.0eq 5aa

Entry? 1R Time (min) Yield® (%) ee (%)
1 1a, phenyl 10 98 36
2 1b, SiPhs 10 80 3
3 1c, 3,5-(CF3),CsH3 10 92 -7
4 1d, 4-NO,-CgH, 10 82 -7
5 1e, 1-naphthyl 10 91 45
6 1f, 2-naphthyl 10 88 39
7 1g, 9-anthryl 10 90 36
8 1h, 9-phenanthryl 10 91 73
9 1i, 2,4,6-(i-Pr)3CgH> 10 98 26
10 1j, 4-biphenyl 10 91 <1

@ Reaction conditions: 10 mol % of 1, 0.125 mol/L of 3a in toluene at —50 °C.
b Isolated yields.
¢ Determined by chiral HPLC analysis (Chiralcel OD-H).
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Table 2
Optimization of the reaction conditions
PMP
OMe *
. 0,
H EtO,C HoN (S)-1h (10 mol%) N\
2a 3a 4a H
xeq 1.0eq 1.0eq 5aa
Entry? X (equiv) Solvent T(°C) Yield® (%) eeC (%)
1 2.0 Toluene —40 99 70
2 2.0 Toluene -50 91 73
3 2.0 Toluene —60 99 71
4 2.0 Toluene -70 99 70
5 1.0 Toluene -50 90 40
6 3.0 Toluene -50 95 74
7 2.0 CH,Cl, ~50 93 69
8 2.0 THF -50 85 19
9 2.0 Et,0 -50 50 33
10 2.0 EtOAc -50 66 32
114 2.0 Toluene -50 98 49
12¢ 2.0 Toluene —50 95 64

2 Reaction conditions: 10 mol % of (S)-1h, x equiv of 2a, 0.125 mol/L of 3a unless
noted otherwise.

b Isolated yields.

¢ Determined by chiral HPLC analysis (Chiralcel OD-H).

4 Compound 3a (0.25 mol/L).

¢ Compound 3a (0.025 mol/L).

Table 1). The best result was obtained with 10 mol % of 1h, bearing
two 9-phenanthryl groups at the 3,3’ positions of the binaphthyl
scaffold, providing the addition product 5aa in 91% yield with 73%
ee (entry 8, Table 1).

We further optimized the reaction conditions by using the chiral
phosphoric acid 1h as the catalyst. The results are summarized in
Table 2. Firstly we investigated the effect of the reaction tempera-
ture. In general, low temperature resulted in a slight decrease of the
enantioselectivity but no effect on the reaction rate (73-70% ee,
from —50 °C to —70 °C, entries 2-4, Table 2). The suitable amount of
indole was examined by running the reaction at —50 °C. There was
almost no difference on the outcome of the reaction by using either
3 or 2 equiv of indole. However, with 1 equiv of indole, the product
was obtained with only 40% ee (entries 5 and 6, Table 2). Different
solvents were then tested for the reaction with 10 mol % of 1h and
2 equiv of indole 2a at —50 °C. The reaction in CH;Cl, afforded 5aa
in 93% yield but with a slight drop of enantioselectivity (69% ee,

Table 3
Effect of the glyoxylates and aryl amines
R2
o} " COR!
@ A R3NH,  (S)-1h (10 mol%)
R —_—
H 0L toluene, -50 °C N
2a 3 4 H
2.0eq 1.0eq 1.0eq 5
Entry? R' R? 5, yield® (%) eeC (%)
1 Et 4-MeOCgHy4, 4a 5aa, 91 73
2 Bn 4-MeOCgHy4, 4a 5ab, 85 39
3 Et 2-Me-4-MeOCgHs3, 4b 5ac, 92 34
4 Et 3,4-(Me0),CgHs, 4¢ — =
5 Et 3,4,5-(Me0)3CsHs, 4d = =
6 Et 2,5-(Me0),CgHs, 4e = =

Table 4
Effects of syringe pump addition and molecular sieves
PMP
AN coset
.PMP 2
©\/\> . JN (S)-1h (10 mol%)
—_—
N 50 ° A\
H Et0,C toluene, -50 °C
2a N
6 H
2.0eq 5aa
Entry? Additive Time (h) Yield® (%) ee€ (%)
1 = 1.5 89 79
2 3AMS 15 86 85
3 4AMS 1.5 88 82
4 5AMS 15 90 87

2 Reaction conditions: 10 mol % of (S)-1h, 2 equiv of 2a, addition of 6 was per-
formed through a syringe pump over 1.5 h.

b Isolated yields.

¢ Determined by chiral HPLC analysis (Chiralcel OD-H).

entry 7, Table 2). A significant drop of enantioselectivity was ob-
served for many other solvents tested such as THF, Et;0, and EtOAc
(entries 8-10, Table 2). Interestingly, lower enantioselectivities
were observed with either higher or lower substrate concentration
(entries 11 and 12, Table 2).

In the presence of 10 mol % of 1h and 2 equiv of 2a, a variety of
glyoxylates 3 and electron-rich aryl amines 4 have been in-
vestigated under the reaction conditions. The results are summa-
rized in Table 3. The effect of different esters was first examined.
When a bulky ester group was introduced to the reaction, such as
Bn, the product was obtained with only 39% ee (entry 2, Table 3).
When amine 4b was examined, a significant drop of ee was ob-
served (34% ee, entry 3, Table 3). This is likely due to the ortho-
substituted effect. Unfortunately, a complicated mixture was
obtained when several other electron-rich aryl amines such as 4c-e
were used (entries 4-6, Table 3).

It should be noted that the reaction was complete in 10 min
even without the catalyst. We hypothesized that the moderate
enantioselectivity of the reaction might be partially resulted from
this strong background reaction. In order to overcome this, addition
of ethyl glyoxylate imine 6 to the reaction mixture through a sy-
ringe pump (1.5 h) was carried out to keep the high catalyst/imine
ratio during the reaction. To our delight, the reaction afforded the
product with 79% ee (entry 1, Table 4) by applying this

Table 5
Enantioselective Friedel-Crafts reaction of indoles with glyoxylate imines.
PMP
HN_ «
1 N-FMP CO,Et
R+ _ + J (S)-1h (10 mol%)
—_—m
H EtO,C toluene, -50 °C g fi NN
2 6 5AMS Z N
H
2.0eq 5
Entry? R Product (5) Yield® (%) ee (%)
1 H, 2a 5aa 90 87
2 2-Me, 2b 5ba 91 51
3 5-Me, 2¢ 5ca 91 85
4 5-OMe, 2d 5da 93 79
5 6-OBn, 2e 5ea 90 87
6 5-Br, 2f 5fa 91 73
7 5-F, 2g 5ga 91 74
8 6-Br, 2h 5ha 85 57

2 Reaction conditions: 10 mol % of (S)-1h, 2 equiv of 2a, 0.125 mol/L of 3a in tol-
uene at —50 °C for 10 min.

b Isolated yields.

¢ Determined by chiral HPLC analysis (Chiralcel OD-H).

2 Reaction conditions: 10 mol % of (S)-1h, 2 equiv of 2, addition of 6 was per-
formed through a syringe pump over 1.5 h.

b Isolated yields.

¢ Determined by chiral HPLC analysis.
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methodology. In addition, we found that higher ees were obtained
by using molecular sieves (MS) as additives (entries 2-4, Table 4).
Particularly, with 5 A MS, the reaction afforded the desired product
in 90% yield with 87% ee (entry 4, Table 4).

Under the above optimized reaction conditions (entry 4, Table
4), various substituted indoles were examined to test the gen-
erality of the reaction, as summarized in Table 5. The phosphoric
acid-catalyzed Friedel-Crafts reaction of indoles 2 with ethyl
glyoxylate imine 6 was found to be general with indoles bearing
different substituents. For the substrates with electron-donating
group such as 2c-e, the reaction went smoothly, affording the
products with high yields and good enantioselectivities (entries
3-5, Table 5). Unfortunately, only moderate ee was obtained
when 2-Me substituted indole was tested (51% ee, entry 2,
Table 5). By introducing an electron-withdrawing group into the
indole, we observed a drop of the enantioselectivity. In the case
of 2f and 2g having the 5-Br and 5-F group, 73% and 74% ee were
given, respectively (entries 6 and 7, Table 5). 6-Br substituted
indole 2h led to the addition product 5ha with 57% ee (entry 8,
Table 5).

3. Conclusion

In summary, we have developed the enantioselective Friedel-
Crafts reaction of indoles with ethyl glyoxylate imine by utilizing
chiral phosphoric acid as the catalyst. Although a strong back-
ground reaction was observed, excellent yields and high enantio-
selectivities (up to 87%) were obtained for a wide range of
substrates by combining the slow addition of the imine substrates
and the use of molecular sieve additive. The reaction features in-
cluding metal-free approach, mild reaction conditions, and suit-
ability of three-component operation make the current
methodology a potentially useful synthesis of optically active (3-
indolyl)glycine derivatives.

4. Experimental section
4.1. General methods

Unless stated otherwise, all reactions were carried out in flame-
dried glassware under a dry argon atmosphere. All solvents were
purified and dried according to standard methods prior to use. 'H
and 3C NMR spectra were recorded on a Varian instrument
(300 MHz and 75 MHz, respectively) and internally referenced to
tetramethylsilane signal or residual protio solvent signals. Data for
'H NMR are recorded as follows: chemical shift (6, ppm), multi-
plicity (s=singlet, d=doublet, t=triplet, m=multiplet or un-
resolved, br=broad singlet, coupling constant(s) in hertz,
integration). Data for 3C NMR are reported in terms of chemical
shift (6, ppm).

4.2. General procedure for the catalytic asymmetric Friedel-
Crafts reaction (Table 5)

In a dry Schlenk tube, indole 2 (0.50 mmol) and chiral phos-
phoric acid 1h (17.6 mg, 0.025 mmol) were dissolved in toluene
(1 mL) under argon. The solution was stirred for 10 min at room
temperature and then for another 5 min at —50 °C. Subsequently, at
this temperature, ethyl glyoxylate imine 6 (0.25 mmol) in toluene
(2 mL) was added through a syringe pump during 1.5 h. After the
reaction was complete (monitored by TLC), saturated NaHCOs3
(3mL) was added to quench the reaction. The mixture was
extracted with ethyl acetate (10 mL). The organic layer was washed
with brine (5 mL), separated, and dried over anhydrous Na;SO4. The
solvents were removed under reduced pressure and the residue

was purified by column chromatography (ethyl acetate/petroleum
ether 1/5 to 1/3) to afford product 5.

4.2.1. Ethyl 2-(1H-indol-3-yl)-2-(4-methoxyphenylamino)-
acetate (5aa)

Colorless oil, 90% yield, 87% ee; [a]3° —54.1 (¢ 1.0, acetone). 'H
NMR (300 MHz, CDCl3) 6 1.22 (t, J=7.2 Hz, 3H), 3.72 (s, 3H), 4.09-
428 (m, 2H), 5.33 (s, 1H), 6.62 (d, J=9.0 Hz, 2H), 6.75 (d, J=9.0 Hz,
2H), 7.12-7.23 (m, 3H), 7.32 (d, J=8.1 Hz, 1H), 7.82 (d, J=7.2 Hz, 1H),
8.55 (br, 1H). The enantiomeric ratio was determined by Daicel
Chiralcel OD-H (25cm), Hexanes/IPA=70/30, 0.7 mL/min,
A=254 nm, tg (major)=12.32 min, tg (minor)=14.95 min.

4.2.2. Benzyl 2-(1H-indol-3-yl)-2-(4-methoxyphenylamino)-
acetate (5ab)

Colorless oil, 85% yield, 39% ee; [a]3° —16.4 (c 1.0, acetone). 'H
NMR (300 MHz, CDCl3) 3.72 (s, 3H), 4.48 (br, 1H), 5.23 (AB,
Jag=12.3 Hz, 1H), 5.23 (BA, Jga=12.0 Hz, 1H), 5.39 (s, 1H), 6.59 (d,
J=9Hz, 2H), 6.72 (d, J=9 Hz, 2H), 711-7.29 (m, 8H), 7.34 (d,
J=8.1Hz, 1H), 7.78 (d, J=8.1 Hz, 1H), 8.17 (br, 1H). 3C NMR (75 MHz,
CDCl3) 6 55.2, 55.6, 67.0, 111.4, 114.7, 114.8, 114.9, 116.4, 119.4, 119.9,
122.5, 123.1, 125.7, 128.1, 128.2, 128.4, 135.4, 136.3, 140.6, 152.5,
172.7. IR (film) 3405, 3302, 2957, 1743, 1515, 1457, 1232, 1173, 1141,
1030, 819, 743 cm™ . LRMS (EI): m/z (% relative intensity) 386 (M*,
14), 251 (100). HRMS (EI) exact mass calculated for (C24H232N203)
requires m/z 386.1633, found m/z 386.1630. The enantiomeric ratio
was determined by Daicel Chiralcel OD-H (25 cm), Hexanes/
I[PA=75/25, 1.0 mL/min, A=254nm, tg (major)=14.54 min, tg
(minor)=17.53 min.

4.2.3. Ethyl 2-(1H-indol-3-yl)-2-(4-methoxy-2-methylphenyl-
amino )acetate (5ac)

Colorless oil, 92% yield, 34% ee; [a]3° —12.7 (¢ 1.0, acetone). 'H
NMR (300 MHz, CDCl3) 6 1.20 (t, J=7.2 Hz, 3H), 2.20 (s, 3H), 3.71 (s,
3H), 4.08-4.30 (m, 2H), 4.38 (br, 1H), 5.36 (s, 1H), 6.50 (d, J=8.7 Hz,
1H), 6.59-6.63 (m, 1H), 6.70-6.71 (m, 1H), 7.12-7.23 (m, 3H), 7.32
(d, J=7.8 Hz, 1H), 7.84 (d, J=7.8 Hz, 1H), 8.24 (br, 1H). *C NMR
(75 MHgz, CDCls) 6 14.0,17.7, 55.0, 55.5, 61.5, 111.4,111.4, 111.8, 112.4,
116.9,119.4,119.8,122.3,123.1,124.5,125.7,136 .4, 138.8, 151.9, 173.0.
IR (film) 3409, 2982, 2907, 1732, 1512, 1458, 1293, 1220, 1196, 1050,
803, 745 cm~ 1. LRMS (EI): m/z (% relative intensity) 338 (M™*, 32),
265 (100). HRMS (EI) exact mass calculated for (C;gH22N203) re-
quires m/z 338.1623, found m/z 338.1630. The enantiomeric ratio
was determined by Daicel Chiralcel AD-H (25cm), Hexanes/
IPA=80/20, 1.0 mL/min, A=254 nm, tg (major)=12.59 min, tg
(minor)=14.51 min.

4.2.4. Ethyl 2-(4-methoxyphenylamino)-2-(2-methyl-1H-indol-3-
yl)acetate (5ba)

Colorless oil, 91% yield, 51% ee; [a]3° —51.2 (c 1.0, acetone). 'H
NMR (300 MHz, CDCl3) 6 1.15 (t, J=7.5 Hz, 3H), 2.40 (s, 3H), 3.69 (s,
3H), 4.01-4.25 (m, 2H), 4.50 (br, 1H), 5.21 (s, 1H), 6.57 (d, J=8.7 Hz,
2H), 6.72 (d, J=8.7 Hz, 2H), 7.07-7.23 (m, 3H), 7.75-7.79 (m, 1H),
8.01 (br, 1H). 3C NMR (75 MHz, CDCl3) 6 12.0, 14.1, 54.8, 55.6, 61.3,
107.5,110.4,114.5, 114.7,118.7,119.7,121.3, 126.7, 133.3, 135.0, 140.9,
152.3, 172.6. The enantiomeric ratio was determined by Daicel
Chiralcel OD-H (25cm), Hexanes/IPA=80/20, 1.0 mL/min,
A=254 nm, tg (major)=10.33 min, tg (minor)=12.73 min.

4.2.5. Ethyl 2-(4-methoxyphenylamino)-2-(5-methyl-1H-indol-3-
yl)acetate (5ca)

White solid, 91% yield, 85% ee; [a]& —55.2 (c 1.0, acetone). 'H
NMR (300 MHz, CDCl3) 6 119 (t, J=6.9 Hz, 3H), 2.45 (s, 3H), 3.71 (s,
3H), 4.07-426 (m, 2H), 4.44 (br, 1H), 5.28 (s, 1H), 6.61 (d,
J=9.3 Hz, 2H), 6.75 (d, J=9.0 Hz, 2H), 7.00-7.05 (m, 2H), 7.14-7.21
(m, 1H), 7.59 (s, 1H), 8.01 (br, 1H). 13C NMR (75 MHz, CDCl3) 6 14.0,
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21.5, 55.1, 55.6, 614, 111.1, 111.7, 114.7, 118.9, 123.2, 124.0, 125.9,
129.1, 134.6, 140.7, 152.4, 173.0. IR (film) 3324, 3126, 2885, 1729,
1510, 1463, 1174, 1036, 839, 797, 746 cm™ . LRMS (EI): m/z (%rel-
ative intensity) 338 (M™, 36), 123 (100). HRMS (EI) exact mass
calculated for (CyoHz2N203) requires m/z 338.1630, found m/z
338.1638. The enantiomeric ratio was determined by Daicel
Chiralcel OD-H (25cm), Hexanes/IPA=70/30, 1.0 mL/min,
A=254 nm, tg (major)=9.69 min, tg (minor)=12.00 min; mp: 125-
126 °C.

4.2.6. Ethyl 2-(5-methoxy-1H-indol-3-yl)-2-(4-methoxyphenyl-
amino)acetate (5da)

White solid, 93% yield, 79% ee; []3° —41.6 (¢ 1.0, acetone). '"H NMR
(300 MHz, CDCl3) ¢ 1.20 (t, J=6.9 Hz, 3H), 3.71 (s, 3H), 3.84 (s, 3H),
4.08-4.27 (m, 2H), 4.46 (br, 1H), 5.27 (s,1H), 6.61 (d,J=9.0 Hz,2H), 6.75
(d,J=9.0 Hz,2H), 6.83-6.87 (m, 1H), 7.09-7.24 (m, 3H), 8.01 (br, 1H). 3C
NMR (75 MHz, CDCl3) 6 14.1, 55.1, 55.6, 55.7, 61.5, 100.8, 112.0, 112.2,
112.7,114.7,114.8, 123.7,126.1,131.4, 140.7, 152.4, 154.1,172.9. The en-
antiomeric ratio was determined by Daicel Chiralcel OD-H (25 cm),
Hexanes/IPA=70/30, 1.0 mL/min, A=254 nm, tg (major)=12.93 min, tg
(minor)=14.81 min.

4.2.7. Ethyl 2-(6-(benzyloxy)-1H-indol-3-yl)-2-(4-methoxy-
phenylamino)acetate (5ea)

Colorless oil, 90% yield, 87% ee; [«]3® —47.0 (c 1.0, acetone).
'H NMR (300 MHz, CDCl3) 6 1.18 (t, J=7.5 Hz, 3H), 3.69 (s, 3H),
4.06-4.25 (m, 2H), 4.44 (br, 1H), 5.01 (s, 2H), 5.26 (s, 1H), 6.60
(d, J=8.7 Hz, 2H), 6.73 (d, J=8.7 Hz, 2H), 6.77-6.78 (m, 1H),
6.88-6.97 (m, 2H), 7.30-7.43 (m, 5H), 7.68 (d, J=8.7 Hz, 1H),
8.16 (br, 1H). 13C NMR (75 MHz, CDCl3) é 14.1, 55.2, 55.6, 61.5,
70.4, 95.9, 110.7, 112.3, 114.7, 114.8, 120.1, 120.2, 121.9, 1274,
127.8, 128.5, 137.0, 137.2, 140.7, 152.4, 155.7, 172.8. IR (film)
3116, 1737, 1625, 1511, 1276, 1237, 1174, 1032, 1012, 696 cm L
LRMS (EI): m/z (%relative intensity) 430 (M™, 17), 123 (100).
HRMS (EI) exact mass calculated for (CygH26N204) requires m/
z 430.1893, found m/z 430.1891. The enantiomeric ratio was
determined by Daicel Chiralcel AD-H (25cm), Hexanes/
IPA=70/30, 1.0 mL/min, A=254 nm, tg (major)=53.63 min, tg
(minor)=68.02 min.

4.2.8. Ethyl 2-(5-bromo-1H-indol-3-yl)-2-(4-methoxy-
phenylamino )acetate (5fa)

Colorless oil, 91% yield, 73% ee; [a]3® —39.9 (c 1.0, acetone). 'H
NMR (300 MHz, CDCl3) 6 1.21 (t,J=7.5 Hz,3H), 3.71 (s, 3H), 4.09-4.27
(m, 3H), 5.25 (s, 1H), 6.59 (d, J=8.7 Hz, 2H), 6.74 (d, J=8.7 Hz, 2H),
7.10-7.14 (m, 2H), 7.24-7.27 (m, 1H), 7.69 (s, 1H), 8.48 (br, 1H). °C
NMR (75 MHz, CDCl3) 6 14.0, 54.9, 55.6, 61.7,112.1,112.9, 113.1, 114.7,
114.8,122.0, 124.3,125.2,127.3,135.0, 140.4, 152.5, 172.6. The enan-
tiomeric ratio was determined by Daicel Chiralcel OD-H (25 cm),
Hexanes/IPA=70/30,1.0 mL/min, A=254 nm, tg (major)=8.00 min, tg
(minor)=10.03 min.

4.2.9. Ethyl 2-(5-fluoro-1H-indol-3-yl)-2-(4-methoxy-
phenylamino)acetate (5ga)

Colorless oil, 91% yield, 74% ee; [a]3° —37.6 (c 1.0, acetone).
'H NMR (300 MHz, CDCl3) é 1.20 (t, J=7.2 Hz, 3H), 3.70 (s, 3H),
4.08-4.27 (m, 2H), 4.48 (br, 1H), 5.24 (s, 1H), 6.58 (d, J=9.0 Hz,
2H), 6.74 (d, J=9.0 Hz, 2H), 6.89-6.96 (m, 1H), 7.14-7.20 (m,
2H), 7.44-7.48 (m, 1H), 8.41 (br, 1H). '*C NMR (75 MHz, CDCl3)
6 14.0, 55.1, 55.6, 61.6, 104.4 (d, J=23.9 Hz), 110.8 (d, J=26.3 Hz),
1121 (d, J=9.7 Hz), 112.6 (d, J=4.6 Hz), 114.8 (d, J=6.3 Hz), 124.8,
126.0 (d, J=10.3 Hz), 132.9, 140.5, 152.5, 156.2, 159.4, 172.6. IR
(film) 3409, 2984, 2734, 1512, 1239, 1179, 936, 823, 799, 737,
622 cm~ L. LRMS (El): m/z (%relative intensity) 342 (M*, 27), 269
(100). HRMS (EI) exact mass calculated for (Ci9H19N;O3F) re-
quires m/z 342.1380, found m/z 342.1387. The enantiomeric

ratio was determined by Daicel Chiralcel OD-H (25 cm), Hex-
anes/IPA=80/20, 1.0 mL/min, A=254 nm, tg (major)=11.12 min,
tr (minor)=12.76 min.

4.2.10. Ethyl 2-(6-bromo-1H-indol-3-yl)-2-(4-methoxy-
phenylamino)acetate (5ha)

Colorless oil, 85% yield, 57% ee; [#]3° —36.3 (¢ 1.0, acetone). '"H NMR
(300 MHz, CDCl3) 6 1.19 (t, J=7.5 Hz, 3H), 3.71 (s, 3H), 4.08-4.26 (m,
2H), 4.49 (br, 1H), 5.27 (s, 1H), 6.59 (d, J=8.7 Hz, 2H), 6.74 (d, J]=8.7 Hz,
2H), 7.07 (d, J=2.4 Hz, 2H), 7.21-7.25 (m, 1H), 7.38 (s, 1H), 7.66 (d,
J=8.7 Hz,1H),8.47 (br, 1H).'3C NMR (75 MHz, CDCl3) 6 14.0, 55.0, 55.6,
61.6, 112.6, 114.3, 114.8, 114.9, 115.9, 120.7, 123.1, 123.7, 124.5, 1371,
140.4,152.5,172.6. The enantiomeric ratio was determined by Daicel

Chiralcel OD-H (25cm), Hexanes/IPA=80/20, 1.0 mL/min~},

A=254 nm, tg (major)=10.59 min, tg (minor)=12.67 min.
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