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Free Radical-Mediated Aryl Amination and its Use in a Convergent
[3+2] Strategy for Enantioselective Indolinea-Amino Acid Synthesis

Rajesh Viswanathan, Erode N. Prabhakaran, Michael A. Plotkin, and Jeffrey N. Johnston*
Department of Chemistry, Indiana University, Bloomington, IN 47405-7102

General Experimental Details

Flame-dried (under vacuum) glasswasmas used forall non-aqueous reactions. All
reagents and solvents waremmercialgrade and purified prior tase when necessariiethyl
ether (EIO), tetrahydrofuran (THF), dichloromethane (CH), and benzene (B,) were dried by
passage through a column of activated alumina as described by ERenmenevas additionally
passed through eolumn containing activated Q<eactant. Solvents othéhan benzene were
degassed usintipe freeze-pump-thaw methahen necessanAll additionalsolvents weralried
by distillation from calcium hydride when necessary. Molecular sieves (spheres, 4A)algred
at 400 °C and stored at room temperature in an air-tight container. éBecrystallizedprior to
use, and tria-butyl tin hydride {Bu,SnH) was used as received from Aldricklagnesium sulfate
was used to dry organic solutions unless otherwise noted.

Thin layer chromatography (TLG)yas performed using glass-backedica gel (250 p)
plates, and flash chromatograpbifized 230—-400 mestsilica gelfrom Scientific Adsorbents.
Neutral Alumina was used aseceived from Scientifiddsorbents for chromatography a€id-
sensitive intermediates @roducts. Products werasualized by UVlight, iodine, and/othe use
of ceric ammoniummolybdate, potassium permanganate, ninhydpranisaldehyde, and
potassium iodoplatinate solutions.

IR spectra were recorded on a Nicolet Avatar 360 spectrophotometer. Liquids and oils were
analyzed as neat films on a splate (transmission), whereas solids wexgplied to a diamond

plate (ATR). Nucleamagneticresonance spectra (NMR) were acquireceither a Variarinova-

! Pangborn, A. B.; Giardello, M. A.; Grubbs, R. H.; Rosen, R. K.; Timmer3, Brganometallics1996 15,
1518-1520.
2Two lots (purchased six months apart) from Alfa Aesar failed to effect the radical reactions.
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400 or VXR-400 instrument. Chemical shifitee measurectklative to tetramethylsilane, as judged
by the residual partially deuterated solvent peak. Mass spectra were obtained using a Kratos MS-80
spectrometewusing the ionization technique indicate@ombustion analyses were performed by
Atlantic Microlab, Norcross, GA.

Ratios of diastereomers and isomgmoducts were measureitectly from integration of
'H NMR absorptions of protonsommon to th&eomponents. Precision wakecked by varying
the relaxation delayor measurements on the samempound.Where possible, ratios were
corroborated usin@gGC-mass spectrometry. Peak assignments meadefrom authentic samples

in every case. Ratios reported generally represent a lower limit defined by multiple runs.
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General Procedure for Ketimine Condensations

A rapidly stirred benzene solution of tamine(0.5 M), ketone(0.5 M), and 4A MS (1:1
w/w) was stirred at 25 °C until complete conversion was achieved, as evidende¢d\hByR. The
mixture was filtered through a pad o€elite and washed with ED or benzeneThe solvent was
removedn vacuoto give the analytically pure ketimine which was used immediately.

The same procedureas used wherthe benzophenonketimine was desired,except
benzophenone imidevas used in place of the ketdhe.

General Procedure for Aryl Aminations

A benzene solution ahe ketiming(0.01 M) waswarmed to 85 °C in a round-bottomed
flask equipped with @ondenser. Aenzene solution (fnL) of "Bu,SnH (1.1equiv) and AIBN
(0.4 equiv) wadoaded into a gas-tight syringe anas attached to ayringe pump.The syringe
needle was attached through a septum at the top of the condensdm@)/dlichthat thesolution
droplets would fall directly into the refluxing benzene. Following the additi@nreaction mixture
was refluxed for anadditional period (~1 h) and cooled to room temperature. Atpibist, an
aliquot was removed, concentrated, and component ratios were meastiretNbMR and/or GC-
MS. Typically, one of the following two work-up methods was employed:

Method 1: The solution was treated with NgBH1 equiv) andhe slurry was stirred 4-5
hours. The mixturewas concentratedn vacuq diluted with E(O, and washed witlvater. The
organic layer was separated, dried, and concentrated to furnish an oil. Flash chromatography of the
crude mixture provided the analytically pure targeted compounds.

Method 2: The benzene was removed by vacuum, the residue was dilutedheithand a
satd aq. KF solution (~20 equiv) was added. The mixture was stirred for @ph aually forms
at the interface) and the layerere separated.he organic layewasdried and concentrated, and

the resulting oil was chromatographed.

% Pickard, P. L.; Tolbert, T. L. in “Organic Syntheses”; Wiley: NY, 1973, Collective Vol. 5, pp. 520-2.
* O’'Donnell, M. J.; Polt, R. L.J. Org. Chem1982, 47, 2663.
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@ 1. Ph(CH3)CO ©E>
NH, 2. "BusSnH, AIBN N
Br CoH, 80 °C pu——

N-(1-Methylbenzyl)indoline (2a). Following the general procedure, ortho-
bromophenethylamingt6 mg, 231umol), acetophenon@7 pL, 231 umol), and 4A MS were
stirred in benzene (1 mL) at room temperature for 12 h. Filtering of the miktorgghCelite and
removal of the solvent provided the ketimine as a >@fxure of stereocisomers. IRfilm) 3056,
1633 cnt; *H NMR (400 MHz, CDC)) & 7.78 (m, 2H), 7.57 (dJ = 6.9 Hz, 1H), 7.40 () =
3.1 Hz, 3H), 7.34 (dJ = 6.0 Hz, 1H), 7.26 (t) = 6.3 Hz, 1H), 7.10 (tJ = 6.0 Hz, 1H),3.79
(dd,J = 7.8, 7.2 Hz, 2H), 3.22 (dd,= 7.8, 7.2 Hz, 2H), 2.17 (S§H); *C NMR (100MHz,
CDCl,) ppm 166.0, 142.0, 140.0, 133.0, 131.7, 129.7, 128.5, 128.1, 127.6, 1PB49],
52.2, 37.8, 18.1HRMS (El): Exact masscalcd for C,,H,,.BrN [M+H]*, 302.0544. Found

302.0516.
The phenethylamine ketimingas similarly prepared. IR(film) 3083,
Nﬁ 1685 cm'; 'H NMR (400MHz, CDCL) & 7.78 (m, 2H), 7.40 (t) =
@N CH, 3.0 Hz, 3H), 7.31 (m, 5H), 3.76 (dd,= 7.6, 7.5 Hz, 2H), 3.10dd,

J=7.6,7.5 Hz, 2H), 2.14 (s, 3H}C NMR (100 MHz,CDCL,) ppm
165.9, 141.6, 140.9, 129.7, 129.3, 128.7, 128.5, 126.8, 126.3, 54.4, 37.8HRM;(EI):
Exact mass calcd for,(H,-N [M]*, 223.1361. Found 223.1360.

A three hour addition of a"Bu,SnH (68uL, 25 pmol) and AIBN (15mg, 93 umol)
solution in benzen€0.7 mL) to a refluxingsolution ofthe unpurifiedketimine (69.6 mg, 231
pmol) in benzene(23 mL) delivered, after flash chromatography (2% lichloromethane in
hexanes)the indoline as &olorlessoil (44.9 mg, 87%).R, = 0.62 (30% CHCl,/hexanes); IR
(film) 3046, 1606 cri; *H NMR (400 MHz, CDCJ)  7.41 (dJ = 7.5 Hz, 2H), 7.29 (tJ = 7.2
Hz, 2H), 7.26 (tJ = 7.2 Hz, 1H), 7.08 (d] = 7.2 Hz, 1H), 7.00 () = 7.8 Hz, 1H), 6.6 (tJ =
7.2 Hz, 1H), 6.36 (dJ = 7.8 Hz, 1H), 4.68 (q) = 6.8 Hz, 1H), 3.42 (dd) = 18.1, 9.1 Hz,
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1H), 3.35 (ddJ = 15.7, 7.4 Hz, 1H), 2.96 (dd,= 8.5, 8.3 Hz, 2H), 2.58 (d} = 6.8 Hz, 3H);
*C NMR (100 MHz, CDC)) ppm 151.1 143.0 128.7, 127.4, 127.3 (2C), 127.1, 12418,2,
107.5, 54.8, 48.2, 28.5, 16.8RMS (El): Exact masscalcd for C,;H,.N [M]*, 223.1361.
Found 223.1366.

Anal. Calcdfor C,;H,,N: C, 86.05; H, 7.67; N, 6.27Found: C, 86.09; H, 7.76; N,
6.38.

1. Ph,C=NH ©j>
@i;NHz 2. ”ng,'_S'gFé,OA;IgN B\Ph
Ph

N-(1-Phenylbenzyl)indoline  (2b). Following the general procedure, ortho-
bromophenethylamine (471 mg, 2.35 mmol) and benzophdnone (426 mg, 2.35mmol) were
stirred for 12 h indichloromethane (4nL). Removal of the solverprovidedthe ketimine. IR
(film) 3056, 1660, 1623 ciy'H NMR (400 MHz, CDCJ) 5 7.61 (d,J = 6.8 Hz, 2H), 7.49 (dJ
= 7.0 Hz, 1H), 7.40 (m] = 3.8 Hz, 3H), 7.35 (mJ = 7.0 Hz, 3H), 7.24 (tJ = 5.8 Hz,1H),
7.19 (d, 6.8 Hz, 1H), 7.05 (§,= 5.8 Hz, 1H), 6.98 (m] = 3.8 Hz, 2H), 3.68 (dd) = 7.2, 7.2
Hz, 2H), 3.14 (ddJ = 7.4, 7.4, Hz,2H); *C NMR (100 MHz, CDCL) ppm 169.0, 140.0,
139.8, 136.9, 132.9, 131.6, 130.1, 128.65, 128.61, 128.4, 128.2, 127.9, 127.4,5826,0,
37.9; HRMS (CI): Exact mass calcd fos,8,,BrN [M+H]", 364.0701. Found 364.0596.

v _pn The phenethylamine ketimine was similarly prepared. IR (18680, 1623
@N \7; cm?; 'H NMR (400 MHz, CDCJ) 5 7.61 (d,J = 6.8 Hz, 2H), 7.40 (1) =

3.5 Hz, 3H), 7.36 (tJ = 7.0 Hz, 3H), 7.25 (t) = 7.0 Hz, 2H), 7.18 (d,
J = 7.0 Hz, 1H), 7.16 (d] = 7.0 Hz, 2H), 6.97 (d] = 3.5 Hz, 2H), 3.66 (dd] = 7.4, 7.4, Hz,
2H), 3.03 (dd,J = 7.5, 7.5, Hz2H); *C NMR (100MHz, CDCL) ppm168.7, 140.6,140.1,
137.0, 130.1, 129.3, 128.6, 128.5, 128.4 (2C), 128.3, 127.9, 126.1, 55.8HBNS (EI):
Exact mass calcd for,(H, N [M]*, 285.1517. Found 285.1517.
A three hour addition of a"Bu,SnH (70uL, 254 pmol) and AIBN (5mg, 9.2 umol)

solution in benzene (1.0 mL) to a refluxing solution of the unpurketathine in benzené3 mL)
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delivered, after flash chromatography (2éhloromethane itnexanes)the desired indoline as a
white solid (56.8 mg, 86%). mp 64-65 ® = 0.53 (10% EtOAc/hexanes); IR (film) 3025, 1605
cm’; *H NMR (400 MHz, CDCJ) & 7.35 (m, 10H), 7.09 (dJ = 7.0 Hz, 1H), 6.92 (1) = 7.5
Hz, 1H), 6.64 (tJ = 7.0 Hz, 1H), 6.20 (d] = 7.5 Hz, 1H), 5.55 (s, 1H), 3.20 (d#i= 8.3, 8.2
Hz, 2H), 2.96 (ddJ = 8.3, 8.2 Hz, 2H)*C NMR (100MHz, CDCL) ppm 152.1, 141.5,
130.5, 128.7, 128.6, 127.4, 127.3, 124.5, 117.7, 108.3, 66.8, 51.6,HRES (EI): Exact
mass calcd for gH, ;N [M]", 285.1517. Found 285.1520.

Anal. Calcdfor C,;H,,N: C, 88.38; H, 6.71; N, 4.91Found: C, 88.14; H, 6.75; N,
4.88.

1. 4-Me,NPh(CH3)CO ©E>
Br NH, 2. "BusSnH, AIBN N
CgHg, 80 °C
HsC NMe,

N-[(1-Methyl)-4-dimethylaminobenzyl]-indoline  (2c). According to the general
procedure, ortho-bromophenethylamine(100 mg, 500 pumol), (para-N,N'-dimethylamino)
acetophenoné81.5 mg, 500pumol), and 4A MS were stirred in benzene (6L) at room
temperature for 4 d to provide the ketimine as a >95:5 mixture of stereoisomersilaglah mg,
88%). IR (film) 3050, 1602 cify 'H NMR (400 MHz, CDCJ) 5 7.63 (d,J = 9.0 Hz, 2H),7.46
(dd,J = 8.1, 1.1 Hz, 1H), 7.25 (dd,= 7.6, 1.6 Hz, 1H), 7.15 (df = 7.4, 1.1 Hz, 1H)6.98
(dt,J = 6.7, 1.6 Hz, 1H), 6.61 (dl = 9.0 Hz, 2H), 3.65 (t) = 7.4 Hz, 2H), 3.10 () = 7.4
Hz, 2H), 2.91 (s, 6H), 2.03 (s, 3HFC NMR (100MHz, CDCL) ppm 165.4, 151.6,143.1,
140.3, 132.9, 131.6, 129.5, 127.6, 128.0, 124.9, 111.7, 51.9, 40.6, 38.01, 15.09;(BRMS
Exact mass calcd for,@4,,BrN, [M]*, 344.0888. Found 344.0824.
NMe, In a similarmannerthe ketimine of phenethylamingas prepared
mY@ as a colorless solid, mp 59-62; IR (film) 3059, 1659 cr 'H
CHs NMR (400MHz, CDCL) 6 7.64 (d,J = 9.0 Hz, 2H),7.22-7.18
(m, 4H), 7.13 (dd) = 8.6, 4.5 Hz, 1H), 6.62 (d] = 8.9 Hz,
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2H), 3.64 (tJ = 7.7 Hz, 2H), 2.97 (t) = 7.8 Hz, 2H), 2.92 (s, 6H), 2.01 (s, 3HC NMR
(100 MHz, CDCJ) ppm 165.2, 151.9, 141.2, 129.2, 128.5, 127.9, 126.1, 112.0, @£},
40.6, 38.0, 15.2; HRMS (El): Exact mass calcd fgHCN, [M]*, 266.1783. Found 266.1790.
A five hour addition of a"Bu,SnH (56puL, 207 umol) and AIBN (12mg, 75 pumol)
solution in benzene (1 mL) to a refluxing solution of the unpurified ketiminen@5188umol) in
benzene (18 mL) deliveredfter flash chromatograph{SiO,, 50% dichloromethane imexanes),
the desired indoline as a crystalliselid (45 mg, 90%). mp 79-82°C; R, = 0.15 (50%
CH,Cl,/hexanes); IR (film) 2960, 1653 ¢m'H NMR (400 MHz, CDCJ) & 7.28 (t,J = 4.2 Hz,
2H), 7.03 (ddJ = 17.5, 7.2 Hz, 2H), 6.73 (d,= 8.8 Hz, 2H), 6.50 (tJ = 7.3 Hz, 1H),6.44
(d,J = 7.9 Hz, 1H), 4.71 (q] = 6.8 Hz, 1H), 3.37 (q] = 18.0, 9.2 Hz, 1H), 3.27 (d,= 15.2,
8.4 Hz, 1H), 2.95 (s, 6H), 2.93 @,= 8.0 Hz, 2H), 1.51 (dJ = 6.9 Hz, 3H):®*C NMR (100
MHz, CDCL) ppm 128.2 (2C), 127.4, 124.8, 116.8, 112.6 (2C), 107.3, 92.1, 86.3, 4539,
41.0, 28.4, 16.3; HRMS (EI): Exact mass calcd fgHCN, [M]*, 266.1783. Found 266.1774.

@ 1. 4-CF3Ph(CH3)CO ©E>
5, NH2 2. "BuzSnH, AIBN N
CeHg 80 °C
HiC CFy

N-[(1-Methyl)-4-trifluoromethyl]-indoline (2d). Following the generaprocedureprtho-
bromophenethylaming¢429 mg, 2.14 mmol)p-trifluoromethyl acetophenoné404 mg, 2.14
mmol), and 4A MS were stirred Imenzene (5 mL) abom temperaturéor 4.5 h toprovide the
ketimine as @3:7 mixture ofstereoisomers. IRfilm) 3064, 1636 cnt 'H NMR (400 MHz,
CDCI,) 8 7.87 (d,J = 8.2 Hz, 2H), 7.46 (d] = 8.3 Hz, 2H), 7.57 (d] = 7.8 Hz, 1H), 7.38 (s,
1H), 7.33-7.21 (m, 1H), 7.10 (@,= 7.7 Hz, 1H), 3.81 () = 7.3 Hz, 2H), 3.23 () = 7.3 Hz,
2H), 2.17 (s, 3H):*C NMR (100 MHz, CDC)) ppm 164.9, 144.6, 139.8, 133.0, 131129.6,
128.7, 128.6, 127.6, 127.2, 125.6, 124.9, 52.3, 37.7, 15.7; HRMS (FAB): Exactatas$or
C,H,BrF,N [M+H]*, 370.0418. Found 370.0428.
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@ In a similar manner,the ketimine of phenethylamineas prepared as a
"™ colorless oil; IR (film) 3063, 1623 cinH NMR (400 MHz, CDC)) & 7.88
(d, J = 8.3 Hz, 2H), 7.65 (d] = 8.3 Hz, 2H), 7.39 (s, 2H), 7.35-7.23 (m,
Ly, 3H),3.79 (t=7.4Hz, 2H), 3.11 (= 7.5 Hz, 2H), 214 (s, 3HJC
NMR (100 MHz, CDCL) ppm 164.6, 131.6, 131.3, 129.2, 128.627.2,
126.4, 125.5, 125.4, 123.0, 54.4, 37.6, 15RMS (FAB): Exactmasscalcd for C,_H,,F;N

[M+H]", 292.1313. Found 292.1319.

A threehour addition of a’Bu,SnH (91pL, 337 umol) and AIBN (20mg, 123pumol)
solution in benzene (1 mL) to a refluxing solutiontleé unpurifiedketimine (113 mg, 307umol)
in benzene (31 mL) delivered, after flash chromatography (20%CiH hexanes), 65 mg (72%)
of the desired indoline as a colorless Bjl= 0.40 (10% EtOAc/hexanes; IR (fill3p48, 1606 cm
4 NMR (400 MHz, CDCJ) 5 7.61 (d,J = 8.3 Hz, 2H), 7.45 (d] = 8.3 Hz, 2H), 7.10 (d] =
6.9 Hz, 1H), 7.01 (tJ = 7.5 Hz, 1H), 6.65 (J = 7.1 Hz, 1H), 6.31 (dJ = 7.9 Hz, 1H),4.73
(g, J = 6.8 Hz, 1H), 3.43 (dd] = 17.9, 8.7 Hz, 1H), 3.37 (dd,= 15.7, 7.4 Hz, 1H), 2.99 (@
= 8.3 Hz, 2H), 1.57 (dJ = 6.9 Hz, 3H);*C NMR (100 MHz, CDCL) ppm 151.3, 147.5,
130.4, 129.6, 129.3, 127.5, 127.4, 125.7, 124.8, 117.7, 107.5, 54.9, 48.5, 28.5%/RM3,
(El): Exact mass calcd for,(H, ,F.N [M]", 291.1235. Found 291.1234.

Anal. Calcdfor C_H,,F;N: C, 70.09; H, 5.54; N, 4.8Found: C, 70.36; H, 5.54; N,
4.84.

@ 1. 2.4.5-F5-Ph(CH3)CO ©j>
gy "Hz2 2. "BusSnH, AIBN N F
CeHe, 80 °C
HC .

1-[1-(2,4,5-Trifluorophenyl)ethyl]-2,3-dihydro-1H-indole (2e). Following the
general procedure, ortho-bromophenethylamine (100 mg, 0.503 mmol), 2',4',5'-

trifluoroacetophenone (87.0 mg, 50810l) were stirred irbenzeng5.0 mL) at room temperature
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for 5 h to provide th&etimine as aolorlessoil (179 mg, 100%); IRfilm)
m\ CH, 3067, 1627cm-1; 1H NMR(400 MHz,CDCI3) % 7.59 (dd,J = 8.1, 1.1
F Hz, 1H), 7.52-7.44 (m, 1H), 7.34-7.27 (m, 1H), 7.18 @ 7.9, 1.9
Hz, 2H), 6.96-6.90 (m , 1H), 3.76 @,= 7.4 Hz, 2H), 3.22 (t) = 7.8
F Hz, 2H), 2.15 (d,J = 3.5 Hz, 3H);**C NMR (100MHz, CDCL) ppm
163.2, 139.6, 133.1, 131.6, 128.3, 127.7, 126.9, 124.9, 118.6, 117.8, 106.1, 51.8, 37.5, 18.9;
HRMS (El): Exact mass calcd for, &, ,BrF,N [M+H]*356.0262. Found 356.0293.
In a similar manner, phenethylaming50.0 mg, 0.413 mmol)2',4",5'-trifluoroacetophenone
(54.0uL, 0.413 mmol) were stirred in benzen@.1 mL) atroom temperaturér 5 h to provide
the ketimine as aolorlessoil (110 mg, 90%): IRfilm) 3065, 1627 cnt 'H NMR (400 MHz,
CDCL,) & 7.49-7.42 (m, 1H), 7.36-7.22 (m, 4H), 7.11 Jd= 6.9 Hz, 1H), 6.97-6.90 (miH),
3.74 (t,J = 7.4, 2H), 3.10 (t) = 7.7 Hz, 2H), 2.12 (dJ = 3.4 Hz , 3H);"*C NMR (100MHz,
CDCl,) ppm 162.9, 140.5, 140.1, 129.2, 129.2, 128.7, 128.6, 126.5, 118.1, 110631,
53.9, 37.4, 18.9;HRMS (EIl): Exact masscalcd for C H,,F,N [M]*, 277.1078. Found

277.1085.
Following the generalprocedure, a three-howddition of "Bu,SnH (59.0 L, 0.219

mmol) and AIBN (11.0 mg, 68.amol) solution inbenzene (1 mL) to a refluxingplution of the
unpurified ketimine (60.0 mg, 0.169mmol) in benzene(17 mL) delivered, after flash
chromatography (10% Cgl,/hexanes), the desired indoline (31.0 mg, 65%) as a colwtdiss
R = 0.1 (1%EtOAc/hexanes); IR (film)3063 , 1628 ch 'H NMR (400 MHz, CDCL) &
7.31-7.25 (m, 1H), 7.11 (dJ = 7.2 Hz, 1H),7.03-6.93 (m, 2H), 6.67 (tJ = 7.3 Hz,1H),
6.26 (d,J = 7.8 Hz, 2H), 4.84 (q) = 6.9 Hz, 1H), 3.52 (td) = 7.8, 1.3 Hz, 2H), 3.03 (i =
7.9 Hz, 2H), 1.55 (dJ = 7.0 Hz, 2H);*C NMR (100MHz, CDCL) ppm156.5, 154.2,151.0,
148.3, 130.3, 127.6, 127.5, 124.7, 118.0, 116.2 &6.0 Hz) 107.4 , 105.9 (d,= 20.5Hz),
49.5, 49.1, 28.5, 18.24RMS (EI): Exactmasscalcd or GH,,F,N [M]*, 277.1078. Found
277.1088.

S-9



Supporting Information Johnston et al.

Anal. Calcdfor C,H,,F;N: C, 69.30; H, 5.09; N, 5.0%ound: C, 69.39; H, 5.06; N,
5.03.

1. 2,6-(MeO),Ph(CHs)CO ©E>
@::NHz 2. ”Bg:ﬁz‘HéoA!EN ;\CHS
2,6-(MeO),PH
(2,6,Dimethoxyphenyl)ethyl]-2,3-dihydro-H-indole (2f). Following the general
procedureprtho-bromophenethylamine (200 m@,999 mmol) and2',6'-dimethoxyacetophenone
(180 mg, 0.999 mmol) were stirred in benzene (10.0 mL) at tearperaturdor 10 h to provide
the ketimine as aolorlessoil (326 mg, 90%): IRfilm) 2293, 1648, 1104 cin'H NMR (400
MHz, CDCL) & 7.45 (d,J = 7.7 Hz, 1H),7.24-7.15 (m, 3H), 7.00 (tdJ = 6.3, 2.7 Hz,1H),
6.56 (d,J = 8.3 Hz, 2H), 3.77 (s, 6H), 3.32 {t= 7.4 Hz, 2H), 3.03 (dd] = 8.5, 5.8 Hz, 2H)
2.25 (s, 3H);"®*C NMR (100MHz, CDCL) ppm 164.9, 156.7, 155.9, 140.1, 132.530.9,
129.5, 127.2, 124.6, 116.3, 103.9, 103.5, 55.8, 55.6, 53.3, 37.3, 32.3,HRMS (EI):
Exact mass calcd for,@H,,BrNO, [M+H]", 362.0756. Found 362.0750.
In a similar manner, phenethylaming50.0 mg, 0.413 mmol)2',6'-
@N\ CH, dimethoxyacetophenone (74.4 mg, 0.4d6hol) were stirred irbenzene
CH,0 ocH, (4.1 mL) atroom temperaturdor 10 h to providethe ketimine as a
colorless oil (108 mg, 87%): IR (film) 2922, 1643, 1115'ch NMR
(400 MHz, CDCJ) & 7.25 (t,J = 8.5 Hz, 3H), 7.18-7.13 (m, 3HE.58
(d, J = 8.3 Hz, 2H), 3.78 (s, 6H), 3.33 (t,= 7.0, 2H), 2.95 (t) = 7.9 Hz, 2H), 2.27 (s, 3H);
*C NMR (100MHz, CDCL) ppm 164.7, 156.1, 141.1, 130.9, 129.9, 129.0, 12826.0,
116.6, 104.2, 103.9, 56.1, 55.8, 55.7, 37.5, 27.9; HRMS (El): Exact calasdor C ;H,,NO,
[M]*, 283.1572. Found 283.1570.
Following the general procedure, a three hour additiocBafSnH (232uL, 0.866 mmol)
and AIBN (43.0 mg, 0.266mmol) in benzene (2 mL) to a refluxirgplution ofthe unpurified
ketimine (241 mg, 0.666 mmol) ipenzeng66 mL) delivered,after flash chromatograph{SiO,,
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30% dichloromethane in hexanethle desired indoliné50.0 mg, 27%) as eolorless solidR, =
0.10 (30% CHCl/hexanes); IR (film) 2935, 1606 ¢in'H NMR (400 MHz, CDC)) & 7.16 (t,J
= 8.3 Hz, 1H), 7.00 (tJ = 6.8 Hz, 1H), 6.98 (dJ = 1.1 Hz, 1H), 6.56 (dJ = 8.3 Hz,2H),
6.51-6.46 (m, 2H), 5.41 (] = 7.1 Hz, 1H), 3.84 (2, 6H), 3.68 (dd= 18.3, 9.0 Hz1H),
3.61 (dd,J =18.7, 6.4 Hz, 1H), 2.98 (dd,=15.7, 6.7, 1H) 2.91 (dd] =15.7, 9 Hz 1H),1.59
(d, J = 7.3 Hz, 3H);**C NMR (100MHz, CDCL) ppm 159.0, 152.3, 129.5, 128.3,27.5,
124.2, 119.5, 115.7, 105.9, 104.7, 56.0, 48.5, 46.2, 28.7, HRMS (El): Exactmasscalcd
for C,;H,,NO, [M]* ,283.1572. Found 283.1581.
Anal. Calcdfor C;H,,NO,: C, 76.29; H, 7.47; N, 4.94ound: C, 76.56; H, 7.51; N,

4.91.

1. Ph(CH3)CO ©i>
o NH2 2. "BugSnH, AIBN N
CeH, 80 °C

CF
Ph 8

N-(1-Trifluoromethyl)benzyl indoline (2g). Following the generalprocedure, ortho-
bromophenethylamine (852 mg, 4.25 mmol), trifluoroacetophenongu(58021 mmol), and 4A

MS were stirred in toluene (10 mL) at room temperature for 12 h to provide the ketimine as a >95:5
mixture of stereoisomers. IR (film) 3062, 1669 %iH NMR (400MHz, CDCL) & 7.49 (d,J =

7.9 Hz, 1H), 7.44 (8 = 7.4 Hz, 1H), 7.38 (t) = 7.1 Hz, 2H), 7.24 (t) = 7.4 Hz, 1H),7.18

(d, J = 6.0 Hz, 1H), 7.10 (t) = 6.0 Hz, 1H), 6.94 (dJ = 7.1 Hz, 2H), 3.69 (dd)= 7.1, 7.1

Hz, 2H), 3.13 (ddJ = 7.1, 7.1 Hz,2H); *C NMR (100MHz, CDCL) ppm 158.9, 138.4,

133.0, 131.7, 130.3, 130.1, 128.8, 128.4, 127.7, 127.5, 124.9, 52.8 36.8; HHRMBxact

mass calcd for (H,,F.N [M—Br]*, 276.1000. Found 276.1003.

The phenethylamine ketimingas similarly prepared. IR(film) 3063,
1669 cr; 'H NMR (400MHz, CDCL) & 7.43 (t,J = 7.2 Hz, 1H),

N
AN
©/v cF, 7.37 (t,J = 7.6 Hz, 2H), 7.23 (mJ = 6.8 Hz, 3H), 7.10 (dJ = 6.7

Hz, 2H), 6.90 (dJ = 7.3 Hz, 2H), 3.65 (dd] = 7.2, 7.2 Hz2H),
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3.00 (dd,J = 7.1, 7.1 Hz, 2H)}*C NMR (100MHz, CDCL) ppm158.9, 139.3, 130.4130.1,
129.3, 128.8, 128.6, 127.8, 126.6, 121.3, 118.5, 55.0, 36.7; HRMSExactmasscalcd for
C,H,FN [M]*, 277.1078. Found 277.1081

A threehour addition of"Bu,SnH (184pL, 682 umol) and AIBN (41mg, 248umol)
solution in benzen€2.5 mL) to a refluxingsolution ofthe unpurifiedketimine (220 mg, 620
pmol) in benzene (62 mL) delivered, after flash chromatography (5%ICiH hexanes), 133 mg
(77%) ofthe desired indoline asalorless oil.R, = 0.35 (5%EtOAc/hexanes); IR (filmB031,
1607 cm; *H NMR (400 MHz, CDCJ) 5 7.40 (m, 5H), 7.11 (t) = 7.9 Hz, 1H), 7.09 (dJ =
7.4 Hz, 1H), 6.71 (t) = 7.4 Hz, 1H), 6.62 (d] = 7.9 Hz, 1H), 5.24 (¢ = 8.7 Hz, 1H),3.62
(dd, J = 14.2, 8.7, Hz, 1H), 3.19 (dd,= 10.1, 8.9, Hz, 1H), 3.01 (n"2H); *C NMR (100
MHz, CDCl,) ppm 150.5, 131.9, 129.3, 129.0 (2C), 127.6, 127.5, 125.1, 124.7, 1T&H,
62.0 (g,J = 30.5 Hz, 1C), 48.6, 28.31RMS (EIl): Exact masscalcd for C,H,,F;,N [M],
277.1078. Found 277.1071.

Anal. Calcdfor C H,,F;N: C, 69.30; H, 5.09; N, 5.0%ound: C, 69.33; H, 5.24; N,
5.04.

1. CH3(CF3)CO ©E>
@f;’\“"z 2. ”Bg:ﬁr;HS,OAlCB:N ;\CFg
H,C
N-(1-Trifluoroethyl)-indoline (2h). Following the general procedure, ortho
bromophenethylamin€200 mg, 999umol), trifluoroacetone(168 mg, 1.5 mmol)and 4A MS
were stirred in benzene (BL) atroom temperaturéor 4 h to providethe ketimine as &95:5
mixture of stereoisomers (264 mg, 90%). IR (film) 3059, 1686, CthNMR (400 MHz, CDC))
5 7.57 (d,J = 8.3 Hz, 1H), 7.29-7.22 (m, 2H), 7.13 (dt= 6.8, 2.4 Hz, 1H), 3.75 (1= 7.3
Hz, 2H), 3.17 (tJ = 7.3 Hz, 2H); 1.85 (s, 3H$*C NMR (100 MHz, CDC)) ppm 157.3 (q,J =
33.6 Hz), 138.6, 133.1, 131.8, 127.8, 124.7, 121.4, 118.6, 51.4, 36.6, HRNS (El):

Exact mass calcd for,,,BrF,N [M+H]", 296.0086. Found 296.0088.
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N_CHs In a similar manner, the ketimine derivedrom phenethylamine was

1; prepared. IR (film) 3088, 1686 ¢m'H NMR (400MHz, CDCL) & 7.34
(dd,J = 7.0, 7.0 Hz, 2H), 7.27 (8, = 6.6 Hz, 1H), 7.26 (dJ = 6.9 Hz,

2H), 3.74 (t,J = 7.3 Hz, 2H), 3.06 (t) = 7.3 Hz, 2H), 1.81 (s, 3H)3C NMR (100 MHz,

CDCl,) ppm 156.9 (q,J = 32.8 Hz), 139.6, 129.2, 128.8, 126.7, 120.1, 53.6, 36.4, 12.5;

HRMS (El): Exact mass calcd for, #,,F,N [M]*, 215.0922. Found 215.0928.

In accord withthe generaprocedure, @ghreehour addition of a"Bu,SnH (133puL, 495
pmol) and AIBN (30mg, 180umol) solution in benzene (fnL) to a refluxingsolution of the
unpurified ketimine (132 mg, 45@mol) in benzene (44 mL) provided, afféash chromatography
(100% hexanes)the desired indoline as \latile colorless liquid(80 mg, 83%).R, = 0.15
(hexanes); IR (filmB050, 1490 crfy *H NMR (400MHz, CDCL) 3 7.07 (t,J = 7.9 Hz, 2H),
6.65 (t,J = 7.3 Hz, 1H), 6.44 (d] = 7.8 Hz, 1H), 4.14 (m, 1H), 3.54 (t= 8.5 Hz, 2H),3.03
(t, J = 8.6 Hz, 2H), 1.38 (d] = 7.0 Hz, 3H);"*C NMR (100MHz, CDCL) ppm150.3,129.3,
127.5, 125.0, 118.2, 114.0, 106.3, 52.8J¢; 28.2 Hz), 47.1, 28.5, 10.5{RMS (EIl): Exact

mass calcd for H,,F.N [M]*, 215.0922. Found 215.0920.
Br

@ 1. CH3COCH;4 ©E>
NHz 2. ™BusSnH, AIBN N

CgHg, 80 °C

CH
H,C 3

N-(iso-Propyl)-indoline (2i). Following the general  procedure,  ortho
bromophenethylamine (150 mg, 7afhol), acetong44 mg, 750umol) and 4A MS were stirred
in benzene (5 mL) at room temperature for 4 h to provide the ketimine. IR @69, 1653 crh
'H NMR (400 MHz, CDCJ) 5 7.50 (d,J = 8.3 Hz, 1H), 7.24-7.18 (m, 2H), 7.04 (= 6.9,
2.3 Hz, 1H), 3.46 (t) = 7.5 Hz, 2H), 3.06 (t) = 7.7 Hz, 2H), 1.99 (s, 3H), 1.71 (s, 3¥C
NMR (100 MHz, CDCL) ppm168.3, 139.9, 133.0, 131.4, 128.1, 127.6, 124.9, 5377,
29.5, 18.6; HRMS (El): Calcd for,@4,.BrN [M+H]*, 240.0310. Found 240.0389.

The analogous phenethylamiketimine was similarly prepared. IR(film) 3080, 1665 cnf ‘H
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n_cH, NMR (400 MHz, CDC)) §7.33 (1, = 8.1 Hz, 2H), 7.28-7.24 (n§H),
@N \c(Hg 3.52 (t,J = 7.8 Hz, 2H), 3.00 (t) = 7.8 Hz, 2H), 2.05 (s, 3H), 1.74 (s,
3H), *C NMR (100MHz, CDCL) ppm 169.9, 140.8, 129.1128.8,

126.3, 53.7, 37.7, 29.5, 18.6iRMS (El): Exact masscalcd for C,H,.N [M]*, 161.1204.
Found 161.1200.

A three-hour addition ofBu,SnH (154pL, 573 pmol) and AIBN (34mg, 208umol)
solution in benzene (1 mL) to a refluxing solutionttedé unpurifiedketimine (125 mg, 521umol)
in benzene (50 mL) delivered, afféash chromatography (30% CEl/Hexanes) 0.024 g (30%)
of the desired indoline asvalatile colorless liquid.R; = 0.1 (30% CHECl/hexanes); IR(film)
3047, 1607 cny *H NMR (400MHz, CDCL) 3 7.04 (t,J = 6.7 Hz, 2H), 6.59 (&) = 7.4 Hz,
1H), 6.42 (dJ = 8.1 Hz, 1H), 3.83 (sep,= 6.6 Hz, 1H), 3.33 () = 8.5 Hz, 2H), 2.93 (t) =
8.3 Hz, 2H), 1.15 (dJ = 6.7 Hz, 6H);**C NMR (100MHz, CDCL) ppm151.5, 130.5127.5,
124.6, 117.1, 107.3, 46.0, 45.7, 28.4, 18IRMS (El): Exactmasscalcdfor C,,H,.N [M]*,
161.1204. Found 161.1201.

1. Et,CO ©E>
B NH, 2. "Bu3SnH, AIBN N

CgHg, 80 °C

Et
E

1-(1-Ethylpropyl)-2,3-dihydro-1H-indole (2j). Following the generaprocedure ortho-
bromophenethylamine (200 mg, 1.00 mmol) and 3-penta(@h0 mg, 1.00mmol) were stirred
in benzene (5 mL) at room temperature for 48 h to provide the ketimine as a calibr{2dd mg,
90%). IR (film) 3056, 1660 ct) *H NMR (400 MHz, CDCJ) & 7.56 (dd,J = 7.9, 0.9 Hz1H),
7.32-7.24 (m, 2H), 7.10 (td,= 7.8, 1.9 Hz, 1H), 3.61 (§ = 7.5 Hz, 2H), 3.10 (J = 7.9 Hz,
2H), 2.30 (qJ = 7.5, 2H), 2.18 (qJ = 7.7 Hz, 2H), 1.12 () = 7.5 Hz, 3H), 1.01 () = 7.7
Hz, 3H); *C NMR (100MHz, CDCL) ppm176.2, 140.1, 132.9, 131.6, 128.0, 127124.8,

50.6, 38.0, 32.8, 24.0, 11.3, 11.HRMS (EIl): Exact mass calcd for
@N\ e C.H,BrN [M+H]* 268.0703. Found 268.0690.

Et Following a similar procedurdghe phenethylamine ketimingas prepared. IR
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(film) 3084, 1647 cri; *H NMR (400MHz, CDCL) & 7.32-7.19 (m, 5H), 3.58 (f = 7.7 Hz,
2H), 2.95 (t,J = 7.9 Hz, 2H), 2.28 (o) = 7.4 Hz, 2H), 2.13 (@J = 7.7, 2H), 1.11 (t) = 7.4
Hz, 3H), 0.97 (t,J = 7.8 Hz, 3H);"*C NMR (100MHz, CDCL) ppm 176.0, 140.9,129.2,
128.5, 126.2, 52.8, 38.0, 32.9, 24.0, 11.4, 1HRMS (FAB) Exactmasscalcdfor C,;H,,N
[M+H]*, 190.1596. Found 190.1592.

Following general procedure, a three hour additiotBafSnH (126uL, 0.470mmol) and
AIBN (28 mg, 0.170mmol) solution in benzene (L) to a refluxingsolution ofthe unpurified
ketimine (114 mg, 0.425mmol) in benzend42 mL) delivered,after flash chromatography on
silica gel (4% dichloromethane in hexand® desired indoline aswmlatile colorless liquid(32.0
mg, 40%).R, = 0.10 (4% CHCl/hexanes); IR(film) 3048, 1607 cny '"H NMR (400 MHz,
CDCL,) & 7.00 (t,J = 7.3 Hz, 2H), 6.51 (t = 7.1 Hz, 1H), 6.34 (d] = 8.1 Hz, 1H), 3.34 (t)
= 8.7 Hz, 2H), 3.24 (pJ = 7.1 Hz, 1H), 2.96 () = 8.7 Hz, 2H), 1.56-1.49 (m, 4H), 0.92 {t,
= 7.4 Hz, 6H);"*C NMR (100MHz, CDCL) ppm152.6, 129.5, 127.5, 124.6, 115.805.8,
58.2, 45.5, 28.4, 24.7, 11.9; HRMS (EI): Exact mass calcd fg¢ , (N [M]*, 189.1517. Found
189.1527.

@5\0\1 LiAlH4, AlCI5 @
° NH
B Et,0, 0 °C g N2

2-(ortho-Bromophenyl)-propionamine. An ethereakolution of chilled AICI, (1.0 M) was

added via cannula to a chilled ethemapension okiAlH , and stirred for 1 h. A solution of 2-
(ortho-bromophenyl)propionitrile in ether (15 mL) was added dropwise and stirred overnight while
warming to rt. The reaction was recooled ini@bath, diluted with ether, and slowlyjuenched

with NH,OH. The organic layewas separated, drieand concentrated to a yellogil, which

was distilled (68-69 °C, 200 mTorr) to furnish the amine as a clear, colorless difilmR3370,

3058, 2962, 1589 cfp'H NMR (400MHz, CDCJ) 8 7.56 (ddJ = 7.9, 1.2 Hz, 1H), 7.29 (1]

= 8.3 Hz, 1H), 7.22 (dd] = 7.8, 1.7 Hz, 1H), 7.06 (§,= 9.0 Hz, 1H), 3.34 (dqJ = 13.8, 6.9

Hz, 1H), 2.90 (ddJ = 14.5, 7.3 Hz, 1H), 2.84 (dd,= 14.6, 6.4 Hz, 1H), 1.23 (d,= 6.9 Hz,
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3H); ®*C NMR (100MHz, CDCl) ppm 144.1, 133.2, 127.98, 127.95, 127.5, 12548,7,
41.9, 18.6; HRMS (ClI): Exact mass calcd fgHCBrN [M-H]*, 212.0075. Found 212.0082.

CH3 CH3

1. Ph(CH3)CO @
Br NH, 2. "BugSnH, AIBN N

CeHe, 80 °C )\CHg
P

N-(1-Phenethyl)-3-methylindoline (7a). Following the general procedure, 2€grtho-
bromophenyl)-2-methyl-ethylamin@53 mg, 1.65 mmol)acetophenongl92 pL, 1.64 mmol),
and 4A MS were stirred in benzene (5 mL) at room temperature for 12 h to provkigithiee as
a >95:5 mixture of stereoisomers. IR (film) 3057, 1633;ciid NMR (400MHz, CDCl) & 7.80
(m, 2H), 7.59 (dJ = 6.9 Hz, 1H), 7.39 (m, 4H), 7.31 &= 6.9 Hz, 1H), 7.08 (t) = 6.1 Hz,
1H), 3.76 (ddJ = 10.5, 6.3, Hz, 2H), 3.57 (dd,= 13.8, 6.9 Hz, 1H), 2.19 (s, 3H), 1.45 (A,
= 6.7 Hz, 3H);"*C NMR (100MHz, CDCL) ppm165.5, 144.9, 141.4, 133.0, 129.528.4,
128.3, 127.8, 127.6, 126.8, 125.1, 58.1, 39.9, 18.8, FRMS (El): Exact masscalcd for
C,.H,,BrN [M+H]*, 316.0701. Found 316.0588.
CHs In a similar manner, the ketimine of 2-phenyl-1-propylanwas prepared.
NYPh IR (film) 3083, 1634 crfy 'H NMR (400 MHz, CDCL) 7.76 (m,2H),
e 7.39 (t,J = 3.1 Hz, 3H), 7.30 (m, 4H), 7.24 @,= 3.9 Hz, 1H),3.69
(dd,J = 13.9, 5.9 Hz, 1H), 3.59 (dd,= 13.7, 7.9 Hz, 1H), 3.30 (dd,= 13.8, 7.0 Hz1H),
2.13 (s, 3H), 1.44 (d] = 7.0 Hz, 3H);*C NMR (100MHz, CDCL) ppm165.4, 146.2141.6,
129.6, 128.5, 128.4, 127.6 126.8, 126.3, 60.1, 41.5, 19.5, 15.7; HRM%xactmasscalcd
for C,;H,,N [M]*, 237.1517. Found 237.1521.

A threehour addition of"Bu,SnH (84 L, 314 pmol) and AIBN (18.7 mg, 114umol)
benzene solution (1 mL) to a refluxing solution of the unpuriieitmine (90.3 mg, 28G.mol) in
benzeng28 mL) afforded,after flash chromatograph{SiO,, 1% ether inhexanes)the desired
indoline as a yellow 0i(58.4 mg, 86%)(58:42 mixture of diastereomers)R, = 0.6 (10%
EtOAc/hexanes); IR (film) 3024, 1605 &mtH NMR (400MHz, CDCL) & 7.43 (d,J = 7.5 Hz,
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4H), 7.35 (t,J = 7.5 Hz, 6H), 7.03 (dJ = 8.0 Hz, 2H), 7.01 (tJ = 4.3 Hz, 2H), 6.65 (&) =
7.4 Hz, 2H), 6.36 (dJ = 4.3 Hz, 2H), 4.74 (4] = 6.9 Hz, 1H), 4.68 (q] = 6.8 Hz, 1H),3.62
(dd,J = 8.8, 8.8 Hz, 1H), 3.45 (dd,= 8.6, 8.6 Hz, 1H), 3.30 (dd,= 14.6, 7.3 Hz, 2H)2.95
(dd,J = 8.8, 8.8 Hz, 2H), 1.57 (d,= 7.0 Hz, 3H), 1.52 (dJ = 6.9 Hz, 3H), 1.33 (dJ = 6.7
Hz, 3H), 1.27 (dJ = 6.8 Hz, 3H);"*C NMR (100 MHz, CDCL) ppm 151.5, 150.8,146.4,
143.5, 142.8, 135.4, 135.3, 128.68, 128.62, 127.57, 127.53, 127.2, 127.1, 123.5,
117.0, 107.5, 107.2, 56.5, 56.0, 54.9, 54.3, 35.0, 19.9, 18.3, 17.2,HR\SS (El): Exact
mass calcd for CH,,N [M]", 237.1517. Found 237.1509.
Anal. Calcdfor C,;H,,N: C, 86.03; H, 8.07; N, 5.90Found: C, 85.82; H, 8.02; N,

5.90.

CHj3
©i\C02H 1. SOCl, E:E\”/
Br 2. Me,Culli, Et,0 B O

1-(ortho-Bromophenyl)-acetone. 2-Bromophenylacetic acid214 mg, 1 mmol) was
dissolved in freshigdistilled thionyl chloride (6 mL) and stirrefbr 2 h. Removal of SOCL by
vacuum providedthe derived acid chloride quantitative(g32 mg). In aseparateflask, a
suspension of Cul (571 mg, 3 mmol) in chilled dry ether (8 mL) was treated with MeLi (4 mL, 1.5
M solution in hexanes)nd the mixturewas stirred for 5 m.The resultingclear orange-red
solution was cooled to -78 °C and theid chloride(232 mg, 1mmol) wasadded as a solution in
ether (1 mL) and stirretbr 30 m. Absolute methana{0.5 mL) wasthen added and the mixture
was allowed to warm to rt over a 2 period. The contentsvere poured into arqual volume of
satd aqg ammonium chloride and stirred vigorously for 3Ume.aqueoudayer was separated and
washed with ether. The combined organic layers were washed with water,addechncentrated
to a residue which wagurified by flash column chromatograp8iO,, 5 % ethyl acetate in
hexanes) to yieldhe desired ketone as a yellod (167 mg, 79 %). R= 1.15 (5%
EtOAc/hexanes); IR (film) 3057, 1923, 1724, rtH NMR (400MHz, CDCL) & 7.58 (dd,J =
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8.0, 1.0 Hz, 1H), 7.29 (di = 7.5, 1.0 Hz, 1H), 7.22 (dd,= 7.5, 1.6 Hz, 1H), 7.15 (dfl =
7.9, 1.8 Hz, 1H), 3.87 (s, 2H), 2.22 (s, 3L NMR (100MHz, CDCL) ppm205.1, 135.0,
133.1, 131.9, 129.1, 127.9, 125.3, 51.0, 30.1; HRMS (EI) Exact oadatfor C,H,BrO [M]",
211.9837. Found 211.9830.

©f\H/CH3 NaBH;CN WCH3
B 0 4R MS, NH4OAC B NH;

CH3OH
1-(ortho-Bromophenyl)-2-amino-propane To a solution ofthe ketone(60 mg, 0.283
mmol) in MeOH (1.1 mL) was addedaBH,CN (18 mg, 0.283 mmol), NJ@Ac (218 mg, 2.83
mmol) and 4A MS (53 mg). The resulting mixture was stirred for 18nk, thenconc. HCI (0.3
mL) was addeddropwise tathe solution untilthe pH of the mixturedropped to <3 and a white
solid precipitated. The mixture was concentrated, water was added to the rasditi®e resulting
mixture was extractedwith CH,Cl,. 6M Ag NaOH wasadded to thequeous phasentil the pH
was >12.The solution wasextractedwith CH,CI,, and the organic layeraere washed with
water, dried, and concentrated to an oil that was purified by flash column chromato@&pbfy
methanol in dichloromethane) to obtain the desiethe as &olorlessoil (43 mg, 72 %). R=
1.2 (2.5%MeOH/CHCL); IR (film) 3366, 3055,1633,1590, 1566 ¢mtH NMR (400 MHz,
CDCL,) & 7.54 (dd,J = 7.9, 1.9 Hz, 1H), 7.28-7.20 (m, 2H), 7.10-7.05 (m, 1H), 3.32-3.24 (m,
1H), 2.85 (dd,J = 13.3, 5.7 Hz, 1H), 2.66 (dd,= 13.3, 7.8 Hz, 1H), 1.30-1.24 (b&H),
1.14 (d,J = 6.3 Hz, 3H);"C NMR (100 MHz, CDC)) ppm 139.3, 133.2, 131.7, 128.227.6,
125.2, 47.3, 46.7, 23.61RMS (EI) Exactmasscalcd for C;H,,BrN [M]*, 214.0281. Found
214.0155.

The corresponding desbromo-ketone and amine were synthesized by similar procedures:
cH, Benzyl methyl ketone: IR (film) 3062, 1712, 1616, 1602 ¢m'H NMR
m (400 MHz, CDC}) 5 7.37 (d,J = 7.0 Hz, 2H), 7.33-7.27 (m, 1H), 7.23 (@,
= 7.0 Hz, 2H), 3.72 (s, 2H), 2.17 (s, 3HJC NMR (100MHz, CDCL) ppm
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206.6, 134.6, 129.7, 129.0, 127.3, 51.2, 2HRMS (EI) Exactmasscalcdfor C,H,,0 [M]",
134.0732. Found 134.0729.

©/\(CH3 1-Phenylpropyl-2-amine IR (film) 3370, 3065,1635,1605, 1566 ¢mH
N2 NMR (400MHz, CDCL) & 7.31 (dd,J = 7.6, 7.3 Hz, 2H), 7.25-7.19 (m,

3H), 3.19 (bs, 1H), 2.73 (dd,= 13.1, 4.9 Hz, 1H), 2.53 (dd,= 13.3, 8.0 Hz, 1H)1.44-
1.28 (br s, 1H), 1.14 (d] = 6.2 Hz, 3H);*C NMR (100MHz, CDCL) ppm 139.8, 129.5,
128.7, 126.5, 48.8, 46.8, 23.7; HRM|) Exactmasscalcdfor C;H,,BN [M+H]*, 135.1128.
Found 135.1122.

@fYCHB 1. Ph,C=NH @
CHj3
5 VM2 2.™BugSnH, AIBN N

CgHg, 80 °C o
Ph

N-(1-Phenylbenzyl)-2-methylindoline (7b). Following the generalprocedure, 2¢rtho-
bromophenyl)-1-methylethylamin®0 mg, 234umol), benzophenonemine (42 mg, 233umol)
and 4A MS were stirred in dichloromethane (2.5 mLjoaim temperaturéor 3 days under argon
atmosphere to provide the ketimine as a solid (8596¢6). mp 59-6FC; IR (flm) 3057,1726,
1661 cm; *H NMR (400 MHz, CDCJ) & 7.59 (d,J = 6.9 Hz, 2H), 7.45 (dJ = 7.4 Hz,1H),
7.37-7.30 (m, 6H), 7.20-7.14 (m, 2H), 7.03 (@& 6.9, 1.4 Hz, 1H), 6.63 (d] = 6.7 Hz,
2H), 3.81 (qdJ = 7.8, 6.2, Hz, 1H), 3.03 (d,= 4.5 Hz, 1H), 3.01 (dJ = 7.1 Hz, 1H),1.30
(d, J= 6.2 Hz, 3H);*C NMR (100MHz, CDCL) ppm 167.1, 140.2, 139.4, 137.3,32.6,
130.3, 129.9, 128.6, 128.4, 128.2, 128.1, 127.8, 127.6, 127.1, 125.4, 57.4, 44.8, 22.4,
HRMS (El): Exact mass calcd for,#,,BrN [M]*, 377.0779. Found 377.0630.
NYPh In a similar manner,the ketimine of 1-methyl-2-phenylethylamine was

ms ph prepared. IRfilm) 3080, 1661 cni ‘H NMR (400MHz, CDCL) & 7.55

(d,J = 7.5 Hz, 2H), 7.36-7.27 (m, 5H), 7.22-7.14 (m, 4H), 7.03J(d,
7.4 Hz, 2H), 6.66 (dJ = 6.8 Hz, 2H), 3.60 (qd] = 6.6, 6.0 Hz, 1H), 2.92 (dd,= 13.0, 8.3
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Hz, 1H), 2.78 (ddJ = 13.0, 5.1 Hz, 1H), 1.25 (dl = 5.7 Hz, 3H);"*C NMR (100 MHz,
CDCIl,) ppm 140.2, 132.7, 130.3, 129.9, 128.6, 128.2, 127.7, 126.0, 59.9, 45.1HRR/§
(El): Exact mass calcd for,@1,,N [M]*, 299.1674. Found 299.1667.

To a refluxing solution of the unpurified ketimine (20 mg&30l) in benzene (9 mL) was
added'Bu,SnH (15.6uL, 58.2umol), followed by a four-hour addition of AIBKL0O.4 mg,63.5
pmol) dissolved irbenzene (2nL). After the first 2 h of the reaction, anothelot of "Bu,SnH
(15.6pL, 58.2umol) was added to the reaction mixture. After the complete additiddBN, the
reaction mixturewas refluxed for 1 h, followed byemoval ofsolvent. Flashchromatography
(SiO,, 5% CHCI, in hexanes) yielded the desiriedloline as a soli@13.1 mg, 78%). mp 58-61
°C; R = 0.15, (5% CHCl./hexanes); IRfilm) 3060, 1635 cny ‘H NMR (400MHz, CDCL)
7.41 (d,J = 7.6 Hz, 2H), 7.37-7.26 (m, 8H), 7.04 @= 7.1 Hz, 1H), 6.82 (1) = 7.5 Hz,
1H), 6.59 (tJ = 7.3 Hz, 1H), 5.97 (dJ = 7.9 Hz, 1H), 5.65 (s, 1H), 3.83 (qdl= 15.0, 6.2
Hz, 1H), 3.25 (ddJ = 15.6, 9.0 Hz, 1H), 2.65 (dd,= 15.4, 6.9 Hz, 1H), 1.16 (d,= 6.0 Hz,
3H); *C NMR (75 MHz, CDCJ) ppm 138.9, 129.2, 129.0, 128.8, 127.6, 127.2, 121174,
109.4, 100.4, 65.5, 52.0, 37.6, 30.1, 2IHRMS (El): Exact masscalcd for C,,H,,N [M]",
299.1674. Found 299.1682.

CH,

CHs CHg
o) . o)
Br THF, -78 °C Br

Methyl-(1-(ortho-bromophen)ethyl)-ketone To a solution of diisopropyhmine (73 pL,

0.52 mmol) in THF (8 mL) at -40 °C was add@&diLi (1.96 M, 262uL) and warmed to 0 °C over
30 m while stirring. The mixture was recooled to -78 °C and the kéiditemg, 0.47mmol) was
added as a solution in THF (1 mL) and stirred for 15 m pridhecaddition ofMel (32 uL, 0.52
mmol) and warming to rt over 1.5 h. Water (0.5 mL) was then added and the solvaethwasd
by vacuum. The residue was diluted with ether, washed with 10RiChgwater,andbrine. The
organic layers were dried and concentrated to tiieedesired ketone as a yellaw (105 mg,

98%) and in analytically pure form., R 1.12 (5%EtOAc/hexanes); IR (filmB414, 30641923,
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1716, 1589, 1567 cf*H NMR (400 MHz, CDCJ) 5 7.62 (dd,J = 6.7, 1.3 Hz, 1H), 7.3Qdt,
J =75, 0.8 Hz, 1H), 7.15 (dd,= 7.5, 1.3 Hz, 1H), 7.13 (dd,= 6.7, 1.6 Hz, 1H), 4.30 (dql
= 6.8 Hz, 1H), 2.10 (s, 3H), 1.38 (d,= 7 Hz, 3H);**C NMR (100MHz, CDCL) ppm208.2,
140.4, 133.4, 128.9, 128.8, 128.3, 125.1, 52.5, 29.1, HRRKS (El): Exactmasscalcd for
C,.H,,BrO [M+H]*, 227.0080. Found 227.0082.

CH, CH,4
0 4R MS, NaOAc NH,
Br Br
CH4OH
anti:syn=>5:1

3-(ortho-Bromophenyl)-2-amino-butane. To a solution ofthe ketone(83.4 mg, 0.369
mmol) in MeOH (1.5 mL) was addddaBH,CN (23 mg, 0.369 mmol), NJ@Ac (285mg, 3.69
mmol) and 4A MS (70 mg). The resulting mixture was stirred for 18 h. Conc. (BGImL) was
addeddropwise tothe solution untilthe pH of the mixturedropped below 3 and a white solid
precipitated. Methanol was removed \mcuum, andvaterwas added to the residue améhshed
with CH,Cl,. 6M ag NaOH wasdded to raise theH to >12. The solution wasextracted with
CH,CI, and washed with water, and the organic phase was separatedaddeshncentrated to a
residuethat was purified by flash chromatograph(iO,, 2.5% methanol in dichloromethane) to
return the desiredmine as a mixture anti (24 mg, 29 %jandsyn (5 mg, 6 %) diastereomers,
both asoils. Anti: R, = 1.1 (2.5%MeOH/CHCL); IR (film) 3373, 2873, 1590, 1566 ¢m'H
NMR (400 MHz, CDCJ) 5 7.58 (dd,J = 8.1, 1.2 Hz, 1H), 7.33-7.27 (m, 2H), 7.08 (ddd
7.9, 6.9, 2.1 Hz, 1H), 3.17 (d,= 7.4 Hz, 1H), 3.12 (dg) = 6.3, 1.6 Hz, 1H), 1.22 (dd,=
6.7, 1.6 Hz, 3H), 1.17 (dd, = 6.2, 1.6 Hz, 3H), 1.09 (b£H); **C NMR (100MHz, CDCL)
ppm 144.6, 133.3, 128.1, 127.9, 127.8, 125.9, 52.1, 46.8, 21.0, 17.8; KIRMExactmass
calcdfor C,;H,,BrN [M+H]", 228.0390. Found 227.031&yn IR (film) 3373, 2873,1590,
1566 cnt; *H NMR (400 MHz, CDC)) & 7.57 (d,J = 8.1 Hz, 1H), 7.31-7.25 (m, 1HY.22

(dd,J = 7.6, 1.6 Hz, 1H), 7.07 (ddd,= 8.6, 7.8, 1.6 Hz, 1H), 3.25 (d,= 6.8 Hz, 1H),3.17
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(dg,J = 6.3, 6.3 Hz, 1H), 2.02 (bs, 2H), 1.29 {ds 7 Hz, 3H), 1.07 (dJ = 6.3 Hz, 3H);"*C
NMR (100 MHz, CDCL) ppm 144.6, 133.4, 128.5, 128.1, 127.7, 125.0, 52.1, 48@S6,
17.8; HRMS (EI): Exact mass calcd foy8,,BrN [M+H]", 228.0390. Found 227.0396.

Similarly, the corresponding desbromoketone aanohine were synthesized followingimilar
procedures:
cH, (1-Phenylethyl) methyl ketone: IR (film) 3470, 3084, 19231712,
©)\’(CH3 1668, 1628 ct *H NMR (400 MHz, CDC)) & 7.38-7.34 (m, 2H)7.32-
© 7.27 (m, 1H), 7.26-7.22 (m, 2H), 3.76 (db= 14.0, 7.0 Hz, 1H), 2.06 (s,
3H), 1.41 (dJ = 7.0 Hz, 3H);**C NMR (100MHz, CDCL) ppm209.1, 140.8, 138.0129.2,

128.1, 127.4, 54.1, 28.5, 17.ARMS (El): Exactmasscalcdfor C H,,BrO [M]*, 148.0888.
Found 148.0895.

3-Phenyl-2-amino butane: IR (film) 3373, 2921, 1734, 1589, 1565 tm
CH,

cv, *HNMR (400 MHz, CDCJ) 8 7.60 (ddJ = 7.8, 1.0 Hz, 2H), 7.33-7.25 (m,
mz 2H), 7.10 (ddJ = 7.8, 1.2 Hz, 1H), 3.15 (G} = 7.2 Hz, 1H), 3.09 (dg] =
6.0, 1.5 Hz, 1H), 1.22 (d] = 7.2 Hz, 3H), 1.13 (dJ = 7.2 Hz, 3H),1.09
(br s, 2H);*C NMR (100MHz, CDCL) ppm130.5, 129.3, 128.1, 127.8, 127.6, 12469,1,

46.0, 22.0, 17.1;HRMS (El): Exact masscalcd for C,;H,.N [M+H]", 149.1204. Found
149.1210.

CHj CHs

CH,
gy M2 2. "BugSnH, AIBN N
CgHg, 80 °C

Ph
Ph

N-(1-Phenylbenzyl)-2,3eis-dimethylindoline (7c). Following the generaprocedure, 2-
(ortho-bromophenyl)-1,2ransdimethylethylamine(18 mg, 79.7 umol), benzophenonamine

(14.4 mg, 79.7umol) and 4A MS were stirred in dichloromethaner(ll) atroom temperature for
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7.5 days under argon atmosphere to provide the ketimine as an oil (210 mg, 95%); IRO®&M)
1624 cm'; '"H NMR (400 MHz, CDC)) 6 7.83 (d,J = 7.1 Hz, 2H), 7.62 (dt) = 7.4, 1.2 Hz,
2H), 7.51 (t,J = 7.7 Hz, 3H), 7.39-7.32 (m, 4H), 7.16 Jt= 7.3 Hz, 1H), 7.03 (t) = 7.7 Hz,
1H), 6.80-6.79 (m, 1H), 3.61 (d,= 6.2 Hz, 1H), 3.54 (qJ = 6.7 Hz, 1H), 1.33 (dJ = 7.0
Hz, 3H), 1.13 (dJ = 6.3 Hz, 3H);"*C NMR (100 MHz, CDCL) ppm 137.2, 132.9,132.7,
130.3, 129.9, 129.0, 128.5, 128.3, 127.6, 127.3, 61.4, 29.9, 20.6, HBMS (EI): Exact
mass calcd for H,.BrN [M+H]", 392.1016. Found 392.1160.

CH, In a similar mannerthe ketimine of 1,2ransdimethyl-2-phenylethylamine
@JYNYP“ was prepared. IRfilm) 3081, 1661 crfy '"H NMR (400 MHz, CDCL,)

s PN 260 (d,J = 7.2 Hz, 2H), 7.49-7.11 (m, 13H), 3.48 (db 6.4, 6.3 Hz,

1H), 2.97 (dgJ = 8.0, 7.2 Hz, 1H), 1.26 (d = 7.1 Hz, 3H), 1.24 (dJ = 7.5 Hz, 3H)*C
NMR (100 MHz, CDCJ) ppm166.2, 145.7, 140.6, 137.5, 130.6, 129.7, 128.6, 1288, 3,
128.1, 128.0, 127.9, 126.1, 63.6, 46.9, 20.2, 1IMRMS (El): Exactmasscalcdfor C,;H,,N
[M+H]", 314.1910. Found 314.1913.

To a refluxing solution othe unpurifiedketimine (5.1 mg, 13umol) in benzene (3 mL)
was added'Bu,SnH (4.6pL, 16.9 umol), followed by a 6 haddition of AIBN (6.4 mg, 39.0
pmol) dissolved in benzene (1 mL). After the first 3 h of reaction, another aligt®tgnH (4.6
pL, 16.9 umol), wasadded to the reactiomixture. After the complete addition oAIBN, the
reaction mixture was refluxed for a further 2 h, followed by evaporation of solvent weanclarm.
Flash chromatograph{siO,, 5% dichloromethane in hexanes) yieldbd desired produdi3.4
mg, 84%) as gum; R = 0.12 (5% CHCl./hexanes); IRfilm) 3061, 1605 cnt '"H NMR (400
MHz, CDCL) & 7.45 (d,J = 6.8 Hz, 2H), 7.40 (d] = 7.2 Hz, 2H), 7.34-7.23 (m, 6H), 7.03 (d,
J=7.1Hz, 1H), 6.80 (J = 7.5 Hz, 1H), 6.63 (tJ = 7.3 Hz, 1H), 5.90 (dJ = 7.8 Hz,1H),
5.51 (s, 1H), 3.78 (dgl = 7.5, 6.4 Hz, 1H), 3.38 (dd,= 7.3, 7.3 Hz, 1H), 1.22 (d= 7.1
Hz, 3H), 0.95 (dJ = 6.3 Hz, 3H);"*C NMR (100MHz, CDCL) ppm 150.0, 142.4,141.2,
135.5, 128.9, 128.7, 128.6, 127.9, 127.4, 127.2, 126.9, 123.1, 117.5, 109.9,6B5i4,
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39.1, 13.6, 12.6;HRMS (FAB): Exact mass calcd for C,,H,.,N [M]*, 313.1830. Found
313.1839.

Relative stereochemistry determined by NOE experiments (400 MHz NMR).

CH3 CH,
1 CHgy
gr NH2 2. "BugSnH, AIBN N
CgHe, 80 °C

Ph
Ph

N-(1-Phenylbenzyl)-2,3trans-dimethylindoline (7d). Following the generaprocedure,
2-(ortho-bromophenyl)-1,2is-dimethylethylamine (127ng, 562 pmol), benzophenonamine

(102 mg, 562umol), and 4A MS were stirred in dichloromethafie5 mL) at room temperature
for 7.5 daysunder argon atmosphere to provitie ketimine as an ofR00 mg, 91%); IRfilm)

3079, 1661 cfy *H NMR (400MHz, CDCL) & 7.52-7.48 (m, 3H), 7.44-7.40 (m, 3H},34-
7.27 (m, 3H), 7.19 (q) = 7 Hz, 1H), 7.18-7.16 (m, 1H), 7.00-6.95 (m, 3H), 3.67J(g, 6.3
Hz, 1H), 3.62 (gJ = 6.3 Hz, 1H), 1.44 (dJ = 6.6 Hz, 3H), 1.41 (dJ = 6.2 Hz, 3H);**C

NMR (100 MHz, CDCJ) ppm 144.6, 140.6, 137.3, 132.7, 129.8, 129.6, 128.7, 1228,1,
127.5, 62.4, 53.6, 44.8, 19.7, 17HRMS (El): Exactmasscalcd for C,;H,,BrN [M+H]",

392.1016. Found 392.0913.

o In a similarmanner.the ketimine ofl,2-cis-dimethyl-2-phenylethylamine
3

@)\(NYPV' was prepared. IRfilm) 3081, 1661 cny '"H NMR (400 MHz, CDCL)

CHs Ph 760 (d,J = 7.2 Hz, 2H), 7.49-7.11series of m,13H), 3.48 (dq,J =

6.4, 6.3 Hz, 1H), 2.97 (ddl = 8.0, 7.2 Hz, 1H), 1.27 (d = 7.0 Hz,

3H), 1.02 (dJ = 6.3 Hz, 3H);®*C NMR (100MHz, CDCL) ppm166.7, 145.8, 140.5137.7,

130.3, 130.0, 128.7, 128.4, 128.3, 128.1, 128.0, 127.8, 126.1, 63.4, 47.5, 21. HR¥S;
(El): Exact mass calcd for,¢H1,,N [M]*, 314.1910. Found 314.1913.

To a refluxing solution of the unpurified ketimine (12.6 mgug®l) in benzen5.5 mL)

was addedBu,SnH (9.5uL, 35 umol), followed by a 6 raddition of AIBN (13 mg, 80umol)

dissolved inbenzene (InL). After thefirst 3 h ofthe reaction, another aliquot 8Bu,SnH (9.5
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pL, 35.4 umol) was addedAfter complete addition oAIBN, the reaction mixturevas refluxed
for further 1 h followed byevaporation of solvent undelacuum. Flash chromatograpk$iO,,
5% dichloromethane in hexanes) yieldad desired indolin€7.9 mg, 79%) as gum; IR (film)
2958, 1684 cniy *H NMR (400MHz, CDCL) & 7.39 (d,J = 7.2 Hz, 2H), 7.35-7.26 (n§H),
7.02 (d,J = 7.2 Hz, 1H), 6.83 (tJ = 7.6 Hz, 1H), 6.61 (t) = 7.3 Hz, 1H), 5.99 (dJ = 7.9
Hz, 1H), 5.69 (s, 1H), 3.28 (dd,= 6.3, 6.3 Hz, 1H), 2.87 (dd,= 6.9, 6.9 Hz, 1H), 1.27 (d,
J=6.4 Hz, 3H), 1.19 (dJ = 6.2 Hz, 3H);*C NMR (100MHz, CDCL) ppm 150.4, 141.1,
140.5, 134.3, 128.9, 128.6, 127.4, 123.2, 117.2, 109.2, 66.5, 65.0, 43.8, 20.GHRES;
(El): Exact mass calcd for,¢i,.N [M] ", 313.1831. Found 313.1838.

Relative stereochemistry assigned by NOE experiments (400 MHz NMR).
HsQ ~CHs "5 wCHs
@ 1. Ph(CHg)CO @
NH, 2. "BusSnH, AIBN N
o CoHe, 80 °C )\CH3
Ph

N-(1-Methylbenzyl)-3,3-dimethylindoline (7e). According to the genergdrocedure, 2-
(ortho-bromophenyl)-2,2-dimethyl ethylamine (733 mg, 3.21 mmol), acetophenon@i(37318
mmol), and 4A MS were stirred ioluene(25 mL) atroom temperaturéor 12 h to provide the
ketimine as &95:5 mixture of stereoisomers, IRfilm) 3058, 1635 cny ‘H NMR (400 MHz,
CDCL,) 3 7.66 (m, 2H), 7.55 (d] = 9.1 Hz, 1H), 7.50 (d] = 9.8 Hz, 1H), 7.30 (tJ = 1.8 Hz,
3H), 7.23 (t,J = 4.3 Hz, 1H), 7.0 (t) = 9.4 Hz, 1H), 3.98 (s, 2H), 2.20 (s, 3H), 1.64 (s, 6H);
3C NMR (100MHz, CDCL) ppm 164.3, 146.3, 141.5, 135.8, 130.0, 129.4, 12827.7,
127.3, 126.8, 122.8, 60.4, 41.8, 26.8, 26.5, 15.6; HRMS (Cl): Exact calsfor C,;H, BrN
[M+H]*, 330.0857. Found 330.0818.
HG o, The ketimine of 2,2-dimethyl-2-phenyl ethylamine was similarly
NYCHs prepared. IR (film) 3085, 1636 c¢i'H NMR (400 MHz, CDC)) & 7.81
" (m, 2H), 7.50 (d] = 8.1 Hz, 2H), 7.38 (m, 3H), 7.33 (d,= 7.9 Hz,
2H), 7.21 (t,J = 7.4 Hz, 1H), 3.57 (s, 2H), 2.13 (s, 3H), 1.51 (s, 6H);

S-25



Supporting Information Johnston et al.

*C NMR (100MHz, CDCL) ppm 164.5, 149.3, 141.5, 129.5, 128.5, 128.3, 12826.8,
126.4, 125.9, 64.3, 39.8, 27.1, 15HRMS (El): Exact masscalcd for C,H,,N [M]",
251.1674. Found 251.1670.

A three hour addition of "Bu,SnH (72.0uL, 267 pmol) and AIBN 16mg, 97 pumol)
benzene solution (1.0 mL) to a refluxing solutiontleé unpurifiedketimine (80.2 mg, 243umol)
in benzeng24 mL) furnished, after flash chromatographySiO,, 1% ether inhexanes), of the
desired indoline as a colorlest (48.8 mg, 80%)R, = 0.63 (10%EtOAc/hexanes); IR (film)
3024, 1604 criy *H NMR (400 MHz, CDC)) 5 7.41 (d,J = 7.4 Hz, 2H), 7.35 () = 7.2 Hz,
2H), 7.26 (dJ = 7.3 Hz, 1H), 7.01 () = 7.2 Hz, 1H), 7.01 (tJ = 7.2 Hz, 1H), 6.66 (t] =
8.1 Hz, 1H), 6.35 (dJ = 8.1 Hz, 1H), 4.73 (q] = 6.9 Hz, 1H), 3.18 (d] = 8.3 Hz, 1H),3.08
(d,J = 8.3 Hz, 1H), 1.54 (d] = 6.9 Hz, 3H), 1.33 (s, 3H), 1.27 (s, 3H)C NMR (100MHz,
CDCl,) ppm 150.1, 143.4, 139.2, 128.6, 127.5, 127.2, 127.1, 121.8, 117.2, 107.35463.6,
39.9, 28.3, 27.4, 17.04RMS (EI): Exact masscalcd for C,;H,,N [M]*, 251.1674. Found
251.1672.

Anal. Calcdfor C;H,,N: C, 86.01; H, 8.42; N, 5.57ound: C, 85.74; H, 8.58; N,
5.57.

CHsom 1. Ph(CH3)CO CH,0

NH n

CHo 5 VM2 2. "BusSnH, AIBN CH3O:<:[N:
CeHe, 80 °C

Ph
Hs

N-(1-Methylbenzyl)-5,6-dimethoxy indoline (9a). Following the generaprocedure, (2-
bromo-4,5-dimethoxyphenyl)ethylamine (1.95 g, 7.5 mmol), acetophenone (0.87 mL, 7.5 mmol),
and 4A MS were stirred in toluene (10 mL) at room temperature for 12 h to provikietithme as

a >95:5 mixture of stereoisomers. IR (film) 3055, 1633;citd NMR (400MHz, CDCl) & 7.77

(m, 2H), 7.38 (m, 3H), 7.03 (s, 1H), 6.83 (s, 1H), 3.87 (s, 3H), 3.79 (s, 3H), 3.73 «d,

7.2, 7.2 Hz, 2H), 3.14 (ddl = 7.4, 7.4 Hz, 2H), 2.11 (8H); **C NMR (100MHz, CDCL)

ppm 166.1, 158.0, 148.3, 148.2, 141.4, 131.9, 129.7, 128.5, 126.7, 115.6, 114.4658,3,
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52.2, 37.3, 15.6HRMS (ClI): Exact masscalcd for C,;H,,BrNO, [M+H]*, 362.0756. Found
362.0747.

The ketimine of2-(3,4-Dimethoxyphenyl)ethylamineetimine
CHs 0 Nﬁ was similarly prepared. IR(film) 3056, 1684 cnf '"H NMR
CHsojg/v CHs (400 MHz, CDCJ) & 7.78 (m, 2H), 7.39 (m, 5H), 6.83 (s,

1H), 3.88 (s, 3H), 3.85 (s, 3H), 3.75 (di= 7.2, 7.2,2H),
3.04 (dd,J= 7.5, 7.5, 2H), 2.11 (s3H); *C NMR (100 MHz, CDCL) ppm 165.8, 148.9,
147.5, 141.5, 133.6, 129.6, 128.5, 128.4, 126.7, 121.0, 112.7, 111.4, 56.1, 56.(B753,4,
15.6; HRMS (ClI): Exact mass calcd for,8,,NO, [M]*, 283.1572. Found 283. 1567.

A three-hour addition ofBu,SnH (120pL), 448 umol) and AIBN(26.7 mg, 163umol)
solution in benzen¢l.1 mL) to a refluxingsolution ofthe unpurifiedketimine (148 mg, 408
pmol) in benzeng4l1 mL) afforded, after flash chromatographySiO,, 15% ethyl acetate in
hexanes), the desireddoline as a yellow 0i(95.6 mg, 83%)R, = 0.27 (20%EtOAc/hexanes);
IR (film) 3059, 1614 cm; *H NMR (400 MHz, CDCJ) & 7.45 (d,J = 7.6 Hz, 2H), 7.36 (tJ =
7.6 Hz, 2H), 7.27 () = 7.4 Hz, 1H), 6.75 (s, 1H), 6.00 (s, 1H), 4.57 & 6.8 Hz, 1H),
3.80 (s, 3H), 3.70 (s, 3H), 3.34 (ddi= 16.2, 7.3 Hz, 2H), 2.88 (dd, 7.9, 7.9 Hz, 2H)53
(d, J= 7.0 Hz, 3H);**C NMR (100MHz, CDCL) ppm 149.0, 146.5, 143.6, 141.3,28.6,
127.3, 127.1, 121.3, 111.2 (2C), 95.4, 57.6, 56.4, 49.6, 28.4, HRMS (El): Exact mass
calcd for GgH,,NO, [M]*, 283.1572. Found 283.1578.

Anal. Calcdfor C;H,,NO,: C, 76.29; H, 7.47; N, 4.94ound: C, 76.21; H, 7.49; N,

CH;O CH;0O
3 m 1. Ph(CF3)CO 3 m
NH n
CH,0 Br 2 2."BusSnH, AIBN CH,0 N

CgHg, 80 °C

5.08.

Ph
F;C

N-(1-Trifluoromethyl(benzyl)-5,6-dimethoxy indoline (9b). Following the general
procedure, (2-bromo-4,5-dimethoxy-phenyl)ethylamine (2.05 g, 7.88 mmol),

trifluoroacetophenone (1.1 mL, 7.88 mmol), and 4A MS were stirr¢diaene(30 mL) at room
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temperaturdor 12 h togive the ketimine as a95:5 mixture of stereocisomers. IRfilm) 3061,
1669 cnt; *H NMR (400MHz, CDCL) 5 7.43 (t,J = 7.2 Hz, 1H), 7.38 (t) = 7.5 Hz, 2H),
6.95 (s, 1H), 6.91 (d] = 7.1 Hz, 2H), 6.70 (s, 1H), 3.87 (s, 3H), 3.84 (s, 3H), 3.67 Jad,
8.2, 6.8 Hz, 2H), 3.05 (ddl = 6.7, 6.7 Hz,2H); *C NMR (100 MHz, CDCL) ppm 159.5,
159.2, 148.5, 148.3, 130.4, 130.2, 130.1, 128.8, 128.5, 127.7, 121.1, 118.4, MAs5,
114.2, 56.4, 56.1, 52.9, 36.4IRMS (El): Exact mass calcd for C,H,.BrF,;NO, [M]",
415.0395. Found 415.0414.

CH30. N_ _Ph
Y 2-(3,4-Dimethoxyphenyl)ethylamine ketimineas similarly prepared.
M0 o IR (film) 3061, 1669 cr’; 'H NMR (400 MHz, CDCJ) 3 7.42 (t,J =

7.2 Hz, 1H), 7.36 (t) = 7.0 Hz, 2H), 6.88 (d] = 7.0 Hz, 2H), 6.78 (dJ = 8.0 Hz, 1H),6.63
(d, J = 8.0 Hz, 1H), 6.60 (s, 1H), 3.88 (s, 3H), 3.82 (s, 3H), 3.64 JddB.7, 6.7 Hz2H),
2.95 (dd,J = 6.7, 6.7 Hz2H); *C NMR (100 MHz, CDCL) ppm 158.8 (q,J = 33.5, 1C),
148.9, 147.8, 131.9, 130.4, 130.0, 128.7, 127.8, 121.1, 118.4, 112.5, 111.3,55@],
55.1, 36.2; HRMS (EI): Exact mass calcd fQgHGF,NO, [M]*, 337.1290. Found 337.1274.

A three-hour addition ofBu,SnH (110pL, 412 pmol) and AIBN (25mg, 150umol)
solution in benzen¢l.0 mL) to a refluxingsolution ofthe unpurifiedketimine (156 mg, 375
pmol) in benzeng37 mL) provided, after flash chromatographySiO,, 10% ethyl acetate in
hexanes)the desired indoline as a whielid (113 mg,89%). mp = 73-74C; R, = 0.37 (20%
EtOAc/hexanes); IR (filmp939, 1615 cny 'H NMR (400MHz, CDCL) 8 7.39 (m, 5H),6.74
(s, 1H), 6.27 (s, 1H), 5.11 (d,= 8.6 Hz, 1H), 3.87 (s, 3H), 3.81 (s, 3H), 3.57 (d& 15.1,
8.1 Hz, 1H), 3.15 (dd) = 18.4, 9.3 Hz, 1H), 2.89 (m, 2HYC NMR (100MHz, CDCL) ppm
149.3, 144.9, 142.4, 132.0, 128.9 (3C), 124.2, 120.2, 111.2, 94.2, 62 8& @R.7 Hz,1C),
57.4, 56.6, 49.6, 28.5IRMS (El): Exactmasscalcdfor C H,,F.NO, [M]*, 337.1290. Found
337.1280.

Anal. Calcd for G;H,;F;-NO,: C, 64.09; H, 5.38; N, 4.15. Found: C, 64.02; H, 5.31; N,
4.08.
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NH n
CH,O g 2 2.7BugSnH, AIBN ¢y, N
CgHg, 80 °C )\
Ph
PH

N-(1-Phenylbenzyl)-5,6-dimethoxy indoline (9c). Following the generaprocedure, (2-

bromo-4,5-dimethoxyphenyl)ethyl amine (343 mg, 1.32 mmol) and benzophenone imine (239 mg,
1.32 mmol) were stirred at rootemperature in CKCI, (3 mL) for 12 h togive the ketimine. IR

(film) 3056, 1623 cri; *H NMR (400MHz, CDCL) & 7.62 (d,J = 7.0 Hz, 2H), 7.40 (dd] =

6.2, 3.4 Hz, 3H), 7.36 (] = 7.6 Hz, 3H), 6.95 (s, 1H), 6.94 (d= 2.3 Hz, 2H), 6.73 (s,

1H), 3.84 (s, 3H), 3.76 (s, 3H), 3.67 (dbi= 7.0, 7.0 Hz, 2H), 3.07 (dd,= 7.2, 7.2 Hz, 2H);

*C NMR (100MHz, CDCL) ppm 168.9, 148.2, 139.9, 136.8, 131.8, 128.5, 12828.3,
127.9, 115.5, 114.5, 114.2, 56.3, 56.1, 53.8, 3HRMS (CI): Exact mass calcd for
C,:H,,BINO, [M+H]*, 424.0912. Found 424.0910.

CH3oj©/VNY Pl The analogougetiminefrom 2-(3,4-dimethylphenyl)ethydmine was
h
CH;0 i similarly prepared. IRfilm) 3056, 1623 cit '"H NMR (400 MHz,

CDCI,) & 7.59 (d,J = 6.8 Hz, 2H), 7.39 (m, 3H), 7.35 (m, 3H), 6.93 (dg; 7.1, 3.5 Hz2H),
6.75 (d,J = 8.1 Hz, 1H), 6.67 (dJ = 8.0 Hz, 1H), 6.65 (s, 1H), 3.85 (s, 3H), 3.773H)),
3.65 (dd,J = 7.1, 7.1 Hz, 2H), 2.96 (dd,= 7.1, 7.1 Hz2H); *C NMR (100MHz, CDCL,)
ppm 168.6, 148.9, 147.5, 140.1, 137.0, 133.3, 130.1, 128.6, 128.4, 128.3, 123.@2,
112.7, 111.4, 56.2, 55.9, 37.BRMS (CI): Exactmasscalcdfor C,,H,.NO, [M]", 345.1729.
Found 345.1734.

A three-hour addition ofBu,SnH (75puL, 278 umol) and AIBN (17mg, 101 pumol)
solution in benzene (1.0 mL) to refluxing solutiontiké unpurifiedketimine (107 mg, 252umol)
in benzene (25 mL) provided, after flash chromatogra@,, 5% ethyl acetate ihexanes), the
desired indoline as a white solid (46 mg, 64%). mp 105-10&°€;0.20 (10%EtOAc/hexanes);
IR (film) 2931, 1597 cm; *H NMR (400 MHz, CDC)) 8 7.45 (d,J = 4.7 Hz, 4H), 7.35 (t) =
7.1 Hz, 4H), 7.27 (t) = 4.7 Hz, 2H), 6.75 (s, 1H), 5.79 (s, 1H), 5.33 (s, 1H), 3.8BKH,
3.51 (s, 3H), 3.16 (dd] = 8.3, 8.3, Hz, 2H), 2.87 (dd,= 8.1, 8.1, Hz2H); *C NMR (100
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MHZ, CDCL,) ppm 148.4, 146.9, 142.1, 141.8, 128.7, 128.5, 127.4, 121.7, 1064,
69.3, 57.3, 55.9, 53.6, 28.5RMS (ClI): Exact masscalcd for C,,H,,NO, [M]*, 345.1729.
Found 345.1713.

Anal. Calcdfor C,.H,,NO,: C, 79.97; H, 6.71; N, 4.05ound: C, 79.87; H, 6.76; N,
4.08.

1. 2-CH30Ph(CH3)CO,
NH n OCH;
CH,;0 Br 2 2 B(‘;ﬁ”"'éﬁg’\' CH,;0 N
6716
H4C

N-(1-(2-Methoxy)phenylbenzyl)-5,6-dimethoxy indoline (9d). Following the general

procedure, (2-bromo-4,5-dimethoxyphenyl)ethylamine (70@, 2.69 mmol), 2'-methoxy
acetophenong¢404 mg, 2.691 mmol)and 4 A MS were stirred in benze@®0 mL) at room
temperaturdor 12 h to provideghe ketimine as 4:1 mixture ofstereoisomers. IRfilm) 2999,
1651 cm; *H NMR (400MHz, CDCL) & 7.30, (m, 4H,), 7.03, (s, 1H), 6.95 &= 7.5 Hz,
2H), 6.92 (s, 1H), 6.90 (] = 5.9 Hz, 1H), 6.83 (s, 1H), 6.75 (d= 5.9 Hz, 1H), 6.68 (s,
1H), 3.87 (s, 3H), 3.84 (s, 3H), 3.83 (s, 3H), 3.81 (m, 6H), 3.71%t7.3 Hz, 2H), 3.33 (tJ
= 6.9 Hz, 2H), 3.14 () = 7.5 Hz, 2H), 2.94 (t) = 7.5 Hz, 2H), 2.26 (s, 3H), 2.07 (s, 3H);
3C NMR (100MHz, CDCL) ppm 169.0, 167.7, 157.0, 155.1, 148.3, 148.2, 148383.8,
133.1, 131.9, 130.6, 130.0, 129.5, 129.3, 128.5 (2C), 128.3, 127.3, 120.9, 126.%,
115.5, 114.4, 114.3, 113.9, 111.7, 111.0, 110.9, 56.3, 56.2, 56.1, 55.7, 55.5p 5386,
37.2, 28.7, 19.4HRMS (El): Exact masscalcd for C,;H,,NO, [M-Br]*, 312.1600. Found
312.1586.
CH3Om In a similar manner, the ketimine of 2-(3,4-
CH;0 N dimethoxyphenyl)ethylaminewas prepared as a 1:1 mixture of
stereoisomers. IRfilm) 2997, 1648, ch 'H NMR (400 MHz,
CDCl,) 6 7.30 (m, 3H), 7.26 (dJ = 1.7 Hz, 1H), 6.96 (dJ =
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6.7 Hz, 1H), 6.93 (dJ = 2.8 Hz, 1H), 6.90 () = 3.4 Hz, 2H), 6.88 (dJ = 4.4 Hz, 1H),6.75
(s, 1H), 6.73 (s, 1H), 6.71 (d,= 1.7 Hz, 1H), 6.64 (dJ = 1.7 Hz, 1H), 6.62 (tJ = 2.8 Hz,
1H), 3.89 (s, 3H), 3.88 (s, 3H), 3.84 (s, 3H), 3.84 (s, 3H), 3.81 (s, 3H), 3.77 (s3.88),
(dd,J = 7.4, 7.4, 2H), 3.33 (dd] = 7.4, 7.4, 2H), 3.04 (dd] = 7.7, 7.7, 2H), 2.85 (dd] =
7.7, 7.7, 2H), 2.25 (s, 3H), 2.07 (3H); *C NMR (100MHz, CDCL) ppm 168.6, 167.2,
157.0, 155.1, 148.9, 148.8, 147.5, 147.4, 133.6, 133.4, 133.2, 129.9, 129.5, 12948,
127.3, 120.99, 120.95, 120.90, 120.69, 112.6, 112.4, 111.4, 111.2, 111.0, 110.8658,1,
55.9, 55.6, 55.57. 55.51, 54.1, 37.1, 37.0, 28.7, 1BRMS (El): Exact masscalcd for
C,H,.NO, [M]*, 313.1678. Found 313.1689.

A three-hour addition ofBu,SnH (115puL, 427 umol) and AIBN(25.5 mg, 155umol)
solution in benzen€l.6 mL) to a refluxingsolution ofthe unpurifiedketimine (152 mg, 388
pmol) in benzeng39 mL) delivered, after flash chromatographySiO,, 7% ethyl acetate in
hexanes)the desired indoline as a yelloal (63.6 mg (52 %). R= 0.12 (10%EtOAc in
hexanes); IR (fim®2934, 1614, cihy *H NMR (400MHz, CDCL) & 7.45 (d,J = 6.0 Hz,1H),
7.24 (t,J = 6.4 Hz, 1H), 6.96 (d] = 8.3 Hz, 1H), 6.90 (t) = 9.1 Hz, 1H), 6.72 (s, 1HB.00
(s, 1H), 4.93 (q) = 7.0 Hz, 1H), 3.86 (s, 3H), 3.78 (s, 3H), 3.68 (s, 3H), 3.47 Jdd7.2,
7.2 Hz, 1H), 3.42 (ddj = 9.2 Hz, 1H), 2.89 (dd) = 7.3, 7.3 Hz, 2H), 1.48 (d = 7.0 Hz,
3H); *C NMR (100MHz, CDCL) ppm 156.7, 148.8, 146.8, 141.1, 132.1, 1281®27.7,
120.9, 120.8, 119.8, 110.8, 95.0, 57.5, 56.2, 55.7, 50.1, 28.5, 25.4,HRAMS (El): Exact
mass calcd for GH,,NO, [M]*, 313.1678. Found 313.1683.

1. 4-CH30Ph(CH3)CO,
CHsom 4A MS, CgHg CH30:©j>
NH n
CH,O gy M2 2."BugSnH, AIBN CH,O N
CgHe, 80 °C
HaC OCHj,4

N-(1-(4-Methoxy)phenylbenzyl)-5,6-dimethoxy indoline (9e). Following the general

procedure, (2-bromo-4,5-dimethoxyphenyl)ethylamine (24®), 953 mmol), 4-methoxy

acetophenon¢143 mg, 953 mmol)and 4 A MS were stirred in benze®0 mL) at room
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temperature for 12 h to provide the ketimine as a > 95:5 mixtuséeofoisomers. Ifilm) 2934,
1674 cni; *H NMR (400 MHz, CDCJ) 37.70 (d,J = 8.9 Hz, 2H), 6.98 (s, 1H), 6.85 (d=
8.9 Hz, 2H), 6.78 (s, 1H), 3.82 (s, 3H), 3.80 (s, 3H), 3.74 (s, 3H), 3.70 @d.3, 7.3 Hz,
2H), 3.07 (ddJ = 7.3, 7.3 Hz, 2H), 2.02 (8H); *C NMR (100 MHz, CDCL) ppm 165.3,
163.7, 160.9, 148.3, 134.1, 132.0, 130.8, 128.2, 115.5, 114.3, 113.6, 56.3, 56.H5255,5,
37.4, 15.3;HRMS (CI): Exact mass calcd for C,H,.BrNO, [M+H]*, 392.0861. Found:
392.0855.
CHo In a similar  manner, the ketimine of 2-(3,4-
CH3Om\ ch, dimethoxyphenyl)ethylamineyas prepared and acquired as a white
solid. mp = 83-86°C. IR (film); 2999, 1674 crfi 'H NMR (400
MHz, CDCL) & 7.71 (d,J = 8.8 Hz, 2H), 6.86 (dJ = 8.8 Hz,2H),
CH;O 6.78 (s, 3H), 3.83 (s, 3H), 3.81 (s, 3H), 3.80 (s, 3H), 3.67 Jdd,
7.6, 7.6 Hz, 2H), 2.97 (ddl = 7.2, 7.2 Hz, 2H), 2.04 (8H); **C NMR (100MHz, CDCL)
ppm; 160.9, 134.1, 133.6, 130.8, 128.5, 128.2, 120.9, 113.9, 113.6, 112.6, 111.3656. 1,
55.5, 54.3, 37.2, 15.HRMS (CI): Exact masscalcd for C,;H,.NO, [M]", 313.1678.Found.
313.1693.

A three-hour addition ofBu,SnH (48puL, 180 pmol) and AIBN (11mg, 65.7 umol)
solution in benzen€¢l.0 mL) to a refluxingsolution ofthe unpurifiedketimine (64.4 mg, 164
pmol) in benzeng16 mL) delivered, after flash chromatographySiO,, 7% ethyl acetate in
hexanes)the desired indoline as a yellavil (24.1 mg, 47%). R= 0.20 (20%EtOAc/hexanes);
IR (film) 2933, 1611, cnt; *H NMR (400 MHz, CDCJ) 5 7.35 (d,J = 8.6 Hz, 2H), 6.87 (dJ =
8.8 Hz, 2H), 6.73 (s, 1H), 6.06 (s, 1H), 4.56 Jg 6.9 Hz, 1H), 3.81 (s, 3H), 3.80 (3H),
3.73 (s, 3H), 3.29 (dd] = 8.6, 8.6 Hz, 2H), 2.86 (dd,= 8.3, 8.3 Hz, 2H), 1.50 (dl = 6.9
Hz, 3H); *C NMR (100MHz, CDCL) ppm 158.7, 148.9, 146.4, 141.4, 135.4, 128121.3,
113.9, 110.9, 95.1, 57.4, 56.3, 55.5, 55.4, 49.2, 28.4, HRMS (CI): Exactmasscalcd for
C,H,.NO, [M]*, 313.1678. Found 313.1674.
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Anal. Calcdfor C,jH,,NO;: C, 72.82; H, 7.40; N, 4.4%Found: C, 72.68; H, 7.63; N,
4.46.

NHz 1. Ph,C=NH =

/

2. "BugSnH, AIBN N N

N CeHg, 80 °C N
676 )\Ph

Ph

N-(1-Phenylbenzyl)-6-azaindoline (9f).2-Bromo-3-(2-aminoethyl)yyridine (163mg, 811

pmol) and benzophenoneine (147 mg, 811umol) were stirred in CECI, at roomtemperature

for 8 h to providethe ketimine. IR (film)3056, 1622 cni '*H NMR (400MHz, CDCL) & 8.20

(dd,J = 4.7, 0.9 Hz, 1H), 7.56 (] = 7.8 Hz, 3H), 7.43-7.40 (m, 3H), 7.37 (= 6.6 Hz,

1H), 7.32 (tJ = 7.9 Hz, 2H), 7.16 (dd] = 7.4, 5.2 Hz, 1H); 6.96 (f] = 3.4 Hz, 2H), 3.69 (t,
J=6.9 Hz, 2H), 3.10 (tJ = 6.9 Hz, 2H);**C NMR (100MHz, CDCL) ppm 169.2, 158.1,

147.7, 144.5, 139.5 (2C), 137.0, 136.5, 130.0, 128.5, 128.4, 128.3, 127.5, 122.6, 52.4, 36.8;
HRMS (El): Exact mass calcd for,§l,,BrN, [M]*, 364.0575. Found 364.0587.

A two-hour addition of "Bu,SnH (268uL, 997 umol) and AIBN (60mg, 362 umol)
solution in benzene (2 mL) to a refluxing solutiontteé unpurifiedketimine (110 mg, 31Qumol)
in benzene (30 mL) delivered, after flash chromatogrdfng,, 5% ethyl acetate ihexanes), the
desired indoline as an orange crystalline s¢b® mg, 60%). mp 10rC; R = 0.1 (5%
EtOAc/hexanes); IR (film) 3058, 1611 &mrtH NMR (400MHz, CDCL) & 7.87 (d,J = 5.2 Hz,
1H), 7.34-7.26 (m, 10H), 7.17 (d,= 7.0 Hz, 1H), 6.81 (s, 1H), 6.42 @,= 6.5 Hz, 1H),
3.34 (t,J = 8.5 Hz, 2H), 2.97 (tJ = 8.5 Hz, 2H);*C NMR (100MHz, CDCL) ppm 162.8,
146.1, 140.2, 131.2, 129.1, 128.5, 127.4, 122.8, 112.4, 60.0, 45.6,HES (EI): Exact
mass calcd for £H, N, [M]*, 286.1470. Found 286.1468.

Anal. Calcdfor C,,H,,N,: C, 83.88; H, 6.34; N, 9.78ound: C, 83.84; H, 6.34; N,
9.71.
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NFz 1 4.CF4Ph(CH3)CO, 4A MS =

/

2. "BugSnH, AIBN X, N

N~ TBr N
CgHe, 80 °C
CHs CFs3

1-Methyl-p-Trifluoromethylbenzyl-7-aza-indoline  (99g). Following the general
procedure, (2-bromo-)ethylpyridgimine (88.3 mg, 439 mmol)4-trifluoro acetophenonég2.6
mg, 439 mmol)and 4 A MS were stirred in benze(®0 mL) at room temperaturéor 12 h to
provide theketimine as a 5:5 mixture ofstereoisomers. IRfilm) 2926, 1635 cnt 'H NMR

(400 MHz, CDC}) 6 8.26 (dd,J = 4.6, 2.0 Hz, 1H), 7.86 (d,= 8.0 Hz, 2H), 7.64 (d) = 8.8
Hz, 3H), 7.22 (dd) = 7.4, 4.7, Hz 1H), 3.82 (dd,= 7.0, 7.0 Hz, 2H), 3.21 (dd,= 7.0, 7.0
Hz, 2H), 2.20 (s, 3H)C NMR (100MHz, CDCL) ppm165.1, 148.2, 144.6, 144.2,39.8,
139.2, 127.1, 125.9, 125.4, 122.9, 51.4, 36.8, 27.0, HHBVIS (El): Exact masscalcd for
C,H,BrF,N, [M+H]"*, 371.0371. Found 371.0368.

cF, In a similarmannerthe ketimine of2-(3-pyridyl)ethylamine, was
Z | Y@ prepared. IR (film), 2927, 1691 ¢m'H NMR (400 MHz,
Xy CHs CDCL) & 8.57 (s, 1H), 8.49 (d) = 3.3 Hz, 1H), 7.86 (dJ =

8.3, 2H), 7.64 (dJ = 8.3 Hz, 2H), 7.61 (t) = 5.8 Hz, 1H),
7.23 (d,J = 5.8 Hz, 1H), 3.77 (dd] = 6.9, 6.9, 2H), 3.12 (dd, = 7.0, 7.0, 2H), 2.16 (s, 3H);
*C NMR (100MHz, CDCL) ppm 164.9, 150.6, 147.8, 144.2, 136.7, 136.0, 13127.0,
125.4, 123.4, 53.534.6, 15.8HRMS (El): Exactmasscalcdfor C,;H,.F,N, [M]*, 292.1187.
Found. 292.1161.

A three-hour addition ofi-Bu,SnH (56.7uL, 210 umol) and AIBN (13mg, 76.6umol)
solution in benzen€l.0 mL) to a refluxingsolution ofthe unpurifiedketimine (70.9 mg, 191
pmol) in benzeng20 mL) delivered,after flash chromatography (7%tOAc in hexanes), the
desired indoline as a yellow oil (42.5 mg, 76 %) R.14 (10% EtOAc/hexanes); I{RIm) 3058,
1611 cm’; *H NMR (400 MHz, CDCJ) & 7.90 (d,J = 5.0 Hz, 1H), 7.59 (dJ = 8.2 Hz,2H),

" The carbon bearing fluorine could not be observed.
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7.51 (d,J = 8.3 Hz, 2H), 7.18 (dJ = 7.0 Hz, 1H), 6.45 (tJ = 5.6 Hz, 1H), 5.65 () = 6.1
Hz, 1H), 3.51 (ddJ = 8.9, 8.9 Hz, 1H), 3.17 (dd,= 9.3, 9.3 Hz, 1H), 2.95 (dd,= 9.0, 9.0
Hz, 2H), 1.60 (dJ = 7.1 Hz, 3H);"*C NMR (100 MHz, CDCL) ppm 162.5, 146.0,131.2,
128.5, 127.8, 125.4, 123.0, 112.4, 50.3, 48,7, 25.4, 15.HRMS (EIl): Exactmasscalcd
for C,H,.F,N, [M]*, 292.1187. Found 292.1182.

Anal. Calcd for GH,.F;N,: C, 65.74; H, 5.17; N, 9.5&ound: C, 65.69; H, 5.31; N,
9.54.

= NH2 1 4-CH40Ph(CH;)CO, 4A MS =
2. "BugSnH, AIBN X N

CeHe, 80 °C
CHs OCH,

1-Methyl-p-Methoxymethylbenzyl-7-aza-indoline  (9h). Following the general

/7

procedure, (2-bromo-)pyridylethylamine (244g, 1.21 mmol),4-methoxy acetophenon@83

mg, 1.21 mmol)and 4 A MS were stirred in benze(®0 mL) atroom temperaturéor 12 h to
provide theketimine as a 95:5 mixture ofstereoisomers. IRfilm) 3003, 1674 cnt 'H NMR

(400 MHz, CDC)) 3 8.24 (ddJ = 4.6, 1.9, Hz, 1H), 7.73 (d, = 8.8 Hz, 2H), 7.66 (dd] =

7.6, 1.8 Hz, 1H), 7.20 (dd,= 7.5, 4.8 Hz, 1H), 6.90 (dl = 8.9 Hz, 2H), 3.89 (s, 3HB.77

(dd,J = 7.1, 7.1 Hz, 2H), 3.19 (dd,= 7.1, 7.1 Hz, 2H), 2.15 (S§H); *C NMR (100MHz,
CDCl,) ppm163.7, 148.0, 130.8, 130.5, 128.2, 122.9, 113.9, 113.7, 55.7, 51.0, 37.0, 26.5;
HRMS (EI): Exact mass calcd for, &,,.BrN,O [M]*, 332.0524. Found 332.0333.

ocH; In a similar manner, the ketimine of 2-(3,4-
= | Nﬁ/ dimethoxyphenyl)ethylaminewas prepared. IR(film) 2934,
AN CH, 1600 cnt; *H NMR (400 MHz, CDCJ) 8 8.56 (s, 1H), 8.45 (d,

J=3.2 Hz, 1H), 7.75 (d] = 8.8 Hz, 2H), 7.61 (d] = 4.1 Hz, 1H), 7.21 (ddJ = 4.9, 3.0 Hz,
1H), 6.89 (dJ = 8.9 Hz, 2H), 3.84 (s, 3H), 3.72 (dii= 7.1, 7.1 Hz, 2H), 3.08 (dd,= 7.2,
7.2 Hz, 2H), 2.12 (s, 3H)*C NMR (100MHz, CDCL) ppm 161.2, 150.6, 147.7142.3,
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136.7, 133.2, 128.4, 125.7, 123.4, 113.7, 55.5, 53.1, 34.8, 15.5; HRMS (El): Exaatatodss
for C,;H,,N,O [M]*, 254.1419. Found 254.1417.

A three hour addition of an AIBN (31.5 mg, 1fnol) solution in benzeng.0 mL) to a
refluxing solution of"Bu,SnH (143pL, 531 umol) and the unpurifieketimine (107 mg, 320
pmol) in benzeng64 mL) delivered,after flash chromatography (6%tOAc in hexanes), the
desired indoline as a yellow oil (50 n86%). R= 0.050 (10%EtOAc/hexanes); IR (flmp954,
1611 cni; *H NMR (400 MHz, CDCJ) 5 7.87 (d,J = 4.1 Hz, 1H), 7.30 (dJ = 8.4 Hz,2H),
7.14 (d,J = 4.2 Hz, 1H), 6.87 (d] = 8.9 Hz, 2H), 6.40 (dd] = 6.9, 5.4 Hz, 1H), 5.56 (gl =
6.9 Hz, 1H), 3.80 (s, 3H), 3.46 (dd= 17.1, 9.1 Hz, 1H), 3.13 (dd,= 16.0, 9.9 Hz1H),
2.90 (dd,J = 17.1, 7.6 Hz, 2H), 1.55 (d,= 7.0 Hz, 3H);*C NMR (100MHz, CDCL) ppm
162.7, 158.8, 145.9, 133.7, 130.9, 128.7, 123.3, 113.8, 111.9, 55.4, 50.0, 43.5, 25.7, 15.9;
HRMS (Cl): Exact mass calcd for,#,,N,O [M]*, 254.1419. Found 254.1420.

H
2 1.(CH3CO), 4AMS
" 2. "BuzSnH, AIBN N
CoHs, 80 °C )\(CHs
1, X = Br 22m  ©%

im, X =1 o

3-(2,3-Dihydro-indol-1-yl)-butan-2-one (21 from 1I, 2m from 1m). ortholodo
phenethyl aming180 mg, 729umol), 2,3-butanedione (64 mL, 738mol), and 4A MS were
rapidly stirred in benzen®r 12 h. The mixturewas filtered through Celite, andoncentrated to
return the desiredmine as agolden yellow o0il (430 mg, 99%)and a 25:1 mixture ofmine
stereoisomerdmino aryl iodide: IR (film)3377, 3052, 2360, 1699, 1653 tmH NMR (400
MHz, CDCL) & 7.84 (d,J = 7.9 Hz, 1H), 7.29-7.26 (m, 2H), 6.94-6.92 (m, 1H), 3.73) (¢
7.2 Hz, 2H), 3.18 () = 7.2 Hz, 2H), 2.40 (s, 3H), 1.87 (t, 3HJC NMR (100MHz, CDCL)
ppm200.8, 166.9, 142.7, 139.8, 130.7, 128.5, 100.9, 53.0, 41.5, 24.7, HRMS (CI):
Exact mass calcd for,@H,.INO [M+H]", 316.0200. Found 316.0204.

The imino aryl bromidevas similarly formed as a yellow o860 mg, 86%). IR(film)

3028, 2980, 1699, 1660 ¢m'H NMR (400MHz, CDCL) & 7.56 (dd,J = 7.9, 4.0 Hz,1H),
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7.32-7.23 (m, 2H), 7.26 (dd,= 9.1, 1.9 Hz, 1H), 3.75 (1= 7.1 Hz, 2H), 3.19 () = 7.1
Hz, 2H), 2.40 (s, 3H), 1.87 (s, 3HJC NMR (100MHz, CDCL) ppm 200.8, 167.0,140.8,
136.2, 130.7, 128.5, 53.0, 41.6, 24.6, 11HRMS (CI): Exactmasscalcd for C ,H,,BrNO
[M]*, 267.0259. Found 267.0318.

CH, The phenethyl amine derivative was similarly prepared as a coloiless

©/\f‘\ﬁ/§o IR (film) 3027, 2360, 1734, 1699 ¢m'H NMR (400MHz, CDCL)
M 7.38-7.24 (m, 5H), 3.74 (8 = 7.3 Hz, 2H), 3.05 (£ = 7.3 Hz, 2H),
2.40 (s, 3H), 1.85 (s, 3H}*C NMR (100 MHz, CDCL) ppm 200.8, 166.6, 140.3129.2,
128.6, 126.5, 54.8, 37.0, 24.6, 1118RMS (El): Exact mass calcd for CH,,NO [M],
189.1154. Found 189.1146.

The imino arylbromidé50 mg, 187umol) in benzen¢19 mL, 10mM) wastreated with
"Bu,SnH (55pL, 205pumol) and warmed to 85C. A solution of AIBN (24.6 mg, 15Qumol) in
benzene (1 mL)vas added viasyringe pump over 1 h, anithe mixturewas refluxed for an
additional 1 h before cooling. The solution was concentrated, and the residue was purified by flash
column chromatograph{SiO,, 40% dichloromethane in hexanes) to provithe indoline as a
white solid(14.4 mg, 41%). mp = 60-6T; R = 0.24 (SiQ, 60% CHCl/hexanes); IR(film)
3408, 3049, 1720, 1664, 1606 tmH NMP (400 MHz, CDCJ) 5 7.26 (dd,J = 18.5, 8 Hz,
2H), 6.87 (tJ = 7.4 Hz, 1H), 6.53 (dJ = 10.8 Hz, 1H), 4.27 (gJ = 6.9 Hz, 1H), 3.66 (ddJ
= 17.7, 8.4 Hz, 1H), 3.58 (g, = 8.2 Hz, 1H), 3.22 (t) = 8.5 Hz, 2H), 1.75 (s, 3H), 1.49 (d,
= 7.0 Hz, 3H);"*C NMR (100MHz, CDCL) ppm209.9, 130.1, 127.6, 125.0, 121.718.1,
106.7, 61.0, 49.1, 28.7, 23.7, 11.HRMS (El): Exact mass calcd for CH,,NO [M],
189.1154. Found 189.1151.

The imino aryliodidg(28.9 mg, 91.8umol) in benzene (8L, 10 mM) was treated with
"Bu,SnH (37pL, 138 umol) and warmed to 83C. A solution of AIBN (23mg, 138umol) in
benzene (1 mL)vas added viasyringe pump over 8 h, anithe mixturewas refluxed for an

additional 2 h before cooling. The solution was concentrated, and the residue was purified by flash
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column chromatograph{SiO,, 40% dichloromethane in hexanes) to provithe indoline as a
white solid (14.2 mg, 82 %). mp = 60-63 °C.
Additionally, the tin adduct couldlso be identified as amil (9 mg, 18%)
@ on, following flash column chromatography tife above reaction mixturgSiO,,
”BuSSnH 50% dichloromethane in hexanes), R 0.11 (SiQ, 60 % CHCl./hexanes);
e © IR (film) 2952, 1715, 1699, 1648 ¢m'H NMP (400 MHz, CDCJ) & 7.10
(d,J = 6.9 Hz, 1H), 6.95 (dd] = 7.8, 7.5 Hz, 1H), 6.67 (dd,= 7.2, 6.3 Hz, 1H), 6.28 (d] =
8.0 Hz, 1H), 3.91 (ddd] = 9.9, 9.5, 3.2 Hz, 1H), 3.73 (ddd= 11.3, 8.8, 1.8 Hz, 1H)3.14-
2.98 (m, 2H), 2.17 (s, 3H), 1.67 (s, 3H), 1.44-1.33 (m, 12H), 0.93t7.2 Hz, 9H);°C
NMR (100 MHz, CDCL) ppm208.8, 136.8, 130.0, 127.1, 125.0, 118.4, 108, 8, 52979,
29.4, 28.3, 26.9, 24.7, 24.6, 16.6, 13:8MS (CI): Exact masscalcd for C,,H,,NOSn*®
[M]*, 477.2210. Found 477.2206alcdfor C,,H,,NOSN* [M]*, 479.2210. Found 479.2210;
calcd for G,H,,NOSH*® [M]*, 475.2210. Found 475.2209.

NH
2 1.(PhCO),, 4A MS @
| 2. "BusSnH, AIBN N
CgHg, 80 °C )\(h
PH

(0]

2-(2,3-Dihydro-indol-1-yl)-1,2-diphenylethanone (2n). ortholodo phenethylamine
(135 mg, 547umol), benzil (115 mg, 54@mol), and 4A MS were rapidly stirred in benzene for
4h. The mixture was filtered through Celite, concentrated, and placed under high vacthnee
days to returrthe desiredmine as ayellow oil (240 mg, 95 %)and 25:1 mixture ofimine
stereoisomers. IR (film) 3059, 2360, 2342, 1672, 1628, 1596 'tiMNMP (400 MHz, CDC))
57.79 (dJ = 7.1 Hz, 2H), 7.74 (d) = 8.3 Hz, 3H), 7.60 (t) = 7.4 Hz, 1H), 7.46-7.37 (m,
5H), 7.25 (dJ = 4.2 Hz, 2H), 6.88 (td) = 9.2, 4.6 Hz, 1H), 3.74 (§ = 7.1 Hz, 2H), 3.18 (t,

J =7.5 Hz, 2H);"*C NMR (100MHz, CDCL) ppm199.1, 167.4, 142.6, 139.7, 1351435.2,
134.8, 133.0, 131.6, 131.2, 130.7, 130.2, 129.5, 129.3, 128.9, 128.4, 128.3, 928.6,
42.2; HRMS (El): Exact mass calcd foy,l@,JNO [M+H]*, 440.0513. Found 440.0528.
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ph The imine derivedfrom phenethylamine was similarly prepared as a

N
@N \W/KO yellow oil. IR (film) 3060, 2980, 1675, 1628 ¢utH NMP (400 MHz,
Ph

CDCL,) 5 8.00 (dd,J =7.1, 1.3 Hz, 2H), 7.74 (dd] = 7.2, 1.2 Hz,

1H), 7.60 (dd,J = 7.0, 1.5 Hz, 1H), 7.68 (§l = 7.5 Hz, 1H), 7.60 (tJ = 7.4 Hz, 1H), 7.54 (d,
J=7.9 Hz, 1H), 7.53 (d) = 7.6 Hz, 1H), 7.46-7.38 (m, 3H), 7.26 (dii=9.1, 2.4 Hz,1H),
7.20 (dd,J = 9.3, 1.3 Hz, 1H), 7.17 (dd] = 7.2, 1.4 Hz, 1H), 3.73 (t) = 7.4 Hz, 2H),3.06
(t, J = 7.4 Hz, 2H);*C NMR (100MHz, CDCL) ppm 199.3, 195.0, 140.2, 135.6,35.4,
135.0, 133.4, 131.3, 130.4, 129.7, 129.6, 129.5, 129.4, 129.1, 128.8, 127.7, 326.6,
37.9; HRMS (CI): Exact mass calcd fos, &, ,NO [M], 313.1467. Found 313.1470.

A solution of the imine (36.4 mg, 83pinol) and"Bu,SnH (33.6pL, 124.7 umol) in hot
(85° C) benzene (7.5 mL) was treated with a solution of AIBN (20.5 mgutd®) in benzene (1
mL) over 8 h by syring@ump. The reaction mixturevasrefluxed for anadditional 2 h,cooled,
and concentrated to a viscous oil that was directly purified by flash column chromato@&phy
40% dichloromethane in hexanes) to furnish the indoline as a coloilé43.1 mg, 65 %). R=
0.15 (40% CHCl/hexanes); IR (film) 3026, 2851, 2360, 2346, 1690, 1606 4rh NMP (400
MHz, CDCL) & 7.97 (d,J = 8.5 Hz, 2H), 7.54 (t) = 7.4 Hz, 1H), 7.44-7.32 (m, 7H), 7.09 (d,
J=7.1Hz, 1H), 6.99 (t) = 7.8 Hz, 1H), 6.66 (tJ = 7.2 Hz, 1H), 6.37 (dJ = 7.9 Hz, 1H),
6.18 (s, 1H), 3.74 (dd] = 17.4, 8.3 Hz, 1H), 3.17 (dd, = 9.6, 6.5 Hz, 1H), 3.03 (dt] = 9.4,
6.3 Hz, 1H), 2.94 (td) = 17.3, 8.6 Hz,1H); *C NMR (100MHz, CDCL) ppm198.0, 133.5,
129.8, 129.2, 129.0, 128.9, 128.6, 127.4, 124.9, 118.3, 109.6, 107.2, 106.7, 65.9, 50.6, 28.5;
HRMS (El): Exact mass calcd for,f8,,NO [M]*, 313.1467. Found 313.1477.

NH,
1. CH3C(O)CO,CHjs, 4A MS
| 2. "Bu3SnH, AIBN N
CgHg, 80 °C )\
CO,CHj,
CHj

2-(2,3-Dihydro-indol-1-yl)-propionic acid methyl ester (20). Using the general
procedure forimine formation, ortho-iodophenethyl aming182.7 mg, 740umol), methyl

pyruvate (67 mL, 74@mol), and 4 A MS in benzene (3 mWere stirred for 6 h to provide the
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condensation product as a colorleis(241 mg, 99 %)ynd mixture of tautomer@mine:enamine
= 4:3 (CDC)) and 5:4 (QD,) at rt and 75C). IR (film) 3398 (br), 2949, 2360, 1722, 1654 tm
imine: *H NMP (400 MHz, CDCJ) 5 7.82 (dd,J =7.9, 2.8 Hz, 1H), 7.32-7.27 (m, 1H},23
(dd,J =5.1, 2.0 Hz, 1H), 6.92 (dd,= 7.6, 7.4 Hz, 2H), 3.87 (s, 3H), 3.74 (dH=8.5, 7.1
Hz, 2H), 3.16 (t,J = 7.9 Hz, 2H), 2.00 (s, 3H)}*C NMR (100MHz, CDCL) ppm 165.9,
161.1, 139.9, 133.2, 130.6, 128.5, 124.3, 101.0, 42.9, 41.5, HRBIS (CI): Exact mass
calcd for G,H,INO, [M+H]*, 332.0149. Found 332.0151.

OCH, The phenethyl ketiminevas similarly prepared as a colorlesg (1 : 1

©/\/N\\/§O imine:enamine); IR (film)3397 (br), 2950, 1724, 1696, 1654 tm
imine: *H NMR (400 MHz, CDC)) & 7.19 (dd,J = 6.9, 5.9 Hz,2H),

7.13-7.10 (m, 3H), 3.76 (s, 3H), 3.63 (ddz 7.3, 2.2 Hz, 2H), 2.78 (t, 6.9 Hz, 2H), 1.86 (s,
3H); *C NMR (100 MHz, CDC)) ppm160.9, 139.8, 129.1, 128.9, 128.7, 126.6, 584.2,
36.7, 21.5; HRMS (CI): Exact mass calcd fqeHG NO, [M]*, 205.1103. Found 205.1095.

In accord with the General Procedure, the imine (14.8 mg,4dol) in benzeng18 mL,
5mM) was treated witfBu,SnH (26.5uL, 98.4pumol) and warmed to 85° C. A solution of AIBN
(3.7 mg, 22.4umol) in benzene (1 mL) was added via syringe pump over 4h, amithee was
refluxed for an additional 3h before cooling. The solution was concentrated, diluted with ether, and
stirred with satd aq KF for 2h. The mixture widiered through Celitethe layerswere separated,
and the organic layer was washed with water, dried, and concentrated. The residue was purified by
flash column chromatography (neutral alumina, 30 % dichloromethane in hexanes) to provide the
indoline as a colorlessil (6.9 mg, 75%); R = 0.25 (ALO,, 30 % CHCl,/hexanes); IR(film)
2952, 2361, 1734, 1607 ¢imH NMP (400 MHz, CDCJ) 5 7.09 (d,J = 7.3 Hz, 1H), 7.04dd,
J=7.4,7.0Hz, 1H), 6.67 (1 = 7.4 Hz, 1H), 6.40 (dJ = 7.9 Hz, 1H), 4.31 (g) = 7.3 Hz,
1H), 3.70 (s, 3H), 3.59 (§ = 9.7 Hz, 1H), 3.57 (dJ = 10.3 Hz, 1H), 3.04-2.97 (m, 2H}.51
(d,J = 7.3 Hz, 3H);"*C NMR (100 MHz, CDC)) ppm 130.1, 127.4, 124.8, 118.2, 106:8,9,
52.0, 48.3, 28.5, 15.RMS (CI): Exact masscalcd for C,,H,;.NO, [M]*, 205.1103. Found
205.1093.
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General Procedure for Asymmetric Phase Transfer Alkylations

A 0.34 M dichloromethane solution of benzophenone glydémyte tert-butylester (1leq),
catalyst (0.1 eq) and solid CsOH&(10 eq) was cooled to —78 °C followed by dropvéddition
of benzylhalide (5eq). The heterogeneous mixtukgas stirred forthe time specified while
maintaining thdow temperatureThe solution wasdiluted with E{O, washed with waterried
over MgSQ,, and concentratedrior to purification by chromatography (neutalmina) which
gave analytically pure ketimine.
General Procedure for Aryl Amination Using Chiral Schiff Base Substrates

A benzene solution ahe ketimine (leq) and"Bu,SnH (2.2 eq) was warmed to 85 C
followed by slow addition of AIBN (1.2 eq) using a syringe pump over 4-5Thissolution was
refluxed for anadditional hour before concentratiorthe residuewas treatedwith a 1:1 (by
volume) solution of EO and satd aqg KF anithe mixture stirredvigorously until a white solid
precipitated. The organic layeras washed with water, filtereénd dried oveMgSQO,, and
concentrated prior to purification by silica gel chromatography to give the target indoline.
General Procedure for Preparation of Racemic Samples

A 0.34 M dichloromethane solution of benzophenone glydmipe tert-butyl ester (leq),
benzyltriethyl ammonium chloridg.2 eq),and benzylhalid€1.2 eq) was treatedwith 50% aq
NaOH (20 eq). The mixture was stirred vigorously at roontemperaturefor 4 h. The
heterogeneous mixture was diluted with@twashed with water, driednd concentrategrior to
purification by column chromatography (neutral alumina) to yield pure racemic ketimines.
General Procedure for Imine Reduction

To a 0.02 Msolution ofketimine (1eq) in dry methanolvas addedNaBH, (25 eq) at O
°C. The mixture was warmed up to 26, and stirred forl—1.5 h.The solution wasdiluted with
CH,CIl,, washed with water, driedand concentratedorior to purification by silica gel

chromatography to yield analytically pure amine for HPLC analysis.
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2 s
AlylO
H iAnth

Catalyst B. CatalystB wasprepared in an analogous mannertat reported forcatalystA®.
yellow solid, recrystallized from CECI/Et,O or purified by silica gel chromatography (2%
methanol in dichloromethane); "ig0-142°C; R,= 0.1 (2% CHOH/CHCL,); IR (film) 3402,
1640, 1625 cnt; *H NMR (400 MHz, CQOD) 6 9.02 (d,J = 4.6 Hz, 1H), 8.94 (dJ = 9.0 Hz,
1H), 8.80 (s, 1H), 8.68 (m, 1H), 8.29 (@= 8.9 Hz, 1H), 8.20-8.16 (m, 3H), 7.93-7.90 (m,
3H), 7.83 -7.79 (m, 1H), 7.70-7.66 (m, 1H), 7.62-7.58 (m, 2H), 6.88 (bs, 1H), 6.45-6.36 (m,
1H), 6.05 (s, 2H), 5.98-5.89 (m, 1H), 5.71 (= 17.3 Hz, 1H), 5.61 (d) = 10.5 Hz,1H),
5.18 (d,J = 10.4 Hz, 1H), 5.04 (d = 17.2 Hz, 1H), 4.87 (s, 1H), 4.55-4.51 (m, 2K4)41-
4.33 (m, 2H), 4.41-4.33 (m, 3H), 3.14 {t= 11.0 Hz, 1H), 2.82-1.75 (m, 1H), 2.54 {t=
11.8 Hz, 1H), 2.25 (dJ = 7.7 Hz, 1H), 1.82 (br s, 1H), 1.62 (m, 1H), 1.18 (m, f0; NMR
(100 MHz, CDQOD) ppm 151.9, 150.2, 143.3, 138.3, 135.6, 135.5, 134.6, 13%3R.8,
132.4, 132.2, 131.9, 131.2, 130.4, 130.2, 130.0, 128.0, 127.5, 127.3, 126.8, 1Z%B,
122.3, 119.9, 119.8, 119.1, 118.8, 76.5, 72.1, 69.7, 59.9, 57.9, 57.5, 39.7, 28.2425.9,
HRMS (El): Exact mass calcd for,#,.,NO, [M]", 525.2906. Found 525.288@(][%2 = +286°

(c 1.6, CHC))

CO,'Bu CO,'Bu
Br Br
ortho-Bromobenzylbromide (1.97 g, 7.87 mmdhe glycinyl imine(465 mg, 1.574 mmol), and
CsOH<HO (2.35 g, 15.74 mmol) stirred for 20 htime presence of catalyat (10 mol %) at < -

65 °C. Work-up according to the general procequoxidedthe desired phenylanine derivative

as a colorless oil (650 mg, 8998~ 0.40 (10%EtOAc/hexanes); IR (flmB058, 1732 cny 'H

> Corey, E.J.; Xu, F.; Noe, M. CJ. Am. Chem. So&997 119, 12414
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NMR (400MHz, CDCL) 6 7.61 (dt,J= 7.1, 0.9 Hz, 2H), 7.44dd, J= 9.0, 1.1 Hz,1H),
7.41-7.28 (m, 6H), 7.23 (dd,= 7.5, 1.6 Hz, 1H), 7.15 (td,= 7.4, 1.3 Hz, 1H), 7.05 (td] =
7.7, 1.8 Hz, 1H), 6.61 (d|= 5.9 Hz, 2H), 4.36 (dd] = 9.7, 4.0 Hz, 1H), 3.49dd, J = 13.3,
4.0 Hz, 1H), 3.25 (dd] = 13.3, 9.7 Hz, 1H), 1.48 (s, 9HFC NMR (100MHz, CDCL) ppm
170.5, 139.5, 137.7, 136.2, 132.7, 132.5, 130.1 (2C), 128.8, 128.2, 128.1, 1P77/86,
127.7, 126.9, 125.2, 81.1, 65.2, 39.6, 284RMS (EIl): Exact masscalcd for C,;H,,.BrNO,
[M+H]*, 464.1225. Found 464.1241.

Anal. Calcd for GH,.BrNO,: C, 67.24; H, 5.64; N, 3.02. Found: C, 67.36; H, 5.71; N,
2.94.

HPLC (Chiralcel OD, 2%PrOH/hexanes, 0.5L/min) t (R) = 10.5 m, t(S) = 11.0 m.
(9- 96% ee, d] 5~ =—265° ¢ 0.9, CHCD: (R)- 93% ee, d] & = +260° ¢ 2.7, CHCY).

Use of cinchonine-derived cataly® gave the enantiomer ascalorlessoil (189 mg,

81%).

CO0,'Bu CO,'Bu
and
Br \( Br \(

Ph Ph

For chiral HPLC analysisthe iminewas reduced according to the GeneRabcedure (7
mg, 88%).Crystallinesolid, mp 98-100C; R, = 0.43 (10%EtOAc/hexanes); IR (flmB324,
1724 cm’; *H NMR (400 MHz, CDC)) 8 7.56 (d,J = 7.8 Hz, 1H), 7.34dd, J= 8.5, 1.3 Hz,
2H), 7.29 (dJ= 7.0 Hz, 2H), 7.25 (d] = 4.2 Hz, 2H), 7.17 (m, 7H), 4.81 (s, 1H), 3.46Jt,
= 7.5 Hz, 1H), 3.09 (dd] = 13.4, 6.6 Hz, 1H), 3.03 (dd,= 13.6, 8.6 Hz, 1H), 1.43 (9H);
*C NMR (100MHz, CDCL) ppm, 174.1, 144.5, 142.6, 137.7, 132.6, 132.0, 1282R.3,
128.1, 127.4, 127.2, 127.1, 127.0, 125.1, 81.2, 65.4, 59.6, 40.2, 2BMS (El): Exact
mass calcd for ¢H,,BrNO, [M+H]", 466.1382. Found 466.1358.

HPLC (Chiralcel AD, 2%PrOH/hexanes, inL/min) t (S) = 4.1 m, t(R) = 4.6 m. §)-
24 2
95% ee, @] p =-30.6°¢ 2.2, CHC)). (R)- 93% ee, ] D3 =+29.4° ¢ 0.9, CHC)).
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N~ ~co,Bu N~ "co,Bu

PR Ph PR Ph
(108). According to the general procedure, use of the Schiff (fa$67 g, 0.23 mmol), B&nH
(0.14 mL, 0.51 mmol), and AIBN (30 mg, 0.19 mmol) furnishaftier silica gel chromatography
(2% EtOAc in hexanes), awhite solid (62 mg, 69%). mp 102-104C; R, = 0.42 (10%
EtOAc/hexanes); IR (film) 3061, 1736 ciitH NMR (400MHz, CDCL) & 7.47 (d,J = 7.1 Hz,
2H), 7.37 (dJ = 7.1 Hz, 2H), 7.34-7.23 (m, 6H), 7.03 @= 7.1 Hz, 1H), 6.87 (t)= 7.7
Hz, 1H), 6.64 (tJ= 7.3 Hz, 1H), 6.01 (dJ= 7.9 Hz, 1H), 5.66 (s, 1H), 4.11 (dd= 10.5,
5.4 Hz, 1H), 3.42dd, J= 15.9, 10.5 Hz, 1H), 3.0dd, J= 15.9, 5.4 Hz, 1H), 1.33 (9H);
*C NMR (100MHz, CDCL) ppm 172.6, 151.2, 141.2, 140.7, 129.2, 128.5, 12827.7,
127.3, 127.2, 123.8, 117.9, 80.8, 67.1, 65.0, 34.0, HRWS (EI): Exactmasscalcd for
C,iH,,NO, [M]*, 385.2042. Found 385.2061.

HPLC (Chiralcel OD, 2%PrOH/hexanes, InL/min) t (S) = 4.1 m, t(R) = 4.7 m. §)-
95% ee, §] 5 =—45.4° ¢ 1.0, CHC)). (R)- 93% ee, @] & = +41.9° ¢ 1.8, CHC).

The enantiomeric indoline was similarly prepared using catBly2i.5 mg, 70%).

: N ~Co,Bu

HCO,Hs ™
(S)-Indoline a-amino acid tert-butyl ester, formic acid salt Indolinel0a (55 mg, 142
pmol) was dissolved in drivieOH (2 mL)and treatedvith 96% HCOOH (65 mg, 1.42mmol)
and 10% Pd/G5.5 mg).The bomb wascharged with hydroge(iLO0O psi): andhe reaction was
stirred for 48 h with frequentecharging of thehydrogen atmospheréiltration of the reaction
mixture and evaporation of solvent gave a white S@®Img, 77%). mp 102-10%; R = 0.10
(15% EtOAc/hexanes); IR (film) 2978, 1736, 1672 ¢iH NMR (400MHz, CDCI) & 9.00 (s,
1H), 7.25-7.20 (m, 3H), 7.10-7.05 (m, 1H), 4.94 (ddi&; 11.1, 4.3, 0.8 Hz, 1H), 3.54 (dd,
= 16.8, 11.3 Hz, 1H), 3.15 (dd,= 16.8, 4.3 Hz, 1H), 1.49 (fH); *C NMR (100 MHz,

S-44



Supporting Information Johnston et al.

CDCI3) ppm169.7, 157.6, 128.3, 126.1, 124.6, 109.5, 82.6, 58.6, 45.0, 32.7, HHBMS
2
(El): Exact massalcd for G,H,NO, [M-H,0]", 247.1208. Found 247.1215. (S)- 91% e@D?

= —103.7° ¢ 0.74, CHCJ).

: N: N CO,H
H

(S)-Indoline a-amino acid. The formic acid sa32.5 mg, 123umol) was dissolved in 8§
HCI (1 mL) and THF (several drops to solubilize) and refluba@d3 h. The reaction mixture was
cooled,neutralized withNaOH, and the solvenwvas removed by evaporatiom.he residue was
extracted with 50% MeOH/CJEIl, and the extracts were concentrated to give a white @ith).

21 . 21
[al]p = -80.8° ¢ 0.40, N HCI). Literature: p]p = -114° ¢ 1, IN HCI). The presence of

(inseparable) NaCl in the synthetic material accounts for the slight depression of rotation.

MeO CO,Bu MeO CO,Bu
T - OO
Ph Ph
5-Methoxy-2-bromo-benzyl bromid@74 mg, 1.69 mmol)the glycinyl imine(100 mg,
339pumol) and CsOHe«ED (505 mg, 3.39 mmol) stirred for 2 hrs in the presenaaitaiystA (10
mol %) while maintaining a temperature—10 °C. Work-up according tdahe general procedure
provided the desired phenglanine derivative as eolorlessoil (136 mg, 81%)R; = 0.28 (10%
EtOAc/hexanes); IR (film) 3058, 1733 ¢intH NMR (400 MHz, CDCJ) 5 7.62 (d,J = 7.3 Hz,
2H), 7.40-7.28 (m, 8H), 6.76 (d,= 2.7 Hz, 1H), 6.63 (ddJ = 8.7, 3.0 Hz, 2H), 4.38 (dd,
= 9.7, 3.9 Hz, 1H), 3.62 (s, 3H), 3.43 (dds 13.3, 4.0 Hz, 1H), 3.22 (dd,= 13.2, 9.9 Hz,
1H), 1.47 (s, 9H);*C NMR (100 MHz, CDC)) ppm 170.6, 158.4, 139.4, 138.4, 1361B2.9,
130.2, 128.7, 128.3, 128.1, 127.9, 127.7, 117.1, 115.5, 114.9, 81.2, 65.1, 55.2, 39.7, 28.0;
HRMS (EI): Exact mass calcd for,&,,BrNO, [M+H] ", 494.1331. Found 494.1323.

HPLC (Chiralcel AD, 2%PrOH/hexanes, InL/min) t (R) = 4.6 m, t(S) = 5.4 m. §)-
94% ee §] 5 =-211.7¢ 1.0, CHC)). (R)- 91% ee,d] 5 = +201.1¢ 0.9, CHC)).
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Similarly use ofcinchonine basedatalystB gave the enantiomer ascalorlessoil (120

mg, 74%).

MeO. MeO.
N~ Yo, Bu N~ co,Bu

A A

Ph Ph Ph Ph

(10b). According to the general procedure, us¢hefSchiff base(69.2 mg, 14Qumol), Bu,SnH
(188 uL, 700 umol), and AIBN (37mg, 224umol) furnished,after chromatography on neutral
alumina (2% EtOAc in hexanes), a colorless(®8 mg, 45%)R; = 0.1 (3%EtOAc/hexanes); IR
(film) 3060, 1733 crt; *H NMR (400 MHz, CDCJ) & 7.46 (dd,J = 8.3, 1.4 Hz, 2H), 7.39 (dl
= 7.1 Hz, 2H), 7.33-7.22 (m, 6H), 6.68 @@= 2.4 Hz, 1H), 6.42 (ddj = 8.6, 2.6 Hz,1H),
5.89 (d,J = 8.6 Hz, 1H), 5.59 (s, 1H), 4.07 (dil= 10.2, 5.1 Hz, 1H), 3.70 (s, 3H), 3.38d,
J=15.8, 10.2 Hz, 1H), 2.96 (dd,= 15.9, 5.0 Hz, 1H), 1.34 (9H); °C NMR (100 MHz,
CDCl,) ppm 172.6, 152.7, 145.4, 141.6, 140.9, 129.3, 129.1, 128.4, 128.3, 128722,
127.0, 111.6, 111.3, 109.3, 79.8, 67.6, 65.3, 55.8, 34.1, ARMS (El): Exactmasscalcd
for C,;H,,NO, [M]*, 415.2147. Found 415.2160.

HPLC (Chiralcel OD, 2%PrOH/hexanes, InL/min) t (S) = 5.4 m, t(R) = 6.0 m. §)-
91% ee ] 5 =-41.2°¢ 1.3, CHCl). (R)- 87% ee,{] o = +37.5° ¢ 0.7, CHCI).

The enantiomeric indolingvas similarly preparedusing cinchonine-derived catalysB

(24.3 mg, 55%).

(I\(COZ%U 7~ \\\\COZtBu
| and |
S N Ph N N h
N Br Y N Br YP

Ph Ph
2-Bromo-3-bromomethyl pyridine (216g, 850 umol), glycinyl imine (50 mg, 170
pmol), and CsOH<LD (253 mg, 1.70nmol) were stirred for 20 h ithe presence of catalyAt

(20 mol %) while maintaining a temperatgre65 °C. Work-up according to the general procedure

providedthe desirechlanine derivative as a whigelid (61 mg,77%). mp 93-95C; R, = 0.15
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(10% EtOAc/hexanes); IR (film3056, 1732 cnd; *H NMR (400MHz, CDCL,) 5 8.21 (dd, J =
4.7, 1.9 Hz, 1H), 7.6Qdd, J= 8.6, 1.5 Hz, 2H), 7.56dd, J= 7.5, 1.9 Hz, 1H)7.41-7.28
(m, 6H), 7.12 (ddJ = 7.5, 4.7 Hz, 1H), 6.68 (dl= 6.2 Hz, 2H), 4.4Qdd, J= 9.5, 4.3 Hz,
1H), 3.43 (ddJ = 13.7, 4.3 Hz, 1H), 3.22 (dd,= 13.6, 9.4 Hz, 1H), 1.46 (€H); *C NMR
(100 MHz, CDCJ) ppm 171.1, 170.2, 148.0, 144.7, 140.7, 139.0, 135.9, 135.1, 113837,
128.5, 128.3, 127.9, 127.4 122.4, 81.5, 64.4, 44.7, 28RMS (El): Exact masscalcd for
C,:H,.BrN,O, [M+H]*, 465.1177. Found 465.1180.

Anal. Calcdfor C,.H,.BrN,O,: C, 64.52; H, 5.41; N, 6.0Found: C, 64.24; H5.48;
N, 5.96.

HPLC (Chiralcel AD, 2%6PrOH/hexanes, InL/min) t (R) = 7.4 m, t(S) = 8.9 m. §)-
>99% ee, §i] 5. = —245.4°¢ 0.9, CHC)). (R)- 98% ee, @] & = +235.9°¢ 1.7, CHCJ).

Similarly, use of cinchonine catalyBtgave the enantiomer as a white solid (60 mg, 76%).

= =4
- | and - |
N CO,Bu N~ N7 "co,'Bu
PH~ “Ph Ph Ph

(100. According tothe generaprocedure, use dhe Schiff base (123ng, 264umol), Bu,SnH

(157 L, 582 umol), and AIBN (34.7 mg, 211umol) furnished,after silica gel chromatography
(10% EtOAc in hexanes), awvhite solid (72.5 mg, 71%). mp 104-10%; R, = 0.15 (10%
EtOAc/hexanes); IR (film) 3060, 1740 ¢itH NMR (400 MHz, CDCJ) & 7.86 (d,J = 5.4 Hz,

1H), 7.40 (d,J = 7.1 Hz, 2H), 7.30-7.17 (m, 9H), 6.49 (s, 1H), 6(dd, J = 5.4, 1.6 Hz,

1H), 4.20 (ddJ= 10.7, 5.0 Hz, 1H), 3.42 (dd,= 16.5, 10.7 Hz, 1H), 2.96 (dd,= 16.5, 5.0

Hz, 1H), 1.21 (s, 9H)*C NMR (100MHz, CDCL) ppm171.8, 162.5, 146.4, 140.440.1,

130.7, 129.8, 128.5, 128.3, 128.2, 127.2, 127.0, 120.4, 112.9, 81.1, 62.5, 61.0, 32.1, 27.7;
HRMS (EI): Exact mass calcd for,®,N,O, [M]*, 386.1994. Found 386.1992.

HPLC (Chiralcel AD, 10%PrOH/hexanes, 1 mL/min)(S = 6.0 m, t(R) = 11.3 m. §)-
91% ee, &] 5 =-61.8°¢ 0.9, CHC)). (R)- 89% ee, @] & = +58.6° ¢ 0.6, CHC)).
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The enantiomeric indoline was similarly prepared using cat@ly87 mg, 60%).

cl CO,'Bu cl CO,'Bu
Br Y Br Y
Ph Ph
5-Chloro-2-bromo benzyl bromidd..16 g, 4.06 mmol)the glycinyl imine(200 mg, 667mmol)
and CsOH<HO (1.01 g, 6.77#mmol) stirredfor 22 hrs inthe presence of catalyAt (10 mol %)
while maintaining a temperature-60 °C. Work-up according tdhe general procedure provided
the desired phenylanine derivative as a whigslid (250 mg, 74%); mp 98-10C; R, = 0.43
(10% EtOAc/hexanes); IR (film3059, 1732 crt; *H NMR (400MHz, CDCL) & 7.58 (dd,J =
8.5, 1.3 Hz, 2H), 7.39-7.29 (m, 6H), 7.26 (s, 1H), 7.200(d,2.4 Hz, 1H), 7.01 (dd] = 8.5,
2.6 Hz, 1H), 6.73 (br d] = 6.9 Hz, 2H), 4.31 (dd) = 9.3, 4.6 Hz, 1H), 3.38 (dd,= 13.4,
4.6 Hz, 1H), 3.24 (dd) = 13.4, 9.3 Hz, 1H), 1.45 (s, 9HJC NMR (100MHz, CDCL) ppm
171.1, 170.3, 139.5, 136.1, 133.5, 132.8, 132.4, 130.3, 130.1, 128.8, 128.5, IZB3,
128.0, 127.7, 122.9, 81.5, 65.0, 39.4, 284RMS (EIl): Exact masscalcd for C,H,.CINO,
[M-Br]*, 418.1574. Found 418.1586.
HPLC (Chiralcel OD, 2%PrOH/hexanes, InL/min) t (S) = 4.1 m, t(R) = 4.6 m. §)-
93% ee ] 5 =-194.3¢ 2.6, CHCY). (R)- 94% ee, &] 5 = +194.6 ¢ 0.74, CHC).
Similarly, use ofcinchonine-derived cataly@& gave the enantiomer as a wstid (240

mg, 71%).
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cl a
N~ ~~co,Bu N~ "co,Bu

Ph Ph Ph Ph

(10d). According to the genergirocedure, use dhe Schiff base (50ng, 100umol) "Bu,SnH
(81 pL, 300 umol) and AIBN (26.3 mg, 160umol) furnished, after silica gel chromatography
(1% EtOAc in hexanes), a colorless oil (23 r8§%). R, = 0.45 (10%EtOAc/hexanes); IR (film)
3062, 1733 cnt; *H NMR (400 MHz, CDC)) 5 7.42 (d,J = 6.9 Hz, 2H), 7.38-7.25 (ngH),
6.98 (s, 1H), 6.81 (ddl = 8.5, 1.9 Hz, 1H), 5.87 (d,= 8.5 Hz, 1H), 5.64 (s, 1H), 4.12 (dd,
= 10.3, 4.7 Hz, 1H), 3.38 (dd,= 16.0, 10.4 Hz, 1H), 2.96 (dd,= 16.3, 4.7 Hz, 1H)1.33
(s, 9H);®C NMR (100MHz, CDCL) ppm172.1, 149.7, 141.0, 140.2, 130.1, 129129.2,
128.6, 128.5, 128.0, 127.5, 127.3, 127.0, 124.1, 109.8, 81.2, 66.9, 65.2, 33.6G;IRV8;
(El): Exact mass calcd for,H,,CINO, [M]*, 419.1652. Found 419.1657.

HPLC (Chiralcel AD, 2%PrOH/hexanes, InL/min) t (S) = 4.2 m, t(R) = 4.9 m. §)-
93% eefi] 5 =-59.8¢ 1.2, CHC). (R)- 94% ee, §] 5. = +63.4 ¢ 1.0, CHC)).

The enantiomeric indolingvas similarly preparedusing cinchonine-derived catalysB

(25.2 mg, 60%).
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CHO 1. TMSCN, Zn|2, CH2C|2
@[ 2. LiAIHg, Et,0, 0 °C
o 3. (Boc),0, CH,Cly g, NHBoc

(65%)

2-(2-Bromophenyl)-2-hydroxyethyl carbamic acid tert-butyl ester (13). Treatment of
0.215g (0.994 mmol) of 2-amino(2-bromo-phenyl)-ethaholwith ditert-butyl dicarbonate
(0.217g, 0.994nmol) and triethylamin€0.129 ml, 0.994mmol) in CH,CI, (20 mL) provided

after chromatograph{SiO,, 20% ethyl acetate ifexanes}the carbamate as @lorlessoil (260

mg, 83%). R= 0.10 (20% EtOAc/hexanes); IR (film) 3427 (br), 1691 'cthl NMR (400 MHz,
CDCl,) 5 7.55 (ddJ = 7.8, 1.2 Hz, 1H), 7.47 (dd,= 7.9, 0.8 Hz, 1H), 7.30 (] = 7.5 Hz

1H), 7.10 (tdJ = 7.8, 1.5 Hz, 1H), 5.21(8= 5.4 Hz, 1H), 5.09 (dJ = 3.0 Hz, 1H), 4.50 (s,

1H), 3.48(ddd,J = 14.2, 6.5, 3.0 Hz, 1H), 3.29-3.24 (m, 1H), 1.41(s, 9HC; NMR (100

MHz, CDCL) ppm 157.8 , 141.0 , 132.8 , 129.2 , 128.2 , 127.8 , 122.0, 80.0, 73.4 , 46.8 ,
28.6 ; HRMS (EIl): Exact mass calcd forl€,,BrNO, [M+H]", 316.0548. Found 316.0544.

OH OCH,
NaH, Me,SO,4
NHBoc DMF, 0 °C NHBoc
Br (70%) Br
2-(2-Bromophenyl)-2-methoxyethyl carbamic acid tert-butyl ester. The carbamate
(50.0 mg, 0.159 mmol) was treated with sodium hydride (7.00 mg, ontsa@) at 0 °C in DMF
(2 mL). Dimethyl sulfate (14.QL, 0.152 mmol) was added and the solution was warmed to room
temperature. Stirring for 4 hours followed by aqueous workng flash chromatograph$pio,,
5% ethyl acetate in hexanes) provideel ether as a colorless ofB5.0 mg, 70%). R= 0.10 (4%
EtOAc/hexanes); IR (film) 3442, 3362, 3061, 1717'¢thl NMR (400 MHz, CDCJ) 8 7.54 (dd,
J=8.1, 1.1 Hz, 1H), 7.41(ddJ,= 7.7 , 1.8 Hz , 1H), 7.33 (§ = 7.4 Hz, 1H), 7.16td , J =
7.8, 1.6 Hz, 1H), 4.92 (s, 1H) , 4.68 (br,Jds 3.5 Hz, 1H), 3.53-3.44 (m , 1H), 3.27 @),

6 Fleming, I.; Woolias, M.;J. Chem. So¢cPerkin Trans1, 1979 3, 829.
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3.18 (dddJ = 12.8, 7.8, 5.0 Hz, 1H), 1.41 (8H); **C NMR (100MHz, CDCL) ppm177.2,
155.9, 138.4, 133.1, 129.6, 127.9, 123.6, 81.5, 79.5, 57.4, 45.4, PBB/S (El): Exact
mass calcd for GH,,BrNO, [M+H]*, 330.0704. Found 330.0723.

OCH, OCHj
CF3COzH
Oilj\msoc f:gztyco)'z @NHZ

2-(2-Bromophenyl)-2-methoxyethylamine. Treatment of the carbamat&4.6 mg, 0.044
mmol) with trifluoroaceticacid (10% v/v TFA:CHCI,) at room temperatur®r 2 hyielded the
trifluoroacetatesalt. Thissaltwas dissolved irether andvashed with satd aq KO, to give the
amine in quantitative yield ascalorless oil. IR(film) 3384, 3311, 3062, 1726 ¢m'H NMR
(400 MHz, CDCY)) 8 7.54 (d,J = 7.4 Hz, 1H), 7.41(dd) = 7.8, 1.8 Hz, 1H), 7.33 (1= 7.1
Hz, 1H), 7.15 (tdJ = 7.7, 1.8 Hz, 1H), 4.57(dd] = 7.5, 3.4 Hz, 1H), 3.30(s, 1H), 2.9#4r,
m, 1H) , 2.79 (br, m, 1H), 1.53(br, s, 2HJC NMR (100 MHz, CDCL) ppm 139.2, 133.1,
131.1, 129.3, 127.9, 123.4, 68.4 HRMNHE): Exact masscalcd for C;H,BrO [M-CH N]",
198.9759. Found 198.9758.

OCH; OCHj

O, e O
g M2 2.7BusSnH, AIBN \

CgHe, 80 °C )\Ph
Ph

N-(1-Phenylbenzyl)-3-methoxyindoline (15). 2-(ortho-Bromophenyl)-2-
methoxyethylaming¢43.4 mg, 18umol), benzophenonanine (32 uL, 189 pmol), and 4A MS
were stirred in CECI, at room temperature for 7 h. Removaltioé solventprovidedthe ketimine
as a colorless oil. IR (film) 3058, 1626 ¢mH NMR (400 MHz, CDCJ) & 7.63 (d,J = 8.3 Hz,
2H), 7.52 (ddJ = 8.1, 2.2 Hz, 1H), 7.45-7.28 (m, 8H), 7.13 @t 9.3, 1.6 Hz, 1H)7.07
(dd,J = 7.5, 2.4 Hz, 2H), 5.05 (dd,= 6.7, 4.5 Hz, 1H), 3.71 (dd,= 14.0, 4.4 Hz, 1H)3.64
(dd,J = 14.0, 6.9 Hz, 1H), 3.36 (s, 3HJC NMR (100MHz, CDCL) ppm169.8, 140.1(2C),
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137.0, 132.82, 130.2, 129.1, 128.8 (2C), 128.65, 128.6, 128.54, 128.2, 127.7, 82388,
59.2, 57.6; HRMS (El): Exact mass calcd fggHG,BrNO [M+H]", 394.0808. Found 394.0795.

A threehour addition of"Bu,SnH (38uL, 143 umol) and AIBN (8.5 mg, 52umol) in
benzene (1 mL) to a refluxing solution of the unpurified ketinfgle2 mg, 13Qumol) in benzene
(13 mL) afforded, after flash chromatography on basaumina(10% CHCI, in hexanes), the
desired indoline as a colorlesg (29 mg, 70%).R, = 0.15 (10% CECl/hexanes); IR(film)
3059, 1608 cn *H NMR (400 MHz, CDC)) 5 7.40—7.26 (m, 11H), 7.10 (di,= 8.1, 1.2 Hz,
1H), 6.71 (tJ = 7.25 Hz, 1H), 6.34 (d) = 7.9 Hz, 1H), 5.70 (s, 1H), 4.79 (ddi= 6.7, 2.6
Hz, 1H), 3.35 (s, 3H), 3.33 (dd,= 11.3, 2.7 Hz, 1H), 3.27 (dd,= 11.2, 6.7 Hz.1H); *C
NMR (100 MHz, CDCJ) ppm140.7, 130.1, 129.2, 128.8, 128.7, 128.4, 128.2, 12I227,5,
126.1 78.9, 65.7, 56.4, 55.HRMS (El): Exact masscalcd for C,,H,,NO [M]*, 315.1623.
Found 315.1623.
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