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The First Azacyclopentenylcarbinyl Radical Isomerizations (ACCRI):
Independent Use of Steric and Electronic (Polarization) Effects as

Gating Elements

Rajesh Viswanathan, Daniel Mutnick, 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 (E$O), tetrahydrofurarfTHF), dichloromethane (CILl,), and benzene (B,) were dried
by passage through a column adtivated alumina aslescribed byGrubbs' Benzene was
additionally passed through aolumn containing activated Q-Beactant. Solvents othehan
benzene weralegassed usinghe freeze-pump-thaw methodthen necessaryAll additional
solvents were dried bylistillation from calcium hydride when necessaryMolecular sieves
(spheres4A) werecalcined at400 °C and stored at rootemperature in an air-tightontainer.
AIBN was recrystallized prior tase,and trin-butyl tin hydride (Bu,SnH) was used a®ceived
from Aldrich? Magnesium sulfatevas used to dryrganic solutionsunless otherwisanoted.
Analytical data forsa, 5b, 5g, 5h, 63, 6b, 6g, 6h has been previously reportéd.

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

potassium iodoplatinate solutions.

! Pangborn, A. B.; Giardello, M. A.; Grubbs, R. H.; Rosen, R. K.; Timmer3, Btganometallics1996 15,
1518-1520.

2Two lots (purchased six months apart) from Alfa Aesar failed to effect the radical reactions.

% Viswanathan, R.; Plotkin, M. A.; Prabhakaran, E. N.; Johnston, J. Am. Chem. So2003 115, 163-168.
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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 acquireceitiner a Variarinova-
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 measurelitectly from integration of
'H NMR absorptions of protonsommon to thecomponents. Precision wakecked by varying
the relaxation delayor measurements on the samempound.Where possible, ratios were
corroborated usin@gC-mass spectrometry. Peak assignments meaefrom 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 evidendéd\hyR. 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 procedur&as used wherthe benzophenonketimine was desired,except
benzophenone imifavas used in place of the ketone.
General Procedure for Asymmetric Phase Transfer Alkylations

A 0.34 M dichloromethane solution of benzophenone glycinyine tert-butyl ester (1
equiv), catalyst(0.1 equiv) and solidCsOHH,O (10 equiv)was cooled to—78 °C followed by
dropwise addition of benzylalide (5equiv). The heterogeneous mixtuveas stirred forthe time
specified while maintaining the low temperature. The solution was diluted with #&ashed with
water, dried and concentratggior to purification by chromatography (neut@umina) which
gave analytically pure ketimine. Absolute stereochemistry was assigned be analogy.
General Procedure for Cyclizations Using Chiral Non-racemic Schiff Base
Substrates

A benzene solution of the ketimine éfuiv) and'Bu,SnH (2.2equiv) waswarmed to 85
°C followed by slowaddition of AIBN (1.2 equiv) using a syringe pump over 4Hss. The
solution was refluxed for aadditionalhour before concentratioithe residuevas treatedwith a
1:1 (by volume) solution of ED and satd aq K¥Fand the mixture stirredigorously until a white
solid precipitated. The organic layer was washed with water, and conceptiatet 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 glycinyine tert-butyl ester (1

equiv), benzyltriethyl ammonium chloridéd.2 equiv),and benzyl halid€l.2 equiv) was treated

* 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.
® Complete saturation by KF is necessary.
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with 50% aq NaOH (20 equiv)he mixturewas stirred vigorously at rootemperaturdor 4 h.
The heterogeneous mixtureas diluted with EtO, washed with water, drie@nd concentrated
prior to purification by column chromatography (neutral alumina) to yield pure racemic ketimines.
General Procedure for Imine Reduction (when necessary to determine ee)

To a 0.02 M solution of ketimine (1 equiv) in dry methanol, wddedNaBH, (25 equiv)
at 0 °C. The mixturevaswarmed up to 28C, and stirred forl-1.5 h.The solution wasdiluted
with CH.CI,, washed with water, driecand concentrategrior to purification by silica gel

chromatography to yield analytically pure amine for HPLC analysis.
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Br Br

1 1
CO,Bu 15% agq citric acid CO,Bu
NYPh (90%) NH,

Ph

(S)-2-Amino-3-(2-bromophenyl)-propionic acid tert-butyl ester (S-1).” Imine (S)-
5a (599 mg, 1.29 mmol) was dissolved in THF (7.7 mL) &edtedwith aq 15%citric acid (3.9
mL). The mixture was stirred vigorously for 5 h at room temperatlitéed with water(10 mL)
and extracted twicevith ether. The pH of theaqueouslayer was adjusted from 2 to 10 by
dropwise addition of satd KO, solution. The aqueouayerwas thoroughlyextractedwith ethyl
acetate, the combined organic layers were dried and concentrated, and thenasigluréfied by
silica gel chromatography (2% methanol in dichloromethane) to furnish the amine as a colorless oil
(348 mg, 90%). R 0.67 (10% MeOH/hexanes); IR (film) 3382, 1733%cAtH NMR (400 MHz,
CDCL,) & 7.54 (d,J = 8.3 Hz, 1H), 7.26-7.21 (m, 2H), 7.11-7.07 (m, 1H), 3.73 #,7.3 Hz,
1H), 3.20 (dd,J = 13.6, 5.8 Hz, 1H), 2.87 (dd,= 13.6, 8.3 Hz, 1H), 1.53 (br, s, 2H) 1.41 (s,
9H); *C NMR (100 MHz, CDC)) ppm 174.1, 137.4, 132.8, 131.6, 128.2, 127.2, 12818],
54.8, 41.7, 27.9HRMS (El): Exactmasscalcd for C,,H,,BrNO, [M+H]*, 300.0599. Found
300.0647. HPLC (Chiralcel AD, 5%rOH/hexanes, inLmin): t (R) = 9.2 m, (S = 10.3 m.
95% ee: §(]5" +29.3° € 1.0, CHCY).

CO,'Bu
"BusSnH, AIBN "
C0,Bu
N%(CH3 C6H61 80 °C
Br
Ph ﬁ\ CH,

Ph

1-(1-phenylethyl)-2,3-dihydro-1H-indole-2-carboxylic acid tert-butyl ester (6d).
According to the general procedure, usé®{42 mg, 104umol), "Bu,SnH (62puL, 229 pmol),
and AIBN (13.7 mg, 83.3imol) providedthe desired indoline aftélash chromatograph{¢SiO,,
1% ethyl acetate ihexanes) as a yellowl (dr = 5:1, 25.7 mg, 76%). R 0.33 (10 %ethyl
actetate in hexanes); IR (film) 2977, 2928, 1742, 160§ drthNMR (400 MHz, CDCJ) & (major

" Lygo, B.; Wainwright, P.GTetrahedron. Lett1997 38, 8595.
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diastereomer) 7.54 (d,= 7.5 Hz, 2H), 7.34 (ddl = 7.8, 7.4 Hz, 2H), 7.24 (m, 1H), 7.02 @,
= 7.3 Hz, 1H), 6.93 (t) = 7.7 Hz, 1H), 6.64 (dd) = 7.4, 7.3 Hz, 1H), 6.21 (d] = 7.9 Hz,
1H), 4.50 (q,J = 7.1 Hz, 1H), 4.40 (dd) = 9.8, 9.6 Hz, 1H), 3.43 (dd,= 15.7, 10.3 Hz,
1H), 3.09 (dd,J = 15.7, 9.3 Hz, 1H), 1.54 (d,= 7.0 Hz, 3H), 1.40 (s, 9H}°C NMR (100
MHz) ppm 173.7, 151.9, 144.5, 128.7, 127.8, 127.5, 127.3, 127.1, 124.0, 118.2,818.8,
64.6, 58.7, 34.7, 29.9, 28.6, 28.1, 19H&RMS (CI, CH) Exactmasscalcd for C,,H,.NO,
[M]* 323.1885. Found 323.1895.

Anal. Calcd. for GH,N: C, 77.98; H, 7.79; N, 4.33. Found C, 78.03; H, 7.90; N,
4.44.

HPLC (Chiralcel AD, 5%'PrOH/hexanes, InL/min): Diastereomer 1; {S) = 3.89 m, t
(R) = 4.03 m;Diastereomer 2;{S) = 4.65 m, t(R) = 4.92 m; 92%ee: p]5 —2.2° € 0.5,
CHCL,).

Br

0,
COZ‘Bu 10 mol% cat

co,B
CsOH+H,0 2B
Na. _Ph o
Br Y CH2C|2, -78 °C Br NYPh
CHg Ph CHg Ph

(S)-2-(Benzhydrylideneamino)-1-(2-bromo-3-methylphenyl)propionic acid tert-
butyl ester (5c). Following the generaprocedure,2-bromo-3-bromomethyltoluehg750 mg,
2.84 mmol),glycinyl imine (168 mg, 0.568 mmolgnd CsOHH,O (847 mg, 5.68nmol) were
stirred in CHCI, for 20 h inthe presence of the cinchonidine derived catgly@tmol %) while
maintaining a temperature-78 °C. Work-up according tahe general procedurngrovided the
desired producas a white solid (233 mg, 86%). mp = 92284 R= 0.38 (10%EtOAc/hexanes);
IR (film) 3056, 1732 crft *H NMR (400 MHz, CDCL) 7.59 (dd,J = 7.9, 1.5 Hz,2H),
7.40-7.25 (m, 6H), 7.09-7.04 (m, 3H), 6.55 (bdd; 5.0 Hz, 2H), 4.42 (ddJ = 9.8, 3.9 Hz,
1H), 3.53 (ddJ = 13.3, 3.9 Hz, 1H), 3.24 (dd,= 13.4, 9.9 Hz, 1H), 2.35 (s, 3H), 1.49 (s,

8 2-Bromom-xylene was converted to the corresponding benzyl bromide: Rebek, J.; Costello, T.; Waftley, R.
Am. Chem Soc 107, 1985 7487.
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9H); *C NMR (100MHz, CDCL) 170.8, 170.5, 139.5, 138.2, 137.8, 136.2, 130.20.0,
128.8, 128.7 (2C), 128.1, 127.9 (2C), 127.6 (2C), 126.3, 81.1, 64.9, 40.2, 28.1HRBIS;
(El): Exact mass calcd for,E,.BrNO, [M+H]*, 478.1382. Found 478.1325.

t 1
©j\(coz Bu Ph(CH3)CO ©j\(coz Bu
CH
gy NH2 4A MS, CgHg Br Nﬁ/ 3

Ph

3-(2-bromo-phenyl)-2-(1-phenyl-ethylideneamino)-propionic acid tert-butyl ester
(5d). According to the general procedure, us&df(179 mg, 60Qumol), acetophenoné€’/7 pL,
660pumol) and 4A MS (1.5 g), in benzenerf8) gave the desireitnine as ayellow oil (221 mg,
92%).IR (film) 2977, 1731, 1150 ci ‘*H NMR (400MHz, CDCL) & 7.72 (ddd,J = 3.4, 3.4,
1.5 Hz, 2H), 7.53 (ddJ = 7.9, 1.2 Hz, 1H), 7.36 (m, 2H), 7.24 (m, 2H), 7.16 (m, TH)7
(m, 1H), 4.63 (dd,J = 8.5, 5.2 Hz, 1H), 3.59 (dd, = 13.4, 5.5 Hz, 1H), 3.18 (dd,= 13.4,
8.8 Hz, 1H), 1.96 (s, 3H), 1.45 (s, 9 NMR (100 MHz, CDCJ) ppm 173.7, 151.9144.5,
128.7, 127.8, 127.5, 127.3, 127.1, 124.0, 118.2, 108.8, 81.3, 64.6, 58.7, 34.7289.9,
28.1, 19.8; HRMS (El): Exact mass calcd fortHG .BrNO, [M+H]* 402.1070. Found 402.1071.

CO0,'Bu CO,'Bu
NaBH,
Na. _Ph HN Ph
Br NS CH3OH Br Y

CHs Ph CHj Ph

(S)-2-(Benzhydrylamino)-3-(2-bromo-3-methylphenyl)propionic acid tert-butyl
ester (S-2). The enantiomeric rativas determined after reduction of tketimine. Addition of
NaBH, (3.77 mg, 99.%umol) to imine (9.50 mg, 19.9mol) in MeOH (1.0 mL) furnished,after
flash chromatographsiO,, 2% ethyl acetate in hexanes), the amine as a white sohd (83%).
mp 116-118 °C; R0.43 (10% EtOAc/hexanes); IR (filn3323, 1723 cn *H NMR (400 MHz,
CDCl) 57.34 (dd,J = 8.2, 1.5 Hz, 2H), 7.28 (tdl = 6.3, 1.8 Hz, 2H), 7.22 (] = 1.3 Hz,
1H), 7.20-7.13, (m, 7H), 7.09-7.07 (m, 1H), 4.81 (s, 1H), 3.50 ,7.7 Hz, 1H), 3.13dd,
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J=13.4, 6.9 Hz, 1H), 3.06 (dd,= 13.4, 5.0 Hz, 1H), 2.43 (s, 3H), 2.21 (br s, 1H), 1.42 (s,
9H); *C NMR (100MHz, CDCL) ppm 174.1, 138.4, 138.0, 129.6, 128.9, 128128.2,

127.7, 127.4, 127.3, 127.1, 126.3, 117.9, 112.8, 95.4, 81.1, 65.4, 59.4, 41.0, 28.0, 24.0;
HRMS (El): Exact mass calcd for,&,,BrNO, [M+H]" 480.1538. Found 480.1560.

HPLC (Chiralcel OD, 2%PrOH/hexanes, tnLmin): t (S) = 4.9 m, t(R) 5.6 m. §- 88% ee

[a]3’ —35.2 £0.8, CHCL). (R)- 86% ee, @3’ +33.2 €0.5, CHCL).

CO0,Bu
"BusSnH, AIBN

Ph

CHs )\Ph
PH

1-Benzhydryl-7-methyl-2,3-dihydro-1H -indole-2-carboxylic acid tert-butyl ester

CO0,Bu

CH,

(60). Following the general procedure, use of the ketimine (41.0 mg,186d)), "Bu,SnH (51.0
pL, 0.189 mmol),and AIBN (17mg, 0.103mmol) provided, followingchromatographySiO,,
1% ethyl acetate ihexanes)the racemidndolineas a colorles®il (5.00 mg,15%)’ R= 0.40
(10% EtOAc/hexanes); IR (film) 3059, 1743 &ntH NMR (400 MHz, CDC)) 8 7.58 (d,J = 7.9
Hz, 2H), 7.39-7.30 (m, 4H), 7.26-7.20 (m, 2H), 6.97 (& 7.8, 1.1 Hz, 3H), 6.85 (d] =
7.1 Hz, 1H), 6.79 (t) = 7.4 Hz, 1H), 5.95 (s, 1H), 4.05 (d#i= 7.3, 5.2 Hz, 1H), 2.61 (d, =
5.9 Hz, 2H), 2.37 (s, 3H), 1.39 (s, 9K NMR (100 MHz, CDC)) ppm 173.2, 150.9141.2,
140.4, 132.1, 130.1, 128.9, 128.7, 128.2, 128.0, 127.4, 126.9, 123.6, 121.6, 85,5,
68.2, 61.7, 35.0, 27.9, 18.5RMS (El): Exact masscalcd for C,,H,,NO, [M]*, 399.2198.
Found 399.2203.

HPLC (Chiralcel AD, 0.5%PrOH/hexanes, 0.5 mLmin):(® = 10.0 m, t(R) = 10.6 m.

® The mass balance consisted of un-reacted starting material and reduced aryl bomide (ArH).
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CO,Bu

t
E:(\(COZ Bu PhCHO (ji\(
N H
gy \Ha 4A MS, CgHg Br Y

Ph

2-(Benzylidene amino)-3-(2-bromophenyl)-propionic acid tert-butyl ester (5e€).
Following the general procedure (Methdg, amineS-1 (250 mg, 833umol), benzaldehyde
(85.0pL, 833pumol), and 4A MS in benzene (OBL) after 10 hprovidedthe aldimine(330 mg,
100%), as a >95: 5 mixture of stereoisomers and a colorless @filntlR 3062, 1733, 1641 cin
'H NMR (400 MHz, CDCJ) 3 8.00 (s, 1H), 7.71 (dd} = 7.7, 1.5 Hz, 2H), 7.53 (d,= 7.8 Hz,
1H), 7.42-7.35 (m, 3H); 7.21 (d,= 7.5 Hz, 1H), 7.14 () = 7.4 Hz, 1H), 7.04 (tdJ = 8.9,
1.3 Hz, 1H), 4.25 (ddJ = 8.2, 5.8 Hz, 1H), 3.56 (dd,= 13.6, 5.8 Hz, 1H), 3.19 (dd, =
13.6, 8.3 Hz, 1H) 1.45 (s, 9HYC NMR (100MHz, CDCL) ppm170.5, 163.5, 137.1135.7,
132.6, 130.9, 128.4, 128.3, 128.2, 127.0, 124.8, 81.4, 72.9, 39.8, HIBMS (EI): Exact
mass calcd for ¢H,,BrNO, [M+H]", 388.0912. Found 388.0917.

HPLC (Chiralcel OD, 2%PrOH/hexanes, inLmin): t (S) = 5.4 m, t(R) = 6.3 m. §)-
94% ee {(]5" —140.1° ¢ 1.5, CHCL).

CO,'Bu ¢
27" "BusSnH, AIBN [ CO,Bu
Na_H  CgHe 80°C 0B
Br Y 66 N NH

Ph (6%) Ph%H (67%)  pp

Following the general procedure, use of aldinbe€¢224 mg, 57 fumol), "Bu,SnH (171pL, 635
pmol), and AIBN (76.0 mg, 462umol) furnished, after silica gel chromatograph3-5% ethyl
acetate in hexanes, the indol®(10.4 mg, 6%) as a colorless and tetrahydroisoquinoling -
3(119.0 mg, 67%) as a colorless solid.
(S)-1-Benzyl-2,3-dihydro-1-H-indole-2-carboxylic acid tert-butyl ester (6€).
R=0.42 (10%EtOAc/hexanes); IR (filmB026, 1736 cny *H NMR (400MHz, CDCL) & 7.38
(d,J=7.0 Hz, 1H), 7.33 (tJ = 7.0 Hz, 2H), 7.28-7.24 (m, 2H), 7.07-7.01 (m, 2H), 6.68 (t,
= 7.5 Hz, 1H), 6.40 (d = 7.8 Hz, 1H), 4.56 (d) = 15.6 Hz, 1H), 4.30 (dJ = 15.7 Hz, 1H)
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4.16 (ddJ = 10.2, 8.2 Hz, 1H), 3.36 (dd,= 15.9, 10.2 Hz, 1H), 3.19 (dd,= 15.9, 8.2 Hz,
1H), 1.43 (s, 9H)*C NMR (100MHz, CDCL) ppm171.9, 151.6, 130.3, 128.5,27.71,
127.67, 127.1, 124.1, 122.4,
117.9, 107.0, 81.4, 66.2, 52.1, 33.4, 284RMS (El): Exactmasscalcdfor C,,H,,NO, [M]",
309.1729. Found 309.1744.

HPLC (Chiralcel OD, 19%PrOH/hexanes, 0.5aLmin): t (S) = 14.5 m, t(R) = 17.7 m.
(S)- 81% ee, §]p —5.3° £0.3, CHC)).
(S)-1-Phenyl-1,2,3,4-tetrahydro isoquinoline-3-carboxylic acid tert-butyl ester
(S-3. mp 116-119C; R= 0.25 (10% EtOAc/hexanes); IR (film) 2975, 1726'¢citH NMR (400
MHz, CDCL) & 7.40-7.30 (m, 5H), 7.16 (dd= 14.4, 7.5 Hz, 2H), 7.05 (td,= 7.9, 1.9 Hz,
1H), 6.72 (dJ = 7.8 Hz, 1H), 5.14 (s, 1H), 3.81 (ddi= 9.0, 6.5 Hz, 1H), 3.15 (dl = 6.9
Hz, 2H), 2.47 (br, s, 1H), 1.54 (s, 9HJC NMR (100 MHz, CDC)) ppm171.7, 143.9,138.5,
134.1, 129.1, 128.8, 128.4, 127.6, 127.5, 126.2, 125.9, 81.5, 63.2, 57.0, 32.8;|RES9;
(El): Exact mass calcd for,gi,,NO, [M] ", 309.1729. Found 309.1715.

Anal. Calcd for GH,,NO,: C, 77.64, H, 7.49, N, 4.53. Found : C, 77.36, H, 7.55, N,
4.43.

HPLC (Chiralcel AD,10% 'PrOH/hexanes, 1.hLmin): t (S) = 6.0 m, t(R) = 8.9 m.
(S)- 95% ee, §i]5> —8.8° (c 1.0, CHC)).

CO,'Bu
H
NH
©i|<\H’<) 10% NOE

Ph

Br

10 mol% cat
COLAlly! Allvi
d ( 2 CsOH+H,0 ©j\rcoz y
N Ph °
Br Y CH2C|2, -78 C Br NYPh

Ph Ph

2-(Benzhydrylidene-amino)-3-(2-bromophenyl)-propionic acid allyl ester (5f).

Following the general procedureitho-bromobenzyl bromid¢501 mg, 1.79umol), glycine allyl
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ester benzophenoneiine (100 mg, 357pumol), CsOHH,O (532 mg, 3.57 mmol)and the
cinchonidine derived cataly§21.8 mg, 36.0mmol) were stirred in CECI, (1.05mL) at-78°C
for 7 hours. Workup according tahe general procedure arfthsh chromatographyneutral
alumina, 4% ethyl acetate in hexanes) gdnedesired phenglaninederivativeas a colorless oll
(100 mg, 62% yield)R= 0.20 (10% EtOAc/hexanes); IR (film) 3062, 1748, 1618;citd NMR
(400 MHz, CDC)) 5 7.64 (d,J = 7.3 Hz, 2H), 7.45 (dJ = 7.9 Hz, 1H), 7.39 (tJ = 6.3 Hz,
2H), 7.36— 7.30 (m, 4H), 7.23 (d,= 7.5 Hz, 1H), 7.16 (t) = 7.3 Hz, 1H), 7.06 (td) = 8.8,
1.5, Hz, 1H), 6.62 (bs s, 2H), 5.94 (ddds 18.3, 10.5, 5.6 Hz, 1H), 5.34 (dd= 18.3, 1.1
Hz, 1H), 5.25 (dJ = 10.5 Hz, 1H); 4.74-4.65 (m, 2H), 4.58 (db= 9.8, 3.8 Hz, 1H)3.58
(dd,J = 13.2, 4.2 Hz, 1H), 3.31 (dd,= 13.2, 10.0 Hz, 1H}**C NMR (100 MHz,CDCL) ppm
171.2, 171.1, 139.1, 137.0, 135.7, 132.7, 132.5, 131.9, 130.9, 130.0, 128.7, 1ZB3,
128.1 (2C), 127.5, 126.9, 118.0, 65.5, 64.3, 3FRMS (El): Exact mass calcd for
C,.H,.BrNO, [M+H]*, 448.0912. Found 448.0915.

HPLC (Chiralcel OD, 2%PrOH/hexanes, 1 mLmin):({R) = 5.9 m, t(S = 6.6 m. §-
76% ee {i]5" —265.5° € 0.5, CHCL).

CO,Allyl
©f\r ”Bu3SnH, AIBN mco Allyl
2
N Ph CgHg, 80 °C
Br Y 66 N

Ph )\Ph

Ph

1-Benzhydryl-2,3-dihydro-1H-indole-2-carboxylic acid allyl ester (6f). According to
the generaprocedure, Schiff bas@0.2 mg, 94.Qumol), "Bu,SnH (55.7uL, 0.207 mmol) and
AIBN (12.3 mg, 75.Qumol) furnishedafter workup and chromatograph{siO,, 4% ethylacetate
in hexanes)(S)-4 as a colorlessil (26.0 mg, 75% yield). R 0.35 (10%EtOAc/hexanes); IR
(film) 3055, 1744 cn; *H NMR (400 MHz, CDC) 8 7.47 (d,J = 1.6 Hz, 2H), 7.46-7.24 (m,
8H), 7.05 (dJ = 7.2 Hz, 1H), 6.91 (t) = 7.6 Hz, 1H), 6.61 (t) = 7.2 Hz, 1H), 6.07 (dJ =

4.0 Hz, 1H), 5.83- 5.73 (m, 1H), 5.66 (s, 1H), 5.21J(d1.2 Hz, 1H), 5.18 (dd) = 4.8, 1.2
Hz, 1H), 4.44— 4.35 (m, 2H), 4.27 (dd= 10.0, 5.6 Hz, 1H), 3.45 (dd,= 15.6, 10.4 Hz,
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1H), 3.07 (dd,J = 16.0, 5.6 Hz1H); **C NMR (100MHz, CDCl) ppm173.2, 151.1,140.8,
140.6, 131.7, 129.0, 128.6, 128.5 (3C), 127.5 (2C), 127.4, 123.9, 118.4, 118.2,6109,3,
65.3, 64.5, 34.0; HRMS (EI): Exact mass calcd foHGNO, [M] " 369.1729. Found 369.1745.

HPLC (Chiralcel AD, 2%PrOH/hexanes, 1 mLmin):({R) = 6.6 m, t(S) = 10.6 m. §-
38% ee {i]5" —17.9° £ 0.7, CHC)).

Br

10 mol% cat

CH;0. CO,'Bu CH.O. co,B
N Ph K o

CH;0 Br Y CHyCla, -78°C CH50 Br NYPh

Ph Ph

(S)-2-(Benzhydrylideneamino)-3-(2-bromo-4,5-dimethoxyphenyl)propionic  acid
tert-butyl ester (5i). Following general procedure, 1-bromo-2-bromomethyl-4,5-
dimethoxybenzerté (787 mg, 2.54 mmol)the glycinyl imine (150 mg, 0.508 mmol), and
CsOHH,O (757 mg, 5.08mmol) were stirred in CECI, for 15 h inthe presence of the
cinchonidine derived cataly$10 mol %) while maintaining a temperatuge-65 °C. Work-up
according to the general procedure provittezl desired product as a whgelid (226 mg,85%).
mp 99-100 °C; R0.13 (1L0%EtOAc/hexanes); IR (filmB057, 1732 cny '"H NMR (400 MHz,
CDCL,) & 7.63 (d,J = 7.3 Hz, 2H), 7.39-7.28 (m, 6H), 6.92 (s, 1H), 6.71 (s, 1H), 6.62 (br d,
= 6.5 Hz, 2H), 4.29 (dd] = 9.9, 3.8 Hz, 1H), 3.85 (s, 3H), 3.63 (s, 3H), 3.39 @id,13.4,
3.8 Hz, 1H), 3.20 (dd] = 13.3, 10.1 Hz, 1H), 1.48 (s 9HJC NMR (100MHz, CDCL) ppm
170.6, 170.4, 148.0, 147.7, 139.3, 136.0, 130.2, 129.5, 128.7, 128.2, 128.0, 127.B,
115.0, 114.8, 81.2, 65.4, 56.1, 55.7, 39.0, 28RMS (El): Exact mass calcd for
C,iH,,BINO, [M+H]*, 524.1436. Found 524.1418.

Similarly, use of cinchonine derived catalyst gave the enantiomer as a whit€256lichg,
95%).

HPLC (Chiralcel OD, 2%PrOH/hexanes, inLmin): t (S) = 7.1 m, t(R) = 8.5 m. §-
92% ee, i]5’ —202.5° ¢ 1.4, CHC)). (R)- 97% ee, ¢i]p> +214.3° £ 0.8, CHCL).

10 Landais, Y.; Robin, J. P.; Lebron, Aetrahedronl991, 47, 3787.
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CH,0. CO,Bu CH;0
"BusSnH, AIBN .
Nay_-Ph CeHe, 80 °C 0284
NS
CH;0 Br \( 616 CH,O N
Ph )\Ph

Ph

(S)-1-Benzhydryl-5,6-dimethoxy-2,3-dihydro-H-indole-2-carboxylic acid tert-
butyl ester (6i). Following the general procedure, the ketimine (41.6 mg, @&ol), "Bu,SnH
(207 pL, 397 pmol), and AIBN (15.6 mg, 95.Qumol) gave, followingchromatography (neutral
alumina, 5%EtOAc in hexanes)the indoline as aolorlessoil (18.0 mg, 50%). R 0.13 (10%
EtOAc/hexanes); IR (filmB061, 1733 cnf 'H NMR (400 MHz, CDCL) & 7.45 (dd,J = 6.9,
5.5 Hz, 4H), 7.34-7.22 (m, 6H), 6.67 (s, 1H), 5.65 (s, 1H), 5.62 (s 1H), 4.10 «dp.1,
5.2 Hz, 1H), 3.78 (s, 3H), 3.41 (s, 3H), 3.35 (d& 15.6, 10.3 Hz, 1H), 2.93 (dd,= 15.0,
5.1 Hz, 1H), 1.36 (s, 9H}*C NMR (100MHz, CDCL) ppm 172.6, 148.4, 145.6141.7,
141.5, 140.7, 132.4, 130.1 129.1, 128.5, 128.4, 128.3, 127.4, 127.2, 118.2, 98033,
80.9, 67.5, 65.5, 57.0, 55.5, 33.7, 27HRMS (El): Exactmasscalcd for C,;H,,NO, [M]*,
445.2253. Found, 445.2167.

The enantiomeric indoline was similarly prepared (27.7 mg, 50%).

HPLC (Chiralcel AD, 2%PrOH/hexanes, inLmin): t (R) = 7.9 m, t(S = 8.6 m. §-
82% ee, i] 5 —18.0° € 0.8, CHCL). (R)- 82% ee, ] o> +18.5° £ 2.2, CHC).

1, 1
©j\(coz BU  pMeOPh(CH3)CO Of\rcoz Bu
NH Na. _CH
g VM2 4A MS, CgHg Br Y 3

p-MeOPh

(S)-3-(2-bromophenyl)-2-[1-(4-methoxyphenyl)-ethylideneamino]-propionic  acid
tert-butyl ester (5j). Followingthe generaprocedureamineS-1 (107 mg, 356umol), para
methoxyacetophenor{83.0mg, 356 umol), and 4A MS in toluene (0.36 miafter 36 h at reflux
provided the desiredketimine as acolorlessoil (115 mg, 75%)and > 95:5 mixture of
stereoisomersl NMR); IR (film) 2974, 1730, 1678 cin'H NMR (400MHz, CDCL) & 7.70
(d, J = 8.9 Hz, 2H), 7.28-7.21 (m, 2H), 7.17-7.11 (m, 2H), 6.85)(d,8.9 Hz, 2H), 4.5§dd,
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J=8.9, 5.5 Hz, 1H), 3.85 (s, 3H), 3.55 (dd= 13.4, 5.2 Hz, 1H), 3.15 (dd,= 13.4, 8.9 Hz,

1H), 1.91 (s, 3H), 1.42 (s, 9HYC NMR (100 MHz,CDCL) ppm166.8, 137.7, 132.8130.1,

129.0, 128.5, 128.3, 128.2, 128.1, 127.3, 113.6, 113.3, 81.1, 63.8, 55.3, 40.0, 29.7, 28.0;
HRMS (El): Exact mass calcd for,{8,.BrNO, [M+H]", 432.1174. Found32.1172.(S)- 87%

ee[a] 5" —43.1° €0.7, CHC)).

CO,Bu
"BuzSnH, AIBN .
CO,'Bu
Br NYCHs CgHg, 80 °C N
p-MeOPh )\CHS

p-MeOPh

(S)-1-[1-(4-methoxy phenyl) ethyl]-2,3-dihydro-1H-indole-2-carboxylic acid tert-
butyl ester (6j). Following the general procedure, #etimine(36.0 mg, 86.@Qmol), "Bu,SnH
(51.0pL, 189pumol), and AIBN (11.3 mg, 69.Amol) furnished after silica gel chromatography
(1% ether in hexanegjje desiredndoline (15.0 mg, 50%) as a 3:1 mixture of diastereomers.
Minor diastereomerR= 0.55 (10%EtOAc/hexanes); IR (filmp974, 1741 cny 'H NMR (400
MHz, CDCl) 6 7.45 (d,J = 8.6 Hz, 2H), 7.01 (dJ = 7.0 Hz, 1H), 6.95 (t, J = 7.6 H1H),
6.86 (d,J = 8.6 Hz, 2H), 6.63 (tJ = 7.0 Hz, 1H), 6.26 (dJ= 7.9 Hz, 1H), 4.49 (qJ=7.0
Hz, 1H), 4.36 (tJ = 9.5 Hz, 1H), 3.80 (s, 3H), 3.42 (d#i= 15.9, 10.4 Hz, 1H), 3.06 (dd,=
15.9, 9.2 Hz, 1H), 1.51 (dl = 7.0 Hz, 3H), 1.39 (s, 9H)*3C NMR (100MHz, CDCL) ppm
173.5, 158.5, 151.7, 136.2, 128.2 (2C), 127.5, 123.8, 117.9, 113.8, 108.6, 81.(5768,2,
55.2, 34.5, 27.9, 19.3RMS (EI): Exactmasscalcd for C,,H,,NO, [M]*, 353.1991. Found
353.2008.

HPLC (Chiralcel OD, 2%PrOH/hexanes, 0.5 mLmin):(@S) = 11.0 m, t(2R) = 13.2 m.
(S)- 32% ee, §] 5 +2.1° € 0.5, CHCL).
Major diastereomerR= 0.45 (10% EtOAc/hexanesYi NMR (400MHz, CDCl) 8 7.41 (d,J =
8.7 Hz, 2H), 6.99 (dJ = 7.0 Hz, 1H), 6.87-6.83 (m, 3H), 6.58 {t= 6.9 Hz, 1H), 6.08 (dJ
= 7.9 Hz, 1H), 4.60 (q) = 7.0 Hz, 1H), 4.28 (dd) = 10.3, 7.4 Hz, 1H), 3.80 (s, 3H3.37
(dd,J = 16.0, 10.5 Hz, 1H), 3.08 (dd,= 15.9, 7.4 Hz, 1H), 1.51 (d,= 6.9 Hz, 3H), 1.47 (s,
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9H) ; C NMR (100 MHz, CDC)) ppm 173.4, 148.1, 139.3, 127.9 (2C), 127.2, 1241%.5,
113.7 (2C), 108.%4.4, 62.9, 55.2, 55.1, 33.8, 28.0, 16.5.

Anal. Calcdfor C,,H,,NO;: C, 74.76; H, 7.70; N, 3.96ound: C, 74.77; H, 7.77; N,
3.95.

HPLC (Chiralcel OD, 2%PrOH/hexanes, 0.5 mLmin):(@S) = 13.0 m, t(2R) = 15.0 m.
(S)- 32% ee, §i] 5" —7.2° € 1.1, CHC)).

t t
E:[\rcoz BU " (p-MeOPh),CO Ejf\rcoz Bu
NH N -MeOPh
g NP2 4R MS, CgHg Br ﬁ/p

p-MeOPh

2-{[bis-(4-Methoxyphenyl)-methylene]-amino-3-(2-bromophenyl)-propionic  acid
tert-butyl ester (5k). According to the generg@irocedure, use 06-1 (52.2 mg, 175.umol),

bis-4-methoxybenzophenone imine (41.6 mg, {ifi%ol), 4A sieves (1.5 g)and benzene (Gl),

gave the desired product as a white solid (87 mg, 96%109d1.13°C; IR (film)2975, 1730 cm
% 'H NMR (400 MHz, CDCJ) 3 7.53 (d,J = 8.6 Hz, 2H), 7.42 (d] = 7.8 Hz, 1H), 7.19 (d] =

6.7 Hz, 1H), 7.11 (t) = 7.3 Hz, 1H), 7.01 () = 7.0 Hz, 1H), 6.80 (m, 2H), 6.53 (d,= 7

Hz, 2H), 4.35 (ddJ = 9.7, 4.0 Hz, 1H), 3.83 (s, 3H), 3.80 (s, 3H), 3.43 (td,13.4, 4.0 Hz,
1H), 3.20 (m, 1H), 1.45 (s, 9HYC NMR (100 MHz) ppm 171.2, 161.4, 159.6, 138134.2,

132.9, 132.7, 130.7, 129.4, 128.8, 128.1, 127.1, 125.4, 114.9, 113.6, 113.4,68R3,
55.5, 39.9, 28.3HRMS (Cl, CH) Exactmasscalcd for C,H.,*BrNO, [M+H]" 524.1438.
Found 526.1419.

CO0,Bu
Of\( "BuzSnH, AIBN ©j>— r
CO,Bu
B NYPh C6H61 80 °C N
Ph )\p-MeOPh

p-MeOPh

1-[bis-(4-methoxy-phenyl)-methyl]-2,3-dihydro-H-indole-2-carboxylic acid tert-
butyl ester (6k). According to the genergirocedure, use obk (31.1 mg, 59.5umol),
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"Bu,SnH (35uL, 330umol), and AIBN(7.8 mg, 47.6umol) providedthe desired indolinafter
flash chromatographySiO,, 2% ethyl acetates ihexanes) as a colorlesd (18.7 mg,71%).
R=0.18 (10%ethyl acetate imexanes); IR (filmR929, 1735, 1510 cm'H NMR (400 MHz,
CDCL,) 5 7.36 (d,J = 8.7 Hz, 2H), 7.23 (d] = 8.6 Hz, 2H), 7.00 (dJ = 6.6 Hz, 1H), 6.83 (m,
5H), 6.61 (dd,J =13.9, 7.0 Hz, 1H), 6.01 (dl = 7.8 Hz, 1H), 5.54 (s, 1H), 4.08 (dd,=
10.5, 5.9 Hz, 1H), 3.79 (s, 3H), 3.78 (s, 3H), 3.38 (#id, 15.8, 10.5 Hz, 1H), 2.98 (dd,=
15.8, 5.8 Hz, 1H), 1.34 (s, 9HYC NMR (100MHz) ppm173.0, 158.9, 151.5, 133.833.6,
130.3, 129.8, 128.0, 127.6, 124.0, 118.0, 114.0, 109.5, 81.1, 66.1, 65.2, 55.53(R40.3,
28.2; HRMS (EI): Exact mass calcd fog8,,NO, [M]", 445.2253Found 445.2263.

Anal. Calcdfor C,;H,NO,: C, 75.48; H, 7.11; N, 3.1Found: C, 75.19; H, 7.11; N,
3.17.

HPLC: Chiralcel AD (2% 'PrOH/hexanes, 1mL/min, 254m), t (Peakl) 12.9 min, t
(Peak2) 17.8 min; 83.9 % eea]p’ —12.2° € 0.8, CDC)).

t t,
E:EYCOZ Bu (2,4,5-F3C5H 2)2C(O)CH3 ©j\rcoz Bu
N CH
Br NH, 4A MS, CgHg Br Y 3

2,4,5-F4Ph

(S)-3-(2-Bromophenyl)-2-[1-(2,4',5'-trifluorophenyl)-ethylideneamino]-

propionic acid tert-butyl ester (5l). Followingthe generaprocedureamineS-1 (107 mg,
356 pmol), 24'5'-trifluoroacetophenoné46.6 pL, 356 pmol), and 4A MS in toluen€0.36 mL)
after 30 h at reflux provided the desire ketimine (bidy 70%) as aolorlessolil; IR (film) 3065,
1734, 1618 ¢ '"H NMR (400MHz, CDCL) & 7.56 (d,J = 7.7 Hz, 1H), 7.24-7.23 (n2H),
7.14-7.10 (m, 2H), 6.90 (td, = 9.9, 6.3 Hz, 1H), 4.65 (dd,= 9.1, 5.1 Hz, 1H), 3.61 (dd,=
13.4, 5.1Hz, 1H), 3.19 (dd,= 13.4, 9.1 Hz, 1H), 1.96 (d,= 3.4 Hz, 3H), 1.48 (s, 9H}C
NMR (100 MHz, CDCL) ppm 169.9, 165.0, 155.2, 150.6, 137.1, 132.6 (2C), 12824 .1,
127.0, 124.7, 117.8){ - = 14.5 Hz, 1C), 105.7 (m, 2C), 81.7, 65.6, 63.3, 39.6, 28RMS
(El): Exact mass calcd for,@1,,.BrF;NO, [M+H]*, 456.0786. Found 456.0781.
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HPLC (Chiralcel OD, 2%PrOH/hexanes, 0.:nL/min): t (S) = 8.6 m, t(R) = 11.8 m.
(S)- 87% ee, ¢i] 3" —66.4° £ 0.6, CHCY).

Cco,Bu
Of\( ”Busan,A|BN ©j>—c0 By
2
Br NYCHs CgHe, 80 °C N
2,4,5-F4Ph )\CHS

2,45-F;Ph

(S)-1-[1-(2,4,5-trifluorophenyl)ethyl]-2,3-dihydro-1H-indole-2-carboxylic acid
tert-butyl ester (61). Following the generabrocedure, theketimine (90.0 mg, 196umol),
"Bu,SnH (116 pL, 434 pmol), and AIBN (26.0 mg, 158umol) furnished after silica gel
chromatography (1% ethyl acetate in hexanesy#wredindoline (52.0 mg, 70%) as eolorless
oil and a 3:1 inseparable mixture dilastereomers. R 0.58 (10%EtOAc/hexanes); IR (film)
3062, 1737 cnfy *H NMR (400MHz, CDCL) & 7.87-7.80 (m, 1H), 7.05 (dl = 7.3 Hz,1H),
7.00-6.91 (m, 2H), 6.70 (§ = 6.8 Hz, 1H), 6.08 (dJ = 7.9 Hz, 1H), 4.71 (dd) = 14.0, 7.0
Hz, 1H), 4.48 (tJ = 10.2 Hz, 1H), 3.48 (dd] = 15.7, 10.2 Hz, 1H), 3.13 (dd,= 15.8,10.1
Hz, 1H), 1.51-1.50 (m, 12H}*C NMR (100MHz, CDCL) ppm173.4, 151.1, 128.5127.7,
127.4, 127.0, 124.0, 123.9, 118.6, 118.1){d= 19.7 Hz, 1C), 107.9, 105.3 (m 2331.7,
64.1, 51.9, 34.5, 27.9, 18.HRMS (El): Exactmasscalcdfor C,H,,NF,0, [M]*, 377.1603.
Found 377.1599.

Anal. Calcd for GH,,NF;0,: C, 66.83; H, 5.88; N, 3.71. Found: C, 66.86; H, 5.80; N,
3.62.

HPLC (Chiralcel AD, 1%8PrOH/hexanes, 0.25 mLmin): major diastereomép = 17.2
m, t (2R) = 20.2 m; minor diastereomer. (2S) = 18.6 m, t(2R) = 19.5 m. (8)- 82% ee, ¢i] 5
—4.9° £0.7, CHC)).
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CO,'Bu
"BuzSnD, AIBN .
Naw_-Ph CgHg, 80 °C OB
Br Y 6M6s N
Ph -

Ph D

(S)-1-Benzhydryl-2,3-dihydro-1D-indole-2-carboxylic acid tert-butyl ester (9).
According to the generarocedurethe Schiff base(18.6 mg, 40.0Qumol), nBusan (23.8pL,
0.088 mmol) and AIBN (5.25 mg, 0.038mol) furnishedafter chromatograph{SiO,, 2% ethyl
acetate irhexanes}he desired product ascalorlessoil (13.9 mg, 90% yield). R 0.42 (10%
EtOAc/hexanes); IR (film) 3061, 1730 émtH 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 @z 7.1 Hz, 1H), 6.87 (t)= 7.7
Hz, 1H), 6.64 (t) = 7.3 Hz, 1H), 6.01 (dJ = 7.9 Hz, 1H), 4.11 (dd = 10.5, 5.4 Hz1H),
3.42 (dd,J = 15.9, 10.5 Hz, 1H), 3.00 (dd,= 15.9, 5.4 Hz, 1H), 1.33 (€H); °H NMR (60
MHz, CDCL) 5 5.60 (br s, 1H)**C NMR (100MHz, CDCL) ppm172.6, 151.2, 141.1140.6,
129.2, 128.5 (2C), 128.4 (2C), 127.7, 127.3, 127.2, 123.8, 117.9, 109.2, 80.8, 6b5 (t,
21.3 Hz), 65.0, 34.0, 27.H4RMS (El): Exactmasscalcd for C,;H,,DNO, [M]*, 386.2104.
Found 386.2102.

|
Br Hye”
3 ¢ 10 mol% cat CHs
CO,Bu CO,Bu
( CsOHsH,0
Na. _Ph .
Br Y CH,Cly, -78 °C o NYPh
Ph Ph

2-(Benzhydrylidene-amino)-3-(2-bromophenyl)-2-methyl-propionic acid tert-butyl
ester(10). As an adaptation of the general procedure, methyl iodide (22.355 umol), Schiff
base (100ng, 339pumol), CsOHH,O (126 mg, 845umol), and cinchonidine derivedatalyst
(20.6 mg, 34.Qumol), were stirred irioluene (1 mL) atoom temperaturéor 3.5 h. Additional
CsOHH,0 (252 mg, 1.69 mmol), catalyst (20.6 mg, 34ndol) andortho-bromobenzyl bromide
(114 mg, 40fumol), were added and the reaction mixture was stirred vigorously fadditional

18 h at room temperature. The reaction mixture was diluted with ether and water (1:1). The organic
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layerwas separatedhe agueoudayer was extractedwith ether, andhe combined ether layers
were dried and concentrateBllash chromatographgneutral alumina,0.50% ethyl acetate in
hexanes) gave the desired ketimine as a colonie$86.0 mg, 46%).The catalysivasrecovered
by washing the aqueous layer with . R=0.40 (10% EtOAc/hexanes); IR (film) 3058730,
1628 cnt; *H NMR (400MHz, CDCL) 7.68 (dd,J = 7.3, 1.6 Hz, 1H), 7.56 (d] = 8.4 Hz,
2H), 7.54 (t,J = 8.4 Hz, 1H), 7.34-7.28 (m, 6H), 7.21 (ti= 8.8, 0.8 Hz, 1H), 7.06 (dl =
6.4 Hz, 3H), 3.48 (dJ = 14.0, Hz, 1H), 3.38 (d] = 14.0, Hz, 1H), 1.32 (s, 9H), 1.17 (s, 3H);
3C NMR (100MHz, CDCL) ppm 173.7, 166.5, 141.5, 138.5, 137.6, 132.6, 129.38.5,
128.5, 128.3, 128.1, 127.9, 127.8 (2C), 126.8, 126.4, 81.0, 68.3, 46.6, 27.9HRBIB
(El): Exact mass calcd for,H,BrNO, [M+H] " 478.1382. Found 478.1363.

HPLC (Chiralcel OD, 1%PrOH/hexanes, 0.5nLmin): t (minor) =8.9 m, t (major) =
10.8 m. §-22% ee.

CH,

Co,Bu CHj CO,Bu
"BusSnH, AIBN ©j\/L t m
CO, Bu
Br NYPh CeHe, 80 °C N CHs

Ph )\Ph J\I\

Ph Ph Ph

Following the generaprocedure, Schiff bas@1.0 mg, 86.0umol), "Bu,SnH (51.0uL, 0.189
mmol) and AIBN(11.3 mg, 69umol) furnishedafter chromatography (neutral alumina, 20%
dichloromethane itnexanes)the indoline as &olorlessoil (16.0 mg, 48%yield) and the aryl
imine as a yellow oil (15.0 mg, 45% yield).
- 1-Benzhydryl-4-bromo-2-methyl-2,3-dihydro-1H-indole-2-

@E}LCOZEU carboxylic acid tert-butyl ester (11). R=0.54 (10%EtOAc/hexanes); IR

Ph%Ph (film) 3065, 1727 crfy *H NMR (400MHz, CDCL) & 7.37-7.26 (m,10H),

7.02 (d,J = 7.2 Hz, 1H), 6.72 (1) = 7.6 Hz, 1H), 6.54 (t) = 8.0 Hz,1H),

5.80 (s, 1H), 5.75 (d] = 8.0 Hz, 1H), 3.67 (dJ = 16.0 Hz, 1H), 3.03 (dJ = 16.0 Hz,1H),
1.40 (s, 9H), 1.37 (s, 3H}3C NMR (100MHz, CDCL) ppm 173.7, 148.7, 142.2140.7,
128.64, 127.59, 128.4, 128.1, 127.1, 126.9, 126.8, 125.7, 123.9, 116.2, 108.87182.6,
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62.3, 42.5, 27.8, 24.8iRMS (El): Exactmass calcd. for £H,,NO, [M]*, 399.2198. Found
399.2185.
Anal. Calcdfor C,,H,,NO,: C, 81.17; H, 7.32; N, 3.5Found: C, 81.15; H, 7.52; N,
3.47.
HPLC (Chiralcel AD, 1%PrOH/hexanes, 1.0 mLmin):% 3.8 m, 4.0 m.
coeu 3-[2-(Benzhydrylidene-amino)-phenyl]-2-methyl-propionic acid
ma tert-butyl ester (12). R=0.17 (50% CHCl/hexanes); IR(film) 3058,
phJ\ph 1723, 1621 cify *H NMR (400MHz, CDCL) & 7.82 (d,J = 7.2 Hz, 2H),
7.48 (d,J = 7.2 Hz, 1H), 7.32-7.25 (m, 3H), 7.15 (dbs 7.2, 1.6 Hz, 2H), 7.10 (dl = 7.2
Hz, 1H), 6.92 (td, J = 7.2, 1.2 Hz, 1H), 6.87 (td, J = 7.2, 1.2 Hz, 1H), 6.40 8.0 Hz,
1H), 2.95-2.83 (m, 2H), 2.63 (dd,= 12.4, 6.8 Hz, 1H), 1.36 (s, 9H), 1.14 (t5 6.8, Hz,
1H); ¥C NMR (100 MHz, CDC)) ppm 176.1, 166.6, 139.5, 130.7, 130.5, 129.9, 1228,0
(2C), 128.6, 128.1, 127.9, 126.3, 123.2, 119.9, 79.8, 39.9, 36.4, 29.7, 28.0HRNMS
(El): Exact mass calcd. for,@1,,NO, [M]*, 399.2198. Found 399.2212.
Anal. Calcdfor C,,H,,NO,: C, 81.17; H, 7.32; N, 3.5Found: C, 81.37; H, 7.36; N,
3.46.
HPLC (Chiralcel AD, 1%PrOH/hexanes, 1.0 mLmin):# 4.7 m, 5.1 m,
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