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Experimental section

General: All reactions were carried out in oven dried glasswares. Progress of the reaction was monitored
by Thin Layer Chromatography, which was performed on Merck precoated plates (silica gel. 60 Fys4, 0.25
mm) and was visualized by fluorescence quenching under UV light. Column chromatography was done
using 60-120 mesh silica gel and appropriate mixture of pentane and ethyl acetate for elution. The IR
spectra were recorded on Perkin-Elmer Spectrum 100 FT-IR spectrometer. 'H and °C NMR spectra were
recorded on Bruker FT-NMR spectrometers (360 and 250 MHz respectively) using CDCIl; as solvent.
TMS was used as internal standard and chemical shifts are in 6-scale. High resolution mass spectra were
recorded under EI/HRMS (at 5000 resolution) using mass spectrometer. Enantiomeric excesses were

determined by HPLC analysis with a Chiralcel OD-H column (n-hexane/PrOH 99:1, 1 mL/min, 254 nm,

rt) unless specified.

1. Representative procedures for the preparation of N-alkyl-2-bromoaniline:

1a) Preparation of N-isopropyl-2-bromoaniline: Method A'

To a solution of 2-bromo aniline (5.8 mmol, 1 g)) in dichloroethane (10 mL) were added 2-methoxy
propane (11.6 mmol), acetic acid (5.8 mmol) and NaBH, (5.8 mmol) under inert atmosphere at room
temperature for 16 h. After the reaction, the mixture was neutralized with 1IN NaOH. The mixture was
extracted with dichloromethane and dried over MgSO,4 and concentrated in vacuo. The crude material was

purified by column chromatography with pentane to afford the 2-bromo-N-isopropylaniline (53% yield).

1b) Preparation of N-alkyl-2-bromoaniline: Method B?

To a solution of 2-bromo-1-iodobenzene (1 eq.) in DMF were added Cul (20 mol%), rac-BINOL (20
mol%), K;PO, (3 eq.) and corresponding amine (1.5 eq.) under argon. The mixture was stirred at 50 °C
for 1 day. The mixture was filtered and diluted with diethylether, dried over MgSO, and concentrated in
vacuo. The crude material was purified by silicagel column chromatography with pentane/ethyl acetate

(50:1) to afford the products in 50-60% yield.

2) Preparation of Methyl 2-Bromophenyl(isopropyl)carbamate 1a°
A mixture of 2-bromo-N-isopropylaniline (1.0 g, 4.5 mmol) in methyl chloroformate (20 mL) was heated
under reflux for 6 h. The mixture was poured into water and extracted with chloroform. The organic layer
was, dried over MgSO,, and concentrated in vacuo. The crude material was purified by silicagel column
chromatography with pentane/ethyl acetate (30:1) to afford the methyl 2-bromo phenyl(isopropyl)
carbamate 1a in quantitative yield.

J. Reddy, M. Leclair, M. Proulx, Synlett 2005, 583

1.T.
2. D. Jiang, H. Fu, Y. Jiang, Y. Zhao J. Org. Chem., 2007, 72, 672
3. T. Watanabe, S. Oishi, N. Fujii, H. Ohno, Org. Lett. 2008, 10, 1759
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Optimization reactions

1) Initial Ligand screening studies

These reactions were performed with 0.2 mmol of the substrate 1a in presence of 5 mol%
Pd(OAc),, 10 mol% chiral ligand, 1.4 eq. Cs,COj3 and 0.5 eq. pivalic acid in 2 mL xylene at 140
°C under argon atmosphere. Better results in terms of yields as well as ee’s were obtained with

(5,5)-DIOP and (R,R)-Me-DUPHOS as ligands. The results are presented in table 4.

Table 3
Pd(OAc), (5 mol%)
@[ /k _L(tomol%) m
CszCO3 (14 eq.) N
12 {oMe X;Eeﬁc?ro(%g e1qe) h 22 CoMe

Entry Ligand (L*) Yield%® ee%P
1 PCy; HBF, 100(80°) -
2 (R)-BINAP 26 0
3 (28,5S)-BDPP 70 5
4 Trost ligand? 5 8
5 JOSIPHOS 23 4
6 (S,S)-DIOP 100(92°) 43
7 (R,R)-Me-DUPHOS 100(98°) 90
8 (R,R)-iPr-DUPHOS 16 2
9 (R)-PHANEPHOS 78 4
10 (R,R)}-CHIRAPHOS 77 27
1 (S,5)-BPPM 100 2
12 Phosphoramidate® 23 3
13 (-)-Sparteine 8 0
14 (R,R)-TsDPEN No reaction B

/_( Sy O\CPPhZ 'Q
PhP PPhy PPh,PPh, ><o“‘ PPh, @[ *
(R,R)-CHIRAPHOS (S,S)-BDPP (S,S)-DIOP ’

(R,R)-Me-DUPHOS
NH HN O
PPh,
PPhPh,P
9(R,R)-DACH phenyl Trost ligand (R)-PHANEPHOS
O
PhyP,
Ph  Ph
_< (.? PPh,

H,N HN—§*©7

O

N
Boc
(RR)-TSDPEN (S,S)-BPPM Phosphoramidate

@ Procedure: 0.2 mmol of 1a is mixed with the reagents in xylene at 140 °C and keep stirring for 16 h.
b Determined by HPLC analysis.
Clsolated yield
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2) Optimization reaction for a suitable catalyst/ligand ratio

These reactions were performed with 0.2 mmol of the substrate 1la in presence of 5 mol%

Pd(OAc),, 2.5-10 mol% (R,R)-Me-DUPHOS, 1.4 eq. Cs,CO;3 and 0.5 eq. pivalic acid in 2 mL

xylene at 140 °C under argon atmosphere and keep stirring for 16 h. The results are presented in

table 4.

Table 4

q a H a
Entry Catalyst Ligand Trial 1 Trial 2

(mol%) (mol%) Yield% ee% Yield% ee%

1 5 5 77 17 trace
2 5 75 25 44 15 64
3 5 10 55 82 40 63
4 5 25 87 19 72 21

2Yield and ee calculated by HPLC analysis

3) Optimization studies with different modes of addition of the reagents

These reactions were performed with 0.2 mmol of the substrate 1la in presence of 5 mol%

Pd(OAc),, 10 mol% (S,S)-DIOP and/or (R,R)-Me-DUPHOS, 1.4 eq. Cs,COs and 0.5 eq. pivalic

acid in 2 mL xylene at 140 °C in the absence of argon and keep stirring for 16 h. We monitored

the progress of the reaction by means of HPLC analysis with time. The results are presented in

table 5.
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Table 5
-DIOP (RR)
) .9 MeDuphos
Entry Mode of addition of substrates Time Yield(ee)% _
(hour)] ) Yield(ee)%
trial 1 trial 2
Su bstratfa was dissolvgd in xylene at 140 °C. 01 4(89) 5(87) 8(63)

1 '[Aftert hS m_lrnhcataldyds'tt.& Ilgagd were addde: ) 1 | 985) 25(42) 17(47)
ogether.Then additive & base were adde 16 | 99ws) 50(41) 22(45)
Catalyst & ligand were premixed in xylene 01 | 3(72

2 at rt and kept at 140 °C. Followed by 1 |16(41)

addition of the substrate, additive and base 16 | 25(35)

Catalyst & ligand were premixed in xylene 0.1 3(99)
3 at rt and kept at 140 °C. Followed by added 1 4(93)
the additive, base and finally the substrate 16 | 4(90)

Substrate and ligand were premixed in 0.1 | 3(98) 3(94) 5(93)

4 xylene at 140 °C. After 5 min additive and 1 |70(49) 70(48) 11(93)
base were added then finally the catalyst 16 | 97(44) >99(47) 24(75)
Catalyst & ligand were premixed in xylene 0.1 | no reaction

5 at rt . Followed by added the additive, 1 |trace
base and finally the substrate. 16 |[5(65)
gradually increased the temp to 140 °C
All reagents were premixed with xylene 0.1 | 5(53) 4(50) 4(96)
6 |atrtand stirred for 1 min at rt. Then 1 |93(48) 90(44) 95(94)
suddenly put the reaction mixture at140°C.| 2 |100(47) 100(43) 100(93)

Note: We initially carried out the reactions with the cheaper ligand (S,S)-DIOP and the better results
were re-checked again for reproducibility of the result which we obtained earlier with (R,R)-Me-
DUPHOS. The condition which gave the consistent result with both (S,S)-DIOP and (R,R)-Me-DUPHOS
(entry 6,) was selected as the optimized procedure. (ref 14 in the article)

Representative procedure for the synthesis of 2a from la: 2-bromo-N-isopropylaniline
derivative la (55 mg, 0.20 mmol), Pd(OAc), (2.3 mg, 5 mol %), (R,R)-Me-DUPHOS (6.8 mg,
10 mol %), Cs,CO; (84 mg, 0.28 mmol) and t-BuCO,H (9 mg, 0.10 mmol) were taken in a 10
mL RB flask equipped with a reflux condenser. To this, xylene (2.0 mL) was added in an open
atmosphere and mixed well under stirring at room temperature. The reaction mixture was stirred
further for 2 h at 140 'C. After cooling, the reaction mixture was concentrated in vacuo. The
crude material was purified by silicagel chromatography with pentane/ethyl acetate (30:1) to
afford the indoline 2a (40 mg, 97%, 93% ee).

Scale-up reaction with (S,S)-DIOP

The scale up reaction using substrate 1a and (S,S)-DIOP as ligand also gave substantially good

results. When the reaction was carried out under optimized procedure with 1 g of the substrate
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la in presence of 5 mol% Pd(OAc),, 10 mol% (S,S)-DIOP,1.4 eq. Cs,CO; and 0.5 eq. pivalic
acid at 140 °C for 2 h, the product 2a was isolated in 95% yield and 34% ee.

Characterization data for compounds 2a-2d, 2f and 2g

Following the general procedure, 2a was isolated as a light yellow oil: [a]p*
©\? , 148.3 (¢ 0.8, CHyCly); IR(neat) cm’™: 3422, 3019, 2957, 1698, 1603, 1486,

)\ 1445, 1393, 1288, 1265, 1216, 1140, 1062, 754, 668. 'HNMR (360 MHz,

CDCl): 7.82(brs, 1H), 7.25-7.17(m, 2H), 7.0(t, 1H), 4.58(brs, 1H), 3.88(s,

3H), 3.40 (dd, 1H), 2.66(d, 1H), 1.32(d, 3H). "CNMR (250 MHz,

CDCl):153.6, 141.3, 130.1, 127.8, 125.1, 122.7, 115.3, 55.5, 52.6, 36.1, 21.3. HRMS (EI) exact

mass calculated for C;;H{3:NO, [M+Na]+ 214.0845, found 214.0844. The enantiomers were

separated on Chiralcel OJ-H column (1% IPA/hexane, 1mL/min): 254 nm, rt = 9.3 (3.5%), 10.3
(96.5%).

cm™: 3457, 3019, 2963, 2400, 1643, 1486, 1261, 1215, 1110, 929, 755, 669.

Oél\o 'HNMR (360 MHz, CDCl3): 7.74(d, 1H), 7.57-7.54(m, 1H), 7.24-7.17(m,

2b 1H), 6.99(t, 1H), 4.60(brs, 1H), 4.05(d, 2H), 3.40(dd, 1H), 2.66(d, 1H),

2.10-2.04(m, 1H), 1.35-1.28(m, 6H), 1.03(d, 3H) "CNMR (250 MHz, CDCls): 154.7, 141.6,

131.0, 128.1, 124.7, 122.0, 115.6, 56.0, 52.8, 35.4,, 23.0, 20.1, 13.2, 13.0. HRMS (EI) exact

mass calculated for C;4H;oNO, [M+Na]" 256.1306, found 256.1313. The enantiomers were

separated on the Chiralcel OJ-H column (1% IPA/hexane, 1 mL/min): 254 nm, rt = 7.3 (22.5%),
7.6 (77.5%).

Following the general procedure, 2¢ was isolated as a colourless oil: [a]p>

©\?'11,/ -27.7 (¢ 0.065, CHCl3); IR(neat) cm™: 3433, 3019, 2967, 1694, 1645, 1486,

041\0/ 1445, 1395, 1289, 1265, 1216, 1137, 1062, 757, 668. '"HNMR (360 MHz,

2¢ CDCl): 7.75(brs, 1H), 7.23-7.01(m, 2H), 6.99(t, 1H), 4.42(m, 1H), 3.88(s,

3H), 3.32(dd, 1H), 2.80(d, 1H), 1.81(m, 1H), 1.64-1.57(m, 1H), 0.92(t, 3H) *CNMR (250 MHz,

CDCl): 154.1, 141.7, 130.3, 127.9, 124.6, 123.0, 115.5, 59.8, 52.4, 33.6, 27.8, 10.1. LRMS

(FAB) exact mass calculated for C;;H;sNO, [M]" 205.1503, found 205.16. The enantiomers

were separated on the Chiralcel OJ-H column (1% I[PA/hexane, 1 mL/min): 254 nm, 1t = 7.7

(61.5%), 8.8 (38.5%).

: Following the general procedure, 2b was isolated as a viscous oil; IR(neat)
N~
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Following the general procedure, 2d was isolated as a pale yellow oil: [a]p™

F\Q\?_% -21.5 (¢ 0.2, CHCl3); IR(neat) cm™: 3017, 2950, 1696, 1612, 1487, 1389,
O)\O/ 1258, 1215, 1126, 1098, 1064, 815, 753, 665. 'HNMR (360 MHz, CDCl):

2 7.76 (br, 1H), 6.91-6.86(m,2H), 4.58 (brs, 1H), 3.85(s, 3H), 3.36(ddd, 1H),

2.63(d, 1H), 1.30(d, 3H). *CNMR (250 MHz, CDCl3): 157.8, 153.6, 138.1, 130.7, 126.2, 119.6,
113.8, 62.7, 52.5, 44.9, 25.9. LRMS (FAB) exact mass calculated for C;,H;sFNO, [M]+

224.1087, found 224.19. The enantiomers were separated on the Chiralcel OJ-H column (1%
IPA/hexane, 1 mL/min): 254 nm, rt = 11.5 (7.5%), 13.1 (92.5%).

Following the general procedure, 2f was isolated as a pale yellow oil; IR

H
m (neat) cm™: 3435, 3020, 2686, 2401, 1643, 1524, 1422, 1265, 1216, 928, 896,
Ng) 763, 669. '"HNMR (360 MHz, CDCls): 7.75(d, 1H), 7.22(t, 1H), 7.13(d, 1H),

0707 6.99(t, 1H), 3.86(s, 3H), 3.44 (ddd, 1H), 2.90(dd, 1H), 2.74(m, 1H), 2.36(m,

! 1H),1.95-1.91(m, 2H), 1.49-1.43(m, 2H), 1.22-1.10(m, 2H). °C NMR (300
MHz, CDCl):155.5, 142.7, 133.4, 127.5, 122.6, 120.8, 115.1, 70.1, 52.8, 48.5, 31.9, 28.3, 26.1,
25.2. LRMS (FAB) exact mass calculated for C4H;7NO; [M+1]+ 232.1259, found 232.13. The
enantiomers were separated on the IB column (1% IPA/hexane, 1 mL/min): 254 nm, rt = 12.5

(27 %), 13.3 (73%).

H Following the general procedure, 2g was isolated as a colorless oil: [a]p”
ij +3.7 (¢ 0.16, CHCls); IR(neat) cm™: 3435, 3019, 2932, 2962, 1777, 1694,
N H 1477, 1460, 1412, 1332, 1263, 1216, 1115,1040,757, 669. 'HNMR (360

0 ZQOA( MHz, CDCL): 7.79 (d, 1H), 7.24-7.12(m, 2H), 7.01(t, 1H), 4.14-3.93(m,
2H), 3.45(ddd, 1H), 2.98-2.93(m, 1H), 2.75-2.71(m, 1H), 2.37(m, 1H),

2.14-2.01(m, 2H), 1.32-1.20(m, 4H), 0.99-0.88 (m, 7H). "CNMR (250 MHz, CDCl): 154.7,
141.7,131.9, 127.8, 123.1, 120.5, 114.6, 68.3, 54.9, 47.4, 33.0, 28.7, 25.2, 24.4, 20.7, 14.1, 13.2,
HRMS (EI) exact mass calculated for C;7H3NO, [M+1]+ 274.1801, found 274.1807. The
enantiomers were separated on the Chiralcel OD-H column (1% IPA/hexane, 0.3 mL/min): 254

nm, it = 18.1(21%), 19.4 (79%).
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'H & 3C NMR Spectra of compounds 2a-f

— e

raler

T8

j .04

0287

é 69974

8.9473
2
5 i

=
f'l — 43818

| -
i 2 {10 Sﬁ
t-
{som1 . — — y.8787
& — 5 14486
{10661 = Trﬁm
; 13802
] 13463
T — — 2699
u: 11321 # "L;m
s
el
"= 1.3368
S 1
s
8’
] e
g_

E-TLI-BVWE

S8



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011

Al b ia i il

L4

LB

arr

aiali iy

fo\fo

\ 7

=

)_

— 153.5683

— 141.3266

— 130.0728

— 137.8357
—— 125.0871

— 13,7208

= 1152961

— 35.5091
— 3335

— 36,0873

—21.3611

S9




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011

g Mgl
o
" o
] 7.7441
1 7.4786
2] 7.1589
E P LR
1 7.2477
" 72161
i 7.2022
r g
.~ 6.9913
a7 0.887% : i =—5.0810
.
“ 4
L
= | S
v ] N/
L™
] >_Zf
2] \
" e
s — 46004
1 4.0674
i & L e
o ] rqird
- =L 14198
1 ? 13543
o ] 3.851)
%
{2‘.
] 26304
] =—2.1088
S 20737
] 20452
o 19720
] — L Y aes
1 =— LOSI4
s ~
&
“ B
8
s

S10

1-EEZ-8vE



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011

— L7

— M7

= 110743
— 1281026

= L. 7009
=— 1220028

— 115.5781

— 35044
—32.8155

— 13478
— 200096
— 00746

— 192155
- r02e0

S11




Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2011

oaw

Ly

I - ——

&9 oL

og

£

U TR R [ T T ———" "

&%
PRPTR TR

L3 4

(k)
“ i i

£F

R I . —r—

"

oF
L

£

I N ——

&7

£&r

PR Y

ar

1.0000

3.0422

1.130%

11184

1779

120419

!

W
D}—Z
O\

— 7153

— 44289

S$12

E-99E-BVE



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011

— 130769

— M].6885

— 130.2797
— JI7. 7840
— 124,056
- j21.0743

— 155180

— 307300

— 334306

— 15781
— 175N

— 10.1026

§13

APUOSE L-GE-5VE



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011

2
] — 17608
ol
] — 7.2801
1 6. 5058
3 6.8884
3 = 4.5008
L
- o+
37
] s
bl o
o]
=
o — 4.38%7
\
o — L8518
L4137
8
- yas
— 2.0342
T-2.6002
]
‘ -
S
{84744 = /-b— = = 1Lun
1 1.2960
- ] 1.26%6
°]
&
] .
g- [-’_

£

S14



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011

el

adssasssiaals

— 1 57.7900
— 15,5781

o5t

sliksisaas

o

Co=—138101

— 1106857
— 1342089

[ 1]

— 116013

- — 1138069

o

lisssssasnlsssnsannalasssandai lis iodsis

aasasi sl easnaans il osinsiisi

(uack)

oL
snmanls

daalsssaanaa s dis ni i

i — 67897

o9

—Jd5184

o5

— 44.8861

or
aaasls

= — 25.8489

o

Basisssassalssassansilsassasnsnllapsasuasels

S15



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011

1 Iniegral

2]
3
o
] ] e
S b
] \
o
la.s911
L e
o8
T
3

S16

T-E6T-8vE



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011

TETE FETETETET PN R TereT

0]

0O

— 135.5366

— JALT0EE

— 131ATE7

— 127.5015

— 16170
— 120.840%

— Hs017S

—70.1006

— Ja.aa
—d85I7S

— 119175

-
T 254069

$17




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011

173

A a L 4 & a8 i

&g
Aa i g L 4 3

;
Y
[

£

Q7373

L4

L3

a9

£F

oF

§7

L

£

ot

£0

Al o o s a4 U a s o s 4 s o o 4 B g 3 a o L o a & a0 4 s o a A & & i a L s 5 4 i

&0

$18

T-FFE-EVE



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011

— 17N

— M7

— 1118887
— 1378082
— 131108
— 1304736

— 146527

— 643813

— 308775

— 473813

— 10743

— 6646

= 25.5513
204602

— 207267

—M.1131
13208

$19




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011

Chromatogram for compound 2a

Column : OJ-H
Solvent : Hex/'PrOH 99/1,
Flow : 1 mL/min,
Wavelength :254 nm
e N o e
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